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Check the ABA website
for detailed and updated

information: www.theaba.org

The ABA examination can be a great source of stress for anesthesiology resi-
dents and anesthesiologists. It is required for both primary certification and
recertification for practicing anesthesiologists. According to the ABA a board
certified anesthesiologist is “a physician who provides medical management
and consultation during the perioperative period, in pain medicine and in
critical care medicine. At the time of application and at the time of initial cer-
tification, a diplomate of the Board must possess knowledge, judgment, adapt-
ability, clinical skills, technical facility, and personal characteristics sufficient
to carry out the entire scope of anesthesiology practice without accommoda-
tion or with reasonable accommodation.” The examination not only provides
a means for the ABA to evaluate if a candidate has attained a certain level of
proficiency to practice anesthesiology but also for patients to be comfortable
that a candidate has achieved a level of clinical knowledge and competency
required to provide good clinical care.

This chapter is meant to provide basic information about the ABA exam
and provide some useful tips to help conquer this integral step in providing for
board certification. Detailed information is also available on the ABA website
(www.theaba.org) and the booklet of information published on the website.

Certification Requirements

From the ABA website, the following are the requirements for a candidate to
be eligible to take the board certification exam. At the time of certification by
the ABA, the candidate must:

A. Hold an unexpired license to practice medicine or osteopathic medicine in

at least one state or jurisdiction of the United States or province of Canada
that is permanent, unconditional and unrestricted. Further, every United
States and Canadian medical license the applicant holds must be free of
restrictions.
Candidates for initial certification and ABA diplomates have the affirma-
tive obligation to advise the ABA of any and all restrictions placed on any
of their medical licenses and to provide the ABA with complete informa-
tion concerning such restrictions within 60 days after their imposition or
notice, whichever first occurs. Such information shall include, but not be
limited to, the identity of the state medical board imposing the restriction
as well as the restriction’s duration, basis, and specific terms and condi-
tions. Candidates and diplomates discovered not to have made disclosure
may be subject to sanctions on their candidate or diplomate status.

B. Have fulfilled all the requirements of the continuum of education in anes-
thesiology.

C. Have on file with the ABA a Certificate of Clinical Competence with an
overall satisfactory rating covering the final six-month period of clinical an-
esthesia training in each anesthesiology residency program.

. Have satisfied all examination requirements of the Board.

Have a professional standing satisfactory to the ABA.

. Be capable of performing independently the entire scope of anesthesiology
practice without accommodation or with reasonable accommodation.

mmEo



Exam Registration

Registration for the exam must be done using the ABA Electronic Application
System, via the ABA website at www.theABA.org. Registration is available
once the application is accepted by the ABA.

The ABA Part 1 examination is administered once each year. Test dates
are August 3-4, 2009, and August 2-3, 2010. The standard deadline for the
ABA to receive a completed application and the application fee is December
15 of the year immediately preceding the year in which the Part 1 examina-
tion is to be administered.

For examination in 2009, the late deadline by which the ABA must re-
ceive a completed application, the application fee and the late fee is January
15, 2009.

For examination in 2010, the late deadline by which the ABA must receive a
completed application, the application fee and the late fee is December 31, 2009.

Application fee of $750 is due at the time of the application and a separate
examination fee of $500 is due when the candidate accepts the examination
opportunity. A late fee of $1050 will be charged if the application is received
after the deadline has passed. The late deadline by which the ABA must re-
ceive the application and late fee changes each year so please refer to the ABA
website.

The ABA notifies candidates of the exact date, time, and location of their
examination and the rules for its conduct at least two months before the date
of examination. Candidates who inform the Board that they are canceling
their examination appointment are charged a cancellation fee of $200 and
may forfeit the examination opportunity. Notice of cancellation must be in
writing and must include a check in the amount of the cancellation fee.

Once an examination opportunity is accepted by the candidate, schedul-
ing and accommodations must be made with a Pearson testing center via the
website.

Exam Structure

The ABA certification exam is currently a one-day computer-based test adminis-
tered at numerous test centers around the country. The exam is 250 questions di-
vided into two 125-question blocks during the day. You are allowed 2 hours and
20 minutes for each section with an optional 20-minute break in the middle of the
two sections. During the time allotted for each block, you can answer test questions
in any order as well as review responses and change answers. Examinees cannot go
back and change answers from the previous block.

Exam Content

The ABA Part 1 (Written) Examination has three types of item formats: A-type,
R-type, and G sets. K-type questions will no longer be on the examination. Ex-
amples of all item formats are found on the ABA website at www.theaba.org/
Home/anesthesiology_initial_certificationffentrance under Part 1 Examination
Item Formats.

Most questions are relevant to the practice of general anesthesiology and the
clinical science behind it. The questions consist of five major sections, including
basic sciences, clinical sciences, organ-based basic and clinical sciences, clinical
subspecialties, and special problems in anesthesiology. A detailed content outline
can be found on the ABA website at www.theaba.org/pdf/ITEContentOut-
line2007.pdf.

The standard deadline for
a complete application is
December 15. Check the ABA
website for late deadline each

year.

The ABA certification exam is
250 questions broken into two
125-question blocks. K-type
questions are no longer on

the exam.



The MOCA (Maintenance
of Certification in
Anesthesiology) program will
now replace the Recertification
in Anesthesiology program.
Check ABA website for details.

Exam Score Reporting

Once you have finished the exam, a printed sheet will be given to you con-
firming that you have completed the exam and stating that you will be receiv-
ing your scores in 8-10 weeks. This sheet will be given to you by the examina-
tion center.

The American Board of Anesthesiology is replacing its Recertification in An-
esthesiology program with the Maintenance of Certification in Anesthesiol-
ogy (MOCA®) program. Currently, either program is available to ABA diplo-
mates who were certified prior to January 1, 2000. The ABA issued diplomates
certified on or after January 1, 2000, a certificate that is valid for 10 years. Dip-
lomates with a time-limited certificate must satisfactorily complete the MOCA
before their time-limited certificate expires to maintain diplomate status in
the specialty. The Recertification in Anesthesiology program is not available
to these diplomates. The Recertification in Anesthesiology program will close
in 2009. The MOCA program is available to all ABA diplomates, whether or
not their initial certification is time-limited. MOCA is a 10-year program, and
diplomates with a time-limited certificate must complete the program before
their current certification expires in order to maintain their diplomate status.
The exam for MOCA requirement needs to be taken in years 7-10 and may
be taken up to twice a year.

The content of the exam is based on clinical practice and up to 25% of
questions may (currently) be omitted. After 2009, all questions must be an-
swered. Majority of the knowledge for the exam is based on clinical knowle
and not textbook knowledge. The ABA MOCA/Recertification Examinatio
comprised of 200 questions, of which approximately one-half of the questi
are in General Anesthesia and approximately one-twelfth of the questions
in each of the following areas: Pediatric Anesthesia, Cardiothoracic Anesthe
Neuroanesthesia, Critical Care Medicine, Obstetrical/Gynecologic Anesthe
and Pain Medicine.

Detailed information regarding deadlines, application process and fees can
be found on the ABA website at www.theaba.org/Home/anesthesiology_main-
tenance.

The ABA test tends to focus on many detailed concepts of anesthetic manage-
ment involving pharmacology and physiology. Assuming that you have done
well during your residency and maintained some level of self-study, First Aid
can be a good tool to guide you. However, you should use other sources since
First Aid is only one review tool; other resources such as textbooks, articles,
other review books and especially question books are imperative in attaining
a good score. Score your practice test questions, and look closely at the items
you missed. By making sure you understand the reasons the answers you se-
lected were incorrect, you'll be in a better position to interpret the questions
correctly the next time. In addition, there are a number of high-quality board
review courses offered around the country. Board review courses are very ex-
pensive but can help those who need some focus and discipline


Text box
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Ideally, you should start your preparation early in your first year of resi-
dency, especially if you are planning on starting a demanding job or fellow-
ship right after residency. Cramming in the period between the end of resi-
dency and the exam is not advisable. Also, realize that most of the scenarios
are ones that you have seen during your three years of residency or been ex-
posed to during morning lectures, grand rounds, and individual teaching ses-
sions.

At this point in your life, you have taken enough standardized exams to know
how to survive these kinds of exams. However, these are just some survival tips

for the big day:

Fat a good breakfast the morning of the exam —nutrition is an important
thing to get you through the day.
Don’t worry about what to bring—the test center will provide you with
a writing board, markers, earphones, and earplugs. Just wear something
comfortable.
Go through the tutorial —it does not take out of your time to take the exam
and will prevent you from wasting time “looking for things” on the screen.
For longer questions, read the question stem and scan the options, and
then go back and read the case. You may get your answer without hav-
ing to read through the whole case.
Answer each question—there’s no penalty for guessing, so you should
never leave a question blank.
Good pacing is key. You need to leave adequate time to get to all the
questions. If you don’t know the answer within a short period, make an
educated guess and move on.
Identify key words— they may help you focus on what they are trying to ask
you. Don’t panic with “impossible” questions. They may be experimental
questions that won’t count. Again, take your best guess and move on.

The American Board of Anesthesiology
4101 Lake Boone Trail, Suite 510
Raleigh, NC 27607-7506

919-881-2570

Fax: 919-881-2575

www.theaba.org/

Pearson VUE Professional Testing Center
WWW.vue.com

Federation of State Medical Boards (FSMB)
P. O. Box 619850

Dallas, TX 75261-9850

817-868-4000

Fax: 817-868-4099

www.fsmb.org

Identify key words to focus
on what the question is

asking.



Educational Commission for Foreign Medical Graduates (ECFMG)
3624 Market Street

Philadelphia, PA 19104-2685

215-386-5900

Fax: 215-386-9196

www.ecfmg.org
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CHAPTER 1

Anesthetic

Pharmacology

Inhalational Anesthetics

SPECIFIC INHALATIONAL ANESTHETICS
Nonvolatile Anesthetic Agents

Neuromuscular Blocking Agents
DEPOLARIZING NEUROMUSCULAR BLOCKERS

NONDEPOLARIZING NEUROMUSCULAR BLOCKING AGENTS
Cholinesterase Inhibitors
Autonomic Modulators
Direct Vasodilators
Anticholinergics

Local Anesthetics
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Fast induction (T rate of rise
of alveolar concentration)
caused by:

{ volatile solubility

{ cardiac output

{ alveolar venous partial
pressure gradient

T alveolar ventilation

TF

Slow induction (1 rate of rise
of alveolar concentration)
caused by:

T volatile solubility

T cardiac output

T alveolar venous partial
pressure gradient

{ alveolar ventilation

10

Pharmacokinetics: What the body does to a drug (uptake, plasmaftissue
concentration, and elimination).
Pharmacodynamics: What the drug does to the body.
Fi (inspired concentration of anesthetic) is determined by three factors: (1)
fresh gas flow rate; (2) volume of the breathing system; and (3) absorption
of the gas by the machine and circuit. In order to deliver the actual con-
centration of inhalational anesthetics:
Fresh gas flow must be high enough to minimize rebreathing.
Volume of the anesthetic breathing system (countering maximum al-
veolar concentration) should be minimal.
Circuit absorption of inhalational anesthetics should be minimal.
Fa (alveolar concentration) is determined by three factors: (1) uptake; (2)
alveolar ventilation; and (3) concentration and second gas effect.
Uptake has three components:
Blood solubility: Unlike other drugs, the clinical effects of inhalational
anesthetics are not determined by its blood concentration, but rather by
its partial pressure in the brain; an T solubility reduces the partial pres-
sure of the anesthetic gas and slows induction.
Alveolar blood flow: T blood flow to the alveolus causes T uptake,
which slows induction by removing more anesthetic from the gaseous
phase, resulting in a | alveolar concentration.
Alveolar-venous partial pressure difference: The partial pressure of ve-
nous blood indicates uptake of gas by tissues other than the clinical ef-
fect site (i.c., the brain); a larger difference in partial pressure between
alveolar gas and the venous blood signifies T tissue uptake, resulting in
 alveolar concentration.
T alveolar ventilation replaces anesthetic that is taken up into the blood-
stream:
A ventilation-perfusion (V/Q) mismatch (shunt or dead space) lowers
the arterial partial pressure of the anesthetic secondary to mixing of
blood from areas of T ventilation.
This effect is more pronounced with less soluble agents such as nitrous
oxide.
Concentration effect and second gas effect:
Concentration effect has two components: Concentrating effect: A re-
duction in lung volume caused by anesthetic uptake will concentrate
the remaining alveolar gas. Augmented inflow effect: In replacing the
volume of anesthetic taken up by the tissue, a higher alveolar ventila-
tion rate results in a higher alveolar ventilation.
Second gas effect: When nitrous oxide is mixed with a companion gas
such as oxygen or volatile agents, the T vapor pressure and insoluble
nature of nitrous oxide will enable it to be absorbed from the alveolus
first, resulting in an T alveolar concentration of oxygen or volatile anes-
thetic.
Elimination: Subcutaneous diffusion and biotransformation are insignifi-
cant, as most inhalational anesthestics are eliminated by exhalation.
Minimum alveolar concentration (MAC): The alveolar concentration of
an inhalational anesthetic that prevents movement in 50% of patients in
response to surgical incision.
Factors that T MAC: Young age, hypernatremia, hyperthermia, chronic
alcohol intoxication, acute cocaine or amphetamine intoxication.
Factors that L MAC: Old age, Paco, < 40 or > 95 mmHg, hyponatremia,
hypothermia, pregnancy, intravenous anesthetics (opioids, ketamine, bar-



biturates, benzodiazepines), local anesthetics, lithium, acute alcohol in-
toxication.
Factors that do not affect MAC: Hypo- or hyperthyroidism.

Theories on how inhalational anesthetics work:
Agent-specific theory: Each agent works on different receptors and
mechanism.
Unitary hypothesis: All inhalational anesthetics share a common mech-
anism: Meyer Overton rule: Anesthesia results from agents dissolving at
specific sites. Critical volume hypothesis: Anesthesia results from ex-
panding lipid bilayer.

Specific Inhalational Anesthetics

Nitrous oxide (N,0): only inorganic anesthetic. MAC 105%; blood/
gas: 0.47. See Table 1-1 fgf effects of N,O on organ systems.
Key points: N,O does not exhibit much muscle relaxation properties and
is known to cause significalypostoperative nausea and vomiting. N,O is
known to_oX¥dize cobalt in wtamin B,. It inhibits B,-dependent enzymes,
such as me#fionine synthetase (necessary for myelin formation) and thy-
midylate synthetase (necessary for DNA synthesis). May see pernicious
anemia. Should be avoided in pregnancy.
Contraindications: Air embolus, pneumothorax, gastrointestinal ob-
struction, tympanoplasty, and intracranial air.
Isoflurane: Nonflammable an®zgungent gas. MAC 1.2; vapor pressure:
240; blood/gas: 1.4. See Table #22 for effects of isoflurane on organ sys-
tems.
Desflurane: Similar chemical structure to isoflurane. MAC: 6; vapor pres-
sure: 681; blood/gas: 0.42. Desflurane’s low solubility results in rapid wash-
in and wash-out of the anesthetic. A special vaporizer is used due to its
high vapor pressure. radation in dried carbon dioxide (CO,) absorbent

can cause carbds mondxide poisoning. See Table 1-3 for effects of desflu-
rane on organ systems.

> Sevoflurane: Nonpungent and less soluble gas. MAC 2.0; vapor pressure:
160; blood/gas: 0.65. Widely used for inhalational induction along with
N,O. See Table 14 for effects of sevoflurane on organ systems.
Degradation of sevoflurane in the presence of CO, absorbent creates
compound A (associated with renal toxicity); levels of compound A are T
with: Low fresh gas flow, T respiratory temperature; dried baralyme; high
sevoflurane concentration; long duration of exposure to sevoflurane.

V VY

TABLE 1-1. Effects of Nitrous Oxide on Organ Systems

€0, absorbent and volatiles:
Desflurane associated with

carbon monoxide poisoning
Sevoflurane associated with

compound A and fires

Cardiovascular Minimal changes in blood pressure, heart rate, and cardiac output. Known to cause pulmonary

hypertension.

Pulmonary Results in rapid shallow breaths without changes in minute ventilation. Therefore, no changes in resting

carbon dioxide (CO,). Depressed peripheral chemoreceptor sensitivities to hypoxia.

Cerebral Like other inhalational agents, cerebral blood flow, intracranial pressure, and cerebral metabolic rate of

oxygen (O,) are T.

Renal/Hepatic { blood flow.

11
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TABLE 1-2. Effects of Isoflurane on Organ Systems

Cardiovascular

Minimal cardiac depression, systemic
vascular resistance |. CO maintained by
an T in heart rate (HR) via baroreceptor
reflex and mild B-adrenergic
stimulation. Rapid T in isoflurane can
result in transient T in HR and blood
pressure. Theoretically can cause

coronary steal syndrome.

TABLE 1-3. Effects of Desflurane on Organ Systems

Cardiovascular

Significant | in systemic vascular
resistance and T in heart rate (HR).
Cardiac output is generally well
maintained. Rapid T in concentration
results in transient T in catecholamine
levels with T in HR and blood pressure

(BP), more pronounced than isoflurane.

Pulmonary Rapid shallow breaths that result in |

Pulmonary Rapid shallow breaths that result in | in minute ventilation and T in resting
minute ventilation and T resting partial partial pressure of carbon dioxide
pressure of carbon dioxide (pCO,). (pCO,). Pungency can be responsible
Normal response to hypoxia and for coughing, breath holding, and
hypercapnia are abolished. laryngospasm.

Cerebral T cerebral blood flow and intracranial Cerebral T cerebral blood flow and intracranial
pressure (ICP). Hyperventilation can pressure, which can be prevented with
prevent T in ICP. hyperventilation (cerebral vessels still

respond to changes in pCO,). Cerebral

Renal 1 blood flow. metabolic rate of O, is {.

Renal Reduces blood flow proportionate to

4 in BP.

Degradation of sevoflurane, especially with desiccated CO, absorbent,
can also lead to fires in the anesthesia circuit (isolated incident).
Halothane: MAC: 0.75%; vapor pressure: 243; blood/gas: 2.4. See Table
1-5 for effects of halothane on organ systems.
Key points: Two types of hepatotoxicity: Self-limiting disease: With
hypoxia and a | in hepatic blood flow, halothane undergoes reduction,
which results in mild elevation in liver function tests. Halothane hepa-
titis: Rare, immune-mediated disease. T risks are seen in middle-aged,
obese patients who are exposed to halothane multiple times along with
phenobarbital for induction. T aspartate transaminase (AST), alanine
transaminase (ALT), bilirubin, encephalopathy, and centrilobular ne-
crosis are often seen.
Methoxyflurane: Most lipid-soluble agent. MAC: 0.16%; vapor pressure:
22.5; blood/gas: 12. See Table 1-6 for effects of methoxyflurane on organ
systems.
Key points: The oxidative metabolite fluoride is responsible for causing
vasopressin-resistant high-output renal failure. Toxicity is proportional
to plasma fluoride level (2-3 MAC hr).
Enflurane: MAC: 1.7 vapor pressure 175, blood/gas: 1.7. See Table 1-7 for
effects of enflurane on organ systems.
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TABLE 1-4. Effects of Sevoflurane on Organ Systems

Cardiovascular

Slight | in myocardial contractility,
systemic vascular resistance, and blood
pressure (BP). Minimal changes in heart
rate; therefore, cardiac output is mildly

&

Pulmonary

Potent bronchodilator, second to
halothane. Rapid, shallow breaths that
result in | in minute ventilation and

T in resting partial pressure of carbon
dioxide (pCO,).

Cerebral

 in cerebral vascular resistance causes

Cardiovascular

TABLE 1-5. Effects of Halothane on Organ Systems

Direct myocardial depressant, coronary
blood flow | but adequate perfusion
due to less O, demand. Depresses
baroreceptor reflexes; therefore,

no compensatory tachycardia with
hypotension. Cardiac output T by
two mechanisms: (1) myocardial
depression, and (2) { in heart rate.
Unlike most other agents, there

is no change in systemic vascular
resistance. Halothane is known to
sensitize the heart to catecholamines.

T in cerebral blood flow and intracranial Pulmonary

pressure.

Renal

TABLE 1-6. Effects of Methoxyflurane on Organ Systems

Cardiovascular

Reduces blood flow proportionate to
1 in BP. Sevoflurane is metabolized by
the liver's P-450 system similar to but
10 times less than methoxyflurane.

Rapid, shallow breaths, but unlike N,0O,
minute ventilation | as well. Apneic
threshold T; therefore, resting partial
pressure of carbon dioxide (pCO,) T.
By inhibition of intracellular calcium
mobilization, it is a highly potent
bronchodilator.

Serum fluoride level is T, but there is no

clinical evidence of renal failure. Cerebral

T cerebral blood flow and intracranial
pressure (ICP). However, the T in

ICP can be blunted by preinduction
hyperventilation.

Renal

Like halothane, | cardiac contractility.
Blood pressure and cardiac output J.
Unlike halothane, heart rate usually

Cardiovascular

{ renal blood flow.

TABLE 1-7. Effects of Enflurane on Organ Systems

Direct myocardial depressant and |
systemic vascular resistance. Heart rate
rises moderately, but cardiac output |
significantly.

Rapid, shallow breaths; | in minute
ventilation; and rise in resting partial
pressure of carbon dioxide (pCO,).
Responses to hypercapnia and hypoxia
are abolished.

T cerebral blood flow and intracranial
pressure. Deep anesthesia level and
hypocapnia are known to cause
electroencephalographic changes from
high voltage, high frequency to spike-
and-wave pattern, and eventually result
in epileptic form.

rises.
Pulmonary Rapid, shallow breaths resulting in Pulmonary
lowered minute ventilation. Resting
partial pressure of carbon dioxide
(pCO,) is T.
Cerebral T cerebral blood flow and intracranial
pressure. Cerebral metabolic rate of Cerebral
oxygen (0,) is |.
Renal ! in renal blood flow and glomerular
filtration rate.
Renal

Reduces blood flow proportionate to |
in blood pressure.
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See Table 1-8 for effects of nonvolatile anesthetic agents on organ systems.
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Absorption: Actual amount of drug in the bloodstream.
Bioavailability: Amount of drug that is effective at the site of action.
Distribution: Affected by organ perfusion, protein binding, degree of ion-
ization, and lipid solubility. Vessel-rich groups (brain, heart, lungs, kid-
ney, and liver) comprise 10% of body mass but receive 75% of blood flow.
Lipid-soluble and nonionized molecules pass freely through lipid mem-
branes.
Biotransformation: Primarily by liver.
Oxidation: Removing electrons.
Reduction: Adding electrons.
Hydrolysis: Adding H,O.
Hepatic clearance depends on hepatic blood flow, fraction of drug ex-
tracted by the liver, and amount of drug that is not bound by serum
protein.
Excretion: Primarily by kidneys.
Clearance: Rate of elimination.
Elimination: Biotransformation + excretion. The body can be conceptual-
ized into two compartments: central and peripheral. After an IV bolus, a
drug first undergoes a distribution phase (o phase), which is equivalent to
the distribution of a drug from plasma and vessel-rich groups to nonactive
tissues and vessel-poor groups. Thereafter, the drug undergoes an elimina-
tion phase (B phase).
Efficacy: 100% of drug effect.
Potency: Effect relative to dosage.
Therapeutic index: LD50/ED50.
Barbiturates: Thiamylal (3-6 mg/kg), phenobarbital, thiopental (3-6 mg/
kg), methohexital (1-2 mg/kg).
Mechanism of action: Presynaptically inhibits excitatory neurotransmit-
ters; postsynaptically T sensitivity to y-aminobutyric acid (GABA); direct
stimulation of GABA receptors.
Duration of action is mostly determined by distribution to nonactive
sites. Low serum albumin level and hypovolemia may result in a higher
brain concentration. Lower induction doses are required for the elderly
due to (1) 1 binding protein, (2) { volume of central compartment,
and (3) { hepatic blood flow.
Biotransformation = hepatic oxidation to inactive water-soluble metab-
olites.
Drug interactions: Central nervous system (CNS) depressants such as
alcohol, H, blockers, narcotics, and benzodiazepines can potentiate its
effects.
Benzodiazepines: Mainly used for premedication and sedation. Diazepam
(IV and oral), midazolam (IV and IM), and lorazepam (IV, oral, and IM).
Mechanism of action: Facilitates GABA binding and hyperpolarization
by T chloride conductance.
Diazepam and lorazepam are well absorbed from the gastrointestinal
tract. Midazolam and lorazepam are well absorbed via the IM route.
Diazepam has a long duration of action due to its high protein binding
and slow hepatic extraction. Lorazepam has a long duration of action
due to its high affinity for the receptors. Midazolam has a half-life of 2
hr and is the shortest-acting drug in the group.



TABLE 1-8. Effects of Nonvolatile Agents on Organ Systems

Ccv PULMONARY CEREBRAL OTHER

Barbiturates Depression of V;and MV . Vasoconstriction, | Known to induce
central vasomotor Normal response CBF and ICP. CMRO,  aminolevulinic acid
center in the brain to hypoxia and d: protection to synthetase, may
stem: vasodilation hypercapnia is global ischemia. precipitate acute
and T HR. blunted. intermittent porphyria.

Benzodiazepines Minimal change Normal response CMRO, is mildly
in BP, HR, and CO. to CO, is minimally depressed along
However, with affected. with CBF and
combination of ICP, much less
opioids, SVR and BP than barbiturates.
can |. Not known to

be significantly
neuroprotective.

Opioids Do not tend to Depress ventilation. Cause | in Gastrointestinal: Slows
be myocardial Normal response CMRO,, CBF and gastric emptying and
depressants. to CO, is blunted, ICP activation of peristalsis. lleus and
Histamine release T resting pCO,. chemoreceptor constipation.
associated with Associated with trigger zone
morphine and chest wall rigidity. induces nausea and
meperidine. vomiting.

Ketamine BP, HR, and CO Normal ventilation CMRO,, CBF, and Shares similar structure
are all T due to and airway ICP are all T, unlike as phencyclidine,

CNS sympathetic reflexes are other nonvolatile therefore similar
stimulation. sustained. Potent agents. psychomimetic effects
bronchodilator. including T in ICP and
hallucinations.

Etomidate No significant Ventilation is Like barbiturates, Inhibition of B-11
effects on maintained. CBF, ICP, and hydroxylase and
myocardial Induction typically CMRO, are all |. adrenocortical
contractility, BP, and  does not cause suppression are seen.
CO. apnea.

Propofol Direct myocardial Normal response CBF and ICP are . Antipruritic and

depressant,
vasodilator.

to hypoxia and
hypocapnia are
blunted.

antiemetic properties.
Effective in terminating

status epilepticus.

BP, blood pressure; CBF, cerebral blood flow; CMRO,, cerebral metabolic rate of O,; CO, cardiac output; HR, heart rate; ICP, intra-
cranial pressure; MV, minute ventilation; pCO,, partial pressure of carbon dioxide; V;, tidal volume.
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Opioid lipid solubility:
Morphine (least)
Meperidine
Methadone
Alfentanil

Fentanyl

Sufentanil (most)

Histamine-releasing opioids:
Morphine

Meperidine

Codeine

Fentanyl
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Benzodiazepines are metabolized by the liver into water-soluble
glucuronides. The end product of diazepam is pharmacologically ac-
tive, the enterohepatic circulation of diazepam produces a secondary
peak in 610 hr after its administration. The conjugated metabolite of
midazolam is a mild CNS depressant, and its effect is more prominent
in patients with renal failure.
Opioids: A mild sedative effect but a potent analgesic.
Relative potency: Morphine, 1; meperidine, 0.1; fentanyl, 100; sufenta-
nil, 1000; alfentanil, 20; and remifentanil, 200.
Mechanism of action: Binding to mu 1,2; kappa; delta; and sigma re-
ceptors throughout the CNS system. Analgesia is achieved by:
Inhibiting presynaptic release of substance P, dopamine, and acetyl-
choline (ACh).
Pain impulse transmission is interrupted at the level of dorsal horn.
Descending inhibitory impulses are accentuated.
Intrathecal opiates bind to opioid receptors at the substantia gelati-
nosa in the spinal cord.
All can be given intravenously. Morphine and meperidine are ab-
sorbed reliably via the IM route. Fentanyl can be administered
transdermally via patch, which provides reservoir of drug in the up-
per dermis. Higher lipid solubility results in a faster onset of action.
Lower fat solubility of morphine slows passage through blood-brain
barrier.
Alfentanil has a rapid onset of action due to its high nonionized
fraction.
Many lipid-soluble drugs can undergo first-pass uptake by the lungs
and then diffuse back to systemic circulation later. Biotransforma-
tion primarily depends on hepatic metabolism.
Morphine 6-glucuronide is pharmacologically active.
Normeperidine (metabolite of meperidine) is associated with sei-
zure activity. The effects are more pronounced in renal failure pa-
tients.
Remifentanil has a unique ester structure that allows for hydrolysis
by nonspecific esterases in the blood. Context-sensitive half time is
approximately 3 min, regardless of duration of infusion.
Ketamine: Interacts with multiple receptors, but primarily works by serv-
ing as an antagonist at the N-methyl-D-aspartate (NDMA) receptors. Un-
like barbiturates, ketamine does not depress the reticular activating system
(RAS). Ketamine dissociates the thalamus from the cerebral cortex (pa-
tients appear conscious but cannot process sensory input). Ketamine is ad-
ministered IV 1-2 mg/kg, IM 3-5 mg/kg. High lipid solubility and an T in
cardiac output (CO) result in faster uptake by the brain. Duration of ac-
tion is terminated by redistribution. Biotransformation is primarily by liver.
Its metabolite, norketamine, possesses anesthetic activity.
Etomidate: Depresses the RAS by enhancing GABA affinity to its recep-
tors. Similar to midazolam, it contains an imidazole ring that gives water
solubility and lipid solubility at physiologic pH.
IV administration. IV induction: 0.2-0.4 mg/kg. Duration of action ter-
minated by redistribution. Biotransformation is obtained by (1) hepatic
metabolism and (2) plasma esterase hydrolysis.
Propofol: Modulates GABA receptors. Contains egg lecithin, which is
commonly found in egg yolk. Most people allergic to eggs are sensitive to
egg white. IV induction 1-2 mg/kg. Awakening from a single dose is about



3-5 min mostly due to redistribution. Less negative side effects on awak-
ening than barbiturates or etomidate. Has intrinsic anti-emetic effects. Bi-
otransformation is primarily by the liver. Inactive conjugated metabolite is
excreted by the kidneys.

NEUROMUSCULAR BLOCKING AGENTS

The neuromuscular junction (Figure 1-1) contains the motor neuron and
the muscle endplate separated by the synaptic cleft.

Mechanism of muscle contraction: Ach — nicotinic receptors — depolar-
ization — release of Ca?* from sarcoplasmic reticulum (SR) — actin and
myosin interaction — muscle contraction.

Depolarizing Neuromuscular Blockers

Succinylcholine: A depolarizing muscle relaxant, similar in structure to ACh,
activates the cholinergic receptor but is not hydrolyzed by acetylcholinest-
erase. Prolonged activation of the receptor inhibits repolarization and the ac-
tion potential disappears. Phase I block results in muscle relaxation.

Rapid onset of action (within 30-60 sec) and short duration of action (< 10

min). Most is metabolized by pseudocholinesterase, and only a fraction

of the drug reaches the effect site. Blockade terminated by diffusion away

from site.

Duration of action is prolonged by:

= Conditions that result in lower serum enzyme levels such as pregnancy
and liver or renal failure.

= Abnormal enzymes as seen in atypical plasma cholinesterase or pseudo-
cholinesterase deficiency.

= Neostigmine, which inhibits pseudocholinesterase.

= Hypothermia.

Mitochondrion

/

Synaptic vesicle [ACh)

Presynaptic memhrane\ m@ @;}*-?_
i e
tive zone_\\ l\L‘LJI:)_g-\‘f/ K‘&/)&@
Synaptic Chﬂ_\
e] o0
O (e]
052 ° 00
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membrane o o Ogp 00
Ca®* channel 00 oL 0 082

B membrang / //’”‘\

mwm__{ // ] K&

Volage-g
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FIGURE 1-1. Adult neuromuscular junction.

(Reproduced, with permission, from Kandel ER, Schwartz JH, Jessell TM. Principles of Neural
Science. New York: McGraw-Hill, 2000: 188.)
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Dibucaine number reflects
quality, not quantity, of

plasma cholinesterase.

Administration: 1-1.5 mg/kg. Higher dose is required in pediatric patients
due to T extracellular space.
Atypical plasma cholinesterase:
Heterozygote (one abnormal gene): 20-30 min of relaxation. Dibu-
caine inhibits 40-60% atypical plasma cholinesterase.
Homozygote (two abnormal genes): Relaxation > 6 hr. Dibucaine inhibits
< 20% of atypical plasma cholinesterase.
Cardiovascular: Succinylcholine activates all ACh receptors of the auto-
nomic system, and its activity on the muscarinic receptors on the SA node
can cause bradycardia (more commonly seen in children and upon admin-
istration of second dose).
Hyperkalemia: Normal muscle contraction releases potassium, and serum
level is T by 0.5 mEq/L. This effect is significantly pronounced in trauma,
burn injury, and denervation injury due to a proliferation of extrajunc-
tional receptors. In severe cases, hyperkalemia can cause refractory cardiac
arrest. Risk period: burn injury: 6-8 hr after the injury until last eschar is
healed; denervation injury: peaks after 7-10 days and duration varies. Hy-
perkalemia is not reliably blocked by pretreatment.
Fasciculations: Stimulation of presynaptic ACh receptors results in gener-
alized motor unit contractions. This can be prevented by a small dose of
nondepolarizing neuromuscular blocking agent.
Muscle pain: Highest risk in healthy females having outpatient surgeries.
Not reliably blocked by pretreatment.
T intragastric pressure: Thought to be caused by muscle fasciculation.
However, this effect is offset by an T in lower esophageal sphincter tone.
Pretreament abolishes this T in pressure.
Intraocular pressure T: Thought to be caused by extraocular muscle con-
tractions. Should be avoided in patients with open globe injury. Not reli-
ably blocked by pretreatment.
Malignant hyperthermia: Known trigger in susceptible patients. May pres-
ent with paradoxical contraction of jaw muscles.
T intracranial pressure (ICP): Generalized muscle fasciculations stimulate
muscle stretch receptors along with rise in partial pressure of carbon dioxide
(pCO,), which T cerebral activity, cerebral blood flow (CBF), and ICP. This
can be prevented by pretreatment with nondepolarizing neuromuscular

blocker.

Nondepolarizing Neuromuscular Blocking Agents (Table 1-9)
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‘Two main categories:
Steroidal: Tend to be vagolytic (pancuronium).
Benzylisoquinolines: Tend to release histamine (tubocuraine, metocu-
rine, and atracurium) and may cause hypotension, tachycardia, flush-
ing, bronchospasm.
Prolonged in liver failure: Pancuronium, rocuronium, and vecuronium.
Prolonged in renal failure: Metocurine, gallamine, pancuronium, and
vecuronium. (Rocuronium, atracurium, and mivacurium are independent
of renal function.)
ICU neuropathy is associated with pancuronium and vecuronium. Long-
term use in intensive care unit (ICU) patients is associated with prolonged
neuromuscular blockade possibly from accumulation of active metabo-
lites, changing drug clearance, and the development of polyneuropathy. A
higher incidence is seen with sepsis, renal failure, and the use of long-term



or high-dose corticosteroids. Prolonged lack of ACh binding at postsynap-
tic ACh receptors can also mimic a chronic denervation state, leading to
receptor dysfunction and prolonged paralysis. Patients present with muscle
weakness and an inability to wean from the ventilator without any sensory
deficits. Motor axonal damage and myopathy are seen.

Generally, peripheral paralyzing diseases demonstrate hypersensitivity to
nondepolarizing neuromuscular blockers. These include amyotrophic lat-
eral sclerosis, familial periodic paralysis, Guillain-Barré syndrome, muscu-
lar dystrophy, and myasthenia gravis.

TABLE 1-9. Nondepolarizing Neuromuscular Blockers

INTUBATION
DosEe MEeTaBOLISM CLEARANCE Key Note
Tubocurarine 0.5 mg/kg Not significantly Mostly excreted by the Associated with
metabolized. kidneys: Prolonged in renal significant histamine
failure. release.
Metocurine 0.3 mg/kg Not significantly Mostly excreted by the Histamine release is half
metabolized. kidneys. as much as tubocurarine.
Atracurium 0.5 mg/kg Two-thirds by Laudanosine, metabolite Associated with
nonspecific esterases; of Hoffman degradation, significant histamine
one-third by Hoffman is associated with CNS release.
elimination. stimulation and precipitation
of seizures.
Cisatracurium 0.1 mg/kg Mostly degraded via Same as atracurium. No association with
Hoffman elimination. histamine release.
Mivacurium 0.2 mg/kg Only nondepolarizing Renal excretion. Associated with similar
neuromuscular blocker histamine release as
that is metabolized by atracurium.
pseudocholinesterase.
Vecuronium 0.1 mg/kg Limited metabolism by ~ 75% biliary excretion; 25% Liver metabolite has
the liver. renal excretion. 60% of parent drug
action.
Rocuronium 0.5 mg/kg Undergoes no Primarily biliary excretion Longer duration of
metabolism. with minimal renal excretion.  action is seen in female
and elderly. Shorter in
pediatric population.
Pancuronium 0.1 mg/kg Some degree of Excretion is primarily renal. Hypotension and
metabolism by the tachycardia are caused
liver. by vagal blockade.
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Cholinesterase inhibitors are competitive antagonists of acetylcholines-
terase, while organophosphates are noncompetitive inhibitors (irrevers-
ible bonds). Also, neostigmine may have some direct agonist effect at the
nicotinic receptors, and presynaptically blocks a feedback mechanism, re-
sulting in an 71 mobilization of acetylcholine. See Table 1-10 for character-
istics of cholinesterase inhibitors.

General side effects: Vagal stimulation causes bradycardia, which can
progress to sinus arrest. Therefore, the cholinesterase inhibitors are usually
given with anticholinergic drugs. Muscurinic activation can cause bron-
chospasm, peristaltic activity, T salivation, nausea, and vomiting.

The autonomic nervous system is comprised of the sympathetic nervous sys-
tem and the parasympathetic nervous system (Figure 1-2):

Sympathetic nervous system: Arises from T1-L2, L3. Short myelinated
preganglionic fibers synapse at the respective ganglions, which send un-
myelinated fibers to the effector organs. Preganglionic fibers release ACh
at the synapse, while postganglionic fibers release epinephrine (epi) and
norepinephrine (NE).
Synthesis of NE: (1) In the liver: phenylalanine — tyrosine; (2) in the
presynaptic cytoplasm: tyrosine — dopa — dopamine; (3) in the vesi-
cles: dopamine — NE — epi.
Metabolism depends on reuptake, degradation by monoamine oxidase
or catechol-O-methyltransferase (COMT), and diffusion into the circu-
lation.
Activating receptors:
o: Activation T intracellular calcium which results in smooth mus-
cle contraction: bronchoconstriction, vasoconstriction, uterine con-
traction, and sphincter contraction. Mild T in cardiac contractility
and predisposes myocardium to ventricular arrhythmia. T secretion
of insulin and lypolysis.
0,,: Mostly located at the presynaptic nerve terminal and works via
negative feedback mechanism resulting in | exocytosis of neuro-
transmitters. Activation causes smooth muscle relaxation and vaso-
dilation. CNS: sedation.
B;: Most important; located on postsynaptic cardiac membranes. Ac-
tivation via stimulation of adenylate cylase has positive chronotropic

TABLE 1-10. Cholinesterase Inhibitor Characteristics

Neostigmine Does not cross blood-brain barrier (BBB). Onset = 5—10 min. Duration = around 1 hr. Prolongation of
action with liver and kidney failure. Can cross placenta and cause fetal bradycardia.

Pyridostigmine One-fifth as potent as neostigmine. Slightly longer onset and duration of action than neostigmine.

Edrophonium One-tenth as potent as neostigmine. More rapid onset and shorter duration of action than
neostigmine. Recommended to be given with atropine due to its rapid onset.

Physostigmine Crosses BBB. Effective in treatment of central anticholinergic syndrome or delirium caused by

benzodiazepines. Completely metabolized by plasma esterases.

20



Sympathetic Projections of Projections of Parasympathetic
division sympathetic parasympathetic division
division division
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FIGURE 1-2. Autonomic nervous system.

The distribution of the sympathetic system is thoracoabdominal (T1-L3), while the parasympathetic system is craniosacral. (Re-
produced, with permission, from Kandel ER, Schwartz JH, Jessell TM. Principles of Neural Science. New York: McGraw-Hill,
2000: 964.)

(T HR), positive inotropic (T contractility), and positive dromotro-
pic (T conduction) effects.
B,: Primary postsynaptic adrenoceptors located on smooth muscle
and gland cells. Activation relaxes smooth muscle, resulting in
bronchodilation, vasodilation, uterine relaxation (tocolysis), and re-
laxation of bladder and gut. Also can cause glycogenolysis, lipolysis,
gluconeogenesis, and insulin release.
Endogenous catecholamines (see Table 1-11): Epinephrine, norepi-
nephrine, dopamine.
Synthetic adrenergic agonists (see Table 1-12): Ephedrine, isoprotere-
nol, dobutamine, phenylephrine, methyldopa, clonidine, dexmedeto-
midine.
Parasympathetic nervous system: Arises from the brain stem and sacral
plexus. Vagus nerve is responsible for 75% of all parasympathetic activ-
ity. Preganglionic fibers synapse with cells located near the effector organ,
which sends postganglionic fibers to the effector organs (heart, lungs, gas-
trointestinal organs, liver, and genitourinary system). ACh released.
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TABLE 1-11. Endogenous Catecholamines

ACTIVATING RECEPTORS

CuinicAL EFFECTS

Epinephrine o4, B; and B, Inotropic, T cardiac output (CO) with T myocardial O, demand. B,
stimulates | in systemic vascular resistance. T cerebral and coronary
perfusion. | splanchnic and renal perfusion.

Norepinephrine o, and B, Inotropic with T contractility. At higher doses vasoconstriction >> B,.

Dopamine < 2 pg/kg/min: T urine output by (1) renomesenteric dilation, (2) { level of aldosterone,

dopaminergic effects

(3) 1 co.

2-10 pg/kg/min:
B-adrenergic effects

Cardiac contractility is T. Coronary O, demand usually higher than supply.

> 10 pg/kg/min:
o-adrenergic effects

TABLE 1-12. Synthetic Adrenergic Agonists

ACTIVATING RECEPTORS

Vasoconstriction, bronchoconstriction, uterine constriction. Predisposes

myocardium to ventricular arrhythmia.

CLINICAL EFFECTS

Ephedrine

Weak epinephrine

Longer duration of action. T cardiac output (CO), heart rate (HR), and
blood pressure (BP). Indirectly releases norepinephrine (NE) at the
receptors.

Isoproterenol

B, and B,

T HR and contractility. B,-mediated | in SVR. O, demand T, while supply
falls due to | in diastolic BP.

Dobutamine

By

Primarily T CO and contractility.

Phenylephrine

o

Primary action is peripheral veno- and vasoconstriction. BP and afterload

T, while reflex bradycardia could result in | in CO.

Methyldopa

273

Enters the synthesis pathway of NE and epinephrine (Epi) as mentioned
above. Produces false neurotransmitters: methylepinephrine and
methynorepinephrine. These false neurotransmitters activate alpha-2
receptor which causes | sympathetic nervous system stimulation

(vasodilation and lowered BP).

Clonidine

0

Direct o, agonist, which results in lowered BP, HR, and vasodilation.
Sedating properties are effective for lowering anesthetic requirements
intraoperatively. Used as an adjunct in regional anesthesia to T the

quality and duration of nerve blocks.

Dexmedetomidine

273
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More potent o, agonist than clonidine. Possesses sympatholytic
properties as mentioned above. Also possesses sedating and analgesic
properties. Known to lower anesthetic requirement. Initial hypertension
is soon followed by hypotension and bradycardia during the ongoing
therapy.



Sodium nitroprusside: Potent vaso- and venodilator; metabolized to nitric
oxide.
Results in { afterload, preload, and BP. CO and renal blood flow are
well maintained. J cardiac oxygen demand due to { afterload and pre-
load could be beneficial in ischemic cardiac disease. Reflex tachycardia
might be seen.
Cerebral vasodilation results in T CBF and ICP.
Pulmonary vessels are also dilated and pulmonary arterial pressures are
lowered. Hypoxic pulmonary vasoconstriction is compromised, which
can T the shunt fraction.
Metabolism: Sodium nitroprusside receives an electron from hemoglo-
bin, which results in the formation of methemoglobin and a nitroprus-
side free radical, which in turn produces cyanide.
Formed cyanide can (1) bind with methemoglobin to form cyanmethe-
moglobin, (2) bind with thiosulfate to form thiocyanate, (3) bind with
cytochrome oxidase to interfere with Kreb cycle and oxygen utilization.
Cyanide toxicity results from an inability to utilize oxygen and is char-
acterized by arrhythmia, metabolic acidosis, and T mixed venous oxy-
gen content. Treatment consists of:
Mechanical ventilation with 100% O,.
Sodium nitrate, which produces methemoglobin to bind cyanide.
Sodium thiosulfate to bind extra cyanide.
Nitroglycerin: Similar mechanism of action to sodium nitroprusside in
that the drug is metabolized to nitric oxide. However, it is mostly a venodi-
lator, which can cause some reduction in afterload.
! in preload leads to lowered left ventricular end-diastolic pressure
and myocardial oxygen demand. It can reverse coronary vasospasm
and redistribute coronary blood supply to ischemic areas. It is also
known to possess some antiplatelet effects.
Highly effective for ischemic cardiac disease or relieving cardiogenic
pulmonary edema.
Similar to sodium nitroprusside, pulmonary and cerebral vasculature are
dilated and CBF and ICP are T.
Metabolism: The metabolite nitrate is formed, which receives an elec-
tron from hemoglobin to form methemoglobin. Severe methemoglo-
binemia can be treated with methylene blue (1-2 mg/kg).
Hydralazine: Dilates resistant arterioles.
Significant reduction in afterload, T HR, contractility, and CO are
seen. Must be cautious in patients with preexisting coronary artery dis-
ease, but can be beneficial in patients with congestive heart failure.
Cerebral vasodilation results in T CBF and ICP.

Anticholinergics competitively block ACh and its action on the receptor.
At clinical doses, only the muscarinic receptors are blocked.

See Table 1-13 for effects of anticholinergics on organ systems.

Atropine: A tertiary amine that crosses the blood-brain barrier (BBB) and
placenta. Usual dose is 0.5 mg; maximum up to 2 mg. Potent treatment of
bradyarrhythmias and bronchial smooth muscle relaxation. CNS stimula-
tion may result at toxic doses (hallucination, irritability, and nervousness).
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Nitroglycerin is a venodilator,
while nitroprusside is both a

vaso- and venodilator.



TABLE 1-13. Effects of Anticholinergics on Organ Systems

Cardiovascular Action on sinoatrial node results in tachycardia by blocking vagal stimulation. Shortened PR interval is

observed via T AV nodal conduction.

Pulmonary d airway secretion and relaxes bronchial smooth muscle.

Cerebral May cause excitation (restless, hallucination) or depression (sedation and amnesia).
Gastrointestinal { salivation, intestinal motility, and peristalsis, which results in prolonged gastric emptying time.
Genitourinary Urinary retention may result by relaxation of smooth muscle.

Secretory glands T body temperature by inhibition of sweat glands.

Glycopyrrolate is the only
anticholinergic that does not
cross the BBB.
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However, CNS effects are minimal at the usual clinical doses. Known to
cause fever. Caution in patients with coronary artery disease, narrow-angle
glaucoma, and bladder neck obstruction.

Scopolamine: Unlike atropine, scopolamine can cause CNS depression (se-
dation and drowsiness). Commonly used for premedication for sedation and
amnesia without cardiovascular effects. Also effective for motion sickness.
Glycopyrrolate: Usual dose: 0.2-0.3 mg. Quaternary structure prevents
this drug from crossing the BBB. Potent inhibitor of salivation and respira-
tory secretion. Clinical profile is otherwise similar to atropine.

Nerve cells have resting membrane potential of =70mV, which is main-
tained by an unequal exchange of sodium and potassium. With impulse
propagation, depolarization results in sodium channels opening and an in-
flux of sodium ions.
Repolarization is achieved by outflow of potassium ions, and resting poten-
tial restored.
Local anesthetics are thought to bind to inactivated sodium channels. Sub-
sequently, further depolarization is prevented and impulse propagation is
disrupted.
Local anesthetics have a lipophilic aromatic ring linked to a hydrophilic
tertiary amine by an amide or ester linkage.
Potency: More lipophilic (more alkyl groups or halides on benzene ring),
ester bond, more protein binding (specifically the sodium channel).
Duration of action: Associated with binding to o, acid glycoprotein.
Higher atfinity = more clearance.
Effect of pH: Due to the amine group, local anesthetics tend to be basic.
If injected into an acidic environment, the drug will become ionized and
demonstrate poor penetration to nerve cells along with a slower onset of
action. Commonly, sodium bicarbonate is added for neutralization to im-
prove onset, quality, and duration of the nerve block.
Systemic absorption: Depends on the vascularity of the site: intravenous
> tracheal > intercostals. Then, CPEBS (caudal > paraspinal > epidural >
brachial plexus > sciatic).
There are two categories of local anesthetics:
Esters (maximum dose): Chloroprocaine (12 mg/kg), procaine (12 mg/
kg), cocaine (3 mg/kg), tetracaine (3 mg/kg). Metabolized by plasma



cholinesterase. Prolonged effects are seen in patients with genetically

abnormal enzymes or liver disease.

Amides (maximum dose), in order of duration: Prilocaine (8 mg/kg),

lidocaine (4.5 mg/kg, with Epi 7 mg/kg), mepivacaine (4.5 mg/kg, with

Epi 7 mg/kg), ropivacaine (3 mg/kg), bupivacaine (3 mg/kg). Bupiva- Systemic absorption of local
caine has intrinsic vasoconstrictive effects, while lidocaine has intrinsic

vasodilatory effects. anesthetics:
Complications: IV> tracheal > intercostal
Local toxicity > caudal > paraspinal >

Cardiovascular: 4 myocardial contractility (hypotension),  cardiac
conduction (bradycardia and heart block) could lead to cardiac ar-
rest. Due to strong protein binding, IV injection of bupivacaine has > sciatic
resulted in severe cardiotoxic events. Ropivacaine has shown to be
less cardiotoxic.
Lidocaine has been shown to depress hypoxic drive and cause ap-
nea in extreme situations.
CNS: Commonly eyes (blurred vision), ears (tinnitus), and mouth
(tongue paresthesia) are affected. Also, CNS excitatory symptoms in-
clude restlessness, nervousness, and agitation, which could lead to
tonic-clonic seizure (treated with benzodiazepine or barbiturates).
Management:
Supportive care: Airway, breathing, and circulation.
Lipid emulsion (Intralipid) has been shown to reverse local anesthetic
toxicity by binding and extracting the lipophilic local anesthetic from
the tissue and preventing local anesthetic inhibition of myocardial
function.
Cauda equina syndrome: Permanent neurologic damage scen after
continuous intrathecal infusion of local anesthetics.
Transient neurologic symptoms: Pain in lower extremities including the
buttocks. Patient also complains of shooting pain down the leg, while mo-
tor is intact. Obese outpatients in lithotomy positions are at higher risk.
Symptoms last over 1 week and can be treated with nonsteroidal anti-
inflammatory drugs (NSAIDs).

epidural > brachial plexus
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Pulmonary function testing: Lung volumes and capacities (see Figure 2-1).
Functional residual capacity (FRC) is the lung volume at the end of
normal exhalation.

FRC = expiratory reserve volume (ERV) + residual volume (RV).
Factors that decrease FRC include pregnancy, obesity, supine position,
and general anesthesia.
Closing capacity (CC) is the volume at which small airways in the
lungs begin to close.
Factors that increase CC include:
Age
Bronchitis
Left ventricular failure
Surgery
, Smoking
= the outward recoil of the Obesity
chest at FRC. If CC is greater than FRC, shunting will occur during tidal breathing.
Pulmonary function tests:
Forced vital capacity (FVC) is the volume of gas that can be expired as
forcefully and rapidly as possible after maximal inspiration.
The ratio of the forced expiratory volume in 1 sec (FEV)) to the FVC
is proportional to the degree of airway obstruction.
o . Normally, FEV,/FVC is > 80%.

Diftusion capacity is affected Both FEV, and FVC are effort dependent, while forced midexpiratory

by not only the permeability flow (FEF25-75%) is effort independent and is a more reliable mea-

surement of obstruction.

Carbon monoxide diffusing capacity (DL¢) collectively measures all

the factors that affect the diffusion of gas across the alveolar-capillary

pulmonary blood flow. membrane.
DL, is 4 with the loss of parenchyma (eg, in emphysema) or alveo-
lar fibrosis (eg, in sarcoidosis, asbestosis, berylliosis, oxygen toxicity, and
pulmonary edema).

The inward recoil of the lungs

of the alveolar-capillary

membrane but also the

A y \
Inspiratory
I\ZTS;V: Inspiratory
capacity
;{- Vital
o capacty o) lung
volme ! capacity
A
Expiratory reserve
Functional volume
residual
capacity y Y
Residual volume
Y Y '

Zero lung volume

FIGURE 2-1. Spirogram.

(Reproduced, with permission, from Lumb A, Nunn JF. Applied Respiratory Physiology. Butterworth-Heinemann, 2000.)
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Restrictive disease is a proportional { in all lung volumes; FVC, FEV,,

FRC, and total lung capacity (TLC) are all reduced, but FEV,/FVC

and FEF25-75% remain normal.

Obstructive disease is associated with small airway obstruction to ex-

piratory flow; FEV,/FVC and FEF25-75% are reduced, FVC, FEV,, Decreased TLC and RV is the

FRC, and TLC are normal or slightly T.
Lung mechanics: ,

The chest has a tendency to expand outward, while the lung has a ten- disease.

dency to collapse. At FRC, the outward and inward forces on the lung

are equal.

Laplace’s law:

hallmark of restrictive lung

Pressure = 2 x Surface tension
Radius

Alveolar collapse is proportional to surface tension but inversely pro- Surfactant synthesis
portional to alveolar size.
Surfactant lowers surface tension, especially on smaller alveoli. There-

begins at approximately

fore, it keeps smaller alveoli from collapsing. 34 weeks’ gestation by
Compliance: type Il pneumocytes.
. : i Steroid administration can
Lung compliance (CL) = Change in lung volume '
Change in transpulmonary pressure increase the number of cells

and therefore surfactant

Change in chest volume

Chest wall compliance (CW) = production. The ability of

Change in transthoracic pressure surfactant to lower surface
1 ~ 1 . 1 tension is directly proportional
Total compliance (C,,,,,) CW CL fo its concentration.

Normal CW and CL are 200 mL/cm H,O each, and C,,,; is 100 mL/
cm H,0.
Control of ventilation:

Central response:

Chemosensitive areas are located in medulla, near the origin of cra-
nial nerves IX and X.

CO, passes through the blood-brain barrier, H' is formed in the
CSF, and CSF acidosis occurs.

T Paco, is a very potent stimulus for ventilation, increasing both
tidal volume and respiratory rate.

Pcriphcra] response: hydrogen ions, or Paco, while
Carotid bodies are located at the bifurcation of the common ca-
rotid arteries, and they impact predominantly ventilation.

Aortic bodies are located in the aortic arch, and they impact pri-
marily in circulatory changes.

Both respond to Pao, levels < 60 mmHg.

They do not respond to low oxygen content or low oxygen satura-

Central chemoreceptors

are extremely sensitive to

peripheral chemoreceptors

are sensitive to Pao,.

tion.
Ventilation:
Ventilation is described by Paco,.
VCO
Paco, = ———2— VCO, = CO, production
VE - VD VE = total minute ventilation

VD = dead space ventilation
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Expired Paco, (Peco,) is the
average Paco, in an expired
gas sample and NOT the same

as end-tidal Paco, (Etco,).

Hypoxemia can be caused by:

1. Alveolar hypoventilation

2. Diffusion impairment

3. Ventilation-perfusion
mismatch

4. Right-to-left shunt

Bohr effect: Oxy-Hb
dissociation curve shift with
changes in carbon dioxide.

Haldane effect: Oxygenation
of hemoglobin lowers the

affinity for carbon dioxide.

VE = Tidal volume (VT) x Respiratory rate (RR)

Alveolar ventilation (VA) = (VI - VD) x RR

Physiologic dead space (VD) = anatomic dead space (VD(an)) + al-
veolar dead space (VD(al))

Normal dead space to tidal volume fraction (VD/VT) is 0.3.

VD _ Paco, — Peco,
VT Paco,

Peco, = mixed expired carbon dioxide tension.
Causes of increased alveolar dead space include:
Pulmonary embolism.
Pulmonary vascular discase.
Vasculitis.
Chronic obstructive pulmonary disease (COPD).
Acute respiratory distress syndrome (ARDS).
Pulmonary fibrosis.

Shock.

Oxygenation:

Arterial oxygen content (Caco,) = (1.34 x Hb x Sa0,) + (0.003 x Pao,).
Most efficient way to increase Caco, is to increase hemoglobin.
Oxygen delivery (DO,) = CI x Caco, (mL/min/m?).

Mixed venous Sao, (Svo,) = COSTL XVP% —3

Normal Svo, = 65-75%; Pvo, = 35-45 mmHg.

P50 is the partial pressure of oxygen at which hemoglobin is 50% satu-
rated (see Figure 2-2).

Normal P50 in adults is about 27 mmHg and in infants about 19 mmHg.
A right shift in this curve results in increased unloading of oxygen at
the tissue level resulting in increased temperature, T 2,3 DPG, acidosis
(3 pH), pregnancy, T pCO,, adult hemoglobin.

100

90— g
SHIFT TOTHE LEFT ’
HYPOTHERMIA 4

80|~  HYPOCARBIA 4
ALKALOSIS

4

/
/
12,3DPG
, / /7
\, N,
701 // /

SHIFT TO THE RIGHT:
HYPERTHERMIA
HYPERCARBIA
ACIDOSIS

12,3-DPG

% HEMOGLOBIN SATURATION

y y
50 60 70 80 90 100

FIGURE 2-2. Oxygen-hemoglobin dissociation curve.

Oxyhemoglobin dissociation curve. N = normal curve; A = hemoglobin 50% saturated with O,.
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A left shift in this curve results in decreased unloading of oxygen at the
tissue level, temperature, 1 2,3 DPG, alkalosis (T pH), l pCO,, fetal
hemoglobin.
Ventilation-perfusion (V/Q) ratio:
Distribution of ventilation (Figure 2-3):
Right lung receives more ventilation than the left one (53% vs.
47%).
Ventilation per unit lung volume is smallest at the highest portion.
Distribution of pulmonary blood flow:
Pulmonary perfusion is approximately 5 L/min.
Two major determinants of distribution are gravity and hypoxic pul-
monary vasoconstriction.
Normal V/Q is 1. If there is ventilation but no perfusion, the V/Q ratio
is infinity and this is dead space. If the V/Q ratio is zero, perfusion but
no ventilation, this is defined as absolute shunt.

Cco, - Cao,
Cco, - CVo,
Cc0, = content pulmonary capillary blood
Cao0, = content arterial blood
Cv0, = content mixed venous blood
Normal QS/QT = 0.1
Alveolar-arterial gradient:
PAo, = (PB - PH,0) x Fio, — (Pac0,/0.8)

Shunt fraction (OS/QT) =

A-a gradient = PAO, — Pao, normal 10-20 mmHg or % age
Normal Pao, decreases with age and can be approximate by 102 —
(age/3)

Another approximation: Pao, = 5 x Fio,
Normal A-a gradient: Hypoventilation and low Fio,

Zone 1
P,>P_>P
pa p

2

Zone 2
P >P,>P
pa A pv

Zone 3
P >P >P
pa pv A

FIGURE 2-3. Zones of the lung.
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PAo, is dependent on
barometric pressure and
is therefore influenced by

altitude.



Increased A-a gradient: V/Q mismatch, diffusion impairment and right-
to-left (intracardiac) shunt.

Effects of anesthesia on respiratory function:
General anesthesia increases VD and VD/VT partially due to moderate
pulmonary hypotension, loss of skeletal muscle tone, or loss of bron-
choconstrictor tone.
General anesthesia also increases shunt as the result of atelectasis and
airway collapse in dependent areas of the lung.
When patients are mechanically ventilated, best perfusion is in the de-
pendent lung and best ventilation is in the nondependent lung, creat-
ing V/Q mismatch.
Volatile anesthetics and potent vasodilators inhibit hypoxic pulmonary
vasoconstriction, a protective mechanism for diverting blood flow to
ventilated areas of the lung.

Hemodynamics

COMPONENTS OF THE VASCULATURE

Arteries: Thick walled with elastic tissue; under high pressure.
Arterioles: Site of highest resistance. o-adrenergic receptors (splanchnic
circulation) and B, adrenergic receptors (skeletal muscle) that are inner-
CO — (MAP - CVP)/SVR vated by the autonomic nervous system (ANS). Resistance is regulated by
SVR =80 x (MAP - CVP)/CO the ANS. . .
PVR =80 x (PAP - LAP)/CO Capillaries: Largest cross-sectional area where nutrient, gas, and water ex-
change occur.
Venules, veins: Low-pressure vessels innervated by the ANS. Blood flow is
analogous to Ohm’s law for electrical circuits: I = V/R (current I is analo-
gous to flow, voltage is analogous to pressure).

O=PR
Coronary perfusion pressure
(CPP) is determined by the Coronary BLoop Frow
difference between aortic Myocardial wall tension during systole can completely stop coronary blood

flow to the left heart. The left ventricle is perfused during diastole.

The right ventricle has lower intramural pressure and is perfused during
systole and diastole.

pressure (LVEDP). Sixty to seventy percent of O, is extracted by the heart.

Coronary reserve is the ability of coronary flow to increase circulation over
baseline state.

Endogenous regulators of cerebral blood flow (CBF) are adenosine, nitric
oxide, and adrenergic stimulation.

CBF becomes exhausted when 90% of flow is blocked by stenosis of a cor-
onary artery.

diastolic pressure (AoDP)

and end-diastolic ventricular

The endocardium is most
vulnerable to ischemia since

it is subjected to the highest RESISTANCE

pressure during systole. Factors that change resistance of blood vessels: R = 8nl/r4
Resistance is directly proportional to the viscosity of blood. T hematocrit
will T viscosity.
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Resistance is inversely proportional to the fourth power of the radius of the
vessel (T resistance 4 radius)
Resistance is directly proportional to the length of the vessel.

COMPLIANCE

C = V/P, where compliance = volume / pressure.

Inversely related to elastance and describes the distensibility of blood ves-
sels.

Much greater for veins than for arteries, which explains why more blood
volume is in the veins than the arteries.

As a person ages, arteries become stiffer and less distensible, leading to a
! compliance.

PRESSURE

Pressure is highest in the aorta and lowest in the vena cava.
The largest pressure drop in the systemic circulation is seen in the arteri-
oles because they are the site of highest resistance (Q = P/R).
Arterial pressure:
Systolic pressure: Measured after the heart contracts.
Diastolic pressure: Measured when the heart is relaxed and blood is re-
turning to the heart via the veins.
Pulse pressure (PP): Difference between systolic and diastolic pressure.
A in compliance will lead to an T pulse pressure.
Mean arterial pressure = DBP + 1/3 PP.
Venous pressure: Veins have high compliance and can hold a large vol-
ume of blood at low pressure.
Atrial pressure: LAP is estimated by pulmonary capillary wedge pressure
(PCWP) (see Chapter 5).

The Cardiac Cycle (Figure 2-4)

Atrial systole (phase 1):
The P wave precedes atrial contraction and represents electrical activa-
tion of the atria.
Contributes to 25% of ventricular filling.
The T in atrial pressure caused by atrial systole is the a wave on the ve-
nous pulse curve.

Isovolumetric ventricular contraction (phase 2):
Begins after onset of ORS wave, which represents electrical activation
of the ventricles.
When ventricular pressure becomes greater than atrial pressure, the
AV valves close. Closure corresponds to the first heart sound (HS). The
first HS may be split because the mitral valve closes before the tricus-
pid valve.
The aortic valve is closed during this phase so no blood leaves the ven-
tricle

Rapid ventricular ejection (phase 3):
When ventricular pressure becomes greater than aortic pressure, the
aortic valve opens and rapid ejection of blood into the aorta occurs.
Most of the stroke volume is ejected during this phase, causing the ven-
tricular volume to {.
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MAP = (Systolic BP + 2
Diastolic BP) / 3.

Patients with reduced
ventricular compliance are
most affected by loss of atrial
systole (“atrial kick”).



THE FUNDAMENTALS OF
ANESTHETIC MANAGEMENT
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FIGURE 2-4. The cardiac cycle.
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(Reproduced, with permission, from Le T et al. First Aid for the Basic Sciences: Organ Systems. New York: McGraw-Hill, 2009: 29.)

In contrast to skeletal muscles
and neurons, action potential
in cardiac muscle is due to
opening of both fast sodium
channels and slower calcium

channels.
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The T wave represents ventricular repolarization and marks the end of
ventricular contraction and rapid ejection.

Reduced ventricular ejection (phase 4):
Ejection of blood from the ventricles continues at a slower rate.
Ventricular and aortic pressure { as the runoff of blood into the smaller
arteries occurs.

Isovolumetric ventricular relaxation (phase 5):
Repolarization is complete, corresponding to the end of the T wave.
The aortic and pulmonic valves close.
The dicrotic notch, or incisura, is seen in the aortic pressure tracing
after closure of the aortic valve.
Ventricular pressure | rapidly because the ventricle is relaxed.
All valves are closed, which makes ventricular volume constant in this
phase.



When ventricular pressure becomes less than atrial pressure, the mitral
valve opens.
Rapid ventricular filling (phase 6):
The ventricular filling from the atrium begins.
Rapid passive filling of blood into the ventricles from the atria causes
the third HS (normal in peds, abnormal in adults).
Reduced ventricular filling (phase 7):
Ventricular filling continues at a slower rate.
Longest phase of the cardiac cycle.
Dependent on the heart rate (HR).

Cardiac Output

CONTRACTILITY

Also known as ionotropism.

The ability of the cardiac muscle to develop a force at a given muscle
length.

Can be estimated by ejection fraction (EF).

EF = Stroke volume (SV) / End-diastolic volume (EDV).

EF = 60-70% within normal limits (WNL).

Positive ionotropes: T HR T the force of contraction in a stepwise fashion
with sympathetic stimulation (catecholamines) via 8, receptors.

Negative ionotropes: Parasympathetic stimulation via muscarinic recep-
tors.

PRELOAD

Normally equal to EDV, right atrial pressure (RAP), PCWP, pulmonary
artery (PA) diastolic pressure, central venous pressure (CVP).

When venous return increases, end-diastolic volume increases and
stretches the ventricular muscle fibers.

! preload could be secondary to hypovolemia from hemorrhage or fluid
losses, venodilation from general anesthesia or neuraxial anesthesia, ten-
sion pneumothorax and pericardial tamponade, which | venous return
secondary to T pressure around the heart.

AFTERLOAD

Left ventricular afterload = aortic pressure.

Right ventricular afterload = pulmonic pressure.

Frank-Starling forces (Figure 2-5).
T in stroke volume or cardiac output in response to an T in venous re-
turn or EDV.
Changes in contractility shift the curve either upward or downward.

Autonomic Effects on Heart

Chronotropic effects:
Sympathetic nervous system (SNS) T HR by acting on B, receptors via
norepinephrine on the sinoatrial (SA) node.
Parasympathetic nervous system (PNS) | HR by acting on muscarinic
receptors via acetylcholine (ACh) on the SA node.
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CO=HR xSV
Cardiac index = CO / body SA

Major factors that affect
stroke volume:
1. Preload
. Afterload
. Contractility

. Wall motion abnormalities

“ N WN

. Valvular dysfunction

Svo, is a good determinant
of the adequacy of cardiac
output.

Svo, = Sao, - (VO,/ (CO x Hb
x 1.34)

Svo, - mixed venous
saturation

Sao, - arterial oxygenation
CO - cardiac output

V0, - oxygen consumption

Cardiac output is inversely

related to afterload.



CO or stroke volume

Sympathetic CONTRACTILE STATE OF MYOCARDIUM
nerve impulses ® o)

Exercise

Normal

Circulating Pharmacologic
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Sympathetic myocardium (MI)
stimulation

CHF + digitalis

Ventricular EDV
Preload

FIGURE 2-5. Frank-Starling curves.

(Reproduced, with permission, from Le T et al. First Aid for the Basic Sciences: Organ Systems. New York: McGraw-Hill, 2009: 24.)

The main neurotransmitter
of the sympathetic system is
norepinephrine,
which provides positive
chronotropic (heart rate),
inotropic (contractility), and

lusitropic (relaxation) effects.

The major neurotransmitter of
the parasympathetic system is
acetylcholine, which has more
direct inhibitory effects on the

heart, mainly the atria.

The major resting tone of the

heart is parasympathetic.

Dromotropic effects:
SNS works on B; receptors via ACh in atrioventricular (AV) node to
T conduction velocity, T the conduction of action potentials from the
atria to the ventricles and | the PR interval.
PNS works on muscarinic receptors via ACh in the AV node to 4 con-
duction velocity of action potentials and T the PR interval.

Ionotropic effects:
SNS works on B, receptors to T contractility.
PNS works on muscarinic receptors to 4 contractility. The SA node,
atria, and AV node have PNS innervation, but the ventricles do not.

Neural Effects on Heart

Baroreceptor reflex: Responsible for minute-to-minute regulation of blood
pressure (BP) by a negative feedback mechanism.

Baroreceptors are stretch receptors located in the wall of the carotid sinus
near the bifurcation of the common carotid arteries.

L in arterial BP { stretch on walls of carotid sinus.

 stretch | firing rate of glossopharyngeal nerve, which travels to the vaso-
motor center of the brain stem.

The vasomotor center reacts by 4 PNS outflow to the heart and T SNS
outflow to heart and vessels, resulting in T HR, contractility, and CO.

T venoconstriction — T venous return — T in BP.

Baroreceptors are also located in the aortic arch but respond to T but not 1
in BP.

Many anesthetic drugs blunt cardiac reflexes. The SNS response to 4 BP
is reduced.

Hormonal Effects on Heart

Renin-angiotensin-aldosterone system:
Long-term BP regulation by adjusting blood volume.
Angiotensin-converting enzyme (ACE), renin.
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Angiotensinogen — angiotensin I (inactive) — angiotensin II (active).
A L in renal perfusion causes juxtaglomerular (JG) cells of afferent
arteriole to secrete renin.

ACE converts angiotensin I to angiotensin II in the lungs.
Angiotensin II stimulates synthesis and secretion of aldosterone by

: . Hormones affecting the heart
adrenal cortex. Aldosterone T sodium reabsorption at renal tubule,

— T in blood volume. can be produced by the
Angiotensin II also — widespread vasoconstriction of arterioles, — cardiomyocytes or delivered
T in total peripheral resistance (TPR) and mean arterial pressure to the heart from other
(MAP). )
Vasopressin (ADH): tissues.

Atrial receptors respond to a 4 in blood volume and cause release of

ADH from the posterior pituitary.

ADH is a vasoconstrictor that T TPR by acting on arterioles.

ADH T water reabsorption at the distal tubules and collecting ducts.
Atrial natriuretic peptide (ANP):

Released from atria in response to T atrial stretch.

Causes dilation of arterioles.

Causes excretion of salt and water by kidney, which reduces blood vol-

ume and | BP.

Inhibits renin secretion.

Cardiac Reflexes

Carotid sinus reflex: Used to treat supraventricular tachycardia (SVT)
through vagal stimulation by carotid massage.

Also, arterial hypoxemia is sensed by chemoreceptors in the carotid sinus,
which activated the SNS, causing THR.

Bainbridge reflex: Atrial stretch causes T HR, leading to T CO.
Oculocardiac reflex: 4 HR with ocular pressure or stretching of ocular
muscles.

Abdominal reflex: I HR with stretch of abdominal viscera.

Cushing reflex: T ICP compresses cerebral blood vessels — cerebral is-
chemia. — T MAP (SNS activation) with  HR

Peripheral vasoconstriction causes blood flow to peripheral organs to 4 in
an attempt to preserve blood flow to brain.

Cardiovascular Effects of Opioids

Opioids are often used in cardiac anesthesia for hemodynamic stability.
May cause dose-dependent bradycardia possibly secondary to central stim-
ulation of vagal nucleus.

Morphine and codeine cause a histamine release that can — vasodilation
and hypotension.

Cardiovascular Effects of Volatile Agents
See Table 2-1.
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TABLE 2-1. Circulatory Effects of Volatile Anesthetics

ISOFLURANE/DESFLURANE SEVOFLURANE HALOTHANE NiTrROUS OXIDE

Cardiac output 0 0 -* +
Heart rate ++/0 0 0 +
Blood pressure -* -* - 0
Stroke volume -* -* -* -
Contractility --* ¥ ¥ -*
Systemic vascular - - 0 0
resistance

Pulmonary vascular 0 0 0 +
resistance

Coronary blood flow + + 0 0
Cerebral blood flow + + ++ 0
Muscle blood flow + + - 0
Catecholamine 0 0 0 0
levels

* dose dependent; +, increase; ++, large increase; 0, no change; -, decrease; --, large decrease.
(Reproduced, with permission, from Duke J. Anesthesia Secrets, 3rd ed. Elsevier, 2006: 73.)

Cardiovascular Effects of Induction Agents

Propofol:
Peripheral vasodilation causes up to 40% 1 in MAP.
Diminished baroreceptor response to hypotension.

In contrast to most other 1 CO.
anesthetics, ketamine No reflex tachycardia.
—_ Etomidate:
causes central stimulation . .
] Mild | in MAP.
of the sympathetic nervous CO and contractility maintained.
system and inhibition of Thiopental:

Peripheral vasodilation causes 4 in MAP.

Maintained CO secondary to reflex tachycardia.

leading to increases in blood Ketamine: Stimulation of SNS — T HR, MAP, and CO.
pressure, heart rate and Midazolam:

Minimal myocardial depression.

Cardiac output and MAP maintained.

Possible slight T in HR.

norepinephrine reuptake

cardiac output.
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Hepatic Anatomy

LIVER STRUCTURE

The falciform ligament separates the smaller left lobe from the larger right
lobe of the liver.
The right lobe is further divided into two smaller lobes, caudate and quad-
rate.
The liver is made up of 50-100,000 lobules.
Made of hexagonal plates of hepatocytes and portal triads surrounding a
central hepatic vein.
Acinus: Functional unit of the liver.
Zone 1: Cells closest to the portal tract that are well oxygenated.
Zone 3: Cells closest to the centrilobular veins receive the least oxygen
(most susceptible to injury).
Venous drainage from the central veins of hepatic lobules coalesce to form
the hepatic veins, which empty into the inferior vena cava (IVC).

The liver has dual oxygen

Liver BLoOD SuppPLY supply: 45-50% from hepatic
The liver receives 20-25% of total CO. artery and 50-55% from
The liver has a dual blood supply from the hepatic artery and the portal vein. portal vein.

Total hepatic blood flow is autoregulated such that a { in either blood
supply results in a compensatory T in the other.
Hepatic artery flow is inversely related to portal blood flow and directly
related to adenosine-induced arteriole dilation.
Splanchnic nerve stimulation results in hepatic artery vasoconstriction
and therefore  hepatic blood flow.
Hepatic circulation is supplied with B receptors. B stimulation vasodi-
lates the hepatic artery. B blockers reduce hepatic blood flow.

The portal vein has only o and dopaminergic receptors.

Liver Function Tests

SERUM BILIRUBIN

Normal total bilirubin (conjugated + unconjugated): < 1.5 mg/dL.
Normal unconjugated bilirubin: 0.2-0.8 mg/dL.
Unconjugated bilirubin:
Has minimal urinary excretion.
Water soluble.
Neurotoxic.
Normal conjugated bilirubin: 0.0-0.3 mg/dL.
Conjugated bilirubin:
Reflects balance between production and biliary excretion.
Water soluble. time, cholesterol, and
Excreted in urine.
Jaundice obvious when total bilirubin > 3 mg/dL.
Conjugated hyperbilirubinemia associated with T urinary urobilinogen
and may reflect: synthetic function.
Hepatocellular dysfunction.
Intrahepatic cholestasis.

Serum albumin, prothrombin

pseudocholinesterase are

good measures of hepatic
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Extrahepatic biliary obstruction (unconjugated hyperbilirubinemia) may
be seen with:

Hemolysis.

Congenital or acquired defects in conjugation.

SERUM TRANSAMINASES

Released into circulation as a result of hepatocellular injury or death.
Aspartate transaminase (AST [SGOT]): Present in many tissues including
liver, heart, skeletal muscle, and kidneys.

Alanine transaminase (ALT [SGPTY): Primarily located in the liver.
Normal levels for AST and ALT are between 10 and 32 units/L.
Circulating halfife (t;,) for AST and ALT are 18 and 36 minutes, respec-
tively.

Mild elevations can be seen with cholestasis or metastatic liver disease

(< 300 units/L).

SERUM ALKALINE PHOSPHATASE

Decreased albumin levels
can lead to an T fraction of
unbound and therefore more
pharmacologically active
levels of drugs that are highly

protein bound (ie, diazepam,

Produced by kidneys, small bowel, liver, bone, and placenta and excreted
into bile.
Normal levels are between 45 and 125 units/L.
Circulating t, , is about 7 days.
T levels can be seen in:
Hepatocellular injury.
Hepatic metastatic disease.
Intrahepatic cholestasis.
Biliary obstruction
Pregnancy.
Bone disease (Paget’s disease or bone metastases).
Combination of elevated alkaline phosphatase and serum y-glutamyl trans-
peptidase activity is the most sensitive indicator of hepatobiliary discase.

warfarin, barbiturates). SERUM ALBUMIN

Normal level is between 3.5 and 5.5 g/dL.

t,» is 2-3 weeks; may initially be normal in acute liver disease.

< 2.5 g/dL usually indicates chronic liver disease and malnutrition.
Hypoalbuminemia can also be caused by increased losses such as nephritic
syndrome, protein-losing enteropathies, burns, and ascites.

Total body albumin can be elevated in cirrhotic patients who have low se-
rum albumin levels but a large amount of albumin in ascetic fluid.

BLoob AMMONIA
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Normal levels range from 47 to 65 umol/L.

Significant elevations usually reflect disruption of hepatic urea synthesis
and can lead to severe hepatocellular damage.

Rough correlation between arterial ammonia and hepatic encephalopathy.



ProTtHrROMBIN TIME (PT)

Normal levels range from 11 to 14 sec.
PT is the most important qualitative measure of the liver’s function and
ability to synthesize proteins. '
Measures not only PT but entire extrinsic coagulation pathway including Al coagulation factors, except
fibrinogen, prothrombin, and factors V, VII, and X. factor Vill and von Willebrand
PT’s t; , is 6 hours; therefore, it can reflect acute hepatic injury.
Prolongation of PT > 3-4 sec corresponds to an International Normalized '
Ratio (INR) > 1.5. liver.
Causes of prolongation of PT include:

Drug effects.

! plasminogen levels.

Fibrinolysis.

Disseminated intravascular coagulation (DIC).

Vitamin K deficiencies (ie, malnutrition, cystic fibrosis).

factor, are produced by the

Effects of Anesthesia on Hepatic Function Hepatic blood flow =

hepatic perfusion pressure —
HepATIC BLOOD FLOW patcp p

. — . ) ) splanchnic vascular resistance.
All anesthetic agents indirectly reduce hepatic blood flow in proportion to

a4 in MAP or CO.
Volatile anesthetics:
All volatile anesthetics reduce portal hepatic blood flow.
Halothane causes greatest reduction in blood flow.
Isoflurane causes the least reduction in blood flow.
Only agent that causes a significant direct arterial vasodilation that
can T hepatic arterial blood flow. Most volatile anesthetics
Total hepatic blood flow |, even with isoflurane, because the | in reduce hepatic perfusion

portal blood flow offsets an T in hepatic artery flow.
pressure.

VENTILATION

Positive pressure ventilation with high mean airway pressures 4 venous re-
turn and CO, which can compromise hepatic blood flow.
! venous return T hepatic venous pressure. Positive end-expiratory pres-
sure (PEEP) can accentuate these effects.
Surgical procedures near the liver can reduce hepatic blood flow by up to
60%.
Intraoperative medications:

B blockers, o agonists, H, blockers, and vasopressin reduce hepatic

blood flow.

Low-dose dopamine may T liver blood flow.

MEeTABOLIC FUNCTIONS

Endocrine stress response secondary to fasting and surgical trauma is gen-
erally observed.
Elevated catecholamines, glucagon, and cortisol — hyperglycemia and
negative nitrogen balance.
May be partly blunted by deep anesthesia, regional anesthesia, or phar-
macologic blockage of the SNS.
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Risk factors associated with
halothane hepatitis include
middle age, obesity, female
sex, and repeat exposure to

halothane (within 28 days).

Drug metabolism:
Halothane directly inhibits the metabolism of phenytoin, warfarin, and
ketamine.
Halothane | hepatic blood flow, which alters pharmacokinetics of other
drugs such as fentanyl, verapamil, and propranolol.

BILIARY FUNCTION

All opioids can cause spasm of the sphincter of Oddi and T biliary pres-
sure (fentanyl > morphine > meperidine). Can — false-positive cholangio-
grams.

Halothane and enflurane may blunt the T in biliary pressure following opi-
oid administration.

Naloxone and glucagon may relieve opioid-induced spasms.

Liver FuncTioN Tests (LFTs)

Mild postop liver dysfunction in healthy patients is not uncommon. Can

be secondary to 4 blood flow from anesthesia, sympathetic stimulation,

and the surgical procedure.

Significant postop elevations in LE'Ts are the result of underlying liver dis-

case or the surgical procedure itself.

Postop jaundice is most commonly due to overproduction of bilirubin be-

cause of resorption of a large hematoma or red cell breakdown following

transfusion.

Postop jaundice can also be secondary to three causes:

1. Prehepatic (T bilirubin production): Transfusions.

2. Hepatic (hepatocellular dysfunction): Underlying liver disease, ischemic
or hypoxic injury, drug-induced, or intrahepatic cholestasis.

3. Posthepatic (biliary obstruction): Postop cholecystitis, postop hepatitis,
retained common bile duct stone.

Hepatic Dysfunction Associated with Halogenated Anesthetics

HALOTHANE HEPATITIS

Several mechanisms have been described:
Formation of hepatotoxic metabolic intermediates and immune hyper-
sensitivity.
Antibodies directed against hepatocyte components.
Genetic susceptibility.
Diagnosis of exclusion, therefore viral hepatitis, cytomegalovirus, Epstein-
Barr virus, and herpesvirus should be excluded.
Severity can range from an asymptomatic elevation of LF'Ts to hepatic ne-
CrOsis.
Incidence of a mild form of syndrome as high as 20% in adults following
a second exposure to halothane; incidence of fatal hepatic necrosis is ap-
proximately 1:35,000.

HEPATITIS FROM OTHER HALOGENATED AGENTS

This has been seen in enflurane and isoflurane; estimated at 1:500,000—

1:300,000.
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Functions of the Kidney

Acid-base balance.

Excretion and detoxification of blood.

Endocrine function: Vitamin D conversion, calcium and phosphate ho-
meostasis, erythropoietin secretion.

Regulation of body fluid volume and composition.

Regulating renin.

Renal Anatomy Renal blood flow is

The kidneys receive 20-25% of total CO.

The renal arteries are branches of the aorta, which take off below the supe-
rior mesenteric artery. and 180 mmHg.
The renal veins drain into the IVC.

Sympathetic stimulation is via the celiac and renal plexuses and cause

constriction; there is no parasympathetic innervation to the kidney.

Pain fibers from the renal pelvis and upper ureter enter the spinal cord via

splachnic nerves.

autoregulated between mean

arterial blood pressures of 80

THE NEPHRON

Fach kidney is composed of 1 million nephrons.

Fach nephron contains glomerulus, proximal tubule, loop of Henle, distal

tubule, collecting tubule, and juxtaglomerular apparatus.
Glomerular capillaries: Connected to Bowman’s capsule; has a large
surface area for filtration of blood.
Bowman’s capsule: At proximal end where ultrafiltrate is formed.
Proximal convoluted tubule: The ultrafiltrate is reabsorbed here. Na+
and other solutes (H,0O, bicarbonate, ghlcosc, proteins, magnesium,
calcium, urea) are also reabsorbed. Ammonia is produced here, and or-
ganic anions and cations are secreted.
Loop of Henle: Reabsorption of Na+, Cl-, H,O, K+, Ca*, and Mg+ oc-
curs here. This loop is responsible for maintaining hypertonic medul-
lary interstitium and indirectly provides the collecting tubules with the
ability to concentrate urine.
Distal convoluted tubule: Responsible for additional reabsorption of
NaCL, H,O, K+, Ca*, and bicarbonate. Also secretes hydrogen ion, K+,
and Ca+.
Collecting tubule: Reabsorbs NaCl, H,O, K+, and bicarbonate, and
secretes K+ and hydrogen ion. Ammonia is also produced here.
Juxtaglomerular apparatus: Secretes renin.

Renal Filtration and Autoregulation

The two components of glomerular filtration rate: MAP and afferent arteri-
ole diameter.

T MAP — T GFR. GFR describes the flow rate of filtered fluid through
the kidney and this flow is directly related to the MAP, as an T in pressure
— an T in flow to the kidney.

GFRis directly proportional to efferent arteriole tone and inversely propor-
tional to afferent arteriole tone.
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Normal GFR is 120 +/- 25 mL/min in men and 95 +/-~ 20 mL/min in
women.

Glomerular filtration produces about 180 L of fluid per day. The majority
of the fluid is reabsorbed, so approximately only 1 L is finally secreted.

GFR = (140 - age) Glomerular filtrate may either be reabsorbed or secreted from the tubules
o cither by active transport or passive transport.
(body weight in kg) / Renal blood flow (RBF) is autoregulated at blood pressures of 8§0-180
(serum creatinine)(72) mmHg.

RBF regulation is to maintain GFR.
Renin-angiotensin-alderosterone axis has an effect on RBF, with angio-
tensin II ultimately causing renal vasoconstriction.

Acid-Base Physiology and Balance

Infusion of electrolyte-containing solutions, changes in ventilation and
perfusion affect the acid-base balance; therefore, understanding of the
physiologic effects is essential for treatment of acid-base disturbances.
Acid-base disorders can be put into different categories (Table 2-2).

To determine if a patient has an acid-base disorder, the pH can be calcu-
lated from the Hendersen-Hasselbalch equation (HH):

HCO
pH=6.1+log 5o oo,
. 2

BUFFERS

The body’s initial response to an acid-base disturbance is an immediate buf-
fer. The next response of compensation occurs over a longer period of time.
The last phase is correction.

Buffer: Immediate reaction by whichever buffers predominate in a partic-
ular body fluid compartment.
Physiologically important buffers include:

Bicarbonate (H,CO;/HCO5).

Hemoglobin (HbH/Hb-).

Intracellular proteins.

Phosphates.

Ammonia.

TABLE 2-2. Defining Acid-Base Disorders

DISORDER PRIMARY CHANGE CoMPENSATORY CHANGE
Respiratory
Acidosis 7T Paco, T HCO,
Alkalosis { Paco, 4 HCO,
Metabolic
Acidosis 4 HCO;4 d Paco,
Alkalosis T HCO, T Paco,

(Reproduced, with permission, from Morgan GE, Mikhail MS, Murray MJ. Clinical Anesthesiology,
4th ed. New York: Lange Medical Books/McGraw-Hill, 2006: 710.)
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COMPENSATION

Respiratory disturbances are compensated by changes in the renal system, and
renal system acid-base disturbances are compensated by changes induced in
the respiratory system (see Table 2-2).

CORRECTION

Occurs when the cause of the acid-base disturbance has been treated. Com-
mon causes for unbalance include:

Respiratory acidosis: COPD, muscle relaxants, narcotics.

Respiratory alkalosis: Mechanical ventilation, hyperventilation.

Metabolic alkalosis: Nasogastric suction, vomiting, diuretics.

Metabolic acidosis: Diabetes mellitus, renal failure, shock

Metabolic acidosis can be broken down into two categories: Anion gap and
nonanion gap.

Anion gap = [Na+] — ([CI'] + [HCOj;]) where normal AG = 7-14 mEQ/L

Ventilation and Oxygenation

Normal Paco, = 36-44. One can determine if changes in pH are based on
respiratory changes by the golden rule: For every 10 torr change in Paco,,
the pH will change 0.08 unit in the opposite direction.

If the Paco, change can be accounted for (pH) with the golden rule, then
there is no metabolic component to the acid-base disturbance.

If the Paco, cannot account for all of the changes in pH, then there is a
metabolic component to the disturbance.

The alveolar air equation can be used with results of an arterial blood gas
(ABG) to determine causes of hypoxemia:

Pao, = (Fi02 X Py o emic pressure) — PaCO2/0.8 where Py i pressure = 713

T Aa gradient: V/Q mismatch, shunting, diffusion barrier.
Normal A-a gradient: Hypoventilation, | Fio,.

Predictors of Postoperative Renal Failure

T blood urea nitrogen (BUN) and creatinine.
Left ventricular dysfunction.

Diabetes.

Advanced age.

Jaundice.

Cardiac or aortic surgery.

Acute Renal Failure (ARF)

Defined as a significant  in GFR over 2 weeks or less or inadequate urine
output of < 0.5 mL/kg/hr (see Table 2-3).

A good urine output does not rule out ARF.

Elevated serum creatinine is a late sign of renal failure.

GFR may be reduced by 50% or more before abnormal elevation in renal
labs is observed.

When muscle wasting has occurred, creatinine levels may be normal de-
spite reduced GFR (creatinine production is proportional to muscle mass).
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TABLE 2-3. Tests of Renal Function

Test NoRmAL VALUE ABNORMAL VALUE COMMENTS
Specific gravity 1.01-1.03 > 1.03 prerenal Nonspecific; affected by glucose, diuretics,
azotemia. radiocontrast.
BUN 10-20 mg/dL > 50 associated with Nonspecific.

renal impairment.

Creatinine 0.8-1.3mg/dL men Doubling of creatinine.  Late indicator of renal failure.
0.6—-1mg/dL women Associated with 50%

reduction in GFR.

Fractional excretion 1-3%
of sodium (FE,,)

FEy, < 1% prerenal.
FEy, > 3% ATN.

Creatinine clearance 100-125 mL/min 1 renal. Good test for measuring GFR.

Creatinine clearance =
([Creatine] ;.. — Urinary flow

rate) / [Creatinin€] s,

Reserve 60—100; mildly impaired 40-60. RF
< 25.

Creatinine clearance is the most sensitive test for renal failure but is lim-
ited by 24-hr urine collection.
Prerenal azotemia accounts for 60% of cases of ARF:
! blood flow to kidney.
Hypovolemia.
Myocardial dysfunction.
Sepsis with shunting of blood away from kidney.
Renal azotemia accounts for 30% of cases of ARF:
Acute tubular necrosis (ATN): Leading cause and may be due to is-
chemia or toxins.
Nephrotoxins: Radiocontrast media, aminoglycosides, fluoride associ-
ated with volatile anesthetic metabolism.
Muscular injury causing rhabdomyolysis.
Hemolysis causing hemoglobinuria.
Postrenal azotemia accounts for 10% of cases of ARF: Obstructive ne-
phropathy.
Nonrenal causes of elevated BUN and creatinine:
T nitrogen absorption.
Diabetic ketoacidosis.
Hematoma reabsorption.
Gastrointestinal bleeding.

Hypercatabolism.
Sevoflurane can produce Hepatic disease.
compound A metabolites, Drugs.
which can, associated with
low gas flows of <2 L/min, Anesthesia Effects on Renal Function

cause renadl failure (in animal

studies only, not in humans).
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Usually reversible and short lived.

Neuraxial anesthesia depresses renal function but not to same extent as

general anesthesia.

Muscle relaxation:
Atracurium and cisatracurium undergo Hoffman degradation and ester
hydrolysis and therefore can be used in patients with renal failure.
Succinylcholine can be used in patients with renal failure as long as
their K+ is < 5.0 mEq/L. Some studies note that the duration of succi- doxacurium are primarily
nylcholine may be prolonged in renal failure patients on dialysis.

Elimination of pancuronium,

curare, pipecuronium, and

renal and neuromuscular

effects that can be prolonged
Renal Failure and Perioperative Management with renal insufficiency.

Preoperative goals in this patient population:
Euvolemic (no signs of active fluid overload/congestive heart failure [CHF).
Normotensive.
Electrolytes WNL (K < 5.0).
Platelets (> 75,000).
Acid-base balance should be within normal range.
Indications for dialysis (which many patients have prior to OR):
Uremic platelet dysfunction.
Uremic symptoms.
Pericardial tamponade.
Bleeding.
Hypervolemia.
CHF.
Severe acidosis.
Hyperkalemia.
CaCy, temporizes cardiac effects of K* until further measures can be taken
to shift K+ intracellularly (glucose and insulin, hyperventilation, NaHCO;,
potassium-binding resins).

Comprised of sympathetic and parasympathetic nervous systems, each hav-
ing opposite effects on end organs (see Chapter 1, Figure 1-2).
Network of nerves and ganglia that control involuntary physiologic param-
eters.
Exerts partial control over systemic BP, HR, urinary bladder emptying,
sweating, body temperature, and gastrointestinal motility and secretions.
Reflexes:
Arterial baroreceptors:
Located in the carotid sinus and aortic arch.
Respond to alterations in stretch caused by changes in blood pres-
sure.
Volatile anesthetics interfere with baroreceptor function (halothane >
isoflurane).
Venous baroreceptors: Located in right atrium and great veins.
Bainbridge reflex: T in HR when right atrium is stretched by T filling

pressures.
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Also known as the thoracolumbar nervous system.
Activation of the SNS produces a diffuse physiologic response.
Preganglionic sympathetic neurons:

Originate from the intermediolateral columns of the thoracolumbar

spinal cord.

Synapse with postganglionic fibers in paravertebral sympathetic ganglia

as unpaired prevertebral ganglia or with a terminal ganglion.

Exit via the ventral root of the spinal cord (myelinated).

Twenty-two pairs of paravertebral ganglia lic on both sides of the verte-

bral column.

Located closer to the spinal cord than innervated organ.

Stimulate nicotinic cholinergic postganglionic neurons by releasing ACh.
neurotransmitter of all May ascend or descend in sympathetic chain before synapsing.
Postganglionic neurons.

Synapse at targeted end organs.
Release norepinephrine (NE).
parasympathetic fibers. Sympathetic ganglia:
Paravertebral ganglia:
Twenty-two pairs are connected to spinal nerves by white and gray
rami communicantes and are connected by nerve trunks to form the
lateral chains.
The paravertebral ganglia include cervical ganglia; stellate ganglia
(cervical + T1 ganglia); thoracic, abdominal, and pelvic sympa-
thetic trunks.
Prevertebral ganglia: Celiac, superior and inferior mesenteric, and renal
ganglia.
Terminal ganglia lie near the innervated organs (ie, bladder, rectum).
Postganglionic adrenergic receptors and end-organ effects (see Table 2-4):
Q, receptors:
Presynpatic stimulation.
Inhibits release of norepinephrine; termed negative feedback.
o, By, and B, receptors:
Postsynaptic
Stimulated by norepinephrine.

Acetylcholine is the

preganglionic sympathetic

fibers and postganglionic

Activation of the PNS produces a discrete response (ie, vagal stimulation
produces bradycardia).
Norepinephrine is the Preganglionic parasympathetic neurons:
Originate from cranial nerves III, VII, IX, and X and sacral segments 2—4.
Synapse with postganglionic neurons close to the end organ.
Preganglionic and postganglionic neurons release ACh.
fibers. Cholinergic receptors are classified as nicotinic or muscarinic (see

Table 2-5).

neurotransmitter of nearly all

postganglionic sympathetic
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TABLE 2-4. Adrenergic Receptors and End-Organ Effects

RECEPTOR ORGAN RESPONSE
B, (B1) Heart Increases heart rate, contractility, and conduction velocity.
Fat cells Lipolysis.
B, (B2) Blood vessels Dilation.
Bronchioles Dilation.
Uterus Relaxation.
Kidneys Renin secretion.
Liver Gluconeogenesis, glycogenolysis.
Pancreas Insulin secretion.
o, (A1) Blood vessels Constriction.
Pancreas Inhibits insulin release.
Intestine, bladder Relaxation but constriction of sphincters.
o, (A2) Presynaptic nerve endings Inhibits norepinephrine release.
Dopamine-1 Blood vessels Dilates renal, coronary, and splanchnic vessels.
Dopamine-2 Presynaptic endings Inhibits norepinephrine release.
Central nervous system Psychic disturbances.

(Reproduced, with permission, Miller RD, Stoelting RK. Basics of Anesthesia, 4th ed. New York: Churchill Livingstone, 2000: 36.)

TABLE 2-5. Cholinergic Receptor Stimulation and End-Organ Effects

Muscarinic Heart { heart rate, contractility, conduction velocity.
Bronchioles Constriction
Salivary glands Stimulates secretion.
Intestine Contraction and relaxation of sphincters, stimulates secretions.
Bladder Contraction and relaxation of sphincters.
Nicotinic Neuromuscular Skeletal muscle contraction.
junction
Autonomic ganglia Sympathetic nervous system stimulation.

(Reproduced, with permission, Miller RD, Stoelting RK. Basics of Anesthesia, 4th ed. New York: Churchill Livingstone, 2000: 36.)
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CHAPTER 3

Preoperative
Evaluation

Airway Evaluation
Managing Difficult Airway
Preoperative Testing

Coexisting Conditions
EVALUATION OF PATIENTS WITH CARDIOVASCULAR DISEASE
EVALUATION OF PATIENTS WITH PULMONARY DISEASE
EVALUATING PATIENTS WiTH NEUROLOGIC DISEASE
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PREOPERATIVE EVALUATION

The Mallampati classification
has a low positive predictive
value if used alone, which
makes a thorough airway
examination necessary to
minimize unexpected difficult

intubations.

AIRWAY EVALUATION

HisTory

Ask patient about previous experience, and review previous records for diffi-
cult intubation and laryngoscopy grades.

PHysIcAL ExAm

= The Mallampati classification system (Figure 3-1 and Table 3-1) evaluates
tongue size relative to oral cavity. Although it has low positive predictive value
by itself, when combined with a thorough examination, it can minimize unex-
pected difficult intubations.

= A thorough airway examination includes multiple components (Table 3-2)
in addition to the Mallampati classification, including: incisor length, over-
bite presence, interincisor distance, palate shape, mandibular space compli-
ance, thyromental distance, neck length and thickness, and range of motion
of head and neck.

= Fvaluate neck flexion and extension. Caution must be applied to trauma
patients or patients with Down syndrome or rheumatoid arthritis (atlanto-
axial instability).

= According to the ASA Task Force on Managing Difficult Airway, multiple
examinations yield a better chance of identifying possible difficult airway.

MANAGING DIFFICULT AIRWAY

»  There are four types of management problems that can be managed with
the difficult airway algorithm (Figure 3-2):
1. Difficult to ventilate
2. Difficult to intubate
3. Difficulty with cooperation
4. Difhcult tracheostomy
= Based on the above four problems, two paths can be chosen:
1. Awake intubation, which can be noninvasive or surgical.
2. Intubation after induction of general anesthesia:
= If unsuccessful, attempt mask ventilation and try other modalities
(different laryngoscopy blades, fiber-optic, or glidescope).

Class | Class Il Class lll Class IV

FIGURE 3-1. Mallampati classification.

(Reproduced, with permission, from Longnecker DE et al. Anesthesiology, New York: McGraw-
Hill, 2008: 125.)
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TABLE 3-1. Mallampati Classification

CLASS STRUCTURES IDENTIFIED WHEN PATIENT SEATED

| Soft and hard palate, uvula, tonsillar pillars

] Soft and hard palate, parts of uvula

[} Soft and hard palate, base of uvula

v Hard palate only

If unable to mask ventilate, consider LMA. If LMA is not adequate or
feasible, either emergency noninvasive airway ventilation (combitube,
rigid bronchoscope, transtracheal jet ventilation) or emergency inva-

sive airway access is indicated.

Routine testing of patients with no clinical risk factors can result in high
number of false positives. Initiation of treatment based on the “abnormal”
results can yield more harm than good for the patient. Obtaining tests

therefore should be carefully selected (Table 3-3).

TABLE 3-2. Physical Exam for Potentially Difficult Airway

AIRWAY EXAMINATION COMPONENT

NONREASSURING FINDINGS

1. Length of upper incisors

2. Relation of masillary and mandibular incisors during
normal jaw closure

3. Relation of maxillary and mandibular incisors during
voluntary protrusion of cannot bring

4. Interincisor distance

5. Visibility of uvula

. Shape of palate
. Compliance of mandibular space

6
7.
8. Thyromental distance
9. Length of neck

0

. Thickness of neck

11. Range of motion of head and neck

Relatively long

Prominent "overbite" (maxillary incisors anterior to
mandibular incisors)

Patient mandibular incisors anterior to (in mandible front of)
maxillary incisors

Less than 3 cm

Not visible when tongue is protruded with patient in sitting
position (eg, Mallampati class greater than Il)

Highly arched or very narrow

Stiff, indurated, occupied by mass, or nonresilient

Less than three ordinary finger breadths

Short

Thick

Patient cannot touch tip of chin to chest or cannot extend

neck

(Practice guidelines for management of the difficult airway, Anesthesiology 2003; 98:1269-1277.)
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PREOPERATIVE EVALUATION

American Society
of Anesthesiologists
DIFFICULT AIRWAY ALGORITHM
1. Assess the likelihood and clinical impact of basic management problems:
A. Difficult Ventilation
B. Difficult Intubation
C. Difficulty with Patient Cooperation or Consent
D. Difficult Tracheostomy

2. Actively pursue opportunities to deliver supplemental oxygen throughout the process of difficult airway management

3. Consider the relative merits and feasibility of basic management choices:

Intubation Attempts After Induction of
General Anesthesia

)—VS-—( )
B Non-Invasive Technique for Initial vs. Invasive Technique for Initial
: Approach to Intubation : Approach to Intubation
)_VS._( )

C. ( Preservation of Spontaneous Ventilation

A. ( Awake Intubation

Ablation of Spontaneous Ventilation

4. Develop primary and alternative strategies:

A B. INTUBATION ATTEMPTS AFTER
AWAKE INTUBATION INDUCTION OF GENERAL ANESTHESIA
Airway Approached by Invasive Initial Intubation Initial Intubation
Non-Invasive Intubation Airway Access®* Attempts Successful* Attempts UNSUCCESSFUL
. FROM THIS POINT
Succeed FAIL ONWARS CONSIDER
1. Calling for Help
Cancel Consider Feasibility Invasive 2. Returning to Spontancous
Case of Other Options(a) Airway Acoess®* Ventilation
3. Awakening the Patient
! 1
FACE MASK VENTILATION ADEQUATE FACE MASK VENTILATION NOT ADEQUATE
CONSIDER/ATTEMPT LMA
LMA ADEQUATE* LMA NOT ADEQUATE
OR NOT FEASIBLE
NON-EMERGENCY PATHWAY EMERGENCY PATHWAY J
Ventilation Adequate, Intubation Unsuccessful IF BOTH Ventilation Not Adequate
FACE MASK Intubation Unsuccessful
d> AND LMA t>
Alternative Approaches VENTILATION Call for Help
to Intubation® INADEQUATE
Emergency Non-Invasive Airway Ventilation®
Successful FAIL After
Intubation  Multiple Attempt Ventiation® FAIL
1 I
Invasive Consider Feasibilty ~ Awaken Emergency
Airway Access®  of Other Options®  Patient® Invasive Airway

Access®*

FIGURE 3-2. Difficult airway algorithm.

(Reproduced, with permission, from Practice guidelines for management of the difficult airway.

Anesthesiology 2003;

98:1269-1277.)

Patients are classified into the following ASA categories at the end of pre-
operative evaluation:

ASA Class

Disease State
No organic, physiologic, or psychiatric disturbance
Mild to moderate systemic disease

Severe systemic disturbance may or may not be related
to the reason for surgery

Severe systemic disease that is life threatening with or
without surgery

Moribund patient with little chance of surviving

Any patient presenting for emergency operation

Pulmonary function test (PFT): For nonthoracic surgery, it has a limited
role, since PF'Ts rarely provide additional information. Might be useful in
situations where responsiveness to bronchodilator therapy is needed.

54



Routine testing of patients with no clincial risk factors can result in a high
number of false positives. Initiation of treatment based on the “abnormal”
results can yield more harm than good for the patient. Therefore, preop-
crative tests should be carefully selected (Table 3-3).

Evaluation of Patients with Cardiovascular (CV) Disease
HisTory

Check for hypertension, congestive heart failure (CHF), myocardial in-
farction (MI) or angina, and any valvular heart disease. Ask about symp-
toms of certain CV disease.

Keep in mind that elderly, women, and diabetic patients might have atypi-
cal presentation of symptoms.

Cardiovascular-Related Disease Symptoms

Uncontrolled hypertension Headache, blurred vision, chest pain,
nausea and vomiting, and changes in
mental status

Coronary artery disease Angina, fatigue, 1 exercise tolerance,
previous history of myocardial
ischemia or infarction

Congestive heart failure Orthopnea, dyspnea, lower extremity
edema, fatigue

TABLE 3-3. Preoperative Tests

Tests INDICATIONS
CBC: Suggested as the only necessary test for elective Neonates, age > 75, patients with renal disease and malignancy,
surgery. procedures with large expected blood loss.
Electrolytes: Indicated in patients with systemic Patients with renal disease, diabetes, and diuretic use.

diseases or medications that affect the kidneys.

Coagulation studies: Abnormal results in patients with Patients with bleeding disorder or anticoagulant use, hepatic

no risk factors minimally affects anesthetic plan. disease, chemotherapy.

Pregnancy test Any female patients of childbearing age since patient’s history is
unreliable.

Electrocardiogram (ECG): Can provide information Males > 40 years old, females > 50 years old with systemic

regarding patient’s status of myocardium and coronary disease; patients with cardiopulmonary risk factors, diabetes,

circulation. Combined with clinical risk factors, ECG can digoxin use, radiation therapy.

provide vital information.

Chest x-ray: Useful to identify pneumonia, pulmonary Age > 75, patients with cardiopulmonary disease, malignancy,
edema, atelectasis, and pulmonary nodules only and tobacco use > 20 years.

in populations at risk (active pulmonary disease or

intrathoracic surgery).
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HypPERTENSION (HTN)

Two types:

1. Essential HT'N (95% of cases).

2. Secondary HTN: Due to other identifiable sources (Table 3-4).

Three stages:

Stage 1: 140-160/90-100

Stage 2: 160-180/100-110

Stage 3: >180/>110

HTN indicates T risk of coronary artery discase (CAD) and cerebral vascu-
lar disease.

Patients with stage 3 HTN have T risk of labile blood pressure (BP) in-
traoperatively and ischemic cardiac events. However, there is no absolute
evidence to suggest delaying the surgery will reduce risk. It is appropriate
to delay the surgery if evidence of end-organ damage is present (new-onset
headache, blurred vision, renal insufficiency, and left ventricular hypertro-
phy with strain).

Current recommendation is to hold angiotensin-converting enzyme inhib-
itors (ACEIs). Although B blockers are helpful, acute use to bring the BP

down prior to surgery is not reccommended.

CORONARY ARTERY Disease (CAD)

Leading cause of death in United States among both men and women.

HisTory

Crucial to the discovery of cardiac or comorbid diseases. Identify serious
cardiac conditions such as unstable angina, recent or past MI, CHF, se-
vere valvular disease, and significant arrhythmia. Also, elicit presence of
pacemaker or ICD.

Patient may report history of percutaneous coronary intervention (PCI) or
coronary artery bypass graft (CABG).

Patient might present with symptoms of angina. Other coexisting diseases such
as diabetes mellitus or peripheral vascular disease are associated with CAD.

PHysICAL EXAMINATION

BP measurement (preop BP is the best predictor of response to laryngoscopy).
Auscultation of heart: Check for rhythm, rate, and murmurs (consider en-
docarditis prophylaxis if murmur present). Gallops could indicate CHF.
Check for bruits over the carotid arteries to minimize risk of stroke.

Check for jugular vein distention, lower extremity edema, and peripheral
pulses.

TABLE 3-4. Identifiable Sources of Secondary Hypertension

Renal Glomerulonephritis, renal artery stenosis, polycystic kidney.

Endocrine Cushing’s syndrome, congenital adrenal hyperplasia, pheochromocytoma,

Conn’s syndrome.

Neurogenic Acute porphyria, anxiety, T intracranial pressure.
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Others Coarctation of aorta, polyarteritis nodosa, hypercalcemia.



SuMMARY OF 2007 GUIDELINES ON PERIOPERATIVE CV EvaLuatioN (FIGURE 3-3)

Clinical risk factors for postoperative complications:
CAD.
History of compensated/decompensated heart failure.
Cerebrovascular disease.
Diabetes.
Renal insufficiency.
ardiac conditions that may delay surgery:
Unstable coronary syndrom: Unstable angina, recent MI (within 4
weeks).
Decompensated heart failure.
Significant arrhythmia: Mobitz II, 3° AV block, SVT, symptomatic bra-
dycardia.
Severe valvular disease:
a. Severe aortic stenosis: Aortic valve area < 1 cm?; pressure gradient >
40 mmHg.
b. Symptomatic mitral stenosis.
Risk stratification for noncardiac procedures:
1. Vascular surgery (> 5%): Aortic, peripheral vascular.
2. Intermediate-risk surgery (cardiac risk of 1-5%): Carotid endarterec-
tomy, intraperitoneal/thoracic head/neck surgery, orthopedic, prostate.
3. Low-risk surgery (< 1%): Endoscopic, cataract, breast, ambulatory.
Cardiac testing: Routine ECG is recommended for males > 40 years old
and females > 50 years old. Any patients with major clinical predictors of
high perioperative CV risk should have surgery delayed until the condi-

—Qi W~

tions are optimized.

- Need for emergency Ves »
noncardlac surgery?
gery? (Class |, LOE C)
- Actlve cardiac Yes —— b
conditions*
(Class I, LOE B)
- Low risk surgery
(C\assl LOE B)
greater than or equal to 4 METs without
symptoms}
-

Functional capacity

Operaung room

Perioperative surveillance
and postoperative risk
stratification and risk factor
management

Evaluate and treat per
ACC/AHA guidelines

Consider
operating room

—|

Proceed with
planned surgeryt

Yes
(Class lla, LOE B)

Proceed with
» planned surgery§

3 or more clinical
risk factorsl|

Intermediat
Vascular surgery nsi suergear;

Class lla
LOEB

Vascular surgery

1 or 2 clinical

risk factorsl|

Intermediate
risk surgery

No clinical
risk factorsl|

Class |
LOEB

change management{]

Consider testing if it will ‘

Proceed with planned surgery with HR control| (Class Ila, LOE B)
or consider noninvasive testing (Class llb, LOE B) if it will change management

planned surgeryt

‘ Proceed with

FIGURE 3-3.

Perioperative cardiovascular evaluation for noncardiac surgery.

(Reproduced, with permission, from Fleisher L et al. ACC/AHA 2007 Guidelines on Perioperative
Cardiovascular Evaluation and Care for Noncardiac Surgery. Circulation 2007; 116: e418-¢500.)
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Elective surgeries should be
postponed for 4-6 weeks after
bare-metal stent placement
and 12 months after drug-

eluting stent placement.

Patients who have undergone recent coronary revascularization are at risk
for stent thrombosis if their dual antiplatelet therapy (aspirin and clopid-
ogrel [Plavix]) is discontinued for surgery. Risk of thrombosis is highest
4-6 weeks after bare-metal stents and 12 months after drug-eluting stents;
consequently, elective surgeries are postponed until after this time when
Plavix can temporarily be discontinued (Figure 3-4).

Evaluation of Patients with Pulmonary Disease

Pulmonary complications are more frequent than cardiac complications
after major operations. These complications include atelectasis, pneumo-
nia, bronchospasm, hypoxemia, and respiratory failure requiring mechani-
cal ventilation.
Factors for pulmonary complications:
Strongest prediction depends on site of the surgery: Upper abdominal
surgery associated with highest risk. Type of surgery is important as
well: abdominal aortic aneurysm (AAA) repair > thoracic > upper ab-
dominal surgery > neck/peripheral vascular > neurosurgery.
Hypoxemia is mainly caused by (1) | in functional residual capacity
(FRC) and vital capacity (VC), and (2) diaphragmatic dysfunction
(persists even with adequate analgesia).
Pulmonary changes associated with general anesthesia:
T in dead space.
T in intrapulmonary shunt.

lin FRC.
Previous PCI
Balloon Bare-metal Drug-eluting
angioplasty stent stent

] ]

Time since PCI <14 days

>14 days >30-45days <30-45days <3865days >365 days

Delay for elective or
nonurgent surgery

Proceed to the Delay for elective or Proceed to the
operation room nonurgent surgery operation room
with aspirin with aspirin

FIGURE 3-4. Management of patients with previous percutaneous coronary intervention (PCI) who require noncardiac

surgery.

(Reproduced, with permission, from Fleisher L et al. ACC/AHA 2007 Guidelines on Perioperative Cardiovascular Evaluation

and Care for Noncardiac Surgery. Circulation 2007; 116: ¢418-500.)

58



| in surfactant production.
T in alveolar permeability.
Pulmonary complications T with duration of surgery: Significant after 2-3
hours.
Tobacco use: Important risk factor. Cessation of smoking for 2 days can
improve carboxyhemoglobin levels but increases mucus clearance. A
true reduction of pulmonary complications is significant only after ces-
sation of smoking for more than 8 weeks. occurs after 8 weeks of
Asthma: Disease seen very commonly among surgical patients. Thor-
ough history regarding frequency of attacks, previous history of intu-
bation, steroid use (current or previous), current medications, and
triggering factors. Perioperative bronchodilator use should be consid-
ered, as well as hydrocortisone 100 mg every 8 hr for anyone with se-
vere asthma or taking steroids.

Reduction in postoperative

pulmonary complications

smoking cessation.

History

Ask patients about tobacco use, asthma, sleep apnea, recent upper respiratory
infection, shortness of breath, and chronic cough.

PHYsIcAL EXAm

Thorough physical exam including auscultation (presence of bilateral and
clear breath sounds); check for stridor, rales, or especially wheezing if his-
tory of asthma is present.

Assessment of respiratory rate and chest excursion, and ability to complete
sentences should be performed.

Evaluating Patients with Neurologic Disease
History

Ask patients about previous history of stroke, seizures, depression, nerve injury
and review medications (antiseizure medications, monoamine oxidase inhibi-
tors [MAOIs], tricyclic antidepressants [ TCAs], Plavix [clopidogrel], aspirin or
other blood-thinning medications). Ability to answer questions adequately in-
dicates intact mental status.

PHysIcAL EXAMINATION

Must evaluate preop strength and sensation if postop changes are expected.

SEIZURE DISORDERS

Characterized by paroxysmal, synchronous discharges by group of neurons
in the brain.
Preop considerations:
Review medications: Many antiepileptic medications have additive ef-
fect with sedatives.
Monitor end-organ impact of the medications: Concentrate on renal
and hepatic function.
Avoid medications (methohexital) that can activate seizure foci.
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NEUROMUSCULAR DISEASES

Preop considerations: Anticipate concomitant involvement of other organs.

Associated cardiomyopathy (Duchenne’s) and conduction abnormalities
(myotonic dystrophy) are common (review ECG).

Myotonic dystrophy patients show T sensitivity to respiratory depressants.
Dysmorphic features could present difficult intubation.

Review preop motor strength prior to administration of muscle relexant.
Consider T chance of malignant hyperthermia in myopathy patients.

Evaluation of Patients with Endocrine Disease

DIABETES MELLITUS

History should be obtained with regard to any end-organ damage (retin-
opathy, neuropathy, nephropathy).
Diabetics are more prone to develop CAD with atypical presentations, peri-
operative MI, HTN, CHF, peripheral and cerebrovascular disease.
Tight glucose management during perioperative period is important. Also,
symptoms of hypoglycemia must be evaluated (sweating, tremors, agita-
tion, and mental status change).
Preop considerations: Evaluate end-organ damage (cardiovascular, pulmo-
nary, renal). Beware silent myocardial ischemia/infarction. Must keep in
mind that diabetics are more prone to:

Labile BP.

Painless myocardial ischemia.

Orthostatic hypotension.

Lack of heart rate variability.

Reduced heart rate response to atropine or propranolol.

Neurogenic, atonic bladder.

Gastroparesis with delayed emptying. Consider H, blocker or metoclo-

pramide premed.

Limited-mobility joint syndrome (stiff-joint syndrome): Atlanto-occipi-

tal joint joint may be involved, which could lead to difficult intubation.

Difficult intubation: About 30% incidence.

THYROID DISEASE

Preoperative evaluation should focus on signs and symptoms of hyper- or hy-
pothyroidism.
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Hyperthyroidism: Weight loss, heat intolerance, tachycardia, atrial fibrilla-
tion, nervousness, tremor, muscle weakness, bone resorption, and diarrhea.
Preop considerations:

May postpone surgery until euthyroid.

Resting HR < 85.

Continue antithyroid medications until the morning of surgery.
Hypothyroidism: Weight gain, cold intolerance, bradycardia, slow menta-
tion, pleural/pericardial effusion.

Preop considerations:

May result in hypothermia, hypoglycemia, hypoventilation, and hy-

ponatremia.

T sensitivity to respiratory depressant.

Slow gastric emptying.

Must continue thyroid medications until the morning of surgery.



Physical exam: Should focus on size of the thyroid gland and its effect
on the airway. Large mass may distort the upper airway, especially in
supine position. Chest x-ray or computed tomography (CT) scan needs
to be reviewed.
Pheochromocytoma:

Triad of symptoms: (1) headache, (2) diaphoresis, (3) tachycardia.
Preop considerations:

Vitals signs must be checked closely, and severity of symptoms must

be adequately evaluated preoperatively.

Check for orthostatic hypotension.

Check for signs of myocardial ischemia.

More prone to be hypovolemic preoperatively.

B blocker only after initiation of o blockade.

Evaluation of Patients with Renal Disease
HisTory

Obtain etiology of renal dysfunction:
Primary: Glomerulonephropathy, polycystic kidney disease.
Secondary: Cardiac, pulmonary, hepatic-related disease.
Obtain information on daily urine output and fluid restriction.
Identify comorbidities (HTN, CAD, cerebrovascular accident
[CVA]).
Review laboratory to determine renal reserve and metabolic derange-
ment.
If on dialysis, determine when the last day of dialysis was:
Hemodialysis better than peritoneal dialysis.
Dialysis on the day of surgery is optimal.
It is important to group patients into renal function rather than renal dis-
case:

Renal Function Creatinine Clearance
Normal 100-120

{ renal reserve 60-100

Mild renal impairment 40-60

Moderate renal insufficiency 25-45

Renal failure <25

End-stage renal discase (ESRD) <10

PHYsIcAL ExAm

Identify signs of fluid overload:
Dyspnea
Hypoxemia
Generalized edema
Ascities
Juglular vein distention
Identify signs of hypvolemia: Common in dialysis patients.
Tachycardia
Hypotension
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= Narrow pulse pressure

= Dry mucous membranes

= capillary refill

ABG: To determine degree of acidosis or severity of hypoxemia.

ECG: To determine ischemia, hyperkalemia, or conduction abnormali-
ties.

Planning anesthetic plan: Characteristics of patients with renal dysfunction.
= Less protein bounding of anesthetics.

= More pronounced systemic effects due to azotemia.

= Less clearance of renally excreted anesthetics.



CHAPTER 4

Anesthesia Machines

Components
Anesthesia Circuits and Safety Systems

Breathing Systems
MapLESON CIRCUITS
BAIN SYSTEM
CIRCLE SYSTEM

BELLOWS
Flow Meters

Vaporizers
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MEASURED FLow VAPORIZER
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Mechanical Ventilation
Ventilation Modes
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A full 0, cylinder is 660L at
2200 psi
A full N,O cylinder is 1590L at
745 psi

For nonliquefied gases such
as 0, the pressure declines
proportionally to the amount
withdrawn. For liquefied gases
such as N,0, pressure remains
constant until all the liquid has
vaporized, at which point the

pressure starts to drop.

The 0, analyzer in the
inspiratory limb is necessary
to prevent the delivery of a
hypoxic gas mixture to the

patient.
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All anesthesia machines have the same basic components (regardless of
manufacturer or year of make).

The machines consist of breathing systems, compressed gases, flow meters,
vaporizers, ability to eliminate carbon dioxide, and scavenging.

The anesthesia machine is divided into three circuits:
High pressure: Consists of the cylinders and cylinder primary pressure
regulators.
Intermediate pressure: Starts at the regulated cylinder supply source, in-
cludes the pipeline supply source, and ends at the flow control valves.
Low pressure: Begins at the flow control valves and and includes the
flow tubes, vaporizers, and one-way check valve (Datex-Ohmeda).
The Diameter Index Safety System (DISS) provides threaded body fit-
tings that are noninterchangeable connections for the gas pipelines.
The hanger yoke assembly orients and supports the cylinder and ensures
unidirectional flow of gases into the machine. This is also a color-coded
system: green = oxygen, blue = nitrous oxide, gray = carbon dioxide, and
yellow = air. This is the color-coded system in ‘the United States; the colors
differ internationally.
The Pin Index Safety System (PISS) eliminates the possibility of placing
the gas cylinder on the wrong yoke.
Pressure regulators:
Fach gas cylinder has a pressure regulator that reduces the high pres-
sure in the gas cylinder to one that is suitable for use in the anesthesia
machine. The highest pressure possible in the O, cylinder at 2200 psi
is reduced to 45 psi. The highest pressure possible in the N,O cylinder
at 745 psi is reduced to 45 psi.
Second-stage pressure regulators for oxygen further reduce pressure to
12-19 psi (see Figure 4-1).
Drager machines have a firststage pressure regulator and a pressure relief
valve. Omeda machines have a first and second stage pressure regulator as
well as a pressure relief valve.
Check valve is located downstream of the fresh gas inlet. It prevents re-
verse flow of gases from the machine to the atmosphere.
Fail-safe valve:
Ensures that the supply pressure of all gases other than oxygen are
decreased or turned off if the oxygen supply pressure {; an alarm is
sounded to alert the anesthesiologist.
Remember that this does not prevent a hypoxic gas mixture from being
delivered (this is why an O, analyzer is necessary).
Oxygen flush valve: Allows direct communication between the high-
pressure circuit and the low-pressure circuit. The oxygen flush valve can
be used to provide jet ventilation on the condition that a one-way check
valve be present between the vaporizers and the oxygen flush valve as well
as a pressure relief valve upstream of the check valve. Hazards of the oxy-
gen flush valve include:
Overuse can dilute the anesthetic gases and potentially result in aware-
ness.
Use of the oxygen flush valve can result in barotrauma to patients’
lungs.
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FIGURE 4-1. Internal Circuitry of Anesthesia Machines

(Reproduced, with permission, Longnecker DE et al. Anesthesiology. New York: McGraw-Hill,
2008: 769.)

Note: Use of the oxygen flush valve to evaluate the low-pressure circuit
can be misleading since closure of the one-way check valve can — un-
detected leaks in the low-pressure circuit.

Anesthesia breathing systems are classified into four categories: closed,
semiclosed, open, and semiopen. These systems are comprised of materials
needed to deliver volatile anesthetics, air, and oxygen from the machine to
the patient.

There are certain advantages and disadvantages of each type of breathing
system based on scavenging ability/rebreathing, heat/humidity conserva-
tion, dead space, resistance, and presence or absence of valves.

Mapleson Circuits

Mapleson circuits (semiopen) are made up four components:

1. Breathing tubes and face mask

2. Fresh gas inlet

3. Pressure-limiting valve (pop-off valve)

4. Reservoir bag

Mapleson circuits are subdivided into letters A-F.
Mapleson A circuits have the pop-off valve located near the face mask
and the fresh gas flow comes from the back of the circuit close to the
reservoir bag.
Mapleson B and C circuits have the pop-off valve close to the face
mask and the fresh gas inflow close to the patient.

Mapleson D, E, and F circuits have the fresh gas inflow close to the patient and

the pop-off valve back close to the reservoir bag. Mapleson F (Jackson-Rees) is
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For spontaneous ventilation:

A>DEF > CB = (least
rebreathing) All Dogs Can
Bite (most rebreathing).

For mechanical ventilation:
DEF > CB > A = (least) Dog
Bites Can Ache (most).

an Arye-T' piece with reservoir bag and overflow valve, which is best used for
transport of intubated patients and in pediatric patients.
Different Mapleson circuits are best for either spontaneous or mechanical
ventilation. Mnemonics can help to remember:
For spontancous ventilation: A > DEF > CB = (least rebreathing) All
Dogs Can Bite (most rebreathing).
For mechanical ventilation: DEF > CB > A = (least) Dog Bites Can
Ache (most).
Semiopen systems carry the advantage of small resistance/small dead space
with an absence of valves. They have the disadvantage of poor scavenging
ability/high flows necessary to prevent rebreathing and loss of heat and hu-
midity. See Figure 4-2.

Bain System

Represents a variant form of the Mapleson D circuit.
The fresh gas inlet flows within a tube in the outer corrugated tube. Ex-
haled gas goes through the outer corrugated tubing and is vented by the
expiratory valve located near the reservoir bag.
Advantages of the Bain system include:
The fresh gas is warmed by the exhaled gas due to a countercurrent
heat exchange.
Fasy scavenging of gases due to location of pop-off valve away from the
patient and close to the reservoir bag.
Disadvantages of the Bain system include difficulty in ascertaining kinking
or disconnection in the fresh gas outflow tract (the outer corrugated tubing
must be transparent for this reason).

Mapleson A Mapleson D
%6%”\ Oﬁm%\
Mapleson B Mapleson E i
qu—\ rrrraarane] \
Mapleson C Mapleson F

Oloy Doy

FIGURE 4-2. Mapleson circuits.

(Reproduced, with permission, Longnecker DE et al. Anesthesiology. New York: McGraw-Hill,
2008: 793.)
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Circle System

Components:
Fresh gas inflow source.
Inspiratory and expiratory unidirectional valves.
Inspiratory and expiratory corrugated tubes.
Y-piece connector.
Adjustable pressure-limiting (APL) valve.
Reservoir bag.
CO, absorbent.

Rules of the circle system:
Unidirectional valve located between the patient and the reservoir bag
on both expiratory and inspiratory limbs of the circuit.
Fresh gas flow inlet cannot enter the system between the patient and
the expiratory limb.
APL valve cannot be located between the patient and the expiratory
limb.

Types of circle systems:
Semiclosed: Most commonly used, partial rebreathing of exhaled gas.
Closed: Complete rebreathing of gas after CO, has been reabsorbed.
APL valve remains closed. Inflow gas matches that being consumed by
the patient.

Advantages of the circle system:
Maintenance of relatively stable inspired gas concentrations.
Conservation of respiratory moisture/humidity or heat.
Prevention of operating room (OR) pollution.

Bellows

Bellows may be classified according to their direction of movement during the
expiratory phase. This direction can be ascending or descending. The ascend-
ing bellows design is the safer of the two since it does not fill if a complete
disconnect occurs.

The purpose of flow meters is to measure gas flow to the common gas inlet
as well as to control those flows.
Physics of flow meters:
The space between the flow tube and the float is the annular space.
Flow meters are characterized as variable orifice since they are tapered
in such a way that the smallest diameter is at the bottom and the largest
diameter is at the top.
The float is in equilibrium in the position where the downward force of
gravity is equaled by the upward force of the gas flow.
Viscosity of the gas determines the laminar flow and density of the gas
determines the turbulent flow. Low flow — viscocity; high flow —
density.
When a single gas has two flow tubes, they are arranged in series and
controlled by a single flow control valve.
Flow is read at the top of most floats with the exception of ball floats,
which are read at the center of the ball.
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Bellows are classified
according to their movement
during expiration.

If there is a disconnect or
major leak, ascending bellows
will collapse while descending
bellows continue to move

upward and downward.



At low flows, gas flow is
dependent on viscosity;
at high flows, gas flow is
dependent on density.
Length of the flowmeter
tube makes NO difference in

accuracy.

Hazards of flow meters:
Leaks in the flow meter are hazardous due to their location downstream
from all safety devices with the exception of the oxygen analyzer. The
oxygen flow meter is located downstream of all other flow meters and
closest to the common gas outlet in order to minimize the possibility of
delivering a hypoxic gas mixture in the event of a leak (located on the
right of other gases in the United States).
Inaccuracy due to sticking of the floats to the flow meter (more com-
mon in low-flow states), damaged floats, or flow meters that are not per-
fectly aligned in the vertical position.
Proportioning system: Oxygen and nitrous oxide are linked mechani-
cally or pneumatically to have a flow rate ratio of 3:1 to prevent deliv-
ery of a hypoxic mixture.

Physics of Vaporization

Vapor pressure: Most volatile agents exist in the liquid state below 20°C.
Vapor pressure is directly proportional to temperature and independent of
atmospheric pressure.

Desflurane is unique in that its boiling point is close to that encountered
in the OR, necessitating special vaporizer designs.

The latent heat of vaporization is the number of calories required to con-
vert 1 gram of a liquid to the gascous phase. Since this energy comes either
from an outside source or the gas itself, the remaining liquid tends to cool
due to the energy required to convert it to the gaseous phase.

The specific heat of a substance is the number of calories required to T the
temperature of 1 g of a substance by 1°C. Vaporizers are constructed of
metals that have high specific heat in order to minimize the 1 in tempera-
ture (due to the latent heat of vaporization) associated with vaporization.
Thermal conductivity is the speed at which heat travels through a sub-
stance. The metals that compose a vaporizer have high thermal conductiv-
ity and maintain a constant temperature.

Measured Flow Vaporizer

The copper kettle is an example of a measured flow vaporizer. Copper is
used since it has a high specific heat and thermal conductivity, thus keep-
ing the temperature of the vaporizer constant.

Vaporizer output is controlled by a dedicated flow meter. When the flow
meter valve is turned on, all the carrier gas enters the vaporizer, becoming
saturated with anesthetic vapor.

This saturated vapor that leaves the copper kettle is then combined with
fresh gas downstream so the concentration of the inhalation anesthetic is
diluted to reach clinical levels.

The disadvantage of the copper kettle is that if the total gas flow were to
fall, the anesthetic concentration could reach dangerous levels.

Variable Bypass Vaporizer
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The vaporizers that are specific for the delivery of halothane, enflurane,
isoflurane, and sevoflurane are referred to as variable bypass.



There are two routes in these vaporizers for gas flow (splitting of total fresh
gas flow): the bypass chamber and the vaporizing chamber.
Turning the dial on the vaporizer alters the proportion of gas channeled
into these chambers. The gas going into the vaporizing chamber becomes
saturated with anesthetic gas.
These vaporizers are characterized by:

Method of vaporization.

Temperature compensation.

Agent specific (equipped to accommodate one type of gas).

Out of circuit (located outside the breathing circuit).

Flow over.

Desflurane Tec 6 Vaporizer

Desflurane has the following features:
A boiling point of 22.8°C (close to room temperature).
Vapor pressure is three to four times greater than that of other inhaled
anesthetics.
Miminum alveolar concentration (MAC) of 6.6% (low potency).
Low blood gas solubility coefficient (0.45).
For this reason, the desflurane vaporizer is pressurized and heated.
The desflurane Tec 6 vaporizer has two gas circuits arranged in parallel: a
fresh gas circuit and a vapor circuit. warms and pressurizes liquid
In contrast to variab}e bypass vaporizgrs, the desﬂ.urane ch 6. requires desflurane to 1500 mmHg.
manual adjustments in the concentration control dial to maintain a con-
stant concentration of gas at altitudes other than sea level.

The desflurane Tec 6 vaporizer

Factors Influencing Vaporizer Output

Low flow rates (< 250 mL/min) cause vaporizer output to be less than the
dial setting due to insufficient turbulence in the vaporizing chamber.

High flow rates (> 15 L/min) result in the vaporizer output’s being less
than the dial setting due to incomplete mixing of the carrier gas with the
volatile anesthetic in the vaporizing chamber.

Temperature is compensated for in most vaporizer designs. The higher the
temperature, the more carrier gas is shunted through the bypass chamber.
Positive pressure ventilation or oxygen flushing can cause the vaporizer
output to be greater than the dial setting due to intermittent back pressure.
This is known as the pumping effect.

Vaporizer output is influenced by carrier gas composition.

Tipping of the vaporizers can cause an | vapor concentration, though tip-
ping is unlikely because the vaporizers are secured to the anesthesia ma-  flush valve limit the pumping
chines themselves. effect

One way check valves

between vaporizers and O,

Anesthesia machines are equipped with E cylinders of compressed gases
for use in case the wall (central) supply fails or malfunctions.

One can calculate the amount of gas present in the tanks by virtue of
knowing the pressure and vice versa. One is also able to perform additional
calculations with regards to length of time and amount of gas a tank has

left (see Table 4-1).
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TABLE 4-1. E Cylinders

OXYGEN NiTrROUS OXIDE AR CARBON DioxIDE
Contents of cylinder 625 1590 625 1590
(L)
Pressure in cylinder/ 2000 750 1800 750
full (psi)

Types of absorbents:
Soda lime (most commonly used).
Baralyme.
Calcium hydroxide/calcium chloride (Amsorb).
Soda lyme composition: 80% calcium chloride, 15% water, 4% sodium hy-
droxide, and 1% potassium hydroxide.
Small amounts of silica added for hardness (and minimize alkaline
dust).

Chemical neutralization equations:

CO, + H,0 — H,CO;
H,CO, + Ca(OH), — CaCO, + 2NaOH

Baralyme composition: 20% barium hydroxide and 80% calcium hydrox-
ide.

Baralyme may produce fires when used with sevoflurane.

Chemical neutralization equations:

CO, + H,0 — H,CO,
H,CO; + Ba(OH), — BaCO; + 2H,0 + Heat
H,CO, + CA(OH), — CaCO;,

Amsorb consists of calcium hydroxide and calcium chloride.
Primary advantage lacks strong bases sodium and potassium hydroxide.
is a result of volatile agent This eliminates production of carbon monoxide, compound A, and
possibility of fire in breathing circuit.
Disadvantages are less absorptive capacity and higher cost.
Carbon monoxide production is a hazard when using desiccated CO, ab-
absorbents. sorbent.
Factors that T the risk of carbon monoxide production are:
Desiccated CO, absorbent.
High temperatures in the CO, absorbent.
The type of inhalational agent used T carbon monoxide production in
the following order: desflurane > enflurane > isoflurane > halothane =
sevoflurane.
Low fresh gas flows.
The type of absorbent (Baralyme T the amount of CO produced).

Carbon monoxide formation

degradation by strong bases

present in carbon dioxide
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The concentration of the volatile agent (the greater the concentration, the
greater the CO produced).
Compound A is a nephrotoxic degradation product produced when sevo-
flurane reacts with CO, absorbent (found in animal studies). Factors that
T the production of compound A are:

Use of Baralyme.

High temperatures in the CO, absorbent.

Dchydration of Baralyme (Note: Dehydration of soda lime { Com-  channeling and \ capacity for

pound A production).

Low flow of fresh gas (< 2 L/min).

High sevoflurane concentration in the anesthetic circuit.
Factors that can T efficiency of CO, absorbents include: €0, absorption.

Granule size: Optimal size is 4-8 mesh. Absorptive capacity T as granule

size . If granules are too small, resistance T.

pH sensitive dye: This dye is added to the lime so that when exhaus-

tion of soda lime or Baralyme occurs, the anesthesiologist is alerted (by

violet color) and will change the container as to prevent rebreathing of

exhaled gases.

Channeling: This is the passage that gases pass through in the canister

(path of least resistance), though the bulk of CO, bypasses the gran-

ules. Firm packing of the granules in the canister prevents channeling.

Large granules cause

absorption.

Small granules T resistance to

Anesthesia machines have alarms that are activated when the O, pressure l The low-pressure monitor

below a certain level, such as 30 psi. Other alarms include: alarm will be first to alarm

Disconnect alarms.

Low- and high-pressure ventilator alarms.

Alarms connected to patient monitors (end-tidal carbon dioxide [ETCO,],
pulse oximetry, blood pressure, etc.). reached with ventilatory cycle.

with disconnect since critical

airway pressures will not be

Positive-pressure ventilation works by applying positive pressure to the
lungs, either indirectly through a mask or directly through an endotracheal
tube or tracheotomy tube.
This creates a periodic pressure gradient between the ventilator and the
alveoli that results in inspiration. Expiration occurs passively.
Positive-pressure ventilation has several disadvantages, including:
in ventilation-perfusion (V/Q) mismatch due to ventilation favoring
the more compliant nondependent areas of the lung and perfusion fa-
voring the dependent areas of the lung.
in cardiac output due to a | in venous return to the heart during the
inspiratory phase.
The possibility of barotrauma.

Controlled mechanical ventilation (CMV):
Provides fixed respiratory rate (RR) and tidal volume (Vy).
Mode is reserved for patients who are not capable of respiratory effort.
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Drawbacks associated with

high-frequency ventilations:

Barotrauma

Poor humidification of gases

No scavenging of anesthetic
agents

Difficulty in monitoring

ventilation
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If a patient is capable of inspiratory effort, sedation and paralysis are
necessary.

Assist control (AC) ventilation:
Pressure sensor is incorporated that senses a minimum inspiratory effort
by the patient.
When patient effort is sufficient, the ventilator delivers a fixed V.
If patient does not have sufficient inspiratory effort, controlled mechan-
ical ventilation is delivered.

Synchronized intermittent mechanical ventilation (SIMV):
Allows the patient to take spontaneous breaths while giving a minimum
number of mechanical breaths.
SIMV also synchronizes the mechanical breaths to coincide whenever
possible with a spontaneous inspiratory effort.
Prevents the juxtaposition of spontancous and mechanical breaths
(stacking), which would result in large tidal volumes.
Advantages of SIMV are greater ease of weaning and patient comfort.
The disadvantage is that at low respiratory rates, patients with poor in-
spiratory effort can be underventilated.

Pressure support ventilation (PSV):
Allows the patient to breathe spontancously while augmenting the pa-
tient’s tidal volume with a predetermined positive pressure.
{ the work of breathing and overcomes the resistance of the circuit and
the ventilator.
Disadvantages of PSV include the inability to vary the respiratory rate
(which is entirely dependent on the patient’s own respiratory effort).
Therefore, a weak patient who cannot initiate sufficient numbers of
breaths will be underventilated.

Pressure control ventilation (PCV):
Similar to PSV in that the patient’s V. is supplemented by set positive
pressure; however, the RR may be adjusted in PCV.
Peak airway pressures may therefore be limited and the likelihood of
barotrauma is 4.
Disadvantage is that the V. is dependent on the compliance of the
lungs.

Inverse I:F. ratio ventilation (IRV):
Reverses the inspiratory-to-expiratory ratio from 1:3 to 1:1 by adding an
inspiratory pause.
Air trapping produced by incomplete emptying of the lungs on expira-
tion T the functional residual capacity (FRC) and producing an intrin-
sic positive end-expiratory pressure.

Airway pressure release ventilation (APRV):
Alternates between a high and low PEEP setting and permits the pa-
tient to breathe spontaneously.
Advantages of APRV are less incidence of barotrauma and a limitation
of circulatory depression and the use of sedation.

High-frequency jet ventilation (HFJV):
High-pressure gas is delivered through cannula at a rate of 120-600
times/min, producing a V. at or below anatomic dead space.
HFJV is used in laryngeal, tracheal, or bronchial procedures as well as
instances in which the airway could not be secured by conventional
methods.
Disadvantages include inadequate heating or humidification of in-
spired gases during prolonged use of HFJV.



PEEP AND CPAP

Main indications for positive airway pressure therapy are to T the FRC, to

improve V/Q mismatch, and to T lung compliance.

Two modalities are generally used to achieve this:

= Positive end-expiratory pressure (PEEP): Applied during the expira-
tory phase of a mechanically delivered breath.

= Continuous positive airway pressure (CPAP): Applied to both the in-
spiratory and expiratory phases during spontaneous breathing.

If CPAP is applied to a patient without an advanced airway, the pressure

should be set at < 15 ecm H,O and only in patients with intact respiratory

reflexes due to the risk of aspiration.

The advantage/disadvantages of CPAP over PEEP include:

= CPAP results in lower peak inspiratory pressures than PEEP.

= The disadvantage of CPAP is that it provides less support.

There is a higher incidence of barotrauma when CPAP and PEEP levels

exceed 20 em H,0.

Other risks include an T in dead space, an T in pulmonary vascular resis-

tance, and a concomitant T in right ventricular afterload.

This T in right ventricular afterload together with a 1 in left ventricular

preload results in a | in cardiac output.

An T in central venous pressure also T intracranial pressure.
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Deoxyhemoglobin absorbs
more light in the red band
(660 nm).
Oxyhemoglobin absorbs more
light in the infrared band
(940 nm).

The red-to-infrared ratio is

used to calculate SpO,.

CarboxyHb is viewed as
oxyhemoglobin and therefore
$p0, = 100%.
Methemoglobin absorbs red
and infrared light at 1:1 ratio;

therefore the Sp0, = 85%.

Measurement of peripheral oxygen saturation of hemoglobin and pulse
rate.
Technique: Plethysmography and spectrophotometric analysis is com-
bined to measure the relative absorption of red and infrared light wave-
lengths. Absorption of specific wavelengths of light relative to the pulsatile
oxyhemoglobin signal is transmitted to a photo detector. The oxygen satu-
ration (the ratio of oxyhemoglobin to deoxyhemoglobin) is calculated from
absorption curves programmed into the device.
Accuracy is affected by multiple variables:

Absence of pulsatile waveform.

carboxyhemoglobin.

T methemoglobin.

Shivering.

Bright external light.

Methylene blue.

Fingernail polish (blue/dark red).

Hypoxia.

Hypotension.

Hypothermia.

Hypovolemia.
The relationship that exists between hemoglobin saturation and arterial
oxygen tension (mmHg) is reflected in the oxyhemoglobin dissociation
curve, as seen in Chapter 2, Figure 2-2.

Used for detection of dysrhythmias, myocardial ischemia, electrolyte im-
balance, and pacemaker function.
A 12-lead system can be used pre- and postoperatively to detect areas of
ischemia:

IL, 111, aVF (inferior leads): Right coronary artery.

V,, V3, V, (anterior leads): Left anterior descending artery.

[, aVL, V;, V. (lateral leads): Circumflex artery.

V., V, (septal leads): Right coronary and left anterior descending arteries.
A 5-lead system with both lead II and V; provides 80-96% sensitivity for
detection of intraoperative ischemic events.

Lead II (level of atria): Detection of dysrhythmias, inferior ischemia, P

wave abnormalities, electrolyte imbalance.

Lead Vi (5th intercostal space, anterior axillary line): Detection of an-

terior or lateral wall ischemia.
ST-segment analysis: Criteria for ischemia:

Flat or downsloping of ST depression.

1-2 mm and > 60-80 msec after the end of QRS with or without T-

wave inversion in V5.

ST segment elevation with peaked T waves.
ST segment analysis is not useful in:

Wolff-Parkinson-White (WPW) syndrome.

Bundle branch blocks.

Extrinsic pacemaker capture.

Digoxin therapy.



The cuff is inflated greater than systolic pressure to stop arterial blood flow
and then slowly deflated.
The cuff should cover the two-thirds of the upper arm or thigh; the width
of the cuff should not be 50% greater than the diameter of the limb.
A narrow cuff may give falsely high values.
A wide cuff may give falsely low values.
Techniques:
Auscultation: Korotkoff sounds are audible through a stethoscope placed
under or just beyond the distal third of an inflated blood pressure.
Automated devices can measure oscillations in cuff pressure (oscilloto-
nometry).
Mean pressure correlates well with the pressure at which the maximal
oscillation occurs. Venous congestion may occur if the instrument is set
to cycle too frequently.

Temperature monitoring sites:
Esophageal: Distal one-third to one-fourth of esophagus.
Nasopharynx: Adjacent to nasopharyngeal mucosa, reflecting carotid
blood passing nearby.
Tympanic membrane: Blood supply to this area is derived from poste-
rior auricular and internal maxillary arteries, which are direct branches
of external carotid artery.
Pulmonary artery: Reflects core temperature.
Rectal, oral, axillary, bladder, and skin: Temperatures are not indicators
of core temperature.
Hyperthermia occurs infrequently:
Exposure to endogenous pyrogens.
Thyrotoxicosis.
Pheochromocytoma.
Malignant hyperthermia.
Anticholinergic blockade of sweating.
Perioperative hypothermia commonly occurs:
Anesthetic-induced inhibition of thermoregulation.
Cold ambient environment of the operating room.
Heat loss due to surgical exposure of tissues.
Risk of hypothermia T in elderly, neonates, burn patients, and patients
with spinal cord injuries.
Phases of heat loss during anesthesia:
Phase I: Redistribution phase:
Core temperature 4 1-2°C during first hour under general anesthe-
sia. Heat is redistributed from warm central compartments (abdo-
men, thorax) to peripheral compartments (arms and legs).
Anesthetic medications cause direct peripheral vasodilatation and
inhibit centrally mediated thermoregulatory constriction.
Phase II: Heat loss phase:
Three- to four-hour linear { in core temperature.
Results from heat loss exceeding metabolic heat production.
Phase III: Steady-state equilibrium phase: Core temperature plateau
that usually develops after 4 hours of anesthesia that is maintained pas-
sively or actively:
Passive plateau results when metabolic heat production equals heat
loss.
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correlates with the pressure
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occur.



Mechanisms of heat loss:
Radiation—dissipation of heat
to cooler surroundings.
Largest component.
Conduction—direct skin
contact.
Convection—heat loss to air
flow.
Evaporation—heat of

vaporization.

Active mechanism causes vasoconstriction to { heat loss and to alter
distribution of heat within the body.
Effects of hypothermia:
33-35°C:
Significant protection against cerebral ischemia and hypoxemia.
Slows metabolic rate and metabolism of drugs.
Inhibits immune function and macrophage phagocytosis and im-
pairs wound healing.
28-33°C:
Reversibly T prothrombin time (PT) and partial thromboplastin
time (PTT).
Bleeding time is prolonged due to local cutaneous hypothermia.
<28°C:
T blood glucose.
T hematocrit and blood viscosity (3% T in viscosity per degree {).
T hemoglobin binding to oxygen (left shift).
in antidiuretic hormone (ADH) and intravascular volume.
in oxygen consumption by about 50%.
l in carbon dioxide (CO,) production.
l cerebral metabolic rate of oxygen (CMRO,) (10% { per degree)
and cerebral blood flow (CBF).
! platelet count and platelet function.
Prevention of intraoperative hypothermia:
Much more effective than treatment.
Prewarming (prior to induction) will { initial temperature drop.
Active airway humidification.
Covering layers of blankets to prevent evaporation can reduce heat loss
by 30% (single layer) to 50% (three layers). The total body surface of
covering is more important than type of covers.
Warmed 1V fluids.

Forced-air convective warming is most effective.

End-Tidal Carbon Dioxide (ETCO,) Monitoring
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Capnography is the measurement of CO, in each breath of the respiratory
cycle.
The capnograph displays a waveform of CO, and the value of the CO,
at the end of expiration, known as the end-tidal CO,.
Assesses the adequacy of ventilation, detects esophageal intubation, in-
dicates disconnection of the breathing circuit, helps to diagnose circu-
latory problems and malignant hyperthermia.
If the patient has a stable cardiac status, stable body temperature, ab-
sence of lung disease, and a normal capnograph trace, ETCO, approxi-
mates the partial pressure of CO, in arterial blood (Paco,).
The normal gradient between ETCO, and Paco, is 5-10 mmHg and
reflects the alveolar dead space (alveoli that are ventilated but not per-
fused).
TETCO,:
Hypoventilation.
Hyperthermia.
Malignant hyperthermia.
Hypermetabolic states.



Sepsis.

Rebreathing.

T skeletal muscle activity.
LETCO,:

Hyperventilation.

Hypothermia.

Hypoperfusion.

Pulmonary embolism. gradient of < 5.

Cardiac arrest.

Disconnect, leakage, or partial obstruction (sudden drop).

In most cases, ETCO, will

closely follow Paco, with a

Causes of increase Paco, to

ETCO, gradient:
MEASUREMENT TECHNIQUES 1. | dead space ventilation.
Infrared absorption spectroscopy is the most commonly used. Gases of ~ 2 Esophogeal intubation.

2
molecules that contain at least two dissimilar atoms absorb infrared ra- 3 Decreased cardiac output.
diation. CO, absorbs infrared radiation at a wavelength of 4.3 mm. The
amount of infrared radiation absorbed is proportional to the number of
CO, molecules (partial pressure of CO,) present in the chamber, accord-
ing to the Beer-Lambert Law. This allows the calculation of CO, values.
Photo-acoustic spectroscopy irradiates the gas sample with pulsatile infra-
red radiation. The periodic expansion and contraction produces a pressure
fluctuation of audible frequency that can be detected by a microphone.
Capnography tracing (as seen in Figure 5-1):
Phase I: Inspiratory baseline (anatomic dead space), beginning of expi-
ration.
Phase II: Expiratory upstroke.
Phase III: Expiratory plateau (highest point is ETCO,), #4 in figure.
Phase IV: Inspiratory downstroke.
Abnormal traces:
Rebreathing (Figure 5-2): Waveform does not return to baseline.
Fresh gas flow too low.
Incompetent expiratory valve.
Exhausted CO, absorbent.
Obstructive (Figure 5-3): No plateau is reached. Obstructive airway
discase.
Oscillations (Figure 5-4): Cardiac impulses transmitted to capnograph.
Curare cleft (Figure 5-5): Deep indentation during plateau phase.
Spontaneous respiratory effort.

. Disconnect or leak.

12 3 vy

Ti Co,
(EPOaZ) ime (sec) (kPa) Time (sec)
FIGURE 5-1. Capnography tracings. FIGURE 5-2. Capnograph (rebreathing).
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Co, CO,

(kPa) Time (sec) (kPa) Time (sec)
FIGURE 5-3. Capnograph (obstructive) FIGURE 5-4. Capnograph (cardiac oscillation).
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= |=_= NEUROMUSCULAR BLOCKADE TWITCH MONITORS
i
= n . . . . . .
- = Assesses neuromuscular function while using intermediate-acting muscle

relaxants.
= Peripheral nerve stimulator delivers a current with variable frequency and
amplitude.

= Common sites:
= Ulnar nerve stimulation for adductor pollicis muscle.
= Facial nerve stimulation for orbicularis oculi muscle (more closely re-
flects blockade of the larynx).
#  Train of four (TOF):
= Height of the fourth twitch is measured against that of the first twitch.
= > (.7 correlates with adequate return of muscular function.
= Does not diminish with use of succinylcholine (no fade).
= Tetanus:
= Continuous stimulation for 5 seconds at 50 Hz.
= Response fades only with nondepolarizing drugs.
= Sustained tetanus is present at a TOF of > (.7.

INVASIVE MONITORS

Invasive Arterial Blood Pressure Monitoring (IABP)

MONITORING AND EQUIPMENT

INDICATIONS

Rapid BP changes are anticipated (major fluid shifts).
Need for multiple arterial blood gases.

Failure of indirect monitoring (burns).

Intra-aortic balloon counterpulsation.

Induced hypotension.

Cardiac surgery.

Major vascular surgery.



CONTRAINDICATIONS

No collateral blood flow.
Local infection.
Vascular insufficiency.

Raynaud’s phenomenon. An underdamp waveform

is hyperresonant and

WAVEFORM therefore — falsely high

Periodic complex wave reproduced by Fourier analysis.

Damping prevents the system from overshooting after responding to a

change.
Overdamping: Slurred upstroke, absent dicrotic notch, and loss of
fine detail. Causes include blood clots, air bubbles in the tubing, and
kinked catheters.
Under damping: Exaggerated peaks and troughs in the waveform,
falsely high systolic pressures and low diastolic pressures. Causes in-
clude long connecting lines (> 1.4 mm), small tubing (< 1.5 mm inter-
nal diameter), or the catheter occluding the vessel.

Rate of upstroke indicates contractility.

Rate of downstroke indicates peripheral vascular disease.

Variations during respiratory cycle indicate hypovolemia.

Artery selection (as pulse moves peripherally, systolic and pulse pressures

are more exaggerated).

systolic BP and falsely low
diastolic BP.
An overdamp waveform

—> falsely low BP.

Allen’s test is a simple

Radial: Preferred because of its superficial location and collateral flow.
Must check ipsilateral ulnar artery flow before cannulation.

Ulnar: Deeper, more tortuous course. Must check ipsilateral radial ar-
tery flow before cannulation.

but not reliable method of
determining adequacy of

ulnar collateral circulation.

Brachial: Large and easily identifiable, but close to the elbow making
catheters more prone to kinking and to thrombosis.

Femoral: Prone to pseudo-aneurysm and atheroma formation, T inci-
dence of infection and arterial thrombosis.

Dorsalis pedis and posterior tibial: Most distorted waveforms.

Axillary: Nerve damage can result from a hematoma or traumatic can-
nulation.

COMPLICATIONS

Hematoma
Thrombosis
Vasospasm

Air emboli

Skin necrosis
Infection

Loss of digits
Intra-arterial injection

Central venous pressure (CVP) is measured at the junction of the vena cava
and the right atrium. Approximates the right atrial pressure, which determines
the right ventricular end-diastolic volume.
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LocATIONS

Subclavian vein
Internal jugular vein.

INDICATIONS

Fluid management

Rapid infusion of large volumes
Parenteral nutrition

Aspiration of air emboli
‘Transvenous pacing

Temporary hemodialysis
Chemotherapy

Giant ‘A" waves result from
CONTRAINDICATIONS

atrial contraction against a ) . .
Tricuspid valve vegetations.

dlosed tricuspid valve seen Renal cell tumor in right atrium.
in heart block, junctional Ipsilateral carotid endarterectomy.
Waveform (corresponds with cardiac events; see Figure 5-6).
o A wave: Atrial contraction. Absent in atrial fibrillation. Larger in tricuspid
Large “V" waves result from stenosis, right ventricular hypertrophy, pulmonary hypertension, heart
tricuspid regurgitation. block, junctional rhythms.
C wave: Early right ventricular contraction, tricuspid valve elevation.
V wave: Atrial filling against a closed tricuspid valve. Larger in tricus-
pid regurgitation, constrictive pericarditis, tamponade.
X descent: Atrial relaxation.
Y descent: Tricuspid valve opening.

rhythms, or tricuspid stenosis.

R
P T
ECG
tracing
Q

()]
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Jugular X y
tracing

FIGURE 5-6. CVP waveform.
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COMPLICATIONS

Infection.
Air emboli.
Dysrhythmias.
Cardiac perforation.
Thrombosis.
Trauma to adjacent arteries and nerves.
Pneumothorax.
Chylothorax.
Cardiac tamponade.
CVP values:
Used for measurement of right ventricular end-diastolic pressure
(RVEDP).
Venous pressure should be measured during end expiration. A normal
value in a spontaneously breathing patient is approximately 5-10 cm
H,O. This rises about 3-5 cm H,O during controlled ventilation.
Can be used to differentiate types of shock.
Hypovolemic: Low CVP, low cardiac index (CI), high systemic vas-
cular resistance (SVR).
Cardiogenic: High CVP, low CI, low SVR.
Vasogenic: Low CVP, high CI, high SVR.
PA catheterization can cause
right bundle branch block
(RBBB) — complete heart

block in patients with LBBB.

Pulmonary Artery Catheter (PAC)

Used to indirectly assess left ventricular end-diastolic pressure (LVEDP) in pa-
tients whose CI, preload, volume status, or mixed venous saturation need to
be known.

INDICATIONS

Cardiac disease: Coronary artery disease (CAD) with left ventricular dysfunc-
tion, recent myocardial infarction (MI), valvular disease, heart failure.
Pulmonary disease: Acute respiratory distress syndrome (ARDS), severe
chronic obstructive pulmonary disease (COPD).

Fluid management: Shock, trauma, acute renal failure, burns, hemor-
rhagic pancreatitis.

Surgical procedures: Coronary artery bypass graft (CABG), valve repair,
aortic aneurysm repair, major vascular surgery, sitting craniotomies, portal
systemic shunts.

Obstetrics: Placental abruption, severe toxemia.
There is a good correlation

CONTRAINDICATIONS between the CVP and PCWP
Left bundle branch block (may need a pacing catheter). with good LV function, no wall
WPW or Ebstein’s malformation. motion abnormalities, and no
Bacteremia. _

Right heart mass. pulmonary disease (normal
Tricuspid or pulmonary mechanical valves. PVR).

Frequent arrhythmias.

Pulmonic stenosis

Newly inserted transvenous pacemaker.
Bifascicular heart block.

Coagulopathy.

83



CompLications (Risk T with T CATHETER DURATION):

Infection

Thrombosis

Endocarditis

Conduction abnormalities
Pulmonary infarction
Pulmonary artery rupture:

Sudden onset of hemoptysis.

Incidence 0.2% (risk T if balloon is left in permanently wedged position).
Risk factors include pulmonary hypertension, age > 60, anticoagulation
therapy.

Management includes left lateral decubitus positioning, intubation
with double lumen endotracheal tube (ETT), positive end-expiratory
pressure (PEEP), embolization via bronchoscopy or lobectomy.

Mortality rate is 50-70%.

WAVEFORM

Pulmonary artery pressure (PAP):

Initial positive upstroke: RV systole.

Dicrotic notch: Pulmonary valve closes.

Normal PA systolic pressure 20-30 mmHg.

Elevated PAP: Hypervolemia, LV failure, pulmonary hypertension, mi-
tral valve (MV) disease, vasoactive medications, cross-clamp of aorta,
light anesthesia.

Pulmonary capillary wedge pressure (PCWP):

Nonpulsatile tracing in smaller branch of PA occluding blood flow.
Tip should be in zone 3 of the lung for most accurate pressures (P
<P, andP,).

Reflection of left atrial pressure, which reflects left ventricular end-diastolic
volume (LVEDV) or LVEDP.

Not accurate with MV disease, aortic valve (AV) disease, atrial myxoma,
tamponade, right-to-left shunts.

Measurements should be obtained at end expiration (intrathoracic
pressure is closest to 0).

For PEEP > 10 ¢cm H,O, PCWP = measured PCWP - %2 PEEP/1.36.

alv

CARDIAC OUTPUT (NORMAL 3.3-3.5)

Cardiac output (CO) equals oxygen consumption per minute (VO,) divided
by arterial oxygen content (Cag,,) minus mixed venous oxygen content (Cvy,).

84

Techniques:

Indicator dilution: A known amount of dye (indocyanine green) is in-
jected into the PA. Arterial blood is withdrawn from the aorta as the
dye circulates, and a concentration-versus-time curve is derived. The
first-pass curve is used to determine CO.

Thermodilution: A saline bolus of known volume (5-10 cc) and tem-
perature (usually < 25°C) is injected through the proximal (RA) lumen.
The thermistor at the end of the PAC monitors the change in blood tem-
perature, and a temperature-versus-time curve is generated. May be inac-
curate in tricuspid regurgitation, intracardiac shunts, atrial fibrillation

Cardiac index (CO normalized for patient size): CI = CO / BSA.



Mixep VENOuUs OXIMETRY

= Estimates tissue oxygen balance.
= Normal value is 75%, indicating tissue extraction of oxygen of 25%.
= SvO, = Sa0, — Vo,/(Hb x 13.8) x CO.

CARDIAC MONITORS

Transesophageal Echocardiography (TEE; Figure 5-7) The transgastric short axis

= May be used to determine the etiology of acute hypotension such as LV view is most optimal to
dysfunction, hypovolemia, peripheral vasodilatation, pulmonary embo- monitor intraoperative
lism, aortic dissection. myocardial ischemia since it

Provides information on function and structure of cardiac valves.
= Ischemia manifests within seconds on TEE, before changes occur on
ECG or PA catheter monitoring. coronary artery distributions.

provides a view of all three

INDICATIONS

Acute hemodynamic disturbances.

Cardiac valve repair.

Congenital heart surgery.

Hypertrophic obstructive cardiomyopathy (HOCM) repair.
Thoracic aortic aneurysm.
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FIGURE 5-7. TEE Views

The eight basic cross=sections in TEE and four cross-sections with color Doppler (CD): ME, midesophageal; TG, transgastric;
AV, aortic valve; SAX; short axis; LAX, long axis; RV, right ventricle; In-Outflow, inflow and outflow; mid SAX, midventricu-
lar short axis. (Reproduced, with permission, from Shanewise JS et al. ASE/SCA IOE TEE Guidelines. Anesth Analg. 1999;
89: 870-884.)
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Bispectral Index (BIS)

Method of electroencephalogram (EEG) analysis validated as an objective
measure of sedation depth in the operating room with inhalational or IV
anesthetics using superficial scalp electrodes.
Unitless scale from 0 to 100:

0: Coma

40-60: General anesthesia

60-90: Sedated

100: Awake
Not reliable in predicting movement to a noxious stimulus.
Suggests high or low probability of intraoperative awareness.

EEG

Waveforms:
Delta: < 3 Hz, seen during deep sleep.
Theta: 3.5-7.5 Hz, seen during sleep.
Alpha: 8-13 Hz, most prominent with relaxation, disappear with atten-
tion.
Beta: > 13 Hz, augmented by barbiturates and benzodiazepines.
Stages with general anesthesia:
Premeds: T beta activity and then T slowing.
Induction: Frontal intermittent rhythmic delta activity (FIRDA) often
is observed, then diffuse faster activity is seen, typically slowing from

| amplitude or slowing of the
g I beta to alpha frequencies, superimposed on variable theta and delta.

EEG may be a sign of CNS Deep: Burst suppression.
hypoxia. Changes:
Diffuse: Change in anesthetic depth, blood pressure, or cerebral blood
flow.

Localized: Focal 4 in cerebral blood flow resulting from either acute

change in vessel caliber or hypotension in the setting of a fixed stenosis.
Clinical uses:

Carotid endarterectomy: Guides to acute changes in cerebral blood

flow that occur during carotid cross-clamping. These usually are seen

within 30 sec and indicate a need for shunting.

Anecurysm repair.

Hypothermic circulatory arrest for cardiac surgery.

Electromyography (EMG)
Indicates function of innervating nerve of muscle fibers.

Technique: Multiple sterile, stimulating EMG needles are placed into
the muscles to be examined. Spontancous or induced EMG activity is re-
corded continually with a low noise amplifier.
Indications:

Facial nerve repair.

Selective dorsal rhizotomy.

Tethered spinal cord release.

Pedicle screw placement.
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Evoked Potentials

Signals generated after electrical stimulation that allow for assessment of neu-
ral pathways intraoperatively.

TyPEs

Somatosensory evoked potential (SSEP):
Scalp electrodes stimulate peripheral afferent nerves and record re-
sponse from sensory pathway.
Median nerve at the wrist: Upper extremity monitoring.
Posterior tibial nerve posterior to the medial malleolus: Lower-extrem-
ity monitoring.
Clinical uses:
Spinal surgery: SSEP monitors the integrity of dorsal columns. In-
ability to test motor pathways, which are more important clinically
than dorsal column integrity, is a significant limitation of the tech-
nique in spinal surgery.
Carotid surgery: Sensitive for detection of cerebral ischemia and
the need for shunting.
Cerebral aneurysm surgery: Changes may indicate occlusion of
parent vessel branches, which could be reversed by repositioning of
ancurysm clips.
Aortic cross-clamping: Immediate changes indicate high risk for
neurological injury.
Brainstem auditory evoked response (BAER):
Records cortical responses to auditory stimuli (monitor acoustic nerve,
brain stem, and cerebral cortex).
Clinical uses: Cerebellopontine angle surgery: Acoustic neuroma or
meningioma, or for microvascular decompression for tic douloureux or
hemifacial spasm.
Motor evoked potential (MEP):
Electrical or magnetic stimulation of the motor cortex or the spinal cord.
Neurogenic potentials in the distal spinal cord or peripheral nerve.
Myogenic potentials from the innervated muscle.
Clinical uses: Spinal surgery—as adjunct to SSEPs.
Visual evoked potential (VEP):
Stimulation by flashing light-emitting diodes or strobe lights.
Assess integrity of visual pathways (including optic nerves).
Cannot detect visual field defects.
Clinical uses: Resection of craniopharyngiomas, pituitary adenomas,
and suprasellar meningiomas that arise in the parasellar region.
Anesthetics effects:
Volatile anesthetics:
Depression of evoked potentials and prolongation of latencies.
Affect cortically evoked responses more than subcortical, spinal, or
peripherally evoked responses.
Barbiturates:
{ evoked potential amplitude and lengthen latency, but typically re-
cordings can be obtained despite high doses.
T beta frequency activity.
Fast-acting barbiturates (methohexital) sometimes can T epilepti-
form spikes.
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Factors affecting SSEPs and
MEPs:
Anesthetics
Blood pressure
Temperature
Arterial blood gas tension
Extreme hemodilution

Hypocarbia



-
s
)
=
S5
i
=z
EE
a
e
2=
w 2
- T
-
=<

MONITORING AND EQUIPMENT
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Etomidate:

= Low doses: T evoked potential amplitude but prolong latencies.

= Induction doses: Amplitude may be reduced.

Ketamine: Either does not affect or may T evoked potential amplitude.

Narcotics:

= Mild reduction in amplitude of evoked potentials but usually allow
consistent monitoring.

= Remifentanil (often used in total intravenous anesthesia) also causes
mild changes.

Benzodiazepines:

= L amplitude with little effect on latencies.

= T beta activity.

= | epileptiform activity.

Neuromuscular blockers: No significant effect on evoked potentials.

Suppresses evoked muscular responses.

Propofol: T latency and | amplitude of cortical SSEPs.



CHAPTER 6

Airway Management

Anatomy

Preoxygenation

Face Mask

Nasal and Oral Airways—Considerations
Laryngeal Mask Airway

Laryngoscopy and Endotracheal Intubation
NORMAL LARYNGOSCOPY
RAPID SEQUENCE INTUBATION
NASOTRACHEAL INTUBATION
PREPARATION FOR A DIFFICULT AIRWAY
STRATEGY FOR MANAGING THE DIFFICULT AIRWAY
THE UNANTICIPATED DIFFICULT AIRWAY
THE ANTICIPATED DiFFicuLT AIRWAY
DEEP EXTUBATION
AWAKE EXTUBATION

EXTUBATION OF THE DIFFICULT AIRWAY
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The superior laryngeal nerve
provides sensation to all areas
from the epiglottis to the vocal

cords and innervates the

cricothyroid muscle.

The recurrent laryngeal
nerve provides sensation to
all areas below the vocal
cords and innervates all
laryngeal muscles except the

cricothyroid muscle.

Nasopharynx: Extends from the nose to the pharynx.
Oropharynx: Extends from the mouth to the pharynx.
Pharynx: Begins at the junction of the nasopharynx and oropharynx and
extends to the cricoid cartilage.
Larynx: A group of cartilages and muscles that act to protect the vocal cords.
These cartilages are: thyroid, cricoid, epiglottic, and paired arytenoid, cor-
niculate, and cuneiform.
The nerve supply of the airway and associated functions are detailed in
Table 6-1.
Effects of damage to the nerve supply:
Bilateral superior laryngeal nerve: Hoarseness.
Unilateral recurrent laryngeal nerve: Ipsilateral vocal cord paralysis
with voice change and | ability to prevent aspiration.
Bilateral recurrent laryngeal nerve: Stridor, respiratory distress acutely.
If the palsy is chronic, then compensatory actions by other muscles pre-
vent the respiratory distress.
Bilateral vagus nerve: Flaccid, midline vocal cords, prevents phonation.
Blood supply to larynx is from thyroid arteries.

Management of the Normal Airway
and Equipment

First step in administration of general anesthesia (GA).

Five minutes of breathing 100% O, or four vital capacity breaths will sig-
nificantly T the time until desaturation occurs during apnea.

Also known as denitrogenation because the process replaces nitrogen with
O, in the lungs.

TABLE 6-1. Nervous System Supply of the Airway

NERVE

FuNCcTION

Lingual nerve

Sensation to the anterior two-thirds of the tongue.

Glossopharyngeal nerve

Sensation to posterior one-third of tongue, roof of pharynx, tonsils,
underside of soft palate.

Superior laryngeal nerve (external branch) Motor to cricothyroid muscle, sensation to anterior subglottic
mucosa.
Superior laryngeal nerve (internal branch) Sensation from the epiglottis to the vocal cords.

Recurrent laryngeal nerve

Motor to intrinsic muscles of the larynx (except cricothyroid).



Used for preoxygenation and for assisting with or providing ventilation af-
ter apnea due to the induction of GA.
Creates an airtight seal with the patients face.

POSITIONING

Head in snithng position.

Mask held with left hand; right hand is used to squeeze the anesthesia bag.
Thumb and forefinger are positioned in a “C” around the orifice to the O,
supply and push the mask down onto the face.

Third and fourth fingers lift the mandible toward the mask.

Fifth finger lifts the angle of the mandible and creates an anterior jaw
thrust.

Head straps can be used to help keep the mask in place.

In patients with a large face, facial deformities, or facial hair, two hands
may be needed to create a tight seal with the mask. A second person can
then squeeze the bag.

Only 20-25 ¢m H,0 pressure should be used during positive pressure ven-
tilation via mask.

Prolonged mask ventilation and head strap use are associated with pressure
injuries to the facial and trigeminal nerve branches.

Corneal abrasions can occur if the eyes are not protected.

After induction of anesthesia, the tongue, epiglottis, and soft tissues in the
oropharynx relax and may fall back onto the posterior pharyngeal wall and
cause obstruction of the airway.

Oral and nasal airways create an opening between the tongue and poste-
rior pharyngeal wall so that air can pass through.

Oral airways can cause laryngospasm when placed in an awake or lightly
anesthetized patient.

Measuring the length from the patient’s nose to the meatus of the ear can
approximate the appropriate length of the nasal airway.

The nasal airway must be lubricated and, in an awake patient, the nares
should be anesthetized with lidocaine prior to placement.
Contraindications to nasal airways include bleeding disorders, basilar skull
fractures, or significant nasal deformities.

A supraglottic airway used for ventilation, to provide GA, or as a conduit
for passing a bronchoscope or endotracheal tube (ETT).
Sizes are based on weight and body size and can be used for neonates to

adults (Table 6-2).

It consists of a wide tube with a large distal cuff intended to sit in the hypo- The LMAidoeS notfu/lypr'otect
pharynx. the airway from gastric
Protects airway (at least partially) from secretions. regurgitation.

May be used with positive-pressure ventilation at < 20 ecm H,O for 2-3

hours.
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TABLE 6-2. LMA Sizes AND CUFF INFLATION VOLUMES

Size Pt1. WEIGHT (KG) INFLATION VoLumE (ML)
1 <5kg 4
1.5 5-10 7
2 10-20 10
2.5 20-30 14
3 > 30 20
4 <70 30
5 >170 40

PLACEMENT

The cuff is partly or completely deflated, flattened, and lubricated.

The nondominant hand is placed behind the occiput to create head exten-
sion and neck flexion.

The dominant hand holds the LMA with the index finger between the cuff
and the tube. The index finger then advances the superior surface of the de-
vice in an upward direction along the palate and into the pharynx until the
resistance of the upper esophageal sphincter is encountered.

The index finger of the dominant hand is removed while the nondomi-
nant hand holds the tube in place.

The cuff is inflated to a maximum of 60 cm H,O pressure.

Use of an LMA may COMPLICATIONS
be associated with less Gastrointestinal reflux and aspiration can occur since there is no seal of
bronchospasm compared to the esophagus.
L ) Laryngospasm.
ETT, which is placed in the Cou gh ing.
trachea. Bronchospasm.
Sore throat.
Hoarseness.
Trauma.

Nerve injury.

CONTRAINDICATIONS

Full stomach (or equivalent, such as pregnancy, morbid obesity, hiatal her-
nia, or significant gastroesophageal reflux disease).

Pharyngeal pathology or obstruction.

Poor oral opening.

Poor pulmonary compliance.
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OTHER TYPES OF LMA
LMA FLEXIBLE

Has a reinforced, flexible tube that can be manipulated without kinking. It
has been used in oropharyngeal surgery and when there may need to be head
movement.

LMA PROSEAL

Has a gastric drain to help prevent aspiration and confirm placement.

LMA FASTRACH

Designed to be a conduit for passing an ETT either blindly or using a fiber-
optic bronchoscopy.

Endotracheal tubes (ETTs):
Usually made of polyvinyl chloride.
Adult tubes have an inflatable cuff that is either high pressure/low vol-
ume or low pressure/high volume (most commonly used because they
cause less mucosal ischemia).
A pilot can estimate the amount of pressure in the cuff and should be
monitored because cuff pressure can T during GA; especially if nitrous
oxide is used.
A flexible stylet can be used to modify the shape of the ETT, though there
are also preformed tubes (oral or nasal RAE tubes and wire-reinforced
tubes).
Double-lumen ETTs are used when lung isolation is necessary.
Laryngoscopes:
Consist of a handle and a blade. The handle contains a battery that
supplies a light bulb or fiber-optic bundle at the end of the blade.
Blades come in two general designs: curved (eg, Macintosh) and straight
(eg, Miller). They are both available in multiple sizes.

Normal Laryngoscopy

Necessary preparation and equipment (is noted in Table 6-3).

TABLE 6-3. Equipment for General Anesthesia

Oxygen source and bag (anesthesia machine or ambu bag)

Facemask

ETTs of multiple sizes with stylets that have had their cuffs checked for leaks
Oral and nasal airways

Suction equipment (no induction without suction)

Functioning laryngoscope handle with blades of different sizes and shapes
Stethoscope and end-tidal carbon dioxide monitor

Pillow and/or blankets for head positioning
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High-pressure cuffs have
a higher risk of ischemic
damage to tracheal mucosa
and are less suitable for

prolonged intubation.

Uncuffed ETTs are used in
the pediatric population to
minimize pressure injury and
postintubation croup (see
Chapter 9).



“Feeling” the pilot balloon
is not a reliable indicator of
determining adequacy of cuff

pressure.

BURP maneuver:

Backward (posterior)

Upward

Rightward (lateral)

Pressure (to the larynx,
which often improves
the view).

Persistent detection of ETCO,
is the best indicator of

tracheal placement of a ETT.

PosITION

The patient should be supine, with the bed at the level of the laryngosco-
pist’s xyphoid process.

The patient should be in the “sniffing position” with the head on a pillow
5-10 cm above the bed (creating flexion of the neck) and the neck ex-
tended backwards.

This creates a straighter plane of view from the mouth to the larynx.

With morbidly obese patients, a “ramp” may be necessary below the upper
back, shoulders, neck and head to displace the mass of their chest.

PROCEDURE

After preoxygenation and induction of anesthesia, the laryngoscope is held
with the left hand, and the right hand opens the mouth (most effectively
with a scissoring motion between the upper and lower teeth). The blade is
inserted into the right side of the mouth, and the tongue is swept toward
the left. The blade is advanced into the vallecula (with a curved blade) or
under the epiglottis (with a straight blade) and then pulled up and in a cau-
dal direction (always being careful of the teeth and lips). This should bring
the vocal cords into view so that the ETT can be taken with the right hand
and advanced through them. The laryngoscope is removed, and the cuff is
inflated.
If the vocal cords cannot be seen, an assistant can apply the BURP ma-
neuver: Backward (posterior), Upward, Rightward (lateral), Pressure (to
the larynx, which often improves the view).

Confirmation of ETT placement: Consistent end-tidal CO, is the best

way to confirm placement. Auscultation of breath sounds, watching for

chest rise and condensation in the ETT, and chest x-ray are also used

for confirmation.

Grades of laryngoscopy:

I: Full view of the glottic opening.

II: Only the posterior part of the glottic opening can be seen.

II: Only the tip of the epiglottis can be seen.

IV: Only the soft palate can be seen.

Rapid Sequence Intubation

Used in patients who have “full stomachs.” The induction agent and muscle
relaxant are given almost simultancously, and the ETT is inserted as soon as
relaxation has occurred without mask ventilation.
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Sellick’s maneuver (cricoid pressure) is applied from induction until con-
firmation of ETT placement to prevent esophageal reflux after induction
of GA. It is performed by pushing the cricoid cartilage downward (poste-
rior) onto the vertebrae to occlude the esophagus.

If the ETT cannot be placed and mask ventilation is required before a sec-
ond attempt at laryngoscopy, cricoid pressure should be maintained and
positive pressure ventilation can be performed.



Nasotracheal Intubation

PREPARATION

The nostril to be used should be prepped with phenylephrine drops to pro-
vide vasoconstriction and I membrane swelling. If the patient will be awake,
then local anesthesia or airway nerve blocks should be performed. The ETT
is sometimes softened in warm water and is lubricated.

INSERTION

The prepared ETT is inserted and advanced along the floor of the nostril.
Direct laryngoscopy is performed to visualize the ETT in the oropharynx, at
which point it is advanced through the vocal cords. If it does not pass through
casily, Magill forceps can be used to help guide the ETT.

COMPLICATIONS

Incorrect placement: It can be esophageal (breath sounds over the stom-
ach but not in the lung fields) or endobronchial (may have high inspira-
tory pressures, low oxygen saturation or unilateral breath sounds). The
ETT cuff position can be checked by squeezing the pilot balloon while
feeling for the cuff in the sternal notch.

Trauma: Damage to teeth is the most common cause of claims. Lips can
be cut if caught between the teeth and the blade. Sore throat is a common
complaint after intubation. Multiple attempts at intubation or a significant
amount of airway manipulation can cause tissue edema.

PHysioLoGIc EFFECTS

Hypoxia and hypercarbia can occur. Hypertension and tachycardia are normal
responses to laryngoscopy. They can be { or prevented by IV lidocaine (1-1.5
mg/kg) or narcotics prior to laryngoscopy. Antihypertensive medications can
also be used. Arrhythmias can also occur.

LARYNGOSPASM

A reflexive closure of the vocal cords due to stimulation by secretions, suction-
ing, an ETT (or anything that stimulates the superior laryngeal nerve). Rapid
identification of the problem is imperative. Treatment involves positive pressure
ventilation via face mask, stimulation of the patient, deepening the level of an-
esthesia, IV lidocaine (1-1.5 mg/kg) or IV succinylcholine (usually only 20-40
mg is necessary). Negative-pressure pulmonary edema can develop because of
the large negative intrathoracic pressure that occurs from attempting to breathe
against a closed glottis.

BRONCHOSPASM

Asthmatic patients may develop bronchospasm after endotracheal intubation. It
can be treated with albuterol through the ETT or epinephrine (if it is very se-
vere). The anesthetic gases will cause some degree of airway relaxation as well.
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For a nasotracheal intubation,
the ETT should be introduced
along the floor of the nose
at an angle perpendicular to

the face.



ASPIRATION

After induction of GA and abolition of the normal gag reflex, gastric contents
can be aspirated into the lungs, causing severe pneumonitis. Keeping patients
NPO and cricoid pressure are used to try to prevent this.

. Management of the Difficult Airway

“Difhicult airway” means a trained anesthesiologist has difficulty with mask
ventilation and/or tracheal intubation.

The American Society of Anesthesiologists (ASA) has created practice
guidelines including the Difficult Airway Algorithm for the management
of the anticipated or unanticipated dithcult airway (see Figure 3-2).
History: An airway history to detect past history of difficult airway or medi-
cal/surgical conditions that may suggest difficulty.

Physical: An airway physical exam may improve detection of a difficult

airway. It is most helpful if multiple features are assessed together, as re-
viewed in Table 6-4.

Preparation for a Difficult Airway
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There should be a “difficult airway cart” with specialized equipment for the
management of the difficult airway. It should include laryngoscope blades
of different shapes/sizes, ETT stylets/guides, LMAs, intubating LMAs, fiber-
optic bronchoscope, esophageal tracheal combitube, equipment for trans-
tracheal jet ventilation, and equipment for invasive airway access.

The patient should be adequately preoxygenated, and supplemental O,
should be given throughout the airway management process.

The patient should be informed if difficulty is suspected regarding the risks
and the possible procedures that may be necessary (including the possibil-
ity of awake intubation).

The anesthesiologist should make sure that assistants are available if help
is needed.

TABLE 6-4. Physical Airway Assessment

Length of upper incisors

Presence of an overbite

Interincisor distance

Mallampati classification

Shape of the palate

Compliance of the mandibular space
Thyromental distance

Length of the neck

Thickness of the neck

Range of motion of the head/neck



Strategy for Managing the Difficult Airway

A plan should include:
Assessment of the likelihood of difficult ventilation, intubation, patient co-
operation, or tracheostomy.
Consideration of the risks/benefits of options including awake vs. asleep in-
tubation, the use of noninvasive vs. invasive techniques, and maintaining
spontaneous ventilation vs. abolishing it.
Deciding on a preferred approach to awake intubation; to managing a pa-
tient who can be ventilated but not intubated or a patient who cannot be
intubated or ventilated.
A plan for alternative approaches should the primary approach fail or
should it not be feasible in a particular patient.

The Unanticipated Difficult Airway (GA Induced)

Always call for help from another practitioner (if possible).

Laryngoscopy should be attempted by the most experienced person avail-
able. Any further attempts at direct laryngoscopy should be performed after
some change has been made (eg, patient’s position, blade type or size).

If mask ventilation is possible, then other airway tools can be tried or the
patient can be ventilated until they wake up and an awake technique can
be used.

If mask ventilation is not possible, an LMA can be inserted, which usually
makes ventilation possible. The patient can be intubated via the LMA or
can be ventilated until they wake up and an awake technique can be used.
An emergent invasive/surgical airway may be necessary if ventilation is still
not possible with an LMA and the patient is becoming hypoxic.

The Anticipated Difficult Airway

An awake intubation technique is probably the safest, assuming it is pos-
sible (the patient is able to cooperate). It may involve a blind technique,
direct laryngoscopy, or the use of a fiber-optic bronchoscope or other air-
way tool.

An invasive airway may be necessary, and supplies should be easily acces-

sible.

Nerve blocks that aid in

an awake fiberoptic
AWAKE INTUBATION

. . . . . intubation are:
Light sedation may be given to calm patient anxiety.

An antisialagogue (such as glycopyrrolate) should be given to { secretions.
Local anesthetics must be used to anesthetize the airway to make the pro- (sensation to posterior third
cedure more tolerable for the patient. (See Regional Anesthesia for de-
scriptions of these blocks) )
ETT can be inserted via nasal or oral route. Superior laryngeal nerve
Once the ETT is in place, GA can be induced. block.

Recurrent laryngeal nerve

Glossopharyngeal nerve

of tongue and oropharynx).

FiBER-OPTIC BRONCHOSCOPE—GUIDED INTUBATION block (transtracheal block).

Can be performed before or after the induction of GA (with or without
muscle relaxation) and via either the nasal or oral route.
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There is usually a side port to which an oxygen supply or suction can be

attached to help prevent hypoxia and clear out secretions for a better view.
An ETT is loaded onto the bronchoscope and can be advanced once
the distal end is inside the trachea.

Other intubating tools:
Rigid fiber-optic scopes such as the Bullard and WuScope laryngo-
scopes. They have laryngoscope-type blades with a light and an optical
source that allows direct visualization of the airway.
Video laryngoscopes, such as the Glidescope and Video-Macintosh la-
ryngoscope, are shaped like normal Macintosh laryngoscopes but have
a camera at the distal end that projects their view onto a screen. An
ETT can be inserted alongside like normal.

EsOPHAGEAL TRACHEAL COMBITUBE

A supraglottic airway that is inserted blindly. It has two lumens, a large oropha-
ryngeal balloon and a smaller distal cuff designed to isolate the airway from the
esophagus even if it is positioned within the esophagus (as it most often is).

RETROGRADE INTUBATION

Can be performed in an awake patient after proper skin and airway local
anesthesia have been placed.

An 18-gauge IV catheter is inserted into the trachea through the cricothy-
roid membrane (confirmed by aspiration of air from the trachea). A wire
is passed through the catheter and is advanced until it comes out of the
mouth or the nose. An ETT can then be advanced over the wire into the
trachea.

Once the ETT is in the trachea, the wire can be removed.

TRANSTRACHEAL JET VENTILATION

Used when a patient cannot be intubated or ventilated.

A 12- to 16-gauge IV catheter (or specialized catheter) is inserted into the
trachea via the cricothyroid membrane.

O, can be supplied via a jet ventilator (attached by a connecter with a luer
lock) or a low pressure O, flow meter.

CRICOTHYROIDOTOMY
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Usually a last resort during a cannot intubate or ventilate situation.
Commercial kits are available with a catheter, wire, and tube.
Once in place, O, can be supplied by an ambu bag or anesthesia cir-
cuit.



. Extubation

Complications can occur during or just afterward, including respiratory
failure and hypoxia, airway obstruction, laryngospasm, aspiration, broncho-
spasm, hypertension, tachycardia, T intracranial pressure, and T intraocu-
lar pressure.

All patients should receive 100% O, after extubation until adequate ven-
tilation is confirmed. Many patients are given supplemental O, during
transportation to the postanesthesia care unit (PACU).

Deep Extubation

ETT is removed while the patient is still deeply anesthetized but breathing
adequately.

All muscle relaxants should be reversed or should have worn off.

This approach may be better in patients who are at risk for bronchospasm
or those in whom coughing or bucking on the ETT would be detrimental.
Contraindications include patients with difficult airways and those at risk
for aspiration or airway obstruction.

Awake Extubation

ETT is removed once the patient is awake and able to follow simple com-
mands. Muscle relaxation should be reversed or should have worn off.
Most patients will cough or buck on the ETT and will respond to oropha-
ryngeal suctioning. Opiates or IV lidocaine may | these responses some-
what.

After the oropharynx is suctioned and the ETT cuff is deflated, the ETT is
removed gently and swiftly with positive pressure on the anesthesia bag to
help clear secretions.

Extubation of the Difficult Airway

A plan should be in place for extubating and the possible need for reintu-
bation.

Considerations should include possible causes of post-extubation ventila-
tory problems and a plan for managing the airway after extubation.

Awake extubations are usually preferred.

Extubation may be performed using an ETT exchanger (or a similar tool)
that can facilitate reintubation should it be necessary.
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Laryngospasm is a forceful
involuntary spasm of the
laryngeal muscles caused by
sensory stimulation of the
superior laryngeal nerve.
Any airway stimulation
such as secretions, ETT
passage, suctioning, oral/
nasal airway placement
can trigger laryngospasm.
Treatment includes:

Positive-pressure ventilation
with 100% O,

IV lidocaine or propofol.

Succinylcholine (0.25-1 mg/
kg) to relax laryngeal

muscles.

Large negative intrathoracic
pressures generated during

laryngospasm can result in
negative-pressure pulmonary

edema, especially in young

healthy patients.

Extubation during light phase
of anesthesia is avoided due
to T risk of laryngospasm.

The presence of an ETT in an
awake asthmatic patient

may trigger bronchospasm.
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REGIONAL ANESTHESIA

Done as single injection or with insertion of a catheter for a continuous
infusion.

This type of block can be the sole source of anesthesia, done in conjunc-
tion with general anesthesia or for postop analgesia.

Uses include abdominal, thoracic, lower-extremity, and pelvic surgeries as
well as most obstetric procedures.

Anatomy

Vertebral column: Surrounds and protects the spinal cord and the spinal
nerve roots.

] ] Seven cervical vertebrae (C1-C7), 12 thoracic vertebrae (T1-T12), 5
Boundaries of epidural space: lumbar vertebrae (IL1-L5), 5 sacral vertebrae (S1-S5) and 4 fused coc-
Foramen magnum, sacral cygeal vertebrae.

Characteristics of vertebrae include a vertebral body, two pedicles, two
laminae, a spinous process, two transverse processes, and two superior
and two inferior articulating processes.
The anterior and posterior longitudinal ligaments, the ligamentum fla-
vum, the interspinous ligaments, and supraspmous ligaments help to sta-
bilize the vertebral column (Figure 7-1).
Meninges: The three layers of tissue that surround the spinal cord. Pia
mater is the innermost layer followed by the arachnoid mater and finally
the dura mater.
) ] ) Between the pia and arachnoid is the subarachnoid space that contains
Spinal cord terminates at L1 in the cercbrospinal fluid (CSF).
adults and L3 in children. Between the dura and arachnoid is the subdural space (a potential space).
Just outside the dura, between that and the ligamentum flavum is the
epidural space.
Spinal cord: Runs from the base of the brain through the foramen mag-
and S3 in children. num down to the L1 vertebrae in adults (L3 in children).

hiatus, dura, ligamentum

flavum.

Subarachnoid space

terminates at S2 in adults

Posterior Longitudinal
Ligament

Ligamentum Flavum

z Anterior
Interspinous

. Longitudinal
Ligament Ligament
Supraspinous
Ligament

FIGURE 7-1. Ligaments of the vertebral column.

(Reproduced, with permission, from Hadzic A, ed. Textbook of Regional Anesthesia and Acute
Pain Management. New York: McGraw-Hill, 2007: 234.)
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= The anterior and posterior nerve roots come together and travel out
through the intervertebral foramen at each spinal level from C1 to S5,
creating spinal nerves.

= Cauda equina is the continuation of the spinal nerves below L1.

= One anterior spinal artery (which originates from the vertebral artery)
and two posterior spinal arteries (which originate from the posterior in-
ferior cerebellar arteries) provide the blood supply to the anterior two-
thirds and posterior one-third of the spinal cord, respectively. There is
also contribution of blood supply from the intercostal arteries and the
lumbar arteries, including the artery of Adamkiewicz.

= Surface anatomy: Spinous processes = midline of back (unless scoliosis).
Handy landmarks (Figure 7-2):
= Most prominent spinous process: C7.

= Inferior edge of the scapula: T7.

= Level of the iliac crests: L4-5.

= Level of the posterior superior iliac spines: S2.
Physiology

»  The main goal of neuraxial anesthesia is to block the spinal nerve roots by
bathing them in local anesthetic.
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FIGURE 7-2. Surface landmarks for various levels of epidural blockade.

(Reproduced, with permission, from Hadzic A, Ed. Textbook of Regional Anesthesia and Acute
Pain Management. New York: McGraw-Hill, 2007: 236.)
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Neuraxial structures
encountered in midline vs.
paramedian approaches:

Midline: Skin — subcutaneous
tissue — supraspinous
ligament — interspinous
ligament — ligamentum
flavum — [dura for spinals]

Paramedian: Skin —
subcutaneous tissue —
paraspinal muscles —
ligamentum flavum —

[dura for spinals]

Anterior nerve fibers: Efferent motor and autonomic outflow.
Posterior nerve fibers: Somatic and visceral sensation.
“Differential blockade”: Because different types of nerve fibers require
different concentrations of local anesthetic to be blocked, there will often
be different characteristics of the block at various levels. In general, the
further (ie, more cephalad) from the needle insertion site, the lower the
concentration, so that the block appears as follows:
Motor blockade will be present where the concentration is highest (the
extent of this depends on the dose).
Sensory blockade spreads about two levels higher than motor blockade.
Sympathetic blockade spreads about two levels higher than sensory
blockade (where the concentration is the lowest).
Autonomic blockade:
Sympathetic fibers travel with the T1-L2 nerve roots. Parasympathetic
fibers travel with cranial and sacral nerves (therefore not as commonly
blocked).
Cardiac effects: 4 BP, +/~ |\ HR and contractility, vasodilation, | ve-
nous return (prehydration may help compensate). Treat with fluids and
vasopressors as needed.
Gastrointestinal effects: | ileus due to sympathectomy and relatively
greater parasympathetic input, +/— 1 hepatic blood flow.
Urological effects: | autonomic control of bladder (— urinary reten-
tion), no change in renal blood flow due to autoregulation.
Endocrine effects: 1 neurohumoral stress response; adrenal pathways
can be blocked (with a T11 level block).
Pulmonary effects: Significant in patients with chronic lung disease
who use accessory muscles of respiration, which may be blocked with
sufficiently high levels of somatic blockade.

Pre-procedure Considerations

Contraindications to neuraxial anesthesia:
Absolute: Patient refusal, infection at the site of injection, severe hypo-
volemia, T intracranial pressure (ICP).
Relative: Coagulopathy/bleeding disorder, severe ankylosing spondylitis
(AS) or multiple sclerosis (MS), sepsis, preexisting neurological deficit,
severe spinal deformities, an uncooperative patient (eg, dementia).
Neuraxial blocks can be performed in the sitting, lateral decubitus posi-
tions or prone positions.
Sitting: Easiest to find the midline. The patient leans forward with the
lumbar spine maximally flexed (to “open” the intervertebral spaces).
Lateral decubitus: Good option for patients who cannot sit up. The
patient lies on his side with the head and neck flexed downward and
the hips and knees flexed (the “fetal position”).
Prone: Used mostly with spinal anesthesia for anorectal procedures be-
cause this is the position in which the surgery will take place (techni-
cally the jackknife position).
Midline vs. paramedian approach:
Midline: The needle is inserted in the midline in the space between two
palpated spinous processes +/— a slight cephalad angle. For an epidural,
the needle will pass through the skin, subcutaneous tissue, supraspinous
ligament, interspinous ligament, and finally the ligamentum flavum. For
a spinal, one more layer, the dura, must be passed through.
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Paramedian: This approach is good for patients who have spinal ab-
normalities (arthritis, scoliosis, past surgery) because it provides easier
access to the spinal canal. The needle is inserted 1-2 cm lateral to
the spinal process and is directed at a 10- to 25-degree angle toward
the midline. The needle will pass through skin, subcutancous tissue,
paraspinal muscles, and then ligamentum flavum and dura as per the
midline approach.
Surgical procedure location: See Table 7-1.

Spinal Anesthesia

Spinal anesthesia causes a very dense block of motor and sensory fibers.

Catheters can be inserted for a continuous spinal block (2-3 cm into the
subarachnoid space). Very small gauge catheters have been associated
with cauda equina syndrome and were withdrawn from the market in the

1990s.

NEEDLE TYPES

Quincke: Sharp, beveled tipped with an end injection site.
Whitacre: Blunt, rounded point (pencil point) with a side injection site.
Sprotte: A pencil point with a long side injection site (gives better free flow

of cerebrospinal fluid [CSF).
Greene: Sharp, beveled tipped with an end injection site

TECHNIQUE

Performed below L1 in adults and L3 in children. The needle is inserted us-
ing any of the three approaches mentioned above, through the ligamentum
flavum (which will feel like a “pop”) and the dura-arachnoid membrane (may
or may not feel a second “pop”). The position can be confirmed by free flow
of CSF (aspiration may be necessary if a very small gauge needle is used).

BLOCK-LEVEL DETERMINANTS

Baricity: The specific gravity of the local anesthetic vs. CSF. This is the most
important determinant of block height.

Hyperbaric solution is heavier than CSF and therefore will travel to de-
pendent areas, with gravity. It is created by the addition of glucose to the
local anesthetic.

Hypobaric solution is lighter than CSF and therefore will travel to non-

TABLE 7-1. Surgical Procedure Locations

SURGICAL SITE BLock LEVEL NEEDED ~ SURFACE ANATOMY LANDMARK
Upper abdomen T4 Nipple line

Lower abdomen T6 Xiphoid process

Pelvis T8-10 Umbilicus (or just above)
Lower extremity T10 Umbilicus

Hemorrhoids S2 Perineum
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Baricity
Hyperbaric: Heavier than CSF,
local + glucose
Hypobaric: Lighter than CSF,

local + sterile water



Use smaller spinal local
volumes in pregnancy, large
abdominal tumors, elderly,

and short patients.

dependent areas. It is created by the addition of sterile water to the local
anesthetic.

Isobaric solution has the same specific gravity as CSF and therefore will
stay close to the level at which it was injected.

Patient position (due to baricity).

Level of injection.

Dose of local anesthetic used: Higher amounts = higher block level.
Spinal abnormalities such as kyphoscoliosis can affect the spread of the lo-
cal anesthetic.

CSF volume: 4 CSF volume = T level of blockade. This can occur during
pregnancy or with a large abdominal tumor (due to epidural vein engorge-
ment) or with T age. Lower volumes of local anesthetic should be used in
these cases.

Direction of the needle injection site (this is controversial).

Patient height: At the extremes of height, dose adjustments may be neces-
sary.

MEDICATIONS FOR SPINAL ANESTHESIA

Local anesthetics: Preservative free only. Hyperbaric tetracaine and bupiv-
acaine are most common. Tetracaine causes greater motor block, but they
are similar in onset (5-10 min) and duration (90-120 min). Ropivacaine,
lidocaine, mepivacaine, chloroprocaine, and procaine can also be used.
Vasoconstrictors (epinephrine): Often added to prolong the duration of the
local anesthetic. It has a minimal effect on bupivacaine, but T the dura-
tion of a block with tetracaine by about 50%.

Narcotics: Can be added to help improve the quality of the block.

Other adjuvants: Clonidine and neostigmine have analgesic qualities and
have been added to spinal blocks.

Epidural Anesthesia
Locarion

Cervical: Used mostly for pain management.

Thoracic: Usually used for analgesia in conjunction with general anesthesia.
Lumbar: Most common. Can be used as the primary anesthesia for any
surgery below the diaphragm.

Sacral (also known as a caudal block).

Catheters are usually inserted (2-6 cm into the epidural space), although
single-shot techniques can be done as well.

Epidural space: Lies outside of the dura. Contained within it are the nerve
roots, fatty connective tissue, lymphatics, and Batson’s venous plexus.
Compared to spinal anesthesia, there is slower onset of the block (10-20
min); it is less dense and can have varied motor blockade.

NEEDLE TYPES

Most are 17- to 18-gauge and 9-10 cm long (even longer ones exist and are
sometimes needed with larger patients). The diameter is larger than for a spi-
nal needle so that loss of resistance can be obtained.

Tuohy: Most common. It has a blunt bevel and a curve at the tip.
Crawford: Straight-tipped needle. It is easier to pass a catheter through,
but it is also easier to go through the dura with this needle vs. the blunt-
tipped one.

Hustead: Has a less curved tip than a Tuohy.
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TECHNIQUE

Loss of resistance: Most commonly used. The needle is inserted using the
midline or paramedian approaches with the stylet in place. Once the nee-
dle reaches the interspinous ligament (identified by a greater tissue “grasp”
on the needle), the stylet is removed and a glass or plastic syringe filled
with about 2 mL of saline or air is attached to the end of the needle. The
needle is then further advanced slowly, with repetitive attempts at injecting
the contents of the syringe. The injection will finally be successful when
the needle has passed into the epidural space (the resistance to injection
will be lost).

Hanging drop: This starts out the same way, up until the removal of the
stylet. Once the stylet has been removed, the needle is filled with saline
(or other fluid) so that a drop just hangs off the end of the needle. The
needle is then slowly advanced into the epidural space. Once there, the
fluid will be drawn into the epidural space by negative pressure.

Test Dose

Injection of a small amount of local anesthetic with epinephrine (usually 3
mL of 1.5% lidocaine with 1:200,000 epinephrine, which amounts to 45 mg
of lidocaine and 15 pg of epinephrine) to detect subarachnoid or intravascular
location of the needle or catheter. If it is intrathecal, there will be an apparent
spinal-type anesthesia. If it is intravascular, the heart rate and systolic blood
pressure should T by 20 beats per minute and 15 mmHg above their respec-
tive baselines. False positives and negatives are possible.

INCREMENTAL DOSING

Even if a test dose was performed and was negative, and if aspiration of the
epidural needle or catheter produced neither CSF nor blood, it may still be
intrathecal or intravascular. By injecting the total amount of local anesthetic
to be used in about 5-mL aliquots, it is possible to detect mild symptoms of
cither of these unintended placements.

BLOCK-LEVEL DETERMINANTS

Amount of local anesthetic: 1-2 mL of local anesthetic are required to ex-
pand the level of the block by one dermatome (less is needed for analgesia).
Age: T age = dose of local anesthetic required.

Patient height: T height = T dose of local anesthetic required.

Patient position: Plays a small role in the spread of local anesthetic.
Needle insertion site: Important when planning level of block. For ex-
ample, if knee arthroscopy (L4/L5 dermatomes), a lumbar epidural is
appropriate. If abdominal surgery is planned with the incision centered
around TS, the epidural should be placed at TS. This practice allows for
the least amount of local anesthetic (1 toxicity) and side effects (unwanted
dermatomes/autonomic nerves blocked) while matching the analgesia to
the precise location of the surgical insult. Placing a lumbar epidural for
an abdominal case and using large doses of local anesthetic to “push up”
the level is poor practice and results in frozen legs, urinary retention, and
often poor pain control.

MEDICATIONS FOR EPIDURAL ANESTHESIA

Chosen based on the duration of the procedure and whether the epidural is
the primary anesthetic, a supplement to other anesthesia, or for analgesia.
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Epinephrine concentrations:
1:200,000 — 1000 mg =
1,000,000 pg per 200,000 mL

— 5 ug/mlL.

1-2 mL of local expands
level of epidural block by one

dermatome.



Local anesthetics: Preservative free only.
Short- to medium-acting: Lidocaine (1.5-2%), chloroprocaine (3%),
and mepivacaine (2%).
Long-acting: Bupivacaine (0.5-0.75%), ropivacaine (0.5-1%), and eti-
docaine.
Repeat dosing is usually done based on duration of action of the par-
ticular agent used. About one-third of the original dose is used for the
repeat dose.
Vasoconstrictors (epinephrine): T duration and quality of block.
Narcotics: May be added to the local anesthetic. This is commonly done
using fentanyl with dilute bupivacaine for labor analgesia.
Sodium bicarbonate: 1 mEq/10 mL of local anesthetic is mixed in just
prior to injection to hasten the onset of the blockade. By T the pH of the
local anesthetic, it T the nonionic form, which can better penetrate the
lipid membrane of the nerve cells. It is used with lidocaine, mepivacaine,
and chloroprocaine, but not with bupivacaine (because they precipitate
when mixed together).

INFUSION REGIMENS FOR EPIDURAL ANESTHESIA

Can be used as background infusion only or patient-controlled epidural
analgesia (PCEA).
Lumbar epidural: 8~12 mL/hr good starting point (may require fine-tuning).
Thoracic epidural: 6-8 mL/hr good starting point (may require fine-tuning).
PCEA: 3-mL bolus every 15 min (start background infusion at lower end
of suggested scale).

CAUSES OF INADEQUATE EPIDURAL ANESTHESIA

Improper injection location (false loss of resistance).

Unilateral block: Occurs when the catheter is located lateral to the mid-
line or has traveled out of the epidural space. It can often be remedied by
pulling the catheter out 1-2 cm.

Segmental sparing: May occur due to septa that may exist within the epi-
dural space.

Sacral sparing: Due to an inadequate block of the very large nerve roots

L5, S1, and S2.

CAUDAL ANESTHESIA
A very common technique used in children.

Uses: Procedures below the diaphragm. Mostly used as a supplement to
general anesthesia or for analgesia. In adults, it can be used for anorectal
procedures.

Technique: In children, it is usually performed in the lateral or prone posi-
tion after general anesthesia has been induced. A needle is inserted into the
sacral hiatus at a 45-degree cephalad angle. Once the sacrococcygeal liga-
ment is penetrated (heralded by a “pop”), the angle of the needle is 4 and it
is advanced (Figure 7-3). If there is negative aspiration for CSF or blood then
either medication can be injected or a catheter can be inserted.
Medication: 0.5-1.0 mL/kg of 0.125-0.25% bupivacaine (with or without
epinephrine) or 0.2% ropivacaine is commonly used in children. Opioids
can be added as well. In adults, 15-20 mL of 1.5% lidocaine (with or with-
out epinephrine and fentanyl) is commonly used.

Contraindication: Patients with pilonidal cysts should not receive caudal
blocks because bacteria from the cyst could be transferred into the epidu-
ral space by the needle passing through it.
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Sacral
cornu

Sacrococcygeal
ligament

FIGURE 7-3. Caudal blockade.

A: Positioning and palpation of landmarks for caudal block. B: Needle insertion through sacro-
coccygeal membrane. (Reproduced, with permission, from Morgan G et al. Clinical Anesthesi-

ology, 4th ed. New York: McGraw-Hill, 2006: 315.)

Combined Spinal Epidural (CSE)

Combines the fast onset and dense block of spinal anesthesia with the repeat
dosing ability of an epidural.

TECHNIQUE

An epidural is placed (a normal one or one specific to CSE) in one of the
lower lumbar spaces, so as not to risk touching the spinal cord with the spi-
nal needle.

Once loss of resistance is obtained, a spinal needle is placed through the
epidural needle and advanced until there is free flow of CSF.

At this point, the spinal dose of local anesthetic is injected and the spinal
needle is withdrawn. The epidural catheter can then be threaded as with a
regular epidural (Figure 7-4).
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Delays in neuraxial
anesthesia placements with
anticoagulants:
Clopidogrel: 7 days
Abciximab: 24-48 hr
Tirofiban and eptifibitide:
4-8 hr
Lovenox: 10 hr (but catheters
must be removed 10-12
hr after last dose and 2 hr

before next dose).

“Needle Through Needle”

12mm
—
F2mm — |  Epidural
Needle Luer Slip-Hubs

/4

A
« . Epidural Tuohy Needle
Black-Eye “Black Eye”
Tuohy Needle
Spinal Needle—>
|\ ]|
\M/
L
Cauda Dura Ligamentum Epidural Dura  Epidural
B Equina Flavum Catheter Space

FIGURE 7-4. Combined spinal epidurals.

A: Combined spinal and epidural needles. B: Combined spinal-epidural technique. Left panel
shows the spinal needle projecting through into the subarachnoid space while the Tuohy
needle remains in the epidural space. Right panel shows the spinal needle withdrawn and the
flexible epidural catheter advancing cephalad. (Reproduced, with permission, from Cousins &
Bridenbaugh’s Neural Blockade In Clinical Anesthesia and Management of Pain, 4th ed. New
York: Lippincott Williams & Wilkins, 2009: 266.)

Neuraxial Anesthesia and Anticoagulation

NSAIDS and subcutaneous unfractionated heparin are not contraindica-
tions for neuraxial anesthesia.
Antiplatelet medications (eg, clopidogrel or glycoprotein Ilb/Illa inhibi-
tors) are considered contraindications for neuraxial anesthesia, and the
drug effects have worn off when using these techniques. Should wait:
Clopidogrel: 7 days
Abciximab: 24-48 hr
Tirofiban and eptifibitide: 4-8 hr
Neuraxial anesthesia should be performed no less than 10 hr after a dose
of low-molecular-weight heparin.
A patient who is receiving low-molecular-weight heparin should have an
indwelling epidural (or spinal) catheter removed 10-12 hr after the previ-
ous dose and at least 2 hr before the next dose.
Patients who are taking long-term warfarin must stop the medication and
have a normal International Normalized Ratio (INR) prior to performance
of neuraxial anesthesia.
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COMPLICATIONS

Postdural puncture headache (PDPH): Can occur anytime the dura is
punctured.
Can occur after a “wet tap” (when the dura is punctured unintention-
ally during an epidural), an uneventful epidural, spinal anesthesia, a
lumbar puncture, or a myelogram.
The headache is usually a throbbing or constant pain that is bilateral,
frontal or behind the eyes, occipital, and extends into the neck. There
may be photophobia or nausea/vomiting, but it is characterized by its
positional nature. The headache is relieved by lying down and wors-
ened by sitting up or standing.
Onset: Usually 12-48 hr after the procedure.
T risk with young, female patients who are pregnant and with the use
of larger, cutting needles.
PDPH is believed to be due to a continuous CSF leak through the
punctured dura causing a 4 in ICP.
Treatment:
Initially, conservative: Bed rest, analgesics (nonsteroidal anti-inflamma-
tory drugs [NSAIDs], acetaminophen, vigorous hydration (IV or PO).
Cerebral vasoconstrictors (caffeine, sumatriptan, and methergine)
have been widely used but with variable success.
Epidural blood patch: More invasive treatment but with 90% ef-
fectiveness. An epidural is performed at, or one level below, the
original injection site and 15-20 mL of autologous blood is inserted
(aseptically) into the epidural space. If done within 24 hr of the
puncture, the success rate drops dramatically.

Backache: ABGs are often unchanged in
Occurs more commonly with neuraxial anesthesia than with general high spinals.
anesthesia.

Usually self-limited or requires treatment with NSAIDs.
Due to localized tissue trauma, muscle spasm, ligament strain, or irrita-
tion from the local anesthetics.

Urinary retention:
Most common in men, due to blockade of the S2—S4 nerve roots.
Treat with bladder catheterization acutely, but it usually resolves as the
block wears off.

High spinal or total spinal:
Occurs when the block extends into the cervical levels and brain stem.
Signs include significant hypotension, bradycardia, respiratory insuffi-
ciency (— apnea), and unconsciousness.
Treatment: Airway and ventilatory support, IV fluid hydration, pressor
support (ephedrine, phenylephrine, epinephrine, and/or dopamine),
and atropine (for bradycardia).

Subdural injection:
Subdural space is located between dura and arachnoid mater and ex-
tends intracranially.
Small amounts of local anesthetic injected can cause a profound sym-
pathetic block.
Presents with sensory block with mild motor block.
Onset is 10 — 15 min longer than total spinal.
Treatment: Same as total spinal.

Cardiac arrest: Can occur with spinal anesthesia.
Due to T vagal response to { preload, usually in young healthy patients.
May be prevented with prehydration. Bradycardia should be treated
with atropine (early), and may require ephedrine or epinephrine.
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Systemic toxicity of local anesthetic: Occurs mostly with epidural anes-
thesia.

Due to inadvertent intravascular injection.

Farly symptoms: Tinnitus, tongue numbness, lightheadedness. With
higher levels of local anesthetics, there can be seizures, unconsciousness,
hypotension, cardiac arrhythmias, and complete cardiovascular collapse.
Severe systemic toxicity can usually be avoided by the use of a test dose
and by incremental dosing of local anesthetic.

Transient neurologic symptoms (TNS):

Back pain with radiation to the legs that resolves within a few days to a
week. Patients with TNS do not suffer from sensory or motor deficits.
In particular, if there is motor involvement, this must be investigated
immediately.

Risk factors: Lidocaine spinal anesthesia for knee arthroscopy or a proce-
dure done in the lithotomy position, ambulatory surgical status, obesity.

Neurologic injury:

Peripheral neuropathies (with paresthesia and limited motor weakness)
are most common.

May be due to needle trauma to the nerve roots sometimes heralded by
a pain or paresthesia during performance of the block.

Paraplegia can occur if local anesthetic is injected into the spinal cord,
just as function of the nerve can be destroyed during any intrancural
injection.

Local anesthetics themselves can be neurotoxic.

Not all postoperative neurologic injury that occurs during neuraxial an-
esthesia is necessarily due to the block (positioning or preexisting medi-
cal conditions may be the cause).

Cauda equina syndrome (CES): Injury to multiple nerve roots caus-
ing bowel and bladder dysfunction, paresis of the legs, sensory deficits,
and pain. May be caused by neurotoxicity due to inadequate distribu-
tion of hyperbaric lidocaine (most commonly) with pooling around the
cauda equina.

Infection:

Meningitis and arachnoiditis: Due to contamination of the needle, medi-
cation being injected, or from bacteria on the skin.

Epidural abscess: A rare complication of (typically) epidural anesthe-
sia. Four clinical stages: (1) back pain with tenderness; (2) nerve root
or radicular pain develops; (3) motor and/or sensory deficits develop, or
there may be sphincter dysfunction; (4) paraplegia or paralysis.
Diagnosis: Culture of epidural catheter tip, blood cultures, magnetic
resonance imaging (MRI) or computed tomography (CT) scan.
Treatment: Neurosurgical intervention is often required, but some
cases may be treated conservatively with antibiotics.

Spinal or epidural hematoma:
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Usually occurs in patients with coagulopathies or bleeding diatheses.
Symptoms are rapid in onset and are due to mass effects. They start
as back and leg pain but advance to numbness, weakness, and possibly
bowel dysfunction.

Diagnosis: MRI, CT, or myelogram.

Treatment: Emergent surgical decompression (if done within 8-12 hr,
then recovery is better).

Prevention: Avoidance of neuraxial techniques in patients with coagu-
lopathy, bleeding diathesis, thrombolytic therapy, platelet dysfunction,
and thrombocytopenia.



INDICATIONS

Sole technique for surgical anesthesia (+/~ light sedation).

Nerve block for postop pain combined with general anesthesia.

Many of these (especially many of the upper- and lower-extremity blocks)
can be performed with the placement of a catheter for a continuous nerve
block rather than just a single injection.

Alternative for patients for whom general anesthesia is not ideal (such as
with severe postoperative nausea and vomiting, risk or history of malignant
hyperthermia, or hemodynamically unstable or very sick patients.

Risks
All are rather rare, but are common to all peripheral blocks.

Local anesthesia toxicity (intravascular injection) including seizures and
cardiovascular collapse.

Nerve damage with short- or long-term paresthesias.

Infection.

CONTRAINDICATIONS

Uncooperative patient or patient refusal.

Systemic infection (for catheter placement).

Preexisting peripheral neuropathy (controversial).

+/— performing a block on a patient under general anesthesia (although
this is routinely done in children).

PREPARATION

Equipment and monitoring:
ASA monitors should be applied.
Resuscitation equipment should be available along with supplemental
oxygen (for management of local anesthetic toxicity should there be in-
travascular injection).
Intralipid 20% should always be immediately available wherever blocks
are performed, for management of cardiac toxicity.
Premedication: Benzodiazepines +/— opiates, to help patient tolerate the
procedure (although only enough so that communication can be main-
tained).

TECHNIQUES

Field block: Performed by injecting a large volume of local anesthetic in
the area around cutancous nerves (eg, superficial cervical plexus block).
Use of fixed anatomic relationships: Needle position and insertion site
are determined by constant relationships between anatomic structures (eg,
transarterial approach to the axillary block).

Paresthesia: The paresthesia that is produced in the distribution of a sen-
sory nerve is used to identify when the needle makes contact with that
nerve. Since deliberate needle-nerve contact is sought, there is a theoreti-
cally higher chance that the needle is intraneural and not perineural, as
desired. For this reason, care must be taken while injecting the local an-
esthetic, while monitoring for signs of intraneural injection such as high
pressures during injection.
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Nerve stimulator: A nerve stimulator connected to an insulated needle
applies a low-level electrical current from its tip, producing motor nerve
stimulation which — muscle contractions. The particular muscles that
contract indicate which nerve is being stimulated. As the needle gets closer
to the nerve, less current is required for stimulation, and muscle contrac-
tions get stronger. A current of < 0.5 mA is desirable.

Ultrasound guidance: An ultrasonographic image of the nerve or plexus
of interest in displayed on a screen and the needle advanced in real-time
toward the target. Local anesthetic can be visualized spreading around the
nerves, and structures such as blood vessels and pleura can be avoided.
Combination of techniques: Many practitioners choose to combine ul-
trasound (which gives anatomical confirmation) with nerve stimulation
(which gives functional confirmation).

Specific Nerve Blocks

Nerve stimulation remains the primary mode of locating nerves or plexi
when performing peripheral nerve blocks, although ultrasound-guided
blocks are becoming more and more popular.

The two methods are fundamentally different in their approach. In gen-
cral, the principles that apply to performing one ultrasound-guided block
can be (with a few exceptions) applied to all ultrasound-guided blocks.

For this reason, each of the following blocks will be considered individu-
ally with the nerve stimulation method, followed by a general discussion of
ultrasound-guided regional anesthesia techniques.

Upper-Extremity Blocks

Brachial plexus mnemonic: Used for procedures of the upper extremity or shoulder (see Table 7-2).

Randy Travis Drinks Cold Beer. Brachial plexus anatomy (Figure 7-5).
Ventral rami (roots) of C5-T1 — trunks — divisions — cords — termi-
nal branches.
Anatomic relationships:
Trunks: Lateral aspect of transverse processes to the clavicle.
Divisions: Lie under the clavicle.

TABLE 7-2. Innervation of Upper-Extremity Muscles

NERVE ORIGIN MuscLes CONTROLLED

Musculocutaneous C5-C7 Anterior arm flexors

Axillary C5-C6 Deltoid, teres minor

Radial C5-T1 Posterior muscles of arm/forearm/
hand

Median C5-T1 Anterior forearm flexors

Ulnar C8-T1 Anterior forearm flexors, intrinsic hand
muscles
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Intercostobrachial nerves
FIGURE 7-5. Anatomy of the brachial plexus.

(Reproduced, with permission, from Morgan G et al. Clinical Anesthesiology, 4th ed. New
York: McGraw-Hill, 2006: 330.)

Cords: Formed just below the clavicle and are named for their posi-

tion relative to the axillary artery.

Branches: Begin at the lateral border of pectoralis minor.
The nerves of the brachial plexus are contained within a compartment
that is partly composed of loose fascia and partly by surrounding mus-
cular planes. Injection of local anesthetic into this compartment (or
“sheath,” as it is commonly called) will spread throughout it, — block-
ade of all of the nerve roots within it.

INTERSCALENE BLOCK (BRACHIAL PLEXUS)

Blocks C5-C7 (may miss C8-T1).

Uskes

Shoulder, arm, and forearm (although it may miss the distribution of the ul-
nar nerve if sufficient spread to distal trunks does not occur).

ANATOMY

In the groove between the anterior and middle scalene muscles, the nerve
roots become trunks. The classic location is within this groove at the level of
the cricoid cartilage.
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REGIONAL ANESTHESIA

The phrenic nerve is almost
always blocked in interscalene
blocks.

TECHNIQUE

Position: Supine with the head turned to the contralateral side.
22-gauge, 1.5-inch needle is inserted perpendicular to the skin and di-
rected slightly medially and caudally (Figure 7-6).
A paresthesia in the arm or muscle contraction in the arm, wrist, hand,
deltoid, or pectoralis should be obtained.
Volume of local anesthetic is dependent on the technique used. If
nerve stimulation is used, 30—40 mL of local anesthetic should be in-
jected. However, with ultrasound guidance, less volume may be ade-
quate as long as the trunks are surrounded with local anesthesia.
Continuous catheters can be inserted and used for postoperative anal-
gesia.

CoMPLICATIONS AND SIDE EFFECTS

Phrenic nerve is almost always blocked with this approach, which may
cause respiratory distress in patients with preexisting pulmonary discase.
Recurrent laryngeal nerve block.

Stellate ganglion blockade and Horner’s syndrome.

Intra-arterial injection into the vertebral artery (— seizures quickly because
it goes directly to the brain).

Epidural, intrathecal, or subdural injection.

Pneumothorax.

Permanent phrenic nerve injury.

SUPRACLAVICULAR BLock (BRACHIAL PLEXUS)

Blocks all elements of the brachial plexus.

FIGURE 7-6. Needle insertion site and orientation for interscalene brachial plexus block.

(Reproduced, with permission, from Hadzic A. Textbook of Regional Anesthesia and Acute Pain
Management. New York: McGraw-Hill, 2007: 411.)
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Uses

Arm, forearm, and hand anesthesia. Can also be used for shoulder surgery.

ANATOMY

The trunks of the brachial plexus run closely together as they become squeezed
between the first rib and clavicle. Above the first rib, along the lateral border of
the anterior scalene muscle, the brachial plexus can be located as it runs just
lateral to the subclavian artery.

TECHNIQUE

= Position: Supine with the head turned to the contralateral side.

= The lateral border of the sternocleidomastoid muscle is marked where
it meets the clavicle. The point of needle entrance is 1 inch (or approxi-
mately a thumb’s breadth) lateral to this.

= A finger is placed just above the clavicle at the insertion site and a 22-gauge
2-inch needle inserted just cephalad to the finger, aiming caudally at an an-
gle of 45°, in the same plane as the midline (Figure 7-7).

= Twitches should be obtained above the clavicle, at a depth of 1-3 cm.
25-40 mL of local anesthetic should be injected when a hand twitch (ei-
ther flexion or extension) is obtained.

COMPLICATIONS

=  Pneumothorax

= Hemothorax

= Horner’s syndrome

= Phrenic nerve blockade

FIGURE 7-7. Landmarks and needle orientation for supraclavicular branchial plexus
block.

(Reproduced, with permission, from Hadzic A. Textbook of Regional Anesthesia and Acute Pain
Management. New York: McGraw-Hill, 2007: 423.)
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REGIONAL ANESTHESIA

INFRACLAVICULAR BLOCK (BRACHIAL PLEXUS)

Blocks the brachial plexus at the level of the cords.

Uses

Hand, forearm, elbow and upper arm anesthesia. Good technique for the
placement of indwelling catheters.

ANATOMY

The brachial plexus has divided into cords as it passes over the first rib and
into the axilla.

TECHNIQUES

Raj approach: The patient lies supine with his head turned to the con-
tralateral side. The pulse of the axillary artery is identified with the arm
abducted at 90 degrees. With a puncture site 2 cm caudal to the midpoint
of the clavicle, a 21-gauge, 4-inch needle is inserted at a 45-degree angle
toward the arterial pulse (Figure 7-8).

Coracoid approach: With the patient lying supine, the coracoid process is
identified. A 21-gauge, 4-inch needle is inserted 2 cm medial to and 2 cm
caudal to the coracoid process in an angle that is perpendicular to the floor.
3040 mL of local anesthetic are injected once hand twitches have been
obtained.

COMPLICATIONS

Pneumothorax
Hemothorax
Chylothorax

Intra-arterial injection

FIGURE 7-8. Needle insertion site and orientation for Raj technique of infraclavicular
block.

(Reproduced, with permission, from Hadzic A. Peripheral Nerve Blocks: Principles and Practice.

New York: McGraw-Hill, 2004: Fig. 10-12.)
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AXILLARY BLock (BRACHIAL PLEXUS)

Blocks the median, radial, and ulnar nerves.

Uses

Forearm and hand anesthesia.

ANATOMY

The main landmark for this block is the pulsation of the axillary artery at
its highest point within the axilla.

The median and musculocutaneous nerves lie anterior to the artery, while
the radial and ulnar nerves lie posterior to the artery.

TECHNIQUES

Both begin with the patient lying supine with the arm abducted and the el-
bow flexed at 90 degrees.

Transarterial approach: A 22-gauge, 1.5 inch needle is inserted into the
pulsation of the axillary artery until blood flows into the needle. The nee-
dle is then advanced slowly until blood flow stops. All or part of the 40 mL
of local anesthetic can be injected at this posterior location. The needle
can then be withdrawn, again looking for arterial blood flow. Once there is
blood flow, the needle can be withdrawn slightly until the blood flow again
stops and the remainder of the local anesthetic can be injected at this loca-
tion anterior to the artery.

Nerve stimulator technique: A 22-gauge, 1.5-inch nerve stimulator nee-
dle is inserted above and below the pulsation of the axillary artery and
redirected as necessary to obtain muscle twitches in the desired brachial
plexus distribution in the hand and biceps (Figure 7-9). Again, 40 mL of
local anesthetic is injected in separate aliquots at each location, once satis-
factory twitches are obtained.

FIGURE 7-9. Needle insertion site and orientation for axillary block.

(Reproduced, with permission, from Hadzic A. Peripheral Nerve Blocks: Principles and Practice.
New York: McGraw-Hill, 2004: Fig. 11-1.)
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Avoid use of bupivicaine for
Bier blocks.

COMPLICATIONS

Intravascular injection
Hematoma

BLOCKADE OF THE DISTAL BRANCHES OF THE BRACHIAL PLEXUS

Intercostobrachial and medial brachial cutaneous nerves: Blocked to-

gether with a subcutaneous field block using 5-10 mL of local anesthetic

in the anteromedial axilla.

Musculocutaneous nerve: Blocked by injecting about 5-10 mL of local

anesthetic into the belly of the coracobrachialis muscle.

Radial nerve:
Upper arm blockade: A needle is inserted 4 cm proximal to the lateral
epicondyle of the humerus toward the bone; 5 mL of local anesthetic
is injected once bone is contacted and the needle has been withdrawn
just slightly.
Blockade at the elbow: A needle is inserted lateral to the biceps tendon
in the antecubital space and directed toward the lateral epicondyle un-
til either bone or a paresthesia/twitch is identified; 5 mL of local anes-
thetic is injected.
Distal forearm blockade: 5-10 mL of local anesthetic is administered
as a field block 1-2 c¢m proximal to the styloid process of the radius,
fanning anteriorly and posteriorly.

Median nerve:
Blockade at the elbow: 5 mL of local anesthetic is injected just medial
to the brachial artery pulsation in the antecubital area, with the needle
directed toward the medial epicondyle, just in front of the bone.
Blockade at the wrist: About 5 mL of local anesthetic is injected just
medial to the palmaris longus tendon and deep to the flexor retinacu-
lum at the level of the proximal crease in the wrist.

Ulnar nerve:
Blockade at the elbow: 3-5 mL of local anesthetic is injected just proxi-
mal to the medial epicondyle, with care taken not to insert the needle
directly into the cubital tunnel (between the medial epicondyle and
the olecranon process).
Blockade at the wrist: 5 mL of local anesthetic is injected either just
medial to the ulnar pulse (if palpable) or just lateral and deep to the
flexor carpi ulnaris tendon.

Wrist block: Combination of radial, median and ulnar nerve blocks at the

wrist. It provides anesthesia for the hand and fingers.

Digital blocks: About 3 mlL (total per digit) of local anesthetic (without

epinephrine) is injected medially and laterally into the base of the digit.

IV REGIONAL ANESTHESIA (BIER BLOCK)
Uses

Procedures lasting < 1 hr on the forearm or hand.

TECHNIQUE

An IV catheter is inserted into the surgical hand.

The surgical arm is exsanguinated by being elevated and wrapped tightly
with an elastic bandage. The proximal cuff of a double tourniquet is in-
flated and the hand is unwrapped. The absence of a radial pulse should
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be confirmed (to assure there is no blood flow in or out of the arm, which
could — systemic toxicity of local anesthetic).

Local anesthetic is then injected into the IV catheter (50 mL of 0.5% lido-
caine or 20 mL of 2% lidocaine). Onset of the block takes about 10 min.
The distal cuff of the tourniquet can be inflated, and the proximal cuff de-
flated once the patient develops tourniquet pain.

Care must be taken that the cuffs are not deflated too early, which may re-
sult in local anesthetic toxicity. A minimum time of 20 min is generally ac-
cepted, although the longer the duration before tourniquet deflation, the
less the blood level of local anesthetic and the safer the deflation.

Lower-Extremity Blocks

Innervation is derived from the L1-S3 nerve roots (see Table 7-3). These
nerve roots form the lumbar plexus and the sacral plexus (most important
component of which is sciatic nerve).

The lumbar plexus divides the femoral nerve, obturator nerve, and lateral
femoral cutancous nerve, which are contained within a psoas compart-
ment as they travel through the psoas muscle into the thigh.

In the lower leg, the sciatic nerve divides the common peroneal and tibial
nerves.

These blocks can be used as an alternative to neuraxial blockade for anes-
thesia of the lower extremity.

FEMORAL NERVE BLoCK
Usks

Anesthesia of the anterior thigh, knee, and a minor area on the medial aspect
of the foot. It is often used for procedures on the knee.

ANATOMY
The femoral nerve lies lateral to the femoral artery in the anterior thigh, just
below the inguinal ligament.
TECHNIQUE
The patient is positioned supine and the femoral pulse is identified.

The needle is inserted about 2 c¢m lateral to the pulsation of the artery

TABLE 7-3. Innervation of Lower-Extremity Muscles

NERVE ORIGIN MuscLes CONTROLLED
Femoral L2-14 Quads, pectineus, iliacus
Obturator L2-L4 Adductors, gracilis, obturator externus
Sciatic—tibial L4-S3 Posterior muscles of thigh/leg/foot
Common peroneal L4-S2 Short head biceps femoris, peroneal muscles,

tibialis anterior, toe extensors
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REGIONAL ANESTHESIA

FIGURE 7-10. Needle insertion site and orientation for femoral nerve block.

(Reproduced, with permission, from Hadzic A. Peripheral Nerve Blocks: Principles and Practice.
New York: McGraw-Hill, 2004: Fig. 21-13b.)

(about 2 cm below the inguinal ligament) until a paresthesia or quadriceps
twitch is obtained (Figure 7-10).
15-20 mL of local anesthetic is injected.

COMPLICATIONS

Nerve injury.

Sometimes a single, large-volume injection is performed, with the goal of
blocking the obturator and lateral femoral cutaneous nerves as well. This
is termed a three-in-one block. The efficacy of the three-in-one block has
been challenged: It seems unreliable in blocking the obturator nerve.

LATERAL FEMORAL CuTtANEOUS NERVE BLOCK
Usks
Anesthesia of the lateral thigh.

AnATOmy

The nerve becomes accessible near the anterior superior iliac spine (ASIS) as
it passes below the ligament.

TECHNIQUE

The patient lies supine and a needle is inserted 2 cm medial to and 2 cm
caudal to the ASIS.

10-15 mL of local anesthetic is injected in a fanning pattern once the nee-
dle “pops” through the first layer of fascia (fascia lata).
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COMPLICATIONS

Few specific to this block.

LumBAR PLEXUS BLOCK
Uses

Postop pain control following hip, thigh, and knee procedures.
Covers femoral, obturator and lateral femoral cutaneous nerves.

ANATOMY

L.2—4 branches emerge from foramina into the psoas muscle.
Within the psoas the nerves divide into anterior (obturator nerve) and pos-
terior (femoral nerve) branches.

TECHNIQUE

The patient is placed in a lateral decubitus position.

Midline and iliac crest identitified and line drawn between the structures.
Needle is inserted 4 cm lateral to the midline.

Obtain twitch of quadriceps or patella.

COMPLICATIONS

Epidural spread causing high neuraxial anesthesia.
Hypotension.
[liopsoas or renal hematoma.

Sciatic NERVE BLock
Uses

Anesthesia of the lower leg and posterior aspect of the knee and thigh.

ANATOMY

The nerve exits the pelvis through the sciatic notch after passing by the piri-
formis muscle. It then travels near the lesser trochanter of the femur as it
courses down the thigh, splitting into the tibial and common peroneal nerves
at a variable (usually 5-12 cm) above the popliteal crease.

TECHNIQUES

Posterior (Labat) approach:
The patient lies in the lateral decubitus position with the nonoperative
leg down. The upper limb (one to be blocked) is positioned with hip
and knee partially flexed.
The greater trochanter and the posterior superior iliac spine (PSIS) are
palpated and marked, and a line drawn between them. The midpoint
of this line is found, and the insertion site identified 4 cm distal from
the midpoint, on a line 90 degrees from original line.
A 10-cm stimulating needle is inserted at right angles to all planes until
a hamstring, calf, or foot twitch is obtained (Figure 7-11).

Anterior lithotomy approach:
The patient lies supine with the operative leg flexed 90 degrees at the
knee and hip (unilateral lithotomy position).
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REGIONAL ANESTHESIA

Efficacy of a popliteal block
for surgery can be limited by

the use of tourniquets.

FIGURE 7-11. Needle insertion site and orientation for sciatic nerve block (Labat approach).

(Reproduced, with permission, from Hadzic A. Peripheral Nerve Blocks: Principles and Practice.
New York: McGraw-Hill, 2004: Fig. 19-1.)

A 10-cm stimulating needle is inserted at the midpoint between the
greater trochanter and the ischial tuberosity until a hamstring, calf, or
foot twitch is obtained.

Anterior approach:

The patient lies supine and a line drawn along the inguinal crease.
The femoral pulse is then palpated and marked on this line, and a sec-
ond line extended in a perpendicular fashion 4-5 cm toward the thigh.
A 10-cm stimulating needle is inserted and directed straight down to-
ward the floor until a hamstring, calf, or foot twitch is obtained.
Occasionally, bone is contacted on the initial needle insertion (lesser
trochanter). In this situation, internal rotation of the thigh often allows
for displacement of this bony structure out of the way, allowing passage
of the needle past the femur towards the sciatic nerve.

20 mL of local anesthetic is all that is required for these blocks, as it is a
solitary nerve, rather than a plexus.

COMPLICATIONS

Puncture of the superior or inferior gluteal arteries (posterior approach) or
femoral artery or nerve (anterior approach).

PopLITEAL BLock

This is actually a block of the sciatic nerve performed near the popliteal fossa
proximal to the nerve’s division into two terminal branches.

Uses

Anesthesia/analgesia of the calf, foot, and ankle.
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ANATOMY

The sciatic nerve travels down the thigh and splits into the tibial and com-
mon peroneal nerves in the proximal aspect of the popliteal fossa.

The nerves lie superficial (posterior) to the popliteal vessels.

The tendons of the biceps femoris (laterally) and semimembranosus/semi-
tendinosus muscles (medially) define the sides of the popliteal triangle,
and can be palpated while the patient is in the prone position.

The nerve(s) lie in the middle of this triangle, approximately 7-10 cm prox-
imal to the popliteal crease.

TECHNIQUES

Prone approach:
The patient is positioned prone and the biceps femoris tendon (later-
ally) and the semitendinosus tendon (medially) are identified and
marked (to outline the popliteal fossa).
The popliteal crease is also marked, thereby forming a triangle with the
two tendons.
The midline of the popliteal crease is located, and a line is drawn per-
pendicular to it, ending at the point of the triangle.
A 10-cm stimulating needle is inserted 1 cm lateral to this line and
about 7-8 c¢m proximal to the crease until an ankle or foot twitch is
obtained (Figure 7-12).

Lateral approach:

\

Needle insertion
site

Tendon of biceps
femoris

. N

FIGURE 7-12. Needle insertion site for popliteal block FIGURE 7-13. Needle insertion site and final needle
(prone approach). orientation for popliteal block (lateral approach).

(Reproduced, with permission, from Hadzic A. Peripheral (Reproduced, with permission, from Hadzic A. Peripheral
Nerve Blocks: Principles and Practice. New York: McGraw- Nerve Blocks: Principles and Practice. New York: McGraw-
Hill, 2004: Fig. 22-17.) Hill, 2004: Fig. 23-1.)
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REGIONAL ANESTHESIA

»  The patient lies supine, and the groove between the biceps femoris
muscle and the vastus lateralis muscle is identified on the lateral side of
the thigh.

= A 10-cm stimulating needle is inserted in this groove 7-8 cm proximal
to the popliteal crease at a 30-degree posterior angle and advanced un-
til ankle or foot twitches are obtained (Figure 7-13).

= For either approach, 30-40 mL of local anesthetic should be injected to
ensure adequate coverage of both the tibial and peroneal components.

COMPLICATIONS

Arterial or venous puncture.

ANKLE BLock
Uses

Anesthesia/analgesia of the foot.

ANATOMY

The foot is supplied by five nerves, four of which are branches of the sciatic

nerve (Figure 7-14 and Table 7-4).

FIGURE 7-14. Cross-sectional anatomy of the ankle at the level of the malleoli.

(Reproduced, with permission, from Hadzic A. Peripheral Nerve Blocks: Principles and Practice.
New York: McGraw-Hill, 2004: Fig. 24-2.)
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TABLE 7-4. Innervation of Foot

LocATION INNERVATION
Deep peroneal nerve Lateral to the flexor hallucis Sensation between the first
longus at the level of the and second toes and motor
medial malleolus. function to toe flexors.
Superficial peroneal Lateral to the extensor Sensation to dorsal aspect.
nerve digitorum longus at the level

of the lateral malleolus,

supefrficial.

Posterior tibial nerve Posterior to the posterior Sensation to planar aspect.
tibial artery at the level of the

medial malleolus.

Sural nerve Between the Achilles tendon Sensation to posterolateral
and the lateral malleolus. leg, lateral foot, and fifth toe.
Saphenous nerve Anterior to the medial Sensation to anteromedial leg

malleolus, originates from the and medial foot.

femoral nerve.

TECHNIQUE

The deep peroneal nerve is blocked by inserting a needle between the ex-
tensor digitorum longus and extensor hallucis longus tendons at the level
of the medial and lateral malleoli. (See Table 7-4.)

The superficial peroneal nerve is blocked with a subcutaneous ring across
the dorsal surface of the ankle. This can be a continuation of the subcuta-
neous injections made for the sural and saphenous nerves.

The posterior tibial nerve is blocked by inserting a needle posterior to the
medial malleolus, alongside the posterior tibial artery pulse. When bone is
contacted, the needle is withdrawn 1-2 mm to prevent subperiosteal injec-
tion, and the local anesthetic deposited.

The sural nerve is blocked with a deep subcutaneous ring between the lat-
cral malleolus and the Achilles tendon.

The saphenous nerve is blocked with subcutaneous injection anterior to
the medial malleolus.

About 5-8 mL of local anesthetic should be used for each nerve.

COMPLICATIONS

Hydrostatic damage to small nerves can occur with highly pressured injec-
tion.

Direct nerve damage associated with the use of sharp needles has been re-
ported.
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REGIONAL ANESTHESIA

Supefrficial cervical plexus
block landmarks:

Mastoid process

Sternocleidomastoid muscle

Sternal notch

Head and Neck Blocks

SUPERFICIAL CERVICAL PLEXUS BLOCK
Uses

Anesthesia for procedures on the anterior neck (eg, carotid endarterectomy,
cervical lymph node biopsy, excision of thyroid nodule), analgesia for clavicle
fracture.

ANATOMY

The cervical plexus is formed from the roots of C1-C4, which, after emerg-
ing from behind the posterior border of the sternocleidomastoid muscle,
send branches superficially in the anterior triangle of the neck, laterally
down to the acromion and anteriorly to the skin overlying the clavicle.

Some fibers cross the midline to innervate the contralateral anterior neck
skin.

TECHNIQUE

The patient lies supine with the head turned slightly to the contralateral
side. 20 mL of local anesthetic is drawn up and attached to a 25-gauge
needle.

The landmarks are the mastoid process, the sternocleidomastoid muscle,
and the sternal notch.

Using the two bony landmarks, the midpoint of the sternocleidomastoid is
identified, and 10 mL of local anesthetic deposited at the posterior border
of the muscle (Figure 7-15).

A turther 5 mL each is then injected along the posterior border proximally
and distally (a distance of 2-3 cm each).

FIGURE 7-15. Needle insertion site for superficial cervical plexus block.

(Reproduced, with permission, from Hadzic A. Peripheral Nerve Blocks: Principles and Practice.
New York: McGraw-Hill, 2004: Fig. 8-17.)
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COMPLICATIONS

As it is simply a subcutaneous injection of 20 mL of local anesthetic, su-
perficial cervical plexus block is generally very safe.

However, the use of deep cervical plexus blocks (a different technique in-
volving needle contact with the transverse processes of the cervical verte-
brae, and one that will not be described here) carries a significantly higher
risk of serious complications, including vertebral artery puncture and in-
jection, nerve root damage, contact with/injection into the cervical spinal
cord, and total spinal. The added benefit of providing motor block to the
strap muscles of the neck is increasingly thought to not outweigh these
risks.

Superficial cervical plexus block provides equivalent sensory anesthesia/
analgesia as deep cervical plexus block, with less risk for complications.
These authors, like many others, have abandoned the deep cervical plexus
block in favor of the superficial block alone.

AIRWAY ANESTHESIA
Uses

When used for awake laryngoscopy or fiberoptic intubation, anesthesia of the
airway can | gagging, laryngospasm, and unwanted cardiovascular responses
associated with these procedures.

TECHNIQUES

Premedication with anticholinergics (eg, glycopyrrolate 0.2 mg IV) to {
secretions will help with absorption of local anesthetic in mucous mem-
branes.

Topical anesthesia: Cetacaine spray can be applied to tongue and poste-
rior pharynx. Alternatively, 4% lidocaine can be acrosolized with a nebu-
lizer and inhaled over 15-20 min to anesthetize the entire upper airway.
Transmucosal glossopharyngeal nerve block: 4% lidocaine-soaked pledgets
can be grasped with Magill forceps and held for 10-15 sec behind each pos-
terior tonsillar pillar. The glossopharyngeal nerve is located submucosally
here and can be blocked easily, providing mucosal anesthesia down to the
anterior surface of the epiglottis.

Superior laryngeal nerve block: A needle is made to contact the superior
cornu of the hyoid bone and 5 mL injected bilaterally. Provides anesthesia
to the vocal cords, arytenoid cartilages, and posterior surface of the epiglottis.
Transtracheal anesthesia: A needle is inserted into the cricothyroid mem-
brane and advanced into the trachea (evidenced by aspiration of air). 5 mL
of 2% lidocaine is injected during inspiration. Provides anesthesia to the
vocal cords and proximal trachea.

COMPLICATIONS

Local anesthetic toxicity can occur because of the large amounts used.
Gastric aspiration can occur because of blockade of the airway reflexes that
normally prevent it.
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Airway innervation:

Superior laryngeal (CN X)
Internal branch—sensation
of epiglottis, arytenoids,
vocal cords
External branch—
cricothyroid muscle

Inferior laryngeal (CN X)
Sensation below vocal cords
All muscles except
cricothyroid

Glossopharyngeal (CN IX)
Sensation of posterior one-

third of tongue.



Trunk Blocks

INTERCOSTAL BLOCK
Uses

Postoperative analgesia, pain management for rib fractures, herpes zoster, or
cancer pain.

ANATOMY

The spinal nerves at each thoracic level travel through the intervertebral
foramen into a groove on the inferior side of the corresponding rib.

The nerves lie within a neurovascular bundle along with the intercostal
vein and artery, both of which lie superior to the nerve.

TECHNIQUE

The patient is placed in the supine, lateral decubitus, or prone position.
The inferior level of each rib is marked and a needle is inserted, usually
at the angle of the rib (about 7 ¢cm from the spinous process of the cor-
responding vertebrae). The needle is advanced until contact is made with
the rib, at which point the needle is walked off the inferior edge of the rib
and advanced about 0.5 cm.

3-5 mL of local anesthetic is injected after negative aspiration.

COMPLICATIONS

Pneumothorax.

Local anesthetic toxicity is a significant concern because of the high level
of absorption from this area.

PARAVERTEBRAL BLock
Uses

Breast surgery, inguinal hernia repair, procedures to the chest or body wall.

ANATOMY

The paravertebral space is bounded by the parietal pleura anterolaterally,
the rib and intercostal muscles posteriorly, and the vertebrae and inter-
vertebral foramina medially. Thoracic spinal nerves pass through the in-
tervertebral foramen before dividing into anterior and posterior rami. Also
located in this space is the sympathetic chain.

Anesthesia for breast surgery requires blockade of T2-T6.

Inguinal herniorraphy requires blockade of T9-L1.

TECHNIQUE

The patient is in a sitting position, and the spinous processes of the selected
vertebrae are marked at their superior most point (C7 can be used as a con-
venient guide).

A second mark is made 2.5 c¢m lateral to the each of these first points.
Because of the angulation of the spinous processes, a needle inserted at
cach of these new points should contact the transverse process of vertebra
immediately below (ie, spinous process of T4 should correspond to trans-
verse process of T5).
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A 22-gauge Tuohy needle is advanced perpendicular to the skin until the
transverse process is contacted. The needle is then redirected either above
or below the transverse process and advanced 1 cm (Figure 7-16).

4 mL of local anesthetic is injected at each level after negative aspiration.
Alternatively, a 20- to 30-mL bolus can be slowly injected at one level in
the middle of the intended dermatomal area (single-injection method).

A catheter can be introduced through the Tuohy needle for continuous
postoperative analgesia.

COMPLICATIONS

Pneumothorax, epidural spread bilaterally.

ULTRASOUND-GUIDED NERVE BLOCKS

Ultrasonography has become a popular and useful technology to guide the
placement of nerve blocks.

Its proposed benefits include visualization of the needle and target struc-
tures, thereby reducing the incidence of accidental puncture of nerves,
vessels, and other unintended structures; and the ability to witness the ex-
pansion of the local anesthetic “pool” as the injectate is delivered, thereby
ensuring the target nerve is “soaked” with local anesthetic.

Autonomic
——== (Sympathetic)

ganglion

FIGURE 7-16. Needle orientation for the paravertebral block.

The needle tip contacts transverse process, then is withdrawn slightly and walked off the bone

a further 1 cm into the paravertebral space. (Reproduced, with permission, from Hadzic A. Pe-
ripheral Nerve Blocks: Principles and Practice. New York: McGraw-Hill, 2004: Fig. 16-10.)
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Use high-frequency linear-
array transducers for
superficial blocks and low-

frequency curved-array

transducers for deeper blocks.

Hard evidence of clear benefit over nerve stimulation is still lacking, but
smaller studies are accumulating, indicating T speed of block placement,
T block success, and fewer complications compared with the traditional
methods of block placement.

Ultrasound Basics

Ultrasound transducers contain piezoelectric crystals, which, when an
electric current is applied, vibrate and produce sound in the range of 2-15
MHz (well above the range of human hearing).

Sound waves enter tissues and reflect back at different rates and angles,
depending on the tissue density and reflective properties. The same crystal
then converts the sound waves back to an electrical signal, which is inter-
preted by the computer and shown on the monitor as a two-dimensional
image of the underlying anatomical structures.

Echogenicity refers to the property of tissues to reflect sound back to the
transducer.

Tissues that reflect most of the sound waves appear white, and are termed
hyperechoic (eg, bone, tendon).

Tissues that reflect little of the sound appear black or dark gray, and are
termed hypoechoic (eg, most fluid-filled spaces such as blood vessels, cysts).
Nerves can appear either hyperechoic (eg, sciatic nerve) or hypoechoic
(eg, proximal brachial plexus), depending on the amount of connective tis-
sue they have.

The Ultrasound Machine

Many different makes of machines exist, but all share some common features.
There are a few settings that are important to be able to manipulate.

Frequency: High-frequency sound waves in general provide a picture
with higher resolution, but cannot penetrate very deep. Therefore, high-
frequency settings (ie, 10-15 MHz) are appropriate for shallow blocks
such as interscalene or femoral nerve blocks. Low frequency has better
tissue penetration, but at the cost of reduced resolution. Low-frequency
settings (2-8 MHz) are used for deep blocks such as the sciatic or the
neuraxial space.
Depth: The depth can be adjusted so that the target structure is seen in
the middle of the screen image, and extraneous structures deep to it are
not visualized.
Gain: This is the property of the ultrasound machine to “hear” the incom-
ing signal. If the gain is turned up, more of the signal will be shown on the
image, and the screen will be in general more “white.” Reducing the gain
will darken the screen. Gain can be adjusted up and down to heighten the
contrast between different structures, improving the visualization of the
target nerves.
Transducer: Two basic types of transducers (or “probes”) exist, based on
their shape and beam pattern:
Linear-array transducers: The probe surface is flat, or linear, and emits
parallel sound waves, producing a rectangular image. Linear-array
transducers are of generally higher frequencies and are best for shallow
blocks.
Curved-array transducers: The probe surface is convex and emits
sound waves in a fan-shaped pattern, resulting in a fan-shaped screen
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image. These are usually low-frequency probes and are used primar-
ily for deeper blocks. One potential advantage for deeper structures is
the wider field view, which can help identify peripheral landmarks that
may not appear on a linear-array image.

Ultrasound Imaging and Local Anesthetic Injection

= Image planes: There are two principal image planes that are used when
identifying a structure such as a nerve or blood vessel:
= Short-axis (transverse): The ultrasound beam is perpendicular to the
long axis of the nerve. This view will result in a nerve or vessel appear-
ing like a circle on the image screen (Figure 7-17).
= Long-axis (longitudinal): The ultrasound beam is parallel to the long
axis of the nerve. This view will result in a nerve or vessel appearing
like a long rectangle (Figure 7-18).
= Most clinicians prefer to image nerves in the short axis, as there is less
chance that slight movements of the transducer will cause the nerve to
disappear from the screen.
= Needle insertion: Just as there are two orientations for the transducer, there
are two markedly different ways to approach the target with the needle:
= In-plane approach: The needle is directed at the ultrasound beam
end-on, so that the whole length of the needle can be appreciated on
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FIGURE 7-17. A:Short-axis orientation of the ultra- FIGURE 7-18. A:Long-axis orientation of the ultra-
sound probe. B: Resulting image (ie, a transverse “slice” of sound probe. B: Resulting image (ie, a longitudinal “slice”
the structure”). of the structure).
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FIGURE 7-19. In-plane needle insertion.

FIGURE 7-20. Out-of-plane needle insertion.

A: Needle orientation relative to probe. B: Needle seen in A: Needle orientation relative to probe. B: Needle seen as

same plane as image (triangle).

discrete “dot” crossing image plane (triangle).

the screen, provided that the needle and beam planes are lined up ex-
actly (Figure 7-19).

Out-of-plane approach: In this approach, the needle is inserted 90 de-
grees to the ultrasound beam. When the needle (tip or shaft) crosses
the beam, its presence can be detected on the screen only as a discrete
“dot” (Figure 7-20).

Many practitioners prefer to use the in-plane approach, so that the
whole needle can be visualized in real-time approaching the target
nerve. It is easy to be fooled by the out-of-plane approach into thinking
that the dot represents the tip, when in fact it is a portion of the shaft;
meanwhile, the tip is dangerously beyond the plane of the image.

Local anesthetic injection:
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After “parking” the needle next to the nerve, the syringe is aspirated
and a slow 1- to 3-mL bolus initiated.

A spread of dark (hypoechoic) injectate should be appreciated on the
image screen where the needle tip is located. If this spread is not seen,
the needle tip is not where it is thought to be, and the injection should
be halted, as this represents injection into an unknown plane (includ-
ing possible intravascular injection). The needle is then repositioned
and another bolus attempted.

The remainder of the local can be injected slowly in increments, with
intermittent aspiration.

Unlike nerve stimulator techniques, there is no recommended volume
of injectate for each block, and simply depends on the visualization of
spread around the target nerve or plexus.



Selected Ultrasound-Guided Blocks

The novice ultrasound-guided block practitioner, with some practice, can
achieve quite a lot with a few carefully chosen techniques. Below are four ultra-
sound-guided blocks that every regional anesthesia enthusiast should know.

ULTRASOUND-GUIDED INTERSCALENE BLOCK

The probe is placed on the anterolateral neck between the cricoid cartilage
and the clavicle, and the anterior and middle scalene muscles identified lat-
eral to the caroid artery and internal jugular vein. The hypoechoic trunks of
the brachial plexus can be seen between the two muscles (Figure 7-21).

A 5-cm, 22-gauge needle is advanced from the lateral side in-plane (through
the middle scalene muscle) and local anesthetic deposited at all three trunks.

ULTRASOUND-GUIDED SUPRACLAVICULAR BLOCK

The probe is placed just superior to the midclavicle, and the following
structures identified: subclavian artery, first rib, pleura, and the brachial
plexus lateral and slightly superior to the subclavian artery (Figure 7-22).

A 5-cm, 22-gauge needle is advanced from the lateral side in-plane and lo-
cal anesthetic deposited around the margins of the brachial plexus bundle.
Often, two injections are sufficient: one below (on top of the rib) and one
above.

ULTRASOUND-GUIDED FEMORAL BLOoCK

The probe is placed at the inguinal crease in a transverse orientation, and
the femoral artery is identified. Immediately lateral to the pulsating artery
is the nerve, which is often seen as a flattened, triangular, hyperechoic area

wedged between the iliacus muscle, the femoral artery, and the fascia ili-
aca (Figure 7-23).

Lateral Medial Lateral Medial

FIGURE 7-21. Ultrasound-guided interscalene block. FIGURE 7-22. Ultrasound-guided supraclavicular block.
ASM, anterior scalene muscle; MSM, middle scalene mus- SA, subclavian artery. Orange triangles =brachial plexus.
cle; SCM, sternocleidomastoid muscle. Orange triangles = Green triangles = first rib.

brachial plexus. Blue triangles = needle.
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FIGURE 7-23. Ultrasound-guided femoral nerve block.

FA, femoral artery; FN, femoral nerve. Triangles = needle.

A 5-cm, 22-gauge needle is advanced from the lateral side in-plane and lo-
cal anesthetic deposited underneath +/- lateral to the femoral nerve, sepa-
rating it from the iliacus muscle below.

ULTRASOUND-GUIDED POPLITEAL BLOCK (LATERAL APPROACH)

With the leg raised and resting on a pillow or cushion so that the under-
side of the knee is free of the bed, the probe is placed in a transverse orien-
tation at the popliteal crease.

The depth is adjusted until the pulsating popliteal artery is visible on the
screen. Just superficial and slightly lateral to the artery should be the tibial
nerve, which appears as a hyperechoic round nerve with dark spots on the
inside (“honeycomb”).

To achieve a good image, the probe often has to be tilted cephalad or cau-
dad. Once a good image is seen, the probe is slid up the popliteal fossa in a
cephalad direction, while carefully watching the tibial nerve. At some point
proximal to the popliteal crease, a smaller, shallower nerve will enter from
the lateral aspect of the screen and merge with the tibial nerve (Figure 7-24).
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FIGURE 7-24. Ultrasonographic image of the sciatic nerve in the popliteal fossa.

Note peroneal nerve (yellow triangle) separating from tibial nerve as sciatic nerve travels dis-
tally. BEM, biceps femoris muscle; PA, popliteal artery; PV, popliteal vein. Triangles = needle.

This is the common peroneal nerve, and, once merged, these two comprise
the sciatic nerve. It is at this point that the popliteal block is most effective,
as the local is surrounding only one nerve, not two.

A 10-cm, 21-gauge needle is advanced from the lateral side of the thigh,
in-plane with the transducer. When contact is made with the sciatic nerve,
local is deposited so that the nerve is completely surrounded. This may
require two or more separate redirections and injections above, below, and
beyond the nerve to achieve this.
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All ambulatory patients who

received sedating medications

are required to have an adult
companion to escort them

home.

PACU Areas

Phase I: Monitoring and staffing ratios equivalent to intensive care unit
(ICU; ratio of 1.5 beds per operating room, ratio of one nurse per two pa-
tients); appropriate for patients who undergo neuraxial or general anesthe-
sia until transfer to floor or phase 1.

Phase II: Stabilizes patient for care on surgical floor or discharge home;
some patients who undergo monitored anesthesia care (MAC) can be fast-
tracked to phase II avoiding phase 1.

Standards for Postanesthesia Care

Readily available anesthesiologist to ensure patient’s safe recovery from an-
esthesia and discharge from the PACU.

Staff of specially trained nurses.

Proximity to the operating room.

Equipment available for routine care: Supplemental oxygen, suction,
monitoring of vital signs, pulse oximeter, electrocardiogram, ventilators,
transducers for monitoring of intravascular pressures, devices for continu-
ous infusions of medication.

Transport from the Operating Room to PACU

Patients should have stable and patent airway, adequate ventilation and
oxygenation, and hemodynamic stability.

Should be transported with oxygen supplementation to avoid transient
hypoxemia (Spo, < 90), which occurs in 30-50% of otherwise healthy pa-
tients breathing room air.

Unstable patients should be kept intubated and transported with a portable
monitor, emergency drugs, and intubating equipment.

Admission to PACU

Anesthesiologist provides nurse with pertinent details of patient’s history,
medical condition, anesthetic, and surgery.

Vital signs recorded at least every 15 min.

Supplemental oxygen based on Spo, readings on room air.

Discharge from PACU

All patients must be evaluated by anesthesiologist prior to discharge.
Criteria for discharge are established by Department of Anesthesiology,
hospital, and medical staff.

Varies according to patient’s disposition to ICU, regular floor, outpatient
department, or directly home.

Minimal discharge criteria include ability to move extremities, ability to
maintain and protect airway easily, arousability, stable vital signs for 30-60
min (see Aldrete Score in Table 8-1, where a score of 8-10 indicates readi-
ness to move to next level of care).
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TABLE 8-1. Aldrete Score for PACU Discharge

Activity Moves four extremities 2
Moves two extremities 1
Not able to move extremities 0
Respiration Able to breath and cough 2
Dyspnea or limited breathing
Apneic 0
Circulation BP £ 20% of preanesthetic level 2
BP £ 21-49% of preanesthetic level 1
BP £ 50% of preanesthetic level 0
Consciousness  Fully awake 2
Arousable 1
Not responding 0
0, saturation Maintains O, saturation > 92% on room air 2

Supplemental O, to maintain O, saturation > 90%

0, saturation < 90% with supplemental O, 0

(Adapted from Duke J. Anesthesia Secrets, 3rd ed. Elsevier, 2006: 219.)

Ideally, discharge criteria also include control of postoperative pain, con-
trol of nausea/vomiting, normothermia.

Following regional anesthesia, patient should show signs of resolution of
motor block.

Lack of resolution of neuraxial block after 6 hr should raise suspicion of
spinal or epidural hematoma.

Causes for admission: Persistent hypoxemia, unresolving block, pain, per-
sistent hypertension/hypotension or hemodynamic instability. symptoms to surgical
Urination and drinking/eating before discharge is not required unless pa-
tient is diabetic or has history of urinary retention.

6-8 hours = time from onset

of epidural hematoma

decompression before
irreversible neurologic

injury ensues.

Upper-Airway Obstruction
CAUSES

Tongue falling onto the posterior pharynx in unconscious patients.
Laryngeal obstruction secondary to laryngospasm or edema, indicative of
airway injury.

Secretions, blood, or vomitus in the airway.

External pressure on the trachea most commonly from a neck hematoma.

PHYsIcAL EXAm

Flaring of the nares.
Retraction at the suprasternal notch (tracheal tug) and intercostal spaces.
Vigorous diaphragmatic and abdominal contractions.
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Negative pressure pulmonary
edema usually occurs in
young, muscular men.
Treatment is supportive +/-

duiretics.

TREATMENT

Obstruction:

Head tilt—jaw thrust method: Most effective method of eliminating up-
per airway obstruction by tongue.

Nasopharyngeal airways: Tolerated in the semiconscious patient awak-
ening from anesthesia.

Oral airways: May stimulate gagging and vomiting in semiconscious pa-
tient, can precipitate laryngospasm.

Laryngospasm:

Incomplete: Extension of the head and anterior displacement of man-
dible and application of positive pressure with a bag and mask deliver-
ing 100% oxygen.

Complete: Treat with administration of succinylcholine 10-20 mg IV if
above method is ineffective; intubation indicated if obstruction persists
despite good head positioning and oral airway.

Complication: Prolonged laryngospasm can cause negative pressure
pulmonary edema. This occurs secondary to high negative intratho-
racic pressures generated after patient takes a deep breath against a
closed glottis, causing marked T in transmural pressure with subsc-
quent fluid filtration into the lung.

Laryngeal edema:

Humidified inhaled gases and nebulized epinephrine (0.25-0.5 mL of
2.25% epinephrine in 5 mL H,O or normal saline).
Dexamethasone 0.15 mg/kg: Efficacy not confirmed.

Postoperative wound hematoma:

Seen in head and neck, thyroid, and carotid surgery.

Can rapidly compromise the airway.

Open the wound to relieve tracheal compression.

Retained gauze packing: Rare occurrence seen after oral surgery in the
hypopharynx.

Hypoxemia

Defined as Pao, < 60 mmHg.

CAUSES

Right-to-left intrapulmonary shunt (atelectasis).

Ventilation and perfusion (V/Q) mismatch (' functional residual capacity
[FRC]).

Alveolar hypoventilation (residual effects of anesthetic or neuromuscular
blockers).

Aspiration.

Pulmonary embolus.

Pneumothorax.

Increased oxygen consumption (shivering).

Decreased cardiac output.

Advanced age.

Obesity.

Posthyperventilation hypoxia (compensatory hypoventilation replenishes
CO,, which was depleted by intraoperative hyperventilation).
Postoperative pulmonary edema secondary to left ventricular (LV) failure,
acute respiratory distress syndrome (ARDS).
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DiaGNosis

Pulse oximetry facilitates early detection of hypoxemia.
Arterial blood gas (ABG) confirms diagnosis and guides therapy.

CLINICAL SIGNS

Obvious cyanosis may not be detected if hemoglobin concentration is re-
duced.

Restlessness, tachycardia, cardiac irritability — obtundation, bradycardia,
hypotension — cardiac arrest.

TREATMENT

Supplemental O,: Fio, 30-60% +/- positive airway pressure (see Table

8-2).

Naloxone for residual effects of opioids.

Positive end-expiratory pressure (PEEP) for hypoxemia despite Fio, 50%;

increases FRC and Pao,, which allows a { in inspired O, without a | in

Pao,. PEEP can impede venous return and occlude pulmonary capillary

beds, causing a decreased CO and V/Q mismatch. Nasonh ot -
Intubation and mechanical ventilation if hypoxemia persists despite Fio, EOPRATYIXACS a5 Teservom
100% or if hypercapnea accompanies supplemental O,.

Chest tube for symptomatic pneumothorax > 15-20% of lung field. 0, to be delivered.

enabling a maximum of 40%

Hypoventilation

Defined as Paco, > 45 mmHg.

CAUSES

Drug-induced central nervous system (CNS) depression (volatiles, opi-
oids).

Residual effects of neuromuscular blocking drugs (overdose, inadequate
reversal, drug interactions with -mycins or magnesium, hypothermia, re-
nal/hepatic dysfunction).

Suboptimal ventilatory muscle mechanics (obesity, patient position, surgi-
cal site).

Increased production of CO, (shivering, malignant hyperthermia, sepsis).
Coexisting chronic obstructive pulmonary disease (COPD).

Splinting due to pain.

TABLE 8-2. Predicted Fio, with Supplemental Oxygen and Various Systems

SYSTEM DeLivery FLow (L/min) Prepictep Fio,
Nasal cannula 2 0.3
Nasal cannula 4 0.4
Face mask 6 0.5
Partial rebreathing mask 6 0.6
Partial rebreathing mask 8 0.8
Nonrebreather mask 10-15 0.8+

(Adapted from Duke J. Anesthesia Secrets, 3rd ed. Elsevier, 2006: 221.)
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DiaGNosis

Measurement of Paco,.
Nerve stimulator or sustained head lift of 5+ sec to confirm reversal of pa-
ralysis.

CLINICAL SIGNS

HTN and tachycardia not specific as not always present in postoperative pa-

tients.
TREATMENT
Intubation required if there is obtundation, circulatory depression, or pH
<7.15.
Obesity-hypoventilation Drug-induced hypoventilation (see Table 8-3 for differential of drug-induced
S hypoventilation).
syndrome (Pickwickian Inhaled anesthetics:
syndrome) may cause Continue spontancous emergence if patient maintains patent upper
respiratory acidosis — arterial airway.

Controlled ventilation via endotracheal tube (ETT) is necessary to al-
low for elimination of inhaled anesthetic if patient is unable to main-
tain airway.

Residual opioid effect:
Naloxone 40 pg IV every 2 min up to 200 pg. Titrate to avoid precipi-
tous reversal of opioid-induced analgesia and activation of sympathetic
nervous system. This can — pulmonary edema, hypertensive crisis,
myocardial ischemia, and cardiac dysrhythmias, including ventricular
fibrillation. Shorter duration than most opioids, so watch for re-narcosis
of patient. Also can cause nausea and vomiting.
Doxapram 60-100 mg followed by 1-2 mg/min IV does not reverse an-
algesia but can cause HTN and tachycardia.

Residual neuromuscular blockade:
Additional anticholinesterase drugs.
Mechanical ventilation of lungs until neuromuscular blocking drug
dissipates.

hypoxemia — cor pulmonale.

TABLE 8-3. Differential of Drug-Induced Hypoventilation

PROBLEM SIGNS/SYMPTOMS TREATMENT
Inadequate reversal of Uncoordinated, ineffectual respiration ~ Neostigmine 0.05 mg/kg IV.
neuromuscular block effort. Possible mechanical ventilation.
Narcosis Slow ventilation, sedated. Naloxone 0.04-0.4 mg IV.
Respiratory support.
Residual inhalation anesthesia Shallow breathing, sleepy. Encouragement of deep breathing and
stimulation.

(Adapted from Duke J. Anesthesia Secrets, 3rd ed. Elsevier, 2006: 219.)
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Hypotension
CAUSES

Hypovolemia (most common —blood loss, third-space sequestration, ongo-
ing hemorrhage, inadequate volume replacement).

! myocardial contractility (residual anesthetics, heart failure, ischemia, hy-
pocalcemia).

 systemic vascular response (SVR; residual anesthetics, sepsis).

Cardiac tamponade.

Cardiac dysrhythmias.

Hypoxemia.

Pulmonary embolus.

Pneumothorax.

Acidosis.

DiAGNosIs

Central venous pressure monitoring in patients with normal LV function
to assess intravascular fluid volume.

Pulmonary artery catheter in patients with LV dysfunction or COPD as-
sists in assessing etiology of hypotension (see Table 8-4).

! hematocrit with evidence of bleeding at operative site suggests inade-
quate surgical hemostasis.

Electrocardiogram (ECG): Assess for ischemia or dysrhythmias.

Oliguria: Urine output < 0.5 mL/kg/hr suggests hypovolemia.

Fluid challenge with 250-500 mL crystalloid or 100-250 mL colloid.

TREATMENT

Twenty to thirty percent reduction of blood pressure from patient’s baseline
requires treatment, which depends upon etiology.

Hypovolemia

Volume expansion: Crystalloid as first line and then consider colloid and
packed red blood cells.

Elevate legs and place in Trendelenberg position.

TABLE 8-4. Interpretation of Pulmonary Artery Catheterization Readings

Opioids and the resolution
of pain also may cause
hypotension, especially in

susceptible individuals.

HypovoLEMIA | MvocarpiaL CONTRACTILITY SEPSIS
{ pulmonary artery T pulmonary artery occlusion pressure | pulmonary artery occlusion
occlusion pressure (< 10 mmHg) (> 15 mmHg) pressure
d cardiac index { cardiac output T cardiac output

(< 2.5 L/min/m2)
T SVR (normal 900-1400 dynes/s/cm5)
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Systolic blood pressure is
falsely | 0.7 mmHg every 1
cm the transducer is elevated

above the right atrium.

| myocardial contractility.

Inotropic drugs after optimization of intravascular fluid volume.

Sepsis.

Maintain coronary perfusion pressure with IV o-agonist such as phen-
ylephrine.

Metabolic acidosis: Bicarbonate IV.

Hypertension

CAUSES

Noxious stimuli (incisional pain, endotracheal intubation or bladder dis-
tention).

Enhanced sympathetic nervous system activation as part of a neuroendo-
crine response to surgery or secondary to hypoxemia, hypercapnea, or met-
abolic acidosis.

Essential HTN.

Pheochromocytoma.

Hyperthyroidism.

Hypervolemia or intracranial HTN.

Hypoxemia.

Anemia.

Hypoglycemia.

Tachydysrhythmias.

Myocardial ischemia.

Withdrawal.

Hypothermia with shivering.

Fever.

Malignant hyperthermia.

TREATMENT

Blood pressure elevation > 20-30% of patient’s normal baseline or patients
with myocardial ischemia, heart failure, or bleeding should be treated.
Adequate pain control.
Mild to moderate HTN:
IV B blockers: Labetalol, esmolol, propranolol.
Calcium channel blockers: Nicardipine or nitroglycerin paste.
Nifedipine and hydralazine: Associated with reflex tachycardia and
myocardial ischemia.
Marked HTN:
Direct intra-arterial pressure monitoring.
Nitroprusside, nitroglycerin, nicardipine. or fenoldopam infusion.

COMPLICATIONS

Postoperative bleeding.
Myocardial ischemia.
Heart failure.
Intracranial hemorrhage.
Dysrhythmias.
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Dysrhythmias
CAUSES

Bradycardia: 3 blockers, o adrenergics, neostigmine/edrophonium, opi-
oids, succinylcholine, hypoxemia, hypothermia.

Tachycardia: Atropine, pancuronium, meperidine, albuterol, hydralazine,
pain, fever, hypovolemia, anemia, hypoxemia, acidemia, full bladder, ma-
lignant hyperthermia.

Premature atrial contractions (PACs)/premature ventricular contrac-
tions (PVCs): Digitalis toxicity, electrolyte abnormalities (hypokalemia,
hypomagnesemia), T sympathetic tone, hypoxemia, respiratory acidosis,
myocardial ischemia, HTN.

TREATMENT

Most cardiac arrhythmias do not require treatment but need correction of
underlying cause.

First priority is to ensure patency of upper airway and adequacy of arterial
oxygenation.

Atropine (3-6 pg/kg IV) to T heart rate.

Verapamil (75 ug—150 pg/kg IV over 1-3 min) to { heart rate.

Lidocaine (1-1.5 mg/kg IV) to suppress PVCs.

Cardioversion for hemodynamically significant tachyarrhythmias unre-
sponsive to drug therapy.

Hypothermia

Shivering is a compensatory mechanism by the body to offset heat loss and
may be associated with vasoconstriction.

Shivering is prevented by anesthetics and neuromuscular blockers.

Causes a 300-400% T in oxygen consumption by skeletal muscle activity.

CAUSES

Intraoperative hypothermia.

Anesthetic gas effect (volatiles | shivering threshold and normal vasocon-
strictive response to hypothermia).

Sepsis.

Drug allergy or transfusion reaction.

COMPLICATIONS

Myocardial infarction (MI)/arrhythmias/T duration of muscle relaxant.
Rise in O, consumption, CO, production, and cardiac output.
Nonspecific neurologic signs (posturing, clonus, Babinski).

Metabolic acidosis.

TREATMENT

Forced air warming.
Warming lights or heating blankets.
Meperidine 10-50 mg IV.
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Pain Control

Mild to moderate pain:

Tylenol plus codeine/hydrocodone/oxycodone PO.

Ketorolac 30 mg IV: Orthopedic and gynecologic procedures.

Opioid agonists/antagonists: Butorphanol 1-2 mg, nalbuphine 5-10 mg.
Moderate to severe pain: Analgesic effect peaks 4-5 min; maximal respi-
ratory depression not seen until 20-30 min later.

Meperidine 10-20 mg IV.

Hydromorphone 0.25-0.5 mg IV.

Morphine 2-4 mg IV.

IM opioids: Delayed and variable effects; onset 10-20 min; delayed res-

piratory depression seen after 1 hr.

Agitation
CAUSES

Pain.

Young and elderly patients.

Systemic disturbances (hypoxemia/hypercapnia, acidosis, hypotension).
Bladder distention.

Gastric dilation.

Surgical complication (eg, occult abdominal hemorrhage).

Preoperative anxiety.

Adverse drug effects (central anticholinergics, phenothiazines, ketamine).

TREATMENT

Physostigmine 1-2 mg IV for delirium secondary to atropine or scopol-

amine.
Midazolam 0.5-1 mg for persistent agitation if pain and systemic distur-
Agitation has a higher bances can be ruled out.
incidence with the use
of short-acting volatile Delayed Awakening

anesthestics. Defined as failure to regain consciousness 30-60 min after general anesthesia.

CAUSES

Residual drug effect: Opioids, benzodiazepines, anticholinesterases.
Increased drug sensitivity:

Age.

Hypothermia.

Renal/hepatic disease.

Drug interactions (monoamine oxidase inhibitors (MAOIs) + narcot-

ics/barbiturates/sedatives, furosemide/-mycins + muscle relaxants).
Metabolic:

Renal/hepatic disease.

Hypothyroidism.

Adrenal insufficiency.

Hypoxemia/hypercarbia.

Hyper/hypoglycemia.

Hyperosmolar hyperglycemic nonketotic coma.
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Electrolyte abnormalities (hyponatremia/hypomagnesemia, hyper/hy-
pocalcemia).
Malignant hyperthermia.
Sepsis.
Prior alcohol ingestion.
Neurologic:
Hypoperfusion (cerebrovascular ischemia, embolism).
Hyperperfusion (HTN — intracranial hemorrhage).
Elevated intracranial pressure (subdural hematoma, cerebral edema,
pneumocephalus)

FACTORS AFFECTING EMERGENCE FROM ANESTHETICS

Inhaled anesthetics:

Duration of anesthesia.

Alveolar ventilation.

Blood and lipid solubility.

Magnitude of metabolism.

Speed of emergence of inhaled anesthetics is directly proportionate to

alveolar ventilation but inversely proportional to blood solubility.
Intravenous anesthetics:

Dose administered.

Time of last injection.

Lipid solubility.

Hepatic inactivation.

Renal excretion.

Emergence from IV anesthetics is dependent on redistribution rather

than elimination half-life.

DIAGNOSIS AND TREATMENT

Naloxone 0.04 mg increments for opioids.

Flumazenil 0.2 mg increments for benzodiazepines.

Physostigmine 1-2 mg for anticholinergics.

Forced-air warming devices to raise core body temperature.

Electrolyte labs and ABG to rule out metabolic disturbances.

Radiologic studies and neurologic consults to rule out intracranial causes.

Nausea and Vomiting
Facrors Associatep witH T INCIDENCE

History of postoperative nausea and vomiting.

History of motion sickness.

Female gender—worse during menstruation or first trimester of preg-

nancy.

Younger age.

Obesity.

Nonsmokers.

Postoperative pain.

Swallowed blood.

Type of surgery (eye muscle surgery, middle ear surgery, laparoscopic sur-
ery, gynecologic surgery). ,

%nest%letic druggs (opi%ids, nitrous oxide, volatiles, neostigmine). of age are at fow risk for

T vagal tone commonly proceeds or coincides with emesis. PONV.

Generally, children < 2 years
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Treatment for corneal
abrasions:

PO NSAIDs for pain

Eyedrops

TREATMENT

Supplemental O,.
Serotonin antagonists:

Ondansetron 4-8 mg: Effective immediately.

Dolasetron 12.5 mg: Requires 15 min for effects.

Tropisetron 5 mg.

Granisetron 3 mg.
Perphenazine 5 mg.
Droperidol 0.625-1.25 mg: Side effects—associated with prolonged QT
interval and fatal arrhythmias, sedation, extrapyramidal symptoms.
Metoclopramide 0.15 mg/kg: Side effects—extrapyramidal symptoms; con-
traindicated in small bowel obstruction, Parkinson’s, tricyclic antidepres-
sants, or MAOIs.
Scopolamine 1.5 mg transdermal: Side effects—dry mouth, somnolence,
blurred vision, fever.
Dexamethasone 4-8 mg: Combine with another antiemetic; effective for
24 hr; side effects—impaired wound healing and high blood glucose levels
at higher doses.
Propofol 10-20 mg bolus followed by 10 pg/kg/min infusion.

Incidental Trauma

Corneal injury:
Caused by dryness or accidental eye contact during airway manage-
ment.
Presents as tearing, pain, and photophobia.
Abrasions heal within 72 hr.
Oral soft tissue trauma: Caused by laryngoscopy, indwelling airway, biting
during awakening.
Loosened or damaged teeth: Dental consult.
Pharyngitis and hoarseness: Caused by drying from unhumidified gases
or trauma from pharyngeal suctioning.
Nerve injury: Caused by positioning and poor padding of affected limb.
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Milestones

Newborn: Neonatal through 1 month of age.

Infant: 1 month of age through the first year of life.

First 24-72 hr: Most significant physiologic and hemodynamic transition.
At 3 months, circulatory and ventilatory adaptation are completed, and
thermoregulation is altered to a more adult state.

Fetal Circulation

Placenta and three shunts:
Placenta: Oxygenates blood from inferior vena cava (IVC) to right
atrium (RA).
Foramen ovale:
Remains open due to low pressure in left atrium (LA) and high
pressure in RA: closed, fluid-filled alveoli, compressed blood vol-
ume, low Pao, and pH.
RA divided by crista dividends.
Oxygenated blood shunted RA to LA (coming from IVC).
Bypass right ventricle (RV) and pulmonary vascular blood.
Open to low LA pressures and high RA pressures/high pulmonary
vascular resistance (PVR).
Ductus arteriosus:
Low-resistance due to low Paco, to descending aorta (where arch
Normal ABG for heafthy full- becomes descending aorta, in proximity of left subclavian artery
term neonate: takeoff).
pH: 721 Shunts blood (90%) pulmonary artery (PA) to descendir}g aorta.
Ductus venosus: Shunts 50% of umbilical blood flow straight to IVC-
heart, bypasses liver.
Paco,= 40-50 mm Hg First several hours of life:
Clamp cord and initiate ventilation.
Reduction of PVR and T systemic vascular resistance (SVR).
Alveoli expand, — decreased PVR due to increased to Pa0, — ductus
arteriosus (DA) constricts — T pulmonary blood flow — T LA pressure
T functional closure of foramen ovale, though 50% of 5-year-olds have
patent foramen ovale.
Physiologic closure of DA—due to { in prostaglandins, T in pO..
Initially reversible:
Stressors: Hypoxemia, hypothermia, hypervolemia, sepsis, acidemia.
Prematurity: High pulmonary flow from left-to-right shunting —
congestive heart failure (CHF).
Patency retained with prostaglandin E, (PGE)).
Anatomic closure of DA takes 4-10 days (rarely more than 2 weeks).

Foramen ovale closes. Incidence probe: Patent foramen ovale 30% at
30 years old and 20% at 30+ years old.

Pao,=50 mm Hg

Neonatal Cardiopulmonary Physiology

CARDIAC OuTPUT (CO)

Fixed stroke volume: Noncompliant ventricles.
CO dependent on heart rate (HR): CO T 30-60% in neonates. 4 ability to

handle volume or pressure change.
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Immature baroreceptors with hypovolemia = hypotension without tachy-
cardia.

Presence of fetal hemoglobin — left shift of oxyhemoglobin dissociation
curve with T hematocrit (Het) (fetus has higher Het).

In fetus, lower 2,3-diphosphoglycerate (2,3-DPG) and presence of hemo-
globin ' — higher atfinity for O,, compensates for the fact that umbilical
venous blood Pao, is approximately only 35 mmHg.

Normalized by 4-6 months of age. Signs of PDA
P50: 19-26 mmHg and lower Hect. Machine-like continuous
Hypoxia — bradycardia. See Table 9-1 for normal neonatal to adult vital J—
signs.
Wide pulse pressure
Bounding peripheral

PERSISTENT PULMONARY HYPERTENSION
pulses

Can happen anytime when transitional circulation persists.

Elevated pulmonary artery (PA) pressure as a result of:
Hypoxia, acidosis, inflammatory mediators — prostaglandins.
Extension of smooth muscle into distal respiratory units.
Right-to-left shunt through foramen ovale or DA (right-to-left shunt
happens as a result of elevated PA pressure; T PVR — PAP — | pul-
monary blood flow — right to left shunt via PFO/PDA).

ErioLoGcy oF PPH

Primary: Unknown.
Secondary: Meconium aspiration, sepsis, pneumonia, respiratory distress,
congenital diaphragmatic hernia, hyaline membrane disease.

TREATMENT

Surfactant, high-frequency ventilation, inhaled nitric oxide, extracorporeal
membrane oxygenation (ECMO), isoproterenol, tolazoline, and supportive
care.

TABLE 9-1. Weight-Based Normal Vital Sign Values

NEONATE INFANT 5-YEAR-OLD Apurr
Weight (kg) 3 4-10 18 70
VO, (mL/kg/min) (7-9) 5 4 3
SBP (mmHg) 65 < 90-95 95 120
HR 130 120 90 80
EBV (mL/kg) 90 80 75 65
Hb (g/dL) 17 11-12 13 14

EBV, estimated blood volume; Hb, hemoglobin; HR, heart rate; SBP, systolic blood pressure; VO,,
oxygen uptake.
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Brown fat differentiates at
26-30 weeks. Premature
infants born prior may
not undergo nonshivering

thermogenesis.

MECONIUM ASPIRATION

Chronic fetal hypoxia in third trimester — passage of meconium in utero.
Meconium enters the pulmonary system — pulmonary HTN.

Cause respiratory failure: Start with suction, then intubation (if severe
meconium staining, newborn is not vigorous, or low APGARs).

Pulmonary System

Change from fluid-filled alveoli to air-filled with ventilation.
First 5-10 min of extrauterine life: Normal ventilation volume and tidal
ventilation develops.
10-20 min: Full functional residual capacity (FRC) developed (C-section
babies have a harder time—there is no squeezing of fluid out of lungs
when passing through birth canal).
Respiratory muscles:
Type I: Slow-twitch, high-oxidative —sustained muscle activity (only
25% of those while adults have 50%).
Type II: Fast-twitch, low-oxidative: immediate short activity — easy fa-
tigue.
High oxygen consumption: 7-9 mL/kg/min vs. 3 mL/kg/min (adult).
High closing volume (capacity, which is close to FRC): If tidal volumes
are ¥, — shunting — rapid desaturation with laryngospasm.
High ratio of minute ventilation to FRC:
5:1vs. 1.5:1 (adult).
Rapid induction of inhalational anesthesia, rapid awakening.
Pliable ribs: Inefficient ventilation.
Total lung capacity (TLC)/FRC ratio (about 40%)—same as in adults.

Renal System

By 1 month, kidneys are 70% mature—all components are incompletely
developed; by 1 year, fully matured.
“Obligate sodium loser™:
Normal renin-angiotensin-aldosterone system.
Cannot completely conserve sodium due to immature distal tubules:
Inadequate tubular function, { glomerular filtration rate (GFR).
Normalize by 1-2 years.
Prematurity associated with 4 creatinine clearance; impaired sodium
retention, glucose excretion, and bicarbonate resorption.
! concentrating ability in premature infants and at birth.

Metabolism

Temperature regulation:
Via metabolism of brown fat vs. shivering in adults.
T body surface area (BSA): T metabolism and | body fat — prone to
hypothermia.
J minimum alveolar concentration (MAC) (at birth).
Immature nervous system, maternal progesterone, elevated endorphins,
immature blood-brain barrier.
Infants: Neonates = lowest MAC, 2-3 months of age = highest MAC.
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Gastrointestinal System
High incidence of gastric reflux (GERD)—very common:

Delayed gastric emptying.

Lower esophageal sphincter (LES) incompetence.

Usually, infant “grows out of it.”

Aspiration precaution: Consider based on severity. Consider severe if his-
tory of aspiration pneumonias, unexplained wheezing, frequent choking,
desaturations, if ENT diagnosed changes in either hypopharynx or area
above vocal cords related to GERD.

Central Nervous System

At birth: Least mature major organ system.

Myelination continues up until 2 years of age.

Complications: Intraventricular hemorrhage (IVH), seizures, respiratory
depression, and retinopathy.

Physiologic Anemia of Infants

Hemoglobin F disappears and adult hemoglobin T to 10-11 g/dL. by 8-12
weeks of age in term infant, 7-10 g/dL by the age of 6 weeks for premature.

Airway

“Obligate nose breathers”: < 6 months.

Choanal atresia: Causes respiratory distress, desaturations when feeding.
Short trachea, neck.

Hyoid bone not yet calcified.

Large occiput — flexion with head rest—shoulder role and padding under
head may be helpful with airway management.

Larynx is more anterior and superior and “travels” down and back during
development (see Table 9-2).

During mask ventilation, it is important to keep fingers strictly on the man-
dibular ramus—no pressure on submental soft tissues (otherwise, obstruc-
tion happens, with difficult ventilation).

Endotracheal tube (ETT) size: Uncuffed vs. cuffed ETT—if cuffed,
choose 0.5 size smaller (cuff should be fully deflated upon insertion). Re-

fer to Table 9-3.

TABLE 9-2. Comparisons of Neonatal and Adult Airways

NEONATAL Aputr
Glottis ca C5-C6
Narrowest at Cricoid ring Vocal cords
Larynx Funnel-shaped, cephalad Cylindrical
Epiglottis Long, stiff Flat, flexible

Tongue Larger
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For children > 2 years of age,
estimate of ETT size:
(age in years/4) + 4 or
(age in years + 16)/4.

TABLE 9-3. Endotracheal Tube Size Given Age and/or Weight

AGE INNER DIAMETER
Premature < 2.5kg 2.5
Term neonate 3 (small baby)-3.5
2-8 months 3.5
8-12 months 4
18-24 months 45
> 24 months Age/4 + 4

ETT position:
1-2-3 kg/7-8-9 c¢m at lip.
Inner diameter (ID) x 3 (at lip).
Add 2-3 cm for nasotracheal ETT.
Most common morbidity: Tight ETT fit.
Air leak of 20-30 cm H,O (or lower) { risk of postextubation croup.
Currently more liberal use of cuffed ETT (very practice dependent):
Eliminates need for ETT exchange if a large air leak is present with
uncuffed tube — inflation just to the point when leak is 1 to allow for
delivery of adequate tidal volume.
Uncuffed still preferred in premature infants and newborns.

Preanesthetic Medications

 level of anxiety.
Better cooperation with mask induction, or IV placement if IV is needed
to induce.
May delay emergence if case is short.
Oral medication: Preferable (see Table 9-4).
Nasal, intramuscular (IM), and rectal routes also available (see Tables 9-4
and 9-5).
Rectal: Methohexital and thiopental 25 mg/kg, onset 10 min; monitor for
respiratory depression and O, desaturation.
Chloral hydrate (not used very often anymore):
Used for sedation or premedication.
Given orally or rectally.
Tolerance easily develops if frequent use.
Might cause respiratory depression, apnea—unpredictable dose-response
relation.
Very unpredictable length of sedation, often lasts very long.

Inhalation Agents

All inhalational agents may be very poorly tolerated in premature infants and
newborns, if cardiac depression/failure is present.
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TABLE 9-4. Premedication Routes, Doses, and Side Effects

MipAzoLAmM KETAMINE FENTANYL
Route PO PO (available but not often used)  Oral, transmucosal
Dose 0.5-0.75 mg/kg (20 mg maximum) 5-6 mg/kg 10-15 ug/kg
Onset 20-30 min 20 min 10-20 min
Duration 30 min 30 min
Side effects  Loss of balance, head control Nystagmus T perioperative emesis
Dysphoria, paradoxical agitation (when T salivation T 0, desat

given, or even upon emergence later)

T nausea/emesis
T Heart rate/blood pressure

Dysphoria

If moderate to severe hypovolemia is present (dehydration, bleeding, severe
vomiting); a fentanyl/muscle relaxant anesthetic may be appropriate (though
recall of events is more probable in older children).

HALOTHANE

Least noxious smell: Used primarily as induction agent.

Halothane is more soluble than isoflurane: Longer emergence, longer ef-
fect, longer induction time.
May sensitize myocardium to catecholamines — arrhythmia (maximum

epinephrine dose: 7-10 ug/kg).

Causes significant bradycardia, myocardial depression, much less vasodila-
tation — { blood pressure in younger children, hypovolemic. This is ad-

vantage in management of HISS.

ISOFLURANE

Pungent smell, — laryngospasm during induction (not for inhalation in-

duction).

Used as maintenance.
Less myocardial depression than halothane.
4 BP, I SVR (mainly due to vasodilatation —less myocardial depression).

TABLE 9-5. Pros and Cons of Nasal Route Premedications

Pro

Con

Rapid absorption

Lack of patient cooperation

Bypass first-pass hepatic metabolism

Stinging sensation

Midazolam 5 mg/mL

Onset: 10 min (short onset)

Bitter taste
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Etomidate lowers seizure
thresholds. Avoid in kids with

seizure disorders.

DESFLURANE

Induction: T laryngospasm, coughing, secretions—not used for induction.
Used as maintenance.

SEVOFLURANE

Suitable for smooth mask induction: Nonpungent smell (nonirritable, but
still unpleasant smell). Rapid induction and emergence: low blood-gas sol-
ubility.

Low level of myocardial depression.

Fewer dysrhythmias than halothane.

Possible toxic metabolite with low flow (< 2 L) in a rebreathing circuit.
With soda/baralyme forms nephrotoxic compound A; higher gas flow is re-
quired to minimize this, especially if long exposure.

With desiccated soda/baralyme, CO is formed (carboxyhemoglobin).

NiTrROUS OXIDE

N,O is often used with sevoflurane and oxygen to produce a more potent
inhaled anesthetic, especially for induction in children (though not a po-
tent anesthetic on its own).

T respiratory rate in spontancously breathing patients.

Minimal cardiovascular effects.

By oxidizing cobalt in vitamin B,,, N,O inactivates methionine synthetase,
which affects DNA synthesis and has been implicated as a cause of anemia
in lab rat studies.

Intravenous Agents

SepATIVE-HYPNOTICS

Used after mask induction to deepen the anesthesia.
All except for etomidate and sodium thiopental have wide usage.
Larger doses required for pediatric population in general.
Much higher doses needed for those on antiseizure medication.
Propofol:
Induction doses: < 2 years: 2.5-3 mg/kg; > 2 years: 2-2.5 mg/kg.
Pain on injection: Reduce pain with prior use of IV lidocaine 0.2-1
mg/kg.
Maintenance: 150-200 ug/kg/min. 4 postoperative vomiting.
Etomidate:
Induction dose: 0.2 mg/kg.
Stable hemodynamics, if propofol is contraindicated.
Even a single dose can cause adrenal suppression.
Midazolam, ketamine: Also good induction agents; good for maintenance
as well.

Ori0IDS

Adjuncts to inhalation agents = balanced anesthetic technique or used
alone (T risk of recall if not combined with amnestic).
Blunt hemodynamic response to intubation (in adequate doses).
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1 MAC for maintenance.
Postoperative analgesia.
Bradycardia.
Chest wall rigidity.
Even single dose T nausea and vomiting.
Respiratory depression: Neonates and infants < 6 months:
An T medication amount can cross the immature blood-brain barrier.
Morphine: Most lipophobic; administer with caution.
Fentanyl: 1-5 pg/kg, 10 pg/kg and more in cardiac cases.
Morphine: 0.05-1 mg/kg for case (if longer case 2-3 hr and more, can
give more, also possible to give more if titrating to respiratory rate —patient
breathing spontancously).
Sufentanil: 1-2 pg/kg.
Alfentanil: 50-100 pg/kg.
Hydromorphone: 1:5 ratio to morphine dose (1:7.5 in adults), less itching,
less postoperative nausea and vomiting.

MuscLE RELAXANTS

Neonate:
Variable response to nondepolarizing muscle blockers (NDMBs).
Intermediate long acting more like long acting.
High volume of distribution — higher induction dose needed; mainte-
nance dose reduced.
Infant/child: Similar response to NDMB based on weight.
Succinylcholine:
Infant: Lower sensitivity requiring higher dose (neonate double dose) 2-3
mg/kg, 4 mg/kg dose for IM administration; for laryngospasm, IV dose is
one-tenth of IV induction dose.
Bradycardia.
Vagally mediated, pretreat with atropine/glycopyrrolate.
Controversial usage in children, especially male child < 8 years old.
Muscular dystrophy: 1/250,000.
Epinephrine 5-10 ug/kg is first-choice resuscitation med—impor-
tant to correct significant acidosis, though epinephrine does not
work well in acidosis.
Usually replaced with rocuronium 1 mg/kg (double intubation dose).
Consider risk/benefit if needed to use it; always watch for complica-
tions (electrocardiogram). Succinylcholine still remains the fastest
and most reliable-acting muscle relaxant.
Complications:
Malignant hyperthermia: Triggering agent. May be associated
masseter spasm. High end-tidal CO,; tachycardia, HTN.
Hyperkalemic cardiac arrest with undiagnosed myopathies due to
acute rhabdomyolysis (more often) or T release of K+ as a result of
proliferation of extrajunctional acetylcholine (ACh) receptors (sepa-
rate entity than malignant hyperthermia).
Treatment of malignant hyperthermia:
Cooling measures, dantrolene.
Cardiopulmonary resuscitation.
Calcium, bicarbonate, insulin/glucose.
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REVERSAL AGENTS

Edrophonium:

1 mg/kg.

Rapid 90% reversal in 2 min; fewer muscarinic side effects.

Requires advance dosage of atropine 0.01-0.02 mg/kg.
Neostigmine:

0.05-0.075 mg/kg.

Ninety percent reversal in 10 min.

Glycopyrrolate 0.01 mg/kg; or 0.2 mg for 1 mg of neostigmine.

ANTINAUSEA MEDICATIONS

Procedures with higher risk of postoperative nausea and vomiting:
Tonsillectomy.
Strabismus, middle ear surgery.
Orchiopexy.
Droperidol: 0.1 mg/kg max. May cause a delay in discharge with higher
doses (sedation).
Metoclopramide: 0.15 mg/kg.
Ondansetron: 0.05-0.15 mg/kg.
Dolansetron: 0.35 mg/kg.
Dexamethasone: 0.5 mg/kg (max. 10 mg), consider H, blocker with it.

Preoperative Fasting Period

Clears: 2 hr.
If child chews gum and spits it Breast milk: 4 hr.
out, proceed with anesthestic Formula or light meal: 6 hr.
thout del Fatty, solid meal: 8 hr.
without delay. 1:5000-10,000 incidence of aspiration.
If swallows gum, cancel Inhalation/mask induction.
elective case as gum s difficult Most commonly practiced in pediatric population.
to extract from bronchus/
trachea if aspirated. Complications

Breath-holding, laryngospasm, dysrhythmias, stomach distension.
Infant < 1 year at higher risk of bradycardia, hypotension, cardiac arrest.
Halothane > sevoflurane: Faster inhalational uptake due to T alveolar ven-
tilation-to-FRC ratio (5:1).
Different distribution of cardiac output.
Myocardial depression is similar in equipotent concentrations of sevo-
flurane and halothane.
Intracardiac shunts:
Right-to-left: Slower rate of inhalation induction. Due to slower rate of
! in arterial anesthetic concentration —dilution by shunted blood.
Left-to-right: Faster induction—blood immediately recirculated in the
lung.
Caretul if failing heart—rapid cardiac depression.
Anesthetic dose requirements:
Infants 2-3 months: Highest MAC.
Neonates/premature infants: Lower MAC.
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Regional Anesthesia

Spinal cord ends at L3 in neonates.

Beneficial in ex-premature infants (up to 60 weeks” PCA): Less postop ap-
nea/bradycardia/hypoxia.

In infants, very short duration, rapid CNS turnover: tetracaine 90 min,
bupivicaine 60-75 min.

Hypotension after spinal: Sign of toxicity of local anesthetic. Sympathetic
system not fully developed = there is no sympathectomy.

There are also other commonly used regional anesthetic techniques used
in the pediatric population, as listed in Table 9-6.

Monitoring

Standard monitors similar to those of adults.

Continuous precordial or esophageal stethoscope (in cases when end-tidal
CO; is not possible to monitor).

Case- or patient-dependent circumstances determine the use of invasive
monitors.

Pediatric cardiac: Preductal (right arm, right ear) and postductal Spo,.

Intravenous Fluid Therapy

High metabolic demand.
High BSA-to-weight ratio.
Deficit (maintenance X hours NPO). Give one-half in the first hour and
remaining in the next 2 hr.
Maintenance fluid requirement: 4-2-1:
<10 kg: 4 mL/kg.
11-20 kg: 2 mL/kg.
> 20 kg: 1 mL/kg.
Third-space replacement/insensible losses.
Intra-abdominal: 6-15 mL/kg/hr
Intrathoracic: 4-7 mL/kg/hr
End point of fluid therapy:
Hemodynamic stability.
Adequate urine output: 0.5-1 mL/kg/hr.

Blood Loss

MABL = maximum allowable blood loss.
MABL = estimated blood volume (EBV) x (starting Het — target Het) / start-
ing Het.

TABLE 9-6. Commonly Used Pediatric Regional Blocks

BLock PROCEDURES
Penile Circumcision, hypospadias
llioinguinal + iliohypogastric Inguinal hernia
Brachial plexus Arm and wrist
Caudal epidural Abdominal, thoracic
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Caudal blocks have been
shown to reduce incidence of

emergence delirium.

Preterm: 100-110 mL/kg

Term: 90 mL/kg

3—-12 months: 80 mL/kg

> 1 year: 70 mL/kg
Replaced with 1:3 lactated Ringer’s, 1:1 colloid.
Transfuse if estimated blood loss > 30% or final hemoglobin < 8 g/dL
(not a rule—individual based on patient’s comorbities, age, and if hemo-
dynamic instability present).

apnea in neonates and premature infants if Het < 30%.

Packed red blood cells

Hct 55-65%.

1 mL/kg T Het 1.5% (usually given 10-20 mL/kg at a time).

Infuse at a slower rate to lessen hypocalcemia and hypothermia.

Postanesthetic Care

Standard monitors.

Analgesia.

Minimal separation from parents.

Nonopioid analgesics for mild to moderate pain relief:
Acetaminophen +/~ codeine: PO (10-15 mg/kg), PR (30-40 mg/kg).
Maximum dose: 30-60-90 mg/kg/day (newborn-infant-child < 12 years
old).
Ketorolac: 0.5 mg/kg every 6 hr (try limit to 3 days, not for < 6 months
old, watch for T blood urea nitrogen [BUN]/creatinine [Cr]).
Ibuprofen: 10 mg/kg.

Regional techniques.

Patient-controlled analgesia for older children (even for infants, consider

different combinations of continuous infusion/bolus by nurse/demand

dose or patient triggered based on patient’s maturity).

PosTEXTUBATION CROUP

Most common complications of ETT intubation.
Associated with tight ETT fit.
d with air leak at 20-25 cm H,O.
Risk factors:
Early childhood: 1-4 years.
Repeated intubation attempts.
Large ETT.
Prolonged surgery.
Head/neck procedures.
Excessive tube movement, coughing, bucking on ETT.

SuscLoTTIC EDEMA

Even small edema creates high resistance to airflow. Manifests upon ar-
rival at postanesthesia care unit, with 2—4 hr postop.
Stridor, suprasternal retractions, tachypnea, labored breathing.
Treatment:
Mild: Conservative management with humidified air, fluid hydration.
Severe: Nebulizer treatment with racemic epinephrine.
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Need to be observed for 4 hr before discharge to home.
Need to be admitted if requiring second treatment.
Rebound possible after epinephrine has worn off.

LARYNGOSPASM

Superior laryngeal nerve stimulation T forced, involuntary spasm of laryn-
geal muscles.
Risk factors: Recent upper respiratory infection, secondhand smoke, light
anesthesia, secretions, extubation in stage 2.
Treatment:
Jaw thrust.
Positive pressure ventilation.
Deepening of anesthesia (if time to do so, patient not severely hypoxic/
bradycardic): Propofol bolus, IV lidocaine: 1-1.5 mg/kg.
Succinylcholine: Small doses up to one-tenth of intubation dose); 4 mg/
kg IM (no IV access, give with atropine).
Transport patients in lateral position to drain oral secretions to try pre-
vent laryngospasm.

Treatment of AOP:
Monitori
APNEA OF PREMATURITY onrorng
) ) ) ) ) ) IV caffeine
The risk of apnea, especially postoperatively, is T in premature infants de- Prevention of anemia/
fined as < 44 weeks’ PCA. This risk is significantly 4 after 60 weeks' PCA. evention of ane
After an anesthetic, in-hospital respiratory monitoring is required for at hypovolemia
least 12 hr for infants at risk. Respiratory support

Apnea spells not only manifest as cessation of breathing (for 15-20 sec),
but also as bradycardia.

Tracheoesophageal Fistula (TEF)

One in 3000—4000 live births.
Types:
Esophageal atresia only; no communication with trachea.
Distal esophageal atresia, proximal esophageal fistula with trachea.
Proximal esophageal atresia, distal esophageal fistula with trachea—
most common (90%).
Proximal and distal fistula with trachea.
Continuous esophageal with additional fistula to trachea.
Esophageal stenosis; no communication with trachea.
Endoderm fails to divide into trachea and esophagus at fourth to fifth
week.
At birth: Excessive drooling, cyanotic episodes, coughing, inability to pass
nasogastric tube (NGT) to stomach, air in stomach on x-ray.
Diagnostic contrast medium is contraindicated due to risk of aspiration.
Associated with prematurity, congenital heart defect (20-25%).

PERIOPERATIVE MANAGEMENT
ECHO: Detect heart defect.

Consider awake intubation, inhalational induction with maintaining spon-
taneous ventilation until fistula is ligated.
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Ketamine/midazolam/inhalation agent technique = spontanecous ventila-
tion friendly.
Avoid N,O and excessive positive pressure ventilation, which may T gastric
distention.
VATER syndrome: If positive pressure ventilation: Identify the correct ETT position: ETT just
distal to defect with preserved equal bilateral breath sounds, if fistula loca-
tion allows (sometimes at carina). If this not possible, then use low pres-
Anus (imperforate) sures to limit gastric insufflation.
After fistula is ligated, positive pressure ventilation is no issue.

Vertebral defects

Tracheo-esophageal fistula

Esophageal atresia POSTOPERATIVE COMPLICATIONS
Radial and/or Renal Tracheomalacia
anomalies GERD
Esophageal stricture
Persistent tracheal diverticulum
Omphalocele vs. Gastroschisis (Table 9-7)
VACTERL syndrome = VATER Both are true surgical neonatal emergencies
syndrome plus: Congenital defects of the anterior abdominal wall permitting external her-
: niation of abdominal viscera.
Cardiac defects

Anesthetic management:
Limb abnormalities Decompress stomach prior to induction.
Awake (risk of intraventricular hemorrhage, especially in premature in-
fants) vs. inhalation induction vs. rapid sequence induction.
Adequate muscle relaxation.
Manage perioperative fluid (third-space) loss: Critical to prevent hemo-
dynamic instability (too little fluid).
Avoid tissue swelling—abdominal compartment syndrome (too much
fluid).
Gastroschisis: “Bag” neonate to prevent hypothermia and dehydration.
Prevent hypoglycemia (maintenance solution with D10).
Omphalocele: Blood loss is more significant due to extensive adhesions.

TABLE 9-7. Comparisons of Omphalocele vs. Gastroschisis

OMPHALOCELE GASTROSCHISIS
Develops earlier in fetal life: ~ 10th week. Later in fetal life.
Intestinal contents fail to return to abdominal cavity. Interruption of the omphalomesenteric artery — ischemia — tissue

defect — allowing herniation (R to the umbilicus).

Covered by the amnion. Not covered — higher risk for infection and fluid shifts.
Umbilical cord at apex of the sac. Umbilical cord normally situated.
In 50% associated with other congenital defects: Prematurity, other congenital abnormalities not often.

cardiac (tetralogy of Fallot), T21, Beckwith-Wiedemann
syndrome (microcephaly, macroglossia, hypoglycemia,

visceral macrosomia).
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Ventilation:
Avoid N,O,
Might become difficult after abdominal contents reduced to abdominal
cavity and defect closed. At the same time hypotension caused by IVC
compression may occur.
Consider keeping baby intubated postoperatively.

If defect too big, two stages:

1. Silo placed to cover up insides and to allow for slow (over 7-10 days)
reduction of abdominal contents.

2. Abdominal wall closure.

Duchenne’s Muscular Dystrophy
One in 3500 male births.

X-linked recessive.
Abnormalities of dystrophin protein in muscle membrane.
Muscle weakness not apparent till toddler. Duchenne’s muscular
Avoid SUX in DMD patients.
Prolonged response to NDNB. ,
If SUX is given (to a patient with undiagnosed DMD): hyperthermia are two
Hyperkalemic cardiac arrest: Due to acute rthabdomyolysis as the main separate disease processes
mechanismus, less as a result of T release of K+ due to T amount of extra-
junctional ACH receptors:
Hyperkalemia
T creatine kinase
Cardiac arrest
Certain myopathies have higher risk.
Similar reactions possible with exposure to inhalation agents.
Signs/symptoms of DMD:
Respiratory muscle weakness.
Cardiomyopathy, arrhythmia.
Calf pseudohypertrophy, difficulty climbing stairs, waddling gait.
Postopertively, risk for hypoventilation/pulmonary insufficiency.

dystrophy and malignant

with no evidence-based

associations.

Myelomeningocele

Neural defects involving meninges and neural elements.
May be associated with hydrocephalus and Arnold-Chiari malformation.
Often prematurity, associated congenital malformations (heart, brain, gas-
trointestinal).
Abnormal dysfunction below level of defects: Bowel, bladder, neuromuscular.
Need to close defect to prevent infection.
Usually requires multiple surgeries. Latex-free environment recommended,
as there is potential for developing latex allergy.
Intraoperatively:

No hyperkalemia from SUX.

At risk for aspiration from GERD and vocal cord motility abnormality.
Postoperatively: At risk for apnea.
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Physical exam diagnosis:
Olive-shaped mass in upper
abdomen and projectile

vomiting.

Cerebral Palsy

Unknown etiology: Current theory questions hypoxic injury.
Occurrence: 2 in 1000.
Varied clinical manifestations, nonprogressive, subject to multiple surgeries.
Intraoperative anesthetic concerns:
Possible gastric aspiration due to GERD, bulbar palsy.
Might be ditficulty with clearance of secretions.
Hypothermia.
Slow emergence.
No hyperkalemia from SUX.

Pyloric Stenosis

Background info:
Obstruction at the gastric outlet.
Usually presents at 2—-6 weeks full term infant.
Postprandial persistent, bile-free, projectile vomiting — weight loss, de-
hydration.
Hypokalemic, hypochloremic metabolic alkalosis — oliguric.
Medical emergency, not surgical: First, correct electrolytes, acid-base, re-
hydrate before proceeding to operating room.
Anesthetic course: Pyloromyotomy:
Careful IV fluids, electrolyte repletion.
Full stomach: At risk for aspiration of gastric contents.
Suction prior to induction.
Rapid-sequence induction (RSI) or modified RSI or awake oral en-
dotracheal intubation. Inhalation induction = aspiration risk.
May consider caudal for both intraoperative and postoperative pain
control.
Extubate when fully awake.
Begin small feedings 4-6 hr postop.

Congenital Diaphragmatic Hernia (CDH)

BACKGROUND

1 in 2000-5000 births.
Surgical urgent though not emergent: Surgery can be delayed for medical
stabilization — correct acidosis, reduce pulmonary HTN (prostaglandin, NO)
— improvement in pulmonary blood flow and consequently oxygenation
Some patients require ECMO (severe pulmonary HTN, severe hypercarbia).
Respiratory distress, cyanosis.
Hypoplasia of the lung parenchyma and pulmonary vasculature.
Associated with other congenital problems:
Polyhydramnios.
Central nervous system anomalies: Spina bifida, hydrocephalus, enceph-
alopathy.
Gastrointestinal anomalies: Intestinal atresia, malrotation.
Genitourinary: Hypospadias.
Congenital heart disease: Atrial septal defect, ventricular septal defect,
tetralogy of Fallot, coarctation.
Cause of death: Progressive hypoxia and acidosis. Average mortality rate 50%.
Long-term sequelae: Bronchopulmonary dysplasia, pulmonary hypoperfu-
sion.
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CLASSIFICATION

Based on the site of defect. Most common: posterior lateral aspect of dia-
phragm via the foramen of Bochdalek (75-85%). Left-sided > right.
Hernias through the esophageal hiatus are small; pulmonary vasculature
not compromised.

DiaGNosIs

Can be diagnosed in utero due to association with polyhydramnios.
Severe CDH: Within 6 hr of birth, presents with respiratory distress and
cyanosis.

PHysIcAL EXAMINATION

Shifted cardiac sounds, dextrocardia.

Scaphoid abdomen and bulging chest.

Diminished breath sounds on the affected side, bowel sounds in the chest.
NGT in the chest.

MANAGEMENT

Immediate endotracheal intubation (unless there is no respiratory distress),
NGT.
Sedation/analgesia/paralysis.
Monitor pre- and postductal saturation: Assesment of right-to-left shunting,
reflects pulmonary pressures.
Persistent fetal circulation due to hypoxemia and acidosis.
Right-to-left shunt
High pulmonary pressure
PDA ligation is controversial due to possible acute RV failure and
death.
Anesthetic management:
Avoid positive-pressure ventilation to avoid gut distention (if intubated,
L risk of gastric distention).
Central line, A-line.
No N,O: Inhalational agents are poorly tolerated most times.
Use low inspiratory pressures, avoid barotrauma, never try to “reexpand"
hypolastic lung or a contralateral pneumothorax may occur—sudden
bradycardia, hypotension, Pa0o,, lung compliance. Consider prophylac-
tic chest tube.
Maintain Pao, 90-100 mmHg, Paco, 25-35 mmHg to 4 PVR.
Rapid intraoperative deterioration: Pulmonary HTN crisis, contralat-
eral pneumothorax.
Sometimes small abdominal cavity does not accommodate hernia con-
tent; repair in stages.

PosTOPERATIVE CARE CONSIDERATIONS

Muscle relaxant, hyperventilation.
ECMO:
Consider if poor response to conventional therapy.
Hemodynamic instability.
Persistent acidosis.
Severe barotrauma.
Severe pulmonary HTN refractory to pharmacologic treatment.
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Contraindications:
Gestational age < 35 weeks.
Weight < 2000 g.
Preexisting intracranial hemorrhage.
Congenital or neurological anomalies incompatible with viable out-
come.
> 1 week of aggressive ventilatory therapy.
Congenital heart disease.

Overall survival rate: 50-87%.

Meconium Aspiration
BACKGROUND

Leading cause of death in full-term newborn.
With meconium-stained amniotic fluid, 55-60% of infants have meco-
nium in tracheas, 35-50% chance of meconium aspiration syndrome with
mortality 3.3%.
Associated findings:

Uteroplacental insufficiency, late decelerations.

Post-term pregnancy.

Maternal HTN.

Placental previa.

Maternal pulmonary disease.

Placental abruptions.

Cord prolapse and cord compression.

PATHOPHYSIOLOGY

Meconium aspiration is a Hypoxia + T vagal tone — intestinal ischemia.

major cause of persistent T hyperperistalsis and rectal sphincter relaxation — meconium passage.
Temporary compensated fetal distress — peripheral ischemia.
Umbilical cord compression also can — meconium passage. This is nor-
mal physiology in mature fetus of > 42 weeks.
peristent fetal circulation. Meconium aspiration syndrome:
Meconium particles cause partial airway obstruction.
Large amount — atelectasis — hypoxia and may — rapid death.
Small amount can cause peripheral distal airway obstruction.
Partial airway obstruction would allow inspiration, not expiration, with
associated air trapping — pneumothorax.
Chest x-ray: Infiltrates, hyperexpansion, extra-alveolar air.
Higher risk of persistent fetal circulation/pulmonary HTN.

pulmonary HTN in the

newborn. Also a cause of

TREATMENT

Best way to prevent aspiration: Early suction of fetal mouth and pharynx
before delivery of the shoulders.

Intubation and tracheal suction if infants are depressed and exposed to
thick particulate matter on emergence.

Provide oxygen support if infant is hypoxic and bradycardic.

Orogastric tube suction when breathing spontancously.

Mechanical support: Avoid air trapping with short inspiratory time.
Surfactant is effective if given within 6 hr of birth.
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Congenital Heart Defects (CHDs)

CHDs can be classified anatomically (obstructive vs. nonobstructive),
shunt (restrictive vs. nonrestrictive), or by clinical manifestations.
Some well characterized CHDs include:
Tetralogy of Fallot.
Ventricular septal defect.
Pulmonary stenosis.
Right ventricular hypertrophy.
Overriding aorta.
Coarctation of the aorta.
Transposition of the great vessels.
Pulmonary stenosis with atrial septal defect.
Eisenmenger’s syndrome.
Chronic left-to-right shunting — T PVR, — eventual right-to-left shunt-
ing.
Important to identify any other abnormalities, as several CHDs are associ-
ated with congenital syndromes.

Croup vs. Epiglottitis
See Table 9-8.

Nectrotizing Enterocolitis (NEC)

Primarily affects premature infants (very low birth weight = 5-15%; < 1500 g
=75%).

T risk with large, early feedings, PDA, polycythemia, acidosis, shock, bowel
ischemia.

EtioLoGcy

Immature intestine — T stasis, which — T bacterial proliferation, T local in-
fection and ischemic event (low cardiac output, asphyxia, apnea, heart failure,
bradycardia), — necrosis and perforation with gangrene, fluid loss, peritonitis,
septicemia, disseminated intravascular coagulation, shock, cardiovascular and
respiratory collapse.

SIGNS/SYMPTOMS

Abdominal distention, bloody feces, irritability, metabolic acidosis, glucose
instability, apnea, feeding intolerance, multisystem failure, lethargy.
Pneumatosis intestinalis.

TREATMENT

Medical:
Cessation of oral intake (NGT to decompress intestines), total paren-
teral nutrition (TPN).
Antibiotics.
Ventilatory support, fluid resuscitation, adequate perfusion, correct
metabolic acidosis, inotropic agents if needed, coagulopathy correc-
tion.
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TABLE 9-8. Comparisons of Croup and Epiglottitis

Croup

EPIGLOTTITIS

Laryngotracheobronchitis—subglottic

Supraglottic inflammation

6 months-5 years

3-7 years

Self-limited

Rapid T cardiorespiratory arrest due to severe airway obstruction

Gradual onset

Abrupt

Viral etiology

Haemophilus influenzae, type B

Febrile, no acute distress

Febrile, respiratory distress

Hoarseness with inspiratory stridor

Inspiratory stridor

Physical exam: Benign

Physical exam:
Pharyngitis
Marked salivation
Inflamed epiglottis

X-ray:
Narrow epiglottis
Subglottic narrowing = Steeple’s sign

X-ray:
Englarged epiglottis
Tracheal narrowing

Treatment:
Mild: Conservative management with humidified air,
fluid hydration, fever control
Severe: Nebulizer treatment with racemic
epinephrine

Rare intubation

Surgical:

Treatment of acute epiglottitis:
Supine poorly tolerated
To OR for intubation
Induce in sitting position
Avoid muscle relaxants and barbiturates
Atropine IV: Attenuate reflex bradycardia
Lidocaine IV: Minimize coughing and laryngospasm
Extubate when fever resolves and presence of air leak around
endotracheal tube

For perforation, gangrene, presence of portal gas, or clinical deteriora-

tion.

Peritoneal drain placement at the bedside.
Exploratory laparotomy/bowel resection/ileostomy.

ANESTHETIC MANAGEMENT

Aspiration precautions.

Routine monitors (temperature, blood gases, electrolytes, glucose (A-line
ideal —usually umbilical artery).

Continue all principles of medical management in the OR.

Significant fluid and blood losses need replacement.

Abdominal relaxation.

Careful titration of anesthesia (low tolerance for potent agents) —narcotic/
muscle relaxant technique.
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Ketamine 0.5-1 mg/kg every 20-30 min.

Fentanyl 2-3 mg/kg to max 10-12 mg/kg.

Avoid N,O.
Postoperatively in neonatal intensive care unit (NICU) on ventilator till
stable, TPN, fluid replacement.

CompLications AFTER NEC

Abdominal adhesions — bowel obstruction.
Short bowel syndrome —TPN dependent.

Six percent require resuscitation (< 1500 g, 80%).
Risk factors: Drugs, trauma of precipitate labor and obstetrics, asphyxia,
prematurity.

Fetal Asphyxia and Etiology

Tight nuchal cord, prolapsed cord.

Premature separation of placenta = abruption, uterine rupture.

Uterine hyperactivity.

Maternal hypotension, cardiovascular collapse (amniotic fluid emboliza-
tion).

PATHOPHYSIOLOGY

Acidosis and hypoxia — myocardial depression, shift of oxyhemoglobin disso-
ciation curve to right, T in PVR.

Recognition and Treatment of Primary and Secondary Apnea

Primary apnea: When asphyxiated, the infant responds with an T respi-
ratory rate. If the episode continues, the infant becomes apneic, followed
by a drop in heart rate and a slight T in blood pressure. The infant will
respond to stimulation and O, therapy with spontancous respiration.
Secondary apnea: When asphyxia is allowed to continue after primary ap-
nea, the infant responds with a period a gasping respiration, falling heart
rate, and falling blood pressure. The infant takes a last breath and then
enters the secondary apnea period. The infant will not respond to stimula-
tion, and death will occur unless resuscitation begins immediately.
Because after delivery of an infant it is impossible to differentiate between
primary apnea and secondary apnea, assume the infant is in secondary ap-
nea and begin resuscitation immediately.

APGAR
See Table 9-9.

EPIDEMIOLOGY

Five million neonatal deaths per year worldwide.
Birth asphyxia accounts for 19% of neonatal deaths.
Newborns requiring respiratory assistance at birth: 10%.
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TABLE 9-9. APGAR Scores

0 1 2
Appearance Pale, blue Body pink, extremities Pink
blue
Pulse Absent < 100 bpm > 100 bpm
Grimace No response Grimace Cough, sneeze, cry
Activity/tone Limp Some flexion Active motion
Respiratory Absent Slow, irregular Good, crying

Newborns requiring extensive resuscitation at birth: 1%.
Farly resuscitation is key (intervene at primary apnea).
Evaluate respirations.

If spontancous respirations — HR.

HR < 100: PPV 40 bpm x 15-30 sec.

Epinephrine

) If drug-depressed: Narcan 0.1 mg/kg — evaluate HR.
Hypotension: 1 ug/kg IV HR > 100 — color:
Cardiac arrest: 10 pg/kg IV Blue: Give O,.

Pink or acrocyanosis: Observe and monitor.
No respirations — PPV 15-30 sec.

HR < 60:
Continue ventilation + chest compression (120/min).
Initiate medications if HR < 80 after 30 sec, continue CPR.

HR 60-100:
HR not T: Continue CPR if HR < 80.
HR T: Continue ventilation.
HR > 100: Watch for spontaneous respirations, then discontinue
ventilation efforts.

Repeat q 3-5 min
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ATiro — # pregnancy-related deaths
Mortality # of live births
Women > 35 years old.
African-American.
Patients without prenatal care

Causes of Death

Pulmonary embolus: 21%.
Pregnancy-induced hypertension (HTN): 19%.
Other causes include amniotic fluid embolization, intracranial hemor-
rhage (ICH), etc.
Anesthesia accounts for 2-3% of maternal deaths, most occurring during
or after C-sections.

General anesthesia: 32 per 1 million.

Regional anesthesia: 2 per 1 million.

When Do They Die?

Thirty-four percent died within 24 hr of delivery.
Fifty-five percent 1-42 days after delivery.
Eleven percent 43 days to 1 year after delivery.

Central Nervous System

Minimum alveolar concentration (MAC) {:
1 40% with normalization around the third day after delivery.
Due to T progesterone and B-endorphin levels.
T sensitivity to local anesthetics:
L dose up to 30%.
Likely due to hormones.
Engorgement of epidural venous plexus.
 cerebrospinal fluid (CSF) volume.
| volume of epidural space.
T epidural space pressure.
chance of intravascular injection.

Respiratory System ABG in pregnancy:

T O, consumption (20-50%) and cardiac output contributes to rapid de-  Pao, Tby 10
, consump P p

saturation. Paco, | by 10

! functional residual capacity (FRC; at term up to 20%) also contributes Heo. |

to rapid desaturation. ’
Normalizes 48 hr after delivery. pH normal 2° to
Mandatory preoxygenation before inducing general, use supplemental  compensatory metabolic
oxygen during/after procedures.

. , dosi
Closing volume exceeds FRC in 50% of women at term. acidosts
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Lung volume changes:

T minute ventilation (up to 50%).
d Paco,:

To 28-32 mmHg.

Compensatory 4 in bicarbonate.
T 2,3-DPG to offset hyperventilation.
T hemoglobin P50.

TVy+unchanged RR — T MV Thoracic breathing > abdominal breathing.

Tcc T intrapulmonary shunt.

LRV— L FRC Airway: : . ,

. N Capillary engorgement of mucosa T risk of trauma/bleeding/obstruction.
ERV+ 1 IC — normal VC Use smaller endotracheal tube (ETT).

Cardiovascular System

T plasma volume:
T aldosterone production.
Upto45% T.
Dilutional anemia.
T blood volume:
+1000 to 1500 mL, ~90 mL/kg.
Normalizes 1-2 weeks postdelivery.
T heart rate (HR) x T stroke volume (SV) = T cardiac output (CO).
Greatest T during labor and after delivery.
Normalizes 2 weeks postdelivery.
Systolic ejection flow murmur, T ST splitting, or presence of S3.
Rightward shift of hemoglobin dissociation curve.
d systemic vascular resistance (SVR) ({ diastolic blood pressure [DBP]
and { systolic blood pressure [SBP]) during second trimester.
l response to adrenergic agents and vasoconstrictors.

AORTOCAVAL COMPRESSION IN SUPINE POSITION
After week 28:

Supine hypotension syndrome in 20% of women
Pallor.
Diaphoresis.
Nausea and vomiting.
Can { uterine and placental blood flow.
Preventable cause of fetal distress
Turn patient on left side or place a > 15-degree wedge.
Avoid Trendelenburg positioning and systemic hypotension.

Renal System

Renal vasodilatation, kidney enlargement.

T aldosterone + T renin = T Na retention.

T renal plasma flow and glomerular filtration rate (GFR) up to 50% during
first trimester, normalizes in third trimester.

! serum creatinine and blood urea nitrogen (BUN).

abnormal in pregnancy. Mild glycosuria (1-10 g/d) and/or proteinuria (< 300 mg/d).

A normal Cr value is
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Gastrointestinal System

Gastroesophageal reflux disease (GERD) and esophagitis:
Upward and anterior displacement of stomach.
T progesterone causes I GE sphincter tone.
Placental gastrin causes T gastric acid (gastric pH < 2.5).
Gastric emptying— probably 4 during labor.
Full stomach: > 60% of parturients have a gastric volume > 25 mL.
T risk of aspiration:
Opioids and anticholinergics { lower esophageal sphincter pressure.
nausea and vomiting.
Hepatic effects—overall unchanged:
T alkaline phosphatase due to placental secretion.
Minor T transaminases and LDH in third trimester.
Twenty-five to thirty percent  in pseudocholinesterase activity —rarely
prolongs succinylcholine.
T gallstones secondary to inhibition of cholecystokinin release by T
progesterone levels.

Hematological System

Hypercoagulable state:
fibrinogen.
T factors VII, VIII, IX, X, XII.
Leukocytosis.
{ platelet count.
Prevent deficiency anemia by supplementing iron and folate.

Metabolic Effects

T insulin levels, 4 blood glucose.

| amino acids.

T free fatty acids/ketones/triglycerides.

T thyroid-binding globulin/triiodothyronine (T;)/thyroxine (T,), but pa-

tient remains cuthyroid because free levels remain normal.

Musculoskeletal System
T relaxin:

Softens cervix, inhibits contractions, relaxes pubic symphysis.
Lax spine ligaments, which may contribute to patient’s developing T back
pain.

Uteroplacental insufficiency — intrauterine growth restriction (IUGR).

Uterine Blood Flow

Uterus gets up to 10% of CO at term; of this:
80% goes to placenta.
20% goes to myometrium.
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Factors that 4 uterine blood flow:
Hypocapnea: Paco, < 20 mmHg.
Systemic hypotension (eg, aortocaval compression, hypovolemia, postre-
gional sympathectomy).
Vasoconstriction (stress catacholamines).
Contractions (T venous pressure).
See Table 10-1 for anesthetic effects on uteroplacental blood flow.

Placental Function and Anatomy

Intervillous spaces contain fetal villi.

Drugs that do NOT cross Spiral branches of the uterine artery drain into uterine veins
placenta (secondary to | Umbilical cord: Two arteries, one vein.
lipid solubility 1 weight/ T Five mechanisms of placental exchange:
T 1. Diffusion.
ionization): 2. Bulk flow.
Heparin 3. Active transport.
Insulin 4. Pinocytosis. ' -
5. Breaks in placental membrane (possible route of Rh sensitization).
Glycopyrrolate Gas exchange:

Nondepolarizing Pao, of fetal blood from placenta = 40 mmHg.
Fetal O, dissociation curve is shifted to the left.
Maternal hyperventilation T gradient across the placenta, facilitating
large) CO, diffusion.
Succinylcholine (too ionized) Placental transfer of anesthetic agents:
Most inhalational agents freely cross and generally produce little fetal
depression at < 1.0 MAC.
Neonates display T sensitivity to respiratory depressant effects of mor-
phine.

neuromuscular blockers (too

TABLE 10-1. Anesthetic Effects on Uteroplacental Blood Flow

AGENT EFFECT ON UTEROPLACENTAL BLooD FLow
Barbiturates Small | (I maternal BP)
Propofol Small | ( maternal BP)
Ketamine < 1.5 mg/kg <>, > 2 mg/kg may cause uterine hypertonus and
resultant 1
Midazolam { only if used as an induction agent
Etomidate Likely <
Volatile agents <> at< 1.0 MAC, | at> 1.0 MAC
Local anesthetics { at high intravascular doses—uterine vasoconstriction
Dilute epinephrine -
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» Muscle relaxants are highly ionized, impeding placental transfer—
minimal fetal effects.
= The more protein bound the agent, the lower the fetal blood levels.

Basic Fetal Physiology

= Two cardiac shunts (see Figure 10-1):

= Foramen ovale

= Ductus arteriosus
= Extrauterine life possible after 24-25 weeks” gestation.
= Surfactant:

= Production at 30 weeks.

= Sufficient amount at 34 weeks.

= Accelerated by glucocorticoid administration.

Stage 1 involves T10-L1
STAGES OF LABOR =
(visceral pain). - =
m
First Stage Stage 2 involves $2-54 = =
. o “»w =
= From onset to complete cervical dilation. (visceral and somatic pain via 23 b
= Two phases: pudendal nerve). E =
= Latent phase: 2-4 c¢m slow contraction interval. =3
= Active phase: Contractions 3—5 min apart. m =
“» =
=
m
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FIGURE 10-1. Fetal circulation with flow patterns through foramen ovale and ductus ar-
teriosus.

(Reproduced, with permission, from Ganong WE. Review of Medical Physiology, 20th ed. New
York: McGraw-Hill, 2001.)
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Duration: 8-12 hr (nulliparous), 5-8 hr (multiparous).
Pain: Visceral pain from cervical and uterine plexuses:
T11-12 during latent phase.
T10-L1 during active phase.

Second Stage

From complete cervical dilation to fetal descent and fetal delivery.
Duration: 15-120 min.
Pain: Perineal from stretching and compression of perineal structures:
T10-S4 (pudendal nerve S2-S4).
Not easily covered by labor epidural/combined spinal epidural (CSE).
See Table 10-2 for effects of anesthetic agents on labor progression.

Third Stage

From delivery of baby to delivery of placenta.

Duration: 15-30 min.

Greatest cardiac strain occurs after delivery, as CO can rise up to 80% above
prelabor values.

Nonpharmacologic Approaches

Bradley, Dick-Read, Lamaze, Duola, LeBoyer techniques.
Hypnosis.
Transcutaneous electrical nerve stimulation (TENS).

Biofeedback.

Acupucture.

Pharmacologic Parenteral Approaches (Table 10-3)
Used in early stages of labor:

Can cause fetal depression—respiratory depression, acidosis, abnormal neuro
exan.
Loss of beat-to-beat variability in fetal heart rate (FHR) tracing.

TABLE 10-2. Effect of Anesthetic Agents on Labor

AGENT EFFECT
Volatile agents | uterine activity at equipotent doses
Opioids | progression of labor
Ketamine > effect
Regional «> effect when low concentrations of local and opioid used for CSE

or epidural (but there is a 10-fold T in C-section rate in patients with

severe pain and no regional anesthesia!)

182



TABLE 10-3. Parenteral Agents/Doses/Effects

PARENTERAL AGENT Dose

EFFECTS/CONSIDERATIONS

Meperidine 10-25 mg IV, 25-50 mg IM, | respiration (in 10-20 min if IV, in 1-3 hr if IM), given when

up to 100 mg delivery not expected for at least 4 hr.

Fentanyl 25-100 pg/hr Onset 3—-10 min, lasts 60 min initially, T duration with repeat
doses, respiratory | outlasts analgesia, low doses associated
with little or no fetal depression, no effect on Apgars.

Morphine Not generally used Causes respiratory depression in fetus.

Butorphanol 1-2 mg IV/IM Little or no respiratory depression, but T sedation.

Nalbuphine 10-20 mg IV/IM Little or no respiratory depression, but T sedation.

Promethazine 25-50 mg IM | anxiety, | nausea, | opioid requirements.

Hydroxyzine 50-100 mg IM | anxiety, | nausea, | opioid requirements.

Nonsteroidal anti- Not recommended
inflammatory drugs

(NSAIDs)

| uterine contractions and promotes fetal patent ductus

arteriosus closure.

Benzodiazepines Not generally used

Prolonged neonatal depression, undesirable amnesia.

Ketamine 10-15 mg IV

! fetal movements.
Premature fetus has T sensitivity.

Good analgesia, loss of consciousness in 2—5 min, doses > 1
mg/kg | APGAR scores and T hypertonic uterine contractions,
may have psychomimetic effects.

Maternal: Respiratory depression, nausea, slow gastric emptying.

Regional Anesthesia

SPINAL OR EPIDURAL OPI0IDS ALONE (WITHOUT LOCAL ANESTHETIC)

Can cause respiratory depression, nausea, pruritus, sedation.
Useful for high-risk patients who cannot tolerate sympathectomy (eg, hy-

povolemia, cardiac disease).

Morphine epidural dose > 5 mg not recommended because of T risk of de-
layed respiratory depression; 30- to 60-min onset, 12- to 24-hr analgesia.
Meperidine 50-100 mg provides good but brief (1-3 hr) analgesia.
Fentanyl + morphine combo (eg, 2.5 mg morphine + 25-50 ug fentanyl)
has faster onset, fewer side effects, prolonged analgesia.

SPINAL, EPIDURAL, CSE: OPioID/LocAL ANESTHETIC COMBINATIONS

Continuous epidural is the most common because the catheter can be

used for C-section.
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VBAC is not a contraindication

to neuraxial labor analgesia.

Common epidural infusion: Bupivacaine or ropivacaine 0.625-0.125% +
fentanyl 2-3 pug/mL or sufentanil 0.3-0.5 pg/mL (+ low concentration epi-
nephrine is an option, too).

Resuscitation equipment and medications must be available.

BP and HR monitoring.

Not contraindicated for vaginal birth after cesarean (VBAC): Changes in
uterine tone and contraction pattern are more reliable signs of uterine rup-
ture (rather than pain, which is inconsistent).

For CSE, use needle-through-needle technique with 24- to 27-gauge spi-
nal needle (smaller needle, less postdural puncture headache).

CONTRAINDICATIONS
See Table 10-4.

CONSIDERATIONS WHEN PLACING SPINAL/EPIDURAL/CSE

Dilute local + opioid infusions have little if any effect on labor progression.
Earlier placement = easier positioning, better patient cooperation.
Good to have in case of emergent C-section.
To be initiated when patient requests it and the obstetrician approves.
Conservative criteria: No fetal distress, contractions every 3—4 min, dila-
tion 3—4 cm, engagement of fetal head.
Can be done lateral decubitus or sitting, L.3-14 or L4-L5.
Wet tap occurrence 0.25-9%. If this occurs, thread catheter subarachnoid
or remove needle and try at higher level.
Loss of resistance (LLOR) to saline or air; excessive injection of air (> 2-3
mL) associated with patchy blocks and headache.
Multiorificed catheter advanced 4-7 cm.

! incidence of unilateral block.

! false negative aspiration of CSF if intrathecal.

ACTIVATION OF AN EPIDURAL

500-1000 mL Lactated Ringer’s (LR) bolus (avoid glucose-containing so-

lutions—can cause T fetal insulin secretion and newborn hypoglycemia).
3-mL test dose 1.5% lidocaine + 1:200,000 epinephrine may be used
to test the epidural placement (controversial —some clinicians use only
local anesthetic because of less toxicity and test doses are unreliable in
patients in labor).
Intrathecal injections (sensory block 2-3 min, motor block in 3-5
min).

TABLE 10-4. Contraindications for Regional Anesthesia: Absolute vs. Relative

ABSOLUTE RELATIVE
Infection over site Neurological disease
Coagulopathy Back disorder
Thrombocytopenia Some forms of cardiac disease

Marked hypovolemia
True local anesthetic allergies
Patient refusal/refusal to cooperate

Anticoagulation
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Intravascular injection (T HR 20-30 bpm within 1 min, perioral numb-

ness, tinnitus).

Catheters can erode into intrathecal or intravascular space over time.
Give incremental doses of local + opioid mixture, waiting 1-2 min be-
tween doses. Total of 10 mL, 5 mL per incremental dose (maximum).
Monitor BP for 15 minutes postepidural; give more fluids/ephedrine/phe-
nylephrine if hypotensive.

Can be activated in supine or left uterine displacement position (depend-
ing on patient and fetal status).

OTHER REGIONAL OPTIONS (LESs FREQUENTLY USED)

Paracervical block—during stage 1, provides uterus and cervical anesthe-
sia, risk of fetal bradycardia from uterine artery constriction.

Caudal —during stage 1, provides perineal anesthesia, risks of subarach-
noid/IV/fetal injection.

Pudendal nerve block—during stage 2, provides perineal anesthesia.

COMPLICATIONS OF REGIONAL ANESTHESIA

Hypotension: 20-30% { BP or BP < 100 (left uterine displacement, ephed-
rine or phenylephrine).

Intravascular injection: Seizure (intubate), cardiovascular collapse (initiate
advanced cardiac life support).

Intralipid 20% should always be immediately available wherever blocks are
performed, for management of cardiac toxicity.

Intrathecal injection and/or high spinal (intubate, circulatory support).
Postdural puncture headache: Bed rest, hydration, analgesics, IV caffeine
500 mg, epidural saline injection, blood patch.

Maternal fever: May result from shivering or inhibition of sweating.
Should trigger further workup to rule out causes such as chorioamnionitis
and nconatal sepsis.

Other Common Parenteral Drugs

VASOPRESSORS

Uterus has both o and B receptors:
o uterine contraction
B, uterine relaxation
Phenylephrine and ephedrine are both acceptable means of treating hy-
potension by T arterial BP.
Drugs that | uterine tone:

B, agonists (terbutaline,
DRuGs THAT | UTERINE TONE

ritodrine)

B, agonists (terbutaline, ritodrine): Methylxanthines
Side effects: Bronchodilation, pulmonary edema, HPV inhibition, hy- , ,
potension, arrthythmias, T HR, T glucose, | Ca/K. (indomethacin)
Complications: T HR/CO/O, demand — MI; cerebral vasodilation. Nicardipine

Methylxanthines (indomethacin): Magnesium
Side effects: Nausea, GERD, PDA closure. .

Nicardipine: Volatile agents
Side effects: Hypotension, prolonged muscle relaxation, conduction  Nitroprusside
defects. Ethanol
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Drugs that T uterine tone:
Oxytocin

Prostaglandins (hemabate)
Ergots (methergine)
Ketamine

Amides

Magnesium Toxicity

Therapeutic 4-6 mEq/L
ECG changes (T PR, A/SA

block) 5-10 mEg/L
Loss of deep tendon

reflexes 10 mEg/L
Respiratory

paralysis 15 mEq/L
Cardiac arrest 20 mEq/L

Magnesium:

Use: Premature labor, anticonvulsant, 4 tone but not tocolytic.

Dose: 4 g over 20 min then 1-2 g/hr infusion.

Causes muscle relaxation by affecting calcium uptake and binding, 1
the release of ACh and altering the sensitivity of the neuromuscular
junction to ACh.

Side effects: Sedation, hypotension, heart block, muscle weakness, se-
dation, T K, T sensitivity to succinylcholine.

Calcium chloride (CaCl,) counteracts the adverse effects of magne-
sium.

DRruGs THAT T UTERINE TONE

OXYTOCIN

T,,: 3-5 min.
Side effect: Hypotension with reflex tachycardia.
Complications: Fetal distress, uterine tetany, maternal water intoxication.

PROSTAGLANDINS (CARBOPROST/HEMABATE)

Synthetic prostaglandin F2.

Dose: 0.25 mg IM every 15-90 min, maximum 2 mg.

Use: Stimulates uterine contractions, refractory postpartum hemorrhage.
Side effects: Nausea, diarrhea, bronchospasm, V/Q mismatch — hypoxia.
Contraindications: Asthma.

ERGOTS (METHERGINE)

Dose: 0.2 mg IM.

Faster onset than hemabate.

Constricts smooth muscle.

Use: Uterine atony.

Side effects: HTN, bronchospasm.
Contraindications: Preeclampia, asthma.

MAGNESIUM

Treats premature labor.

Anticonvulsant.

Dose: 4 g over 20 min then 2 g/hr infusion.

Causes muscle relaxation by affecting calcium uptake and binding, | the
release of acetylcholine and altering the sensitivity of the neuromuscular
junction to acetylcholine.

Side effects: Hypotension, heart block, muscle weakness, sedation.
Calcium chloride (CaCl,) counteracts the adverse effects of magnesium.
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TABLE 10-5. General vs. Regional Anesthesia for C-Section Deliveries

REGIONAL

GENERAL

THE GooD

THE BAD

THE Goob

THE BAD

| fetal exposure to agents
| maternal aspiration risk
Mother awake for birth
Spinal opioids can be given

for postop pain

C-Section

C-section rate 15-25%.

If a complication from
regional occurs, potentially
difficult airway in an
emergent situation —

general anesthesia risks

Rapid and reliable
Control of airway

Potentially less hypotension

Fighty to ninety percent under regional anesthesia.
General anesthesia T maternal mortality mostly due to airway complica-

tions (see Table 10-5).

INDICATIONS
See Table 10-6.

REGIONAL ANESTHESIA FOR C-SECTION

Need a T, level.

Prehydration helps prevent hypotension (1000-1500 mL LR or normal sa-
line (NS) bolus, 250-500 mL albumin).
Positioning: Supine with wedge for left uterine displacement.

Supplemental oxygen; keep BP > 100 with fluids, ephedrine, and phe-

nylephrine.

See Table 10-7 for medications, doses, and additives/fixes for regional anes-

thesia.

TABLE 10-6. Indications for C-Section

LABOR UNSAFE

DystoCIA

Chance of “cannot intubate,
cannot ventilate”

Risk of aspiration

Fetal depression

T uterine relaxation/atony

risk — bleeding

EMERGENCY

7 risk of uterine rupture

Previous classical incision

Previous extensive myomectomy

or reconstruction

T risk of hemorrhage

Fetopelvic disproportion

Transverse/oblique lie

Breech

Dysfunctional uterine activity

Central/partial placenta previa

Abruption of placenta

Vaginal reconstruction

Fetal distress

Cord prolapse

Maternal hemorrhage

Chorioamnionitis

Herpes with ruptured membranes

Impending maternal death
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TABLE 10-7. Regional Anesthesia for C-Sections

TYPE OF ANESTHESIA MEDICATION AND DOSE AppITIves/FIXEs
Spinal: Hyperbaric single Tetracaine 7-10 mg Add epinephrine 0.1 mg to prolong block if desired.
shot or continous post-wet  Lidocaine 50-60 mg Add fentanyl 5-20 g to enhance quality of block.
tap Bupivacaine 10-15 mg Add morphine 0.2-0.3 mg for up to 24 hr postop analgesia

(but T respiratory depression).

Epidural: Load in 5-mL

increments

Lidocaine 2% 15-25 mL + 1:200,000 epinephrine added to lidocaine, nothing to

Chloroprocaine 3% 15-25 chloroprocaine; Add 1 mEq bicarb to lidocaine to advance
mL onset time.

(Bupivacaine can also be Add fentanyl 50-100 g/sufenta 10-20 g to T quality/intensity
used, but less common) of block.

5 mg morphine good for 6-24 hr of postop pain relief.

Combined spinal epidural

Allows for rapid dense blockade and option to extend the block—mix and match with above
options for spinal and epidural.

Patchy block?

Ketamine 10-20 mg IV or 30% nitrous inhalation. If procedure still not tolerated, convert to

general anesthesia

General Anesthesia Considerations

Indications:
Fetal distress during second stage.
Tetanic uterine contractions.
Breech extraction.
Version and extraction.
Retained placenta.
Uterine inversion.
Noncooperative patient.

Left uterine displacement positioning.

Important to preoxygenate for 3—5 min.
Aspiration occurs in 1:400 to 1:500 obstetric patients vs. 1:2000 nonob-
stetric patients.
Prophylaxis with sodium citrate 30 mL + IV metoclopramide 10 mg;
can give glycopyrrolate 0.1 mg to { secretions.
Preoxygenation, followed by rapid sequence induction and intubation;
use orogastric tube to empty stomach.
Failed intubation 1:300 for obstetric patients due to airway edema vs.
1:2000 for nonobstetric patients.
Short-handled laryngoscope.
Difficult airway equipment (ie, glidescope, use of laryngeal mask air-
way) and jet ventilator available.
Review dithcult airway algorithm: If can’t intubate, can’t ventilate —
surgical airway.
Life of mother comes before the fetus—fatality rate with general anes-
thesia 16.7 times greater than that with regional, mostly due to airway
complications.
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Extubate only when awake.

Inhaled agents: Any may be used.
1-2 MAC + 100% oxygen to start.
1 0.5 MAC once fetus and placenta are delivered; supplement with
propofol and opioid (helps prevent uterine atony).

Muscle relaxants: Use short-acting nondepolarizing.

Pregnancy-related morbidity and mortality.

General Considerations for Pregnant Patients

History:
Age.
Parity.
Duration of pregnancy and complicating factors.
Maternal health history.
BP measurement.
Airway assessment.
Examination of back (if pertinent).
IV access:
18-gauge or larger: Enables rapid fluid resuscitation or transfusion.
IV fluids to prevent dehydration.
Type and screen.
NPO status/aspiration prevention:
For uncomplicated patients, small amounts of clears allowed (such as ice
chips).
High risk patients should be kept NPO.
Minimum 6-hr fast for elective C-sections.
15-30 mL sodium citrate to T gastric pH > 2.5.
H, blocker and metoclopramide to high-risk patients and patients re-
ceiving general anesthesia.
Uterine displacement with > 15-degree wedge under right hip.
Tocodynamometer and fetal HR monitor.

Fetal Heart Rate (FHR) Monitoring

Baseline FHR ranges from 120 to 160 bpm.
Persistent tachycardia:
Chronic fetal distress.
Maternal fever.
Infection.
Drug effect—ritodrine, terbutaline, atropine, ephedrine.
Baseline variability:
Reflects sympathetic and parasympathetic adjustments to various stimuli.
Causes of 4 variability:
Fetal asphyxia.
Drug effect—benzodiazepines, opioids, volatiles, anticholinergics,
atropine.
Anemia.
Prematurity.
Causes of T variability: Ephedrine.
Accelerations: reflect normal fetal oxygenation and considered reassuring.
Prolonged decelerations are > 2 min but < 10 min.
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DEecELERATIONS (FIGURE 10-2)

Early: U-shaped, begins with onset of contraction; low point coincides
with peak of contraction, returns to baseline when uterus relaxes. Fetal

head compression — vagal tone.
FHR: Late: Begins 20-30 sec or more after onset of contraction, low point occurs
Accelerations 2° to fetal well after peak of contraction. Myocardial ischemia from uteroplacental
insufficiency. Intervention: T fetal oxygenation, correct maternal hypoten-

movement. . . . . .. .
sion, alleviate aortocaval compression, 4 uterine activity (eg, break tetanic
Early decelerations 2° to head contractions).
compression. Variable: Variable in shape and onset, from umbilical cord compression,

Late decelerations 2° fo > 15 bpm from baseline and < 100 bpm.

uteroplacental insufficiency.

Variable decelerations 2° to Fetal Pulse Oximetry
transient umbilical cord Newer technique; not currently endorsed by American College of Obste-
compression. tricians and Gynecologists (ACOG) because of cost and lack of outcome
improvement.
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FIGURE 10-2. Classification and mechanism of fetal heart rate patterns.

(Reproduced, with permission, from Danforth DN, Scott JR. Obstetrics and Gynecology, 5th ed. Lippincott, 1986.)
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Used as adjunct to FHR monitoring if tracing is unreliable.
O, saturation: 30-70% is normal.

Biochemical Monitoring—Scalp pH

pH 7.25 is lower limit of normal.

< 7.20 indicates acidosis, 7.20-7.24 is preacidotic.

Correlates with APGAR scores 1-2 min after birth: Biochemical monitoring—
Ninety-two percent with pH > 7.25 scored > 7.
Eighty percent with pH < 7.16 scored < 6.

False positives and false negatives do occur.

Scalp pH > 7.25 is considered

normal.

Signs of Fetal Distress

Nonreassuring fetal HR pattern:
Repetitive late decelerations.
{ variability and late decelerations.
Fetal scalp pH < 7.2.
Meconium.
Oligohydramnios.
IUGR.

Dysfunctional Labor

Prolonged latent phase:
> 20 hr in nulliparous.
> 14 hr in multiparous.
Cervix £4 cm but completely effaced.
Arrest of dilatation: Cervix stops dilating after 2 hr of active labor.
< 1.2 em/hr in nulliparous.
< 1.5 em/hr in multiparous.
Disorder of descent:
<1 em/hr in nulliparous.
< 2 cm/hr in multiparous.
Arrest of descent: Failure of fetal head to descend 1 c¢m in station after ad-
equate pushing.

Preterm Labor/Delivery

Fight to ten percent of all births.
Eighty percent of early neonatal deaths.
Preterm problems:
Respiratory distress syndrome.
ICH (poorly calcified cranium).
Hypoglycemia.
Hypocalcemia.
Hyperbilirubinemia. Lecithin/sphingomyelin (/)
Fetal lung maturity:
Delaying delivery 24-48 hr may be beneficial if glucocorticoids (be-
tamethasone) are administered.
Surfactant usually adequate after week 35. distress is unlikely.

ratio > 2.0 in 35+ weeks

indicates that respiratory
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Tocolytics:

B, agonists: Terbutaline and ritodrine.

Methylxanthines (indomethacin).

Calcium channel blockers (nicardipine).

Magnesium.

Volatile agents.

Nitroprusside.

Ethanol.
If nonemergent, delay anesthesia 3 hr after tocolysis to allow B-mimetic ef-
fects to subside —less hypotension.

Umbilical Cord Prolapse

Occurs in 0.2-0.6% of pregnancies.

Sudden fetal bradycardia and profound decelerations.

Push presenting part back and place patient in Trendelenburg position.
Immediate C-section.

Breech

Occurs 3-4% of the time.
Up to 10% of cord prolapse.
Cephalic version attempted at 36-38 weeks.
Successful in 75% of patients.
Complications: Cord compression, placental abruption — C-section.
Fetal head entrapment during vaginal or C-section delivery:
Nitroglycerin 50-100 pg IV can be tried.
Induce general anesthesia and administer volatile agent to relax the
uterus.

Abnormal Vertex Presentation

Occiput posterior.
Face presentation.
Shoulder dystocia:
Occurs in 0.2-2% of deliveries.
Fetal macrosomia.
If epidural not in place — general anesthesia.

Multiple Gestations

Patients are prone to hypotension after regional.
Mandatory IV fluid loading.
Successive babies are more asphyxiated than the first.

Chorioamnionitis

Regional anesthetic low risk.

Avoid regional anesthesia if signs of impending sepsis are present:
High fever.
Mental status changes.
Tachypnea.
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Borderline hypotension.
Thrombocytopenia/coagulopathy.

Preeclampsia and Eclampsia

Preeclampsia:

HTN (SBP > 140 mmHg or DBP > 90 mmHg or increase in baseline BP
by 30 mmHg systolic or 15 mmHg diastolic) and proteinuria (> 3 g/24 hr)
occurring after 20 weeks.

Imbalance between placental thromboxane and prostacyclin—seven times
more thromboxane than prostacyclin.

Placental ischemia: Release of uterine renin.

Proteinuria: Release of thromboplastin with subsequent deposition of fi- > 140 mmHg or DBP> 90
brin in constricted glomerular vessels.

Systemic vasoconstriction: Widespread arteriolar vasoconstriction — HTN,
tissue hypoxia, endothelial damage.

Preeclampsia: HTN (SBP

mmHg or T in baseline BP by
30 mmHg systolic or 15 mmHg

T platelet aggregation: diastolic) and proteinuria
13 ggreg
((ljjolaég;ﬂopathy, occasional disseminated intravascular coagulation (>3 ¢/24 hr) occurring after
T prothrombin time (PT), partial thromboplastin time (PTT): Indicate 20 weeks.
consumption of procoagulant. Severe preeclampsia: Severe
Endothelial cell injury: HIN (SBP> 160 mmHg or

| placental perfusion and release of lipid peroxidases.
T peripheral resistance.
Severe preeclampsia: proteinuria (> 5 g/24 hr).
Severe HTN (SBP > 160 mmHg or DBP > 110 mmHg) and severe
proteinuria (> 5 g/24 hr).
Evidence of severe end-organ damage secondary to widespread vaso-
spasm:
Refractory oliguria (< 400 mL/24 hr).
Cerebral or visual disturbances.
Pulmonary edema.
Epigastric pain/impaired liver function.
IUGR.
Complications:
Heart failure (may need PA catheter for fluid manage—ment).
Periportal necrosis, rarely liver rupture and hemorrhage.
Reduced uric acid clearance.
Respiratory failure.
Ventilation/perfusion (V/Q) mismatch.
Abruption and rupture of fetal cotyledonary vessels
HELLP syndrome:
Hemolysis, Elevated Liver enzymes, Low Platelets.
Form of severe preeclampsia.
BP elevations and proteinuria may be comparatively mild.
Eclampsia: Preeclampsia + seizures.
Cerebral hemorrhage and edema account for ~50% of deaths.
Petechial hemorrhages often seen after convulsions.
Volume-depleted state: Mean plasma volume can be up to 40% below
normal.
Definitive treatment is delivery of fetus and placenta.

DBP > 110 mmHg) and severe
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MANAGEMENT

Anticonvulsant therapy: Magnesium sulfate: See Magnesium under pre-
vious section titled Other Common Parenteral Drugs.
Antihypertensive therapy:
Hydralazine: T uteroplacental and renal blood flows.
Nitroprusside: For hypertensive emergency, usually tapered off in favor
of longer-acting agent.
Nitroglycerin.
Labetalol.
Avoid ergot alkaloids (methergine) and ketamine.
Coagulopathy:
Fresh whole blood, fresh frozen plasma (FFP), cryoprecipitate.
Regional anesthesia contraindicated in coagulopathic patients second-
ary to T epidural hematoma risk.
Epidural analgesia:
Not contraindicated in patients with adequate coagulation.
T placental perfusion up to 75%.

Maternal Hemorrhage
Anesthetic considerations for all maternal hemorrhage situations:

Two large-bore IVs (16- or 14-gauge preferable), +/— central line, +/- inva-
sive monitoring.

Blood available, may need massive transfusion protocol, may need FFP/
cryoprecipitate/platelets/factors.

Patient may need surgical intervention to control bleeding.

General anesthesia utilized in uncontrolled hemorrhage/severe coagulo-
pathy.

Regional has been used in controlled/planned situations with success;
judge on a case-by-case basis.

PLACENTA PREVIA

Painless vaginal bleeding.
Types:
Marginal placenta—close to internal os.
Partial placental previa— partially covers internal os.
Complete/central previa— covers internal os.
Management:
Usually occurs after the seventh month.
< 37weeks: Bed rest and observation.
> 37weeks: C-section.
Painless bleeding is placenta previa until proved otherwise; confirm by ul-
trasound.

PLACENTA ACCRETA

Placenta adherent to internal surface of uterus.
After one C-section: Occurs in 20-25% of patients with previa.
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After 2 4 C-sections: Occurs in 67% of patients with previa.

Placenta percreta: Placenta penetrates myometrium and surrounding tis-
sues.

Placenta increta: Placenta invades muscle.

PLACENTAL ABRUPTION

Placental separation from the uterus.
0.2-2.4% of pregnancies in final 10 weeks of gestation.
Uterine tenderness and hypertonus.
Vaginal bleeding of dark, clotted blood.
Common cause of fetal demise, perinatal mortality rate is > 50%.
Risk factors:
HTN.
Trauma.
Short umbilical cord.
Multiparity.
Prolonged premature rupture of membranes (PROM).
Alcohol abuse.
Cocaine.
Abnormal uterus.
Estimated blood loss (EBL) may be concealed in uterus—may need mas-
sive transfusion.
Can cause coagulopathy — DIC, crash C-section.
High maternal mortality: 1.8-11%.

UTERINE RUPTURE

Frank hemorrhage.

Fetal distress.

Hypotension.

Continuous abdominal pain even with working epidural.
uterine tone.

Treat with immediate laparotomy under general anesthesia.

Amniotic Fluid Embolism

Manifestations:
Sudden respiratory distress.
Circulatory collapse.
Uterine atony.
DIC.

Management:
ABCs.
Fluids, inotropes.
Oxytocin, methergine, hemabate.
Platelets and coagulation factors.
Emergency cesarean section.
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Consider possibility of pregnancy in all females of reproductive age.

Alteration in Physiologic Condition

See previous sections. Treat patient like any other pregnant patient under-
going general anesthesia.

Choose drugs with a long history of safety.

FHR may be monitored if feasible, especially after 20 weeks” gestation (if it
does not encroach on surgical field).

Teratogenicity

Studies have failed to correlate anesthetic exposure with congenital defects
in humans.

However, type of condition that necessitated the surgery was correlated
with T fetal death (eg, pelvic procedures, obstetric procedures such as cer-
clage).

IV agents such as thiopental, morphine, meperidine, and local anesthetics
have not been shown to be teratogens.

Benzodiazepines have been implicated in cleft palate anomalies.

Nitrous oxide (N,O) has teratogenic effect with longer exposure.

N,0 exposure associated with Inhibits methionine synthetase, which may cause myelination abnor-
2

) ) malities.
megaloblastic anemia and Inhibits thymidine synthetase, which could affect DNA synthesis.
peripheral neuropathies Single exposure to N,O is not likely teratogenic.

Effects on Uteroplacental Blood Flow

! secondary to systemic hypotension.

l secondary to aortocaval compression.

| secondary to hemorrhage.

! secondary to T uterine activity.

 secondary to pressors (epinephrine, norepinephrine).

Postpartum Patient Considerations

Anemia.
T risk for aspiration still applies—treat them like they are still pregnant:
8-hr fast.
H, blocker.
Sodium citrate.
Metoclopramide.
Rapid-sequence induction.
Extubate only when awake.
! plasma cholinesterase: Some prolongation of succinylcholine and miva-
curium, sometimes vecuronium.
Avoid high concentration of volatile agent: Theoretical risk of hemorrhage.
IV opioids have little, if any, effect on neonates.

196



CHAPTER 11

Cardiac Anesthesia

Valvular Heart Disease
GENERAL EVALUATION
SPECIFIC VALVULAR DISORDERS

HYPERTROPHIC OBSTRUCTIVE CARDIOMYOPATHY

Congenital Heart Disease
OBSTRUCTIVE LESIONS
PREDOMINANTLY LEFT-TO-RIGHT SHUNTS (SIMPLE SHUNTS)

PREDOMINANTLY RIGHT-TO-LEFT SHUNTS (COMPLEX SHUNTS)

Cardiac Transplantation

PATIENT WITH A TRANSPLANTED HEART

Other Cardiac Disease States
CARDIAC TAMPONADE
CONSTRICTIVE PERICARDITIS

PrIMARY CARDIAC TUMORS
Anesthetic Management for Cardiac Surgery

Cardiopulmonary Bypass
CPB CIRCUITRY
ANTICOAGULATION FOR CPB
ANTIFIBRINOLYTICS
PATHOPHYSIOLOGY oF CPB
MYOCARDIAL PROTECTION
MANAGEMENT oF CPB
SEPARATION FROM CPB
HEPARIN REVERSAL
ComMON PROBLEMS AFTER CARDIOPULMONARY BYPASS
INTRA-AORTIC BALLOON COUNTERPULSATION
DYSRHYTHMIAS
NEW AND EMERGING APPROACHES TO CARDIAC SURGERY

ANESTHESIA FOR CARDIOVERSION

198
198
200
206

206
206
206
208

210
211

213
213
213
214

214

216
216
217
218
218
219
220
221
222
223
226
227
227
229

197



General Evaluation

PREOPERATIVE GOALS

Determine severity of the lesion.

Determine residual ventricular function.

Secondary effects on pulmonary, renal, hepatic function.

Rule out concomitant coronary artery disease (CAD) in older patients and
patients with risk factors.

Rule out myocardial ischemia in severe aortic stenosis (AS) or aortic regur-
gitation (AR) (without CAD).

HisTory

The New York Heart Association (NYHA) Functional Classification of
Heart Disease is useful for grading the severity of heart failure, comparing
patients and estimating prognosis (Table 11-1).
Ask about exercise tolerance, fatigability, pedal edema, dyspnea, ortho-
pnea, paroxsysmal nocturnal dyspnea, chest pain, neurological symptoms,
and thromboembolic phenomenon.
Prior procedures, valvotomy, valve replacement.
Medications: Evaluate efficacy and exclude side effects. Common medi-
cations: Digoxin, diuretics, vasodilators, angiotensin-converting enzyme
(ACE) inhibitors, antiarrhythmics, anticoagulants.
Digoxin: Controls ventricular rate in atrial fibrillation (AF). Ventricu-
lar rate: < 80-90/min at rest, < 120/min with stress/exercise. Preop vaso-
dilator: 4 preload, afterload, or both; if excessive, worsens exercise toler-
ance — postural hypotension. Signs of toxicity:
Cardiac: Arrhythmias; secondary to enhanced conduction and 1
conductivity in the specialized cells of the atria, ventricles, sinoa-
trial (SA) and atrioventricular (AV) nodes.
Gastrointestinal: Nausca/vomiting.
Central nervous system (CNS): Confusion.
Visual: Altered color perception/scotomas.

TABLE 11-1. New York Heart Association (NYHA) Functional Classification

NYHA
CLAss SympToms
| No symptoms and no limitation in ordinary physical activity (eg, shortness of breath when walking, climbing stairs,
Il Mild symptoms (mild shortness of breath and/or angina) and slight limitation during ordinary activity.
I} Marked limitation in activity due to symptoms, even during less-than-ordinary activity (eg, walking short distances
[20-100 m]). Comfortable only at rest.
1\ Severe limitations. Experiences symptoms even while at rest. Mostly bedbound patients.

(Reproduced, with permission, from The Criteria Committee of the New York Heart Association. Nomenclature and Criteria for Di-
agnosis of Diseases of the Heart and Great Vessels, 9th ed. Boston: Little, Brown & Co., 1994: 253-256.)
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PHysIcAL EXAMINATION

Most important: Search for signs of congestive heart failure (CHF).
Left-sided failure: S3 gallop/pulmonary rales.
Right-sided failure: Jugular venous distention, hepatojugular reflux, he-
patosplenomegaly, pedal edema.

Neurological deficits due to embolic phenomenon.

LABORATORY EVALUATION

Liver function tests (LFTs): Severe/chronic rightsided failure — passive
hepatic congestion — hepatic dysfunction.

Arterial blood gas (ABG): Pulmonary symptoms.

Coagulation studies: Prothrombin time (PT)/partial thromboplastin time
(PTT)—indicate degree of anticoagulation reversal.

ELECTROCARDIOGRAM (ECG)

Usually nonspecific: T wave/ST segment changes, arrhythmias, conduction
abnormalities, ORS deviation reflecting ventricular hypertrophy.

Digoxin toxicity: Prolonged P-R interval, arrhythmias.

In order of decreasing frequency: Ventricular ectopy, paroxysmal atrial
tachycardia (PAT) with 2:1 AV block, AV block, marked sinus bradycardia,

low atrial or AV junctional rhythms, AV dissociation.

CHEST X-RAY (CXR)

Cardiac size.
Pulmonary vascular congestion.
Specific cardiac chamber enlargement.

SPECIAL STUDIES

F.chocardiography.
Radionuclide angiography.
Cardiac catheterization.

PREMEDICATION

Normal/near normal ventricular function: Standard doses.

Poor ventricular function: Doses reduced in proportion to the severity of
ventricular impairment.

Usual medications on morning of surgery.

Supplemental O, in patients with pulmonary HTN/pulmonary disease.

ANTIBIOTIC PROPHYLAXIS

The risk of infective endocarditis in patients with valvular heart disease fol-
lowing bacteremic events—including dental, oropharyngeal, nasopharyn-
geal, gastrointestinal, or genitourinary surgery or any incision and drain-
age—is well established.
Antibiotic prophylaxis with dental procedures is recommended only for
patients with cardiac conditions associated with the highest risk of adverse
outcomes from endocarditis, including:

Prosthetic cardiac valve

Previous endocarditis
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Congenital heart discase only in the following categories:
Unrepaired cyanotic congenital heart disease, including those with
palliative shunts and conduits.
Completely repaired congenital heart disease with prosthetic mate-
rial or device, whether placed by surgery or catheter intervention,
during the first 6 months after the procedure.
Repaired congenital heart disease with residual defects at the site or
adjacent to the site of a prosthetic patch or prosthetic device (which
inhibit endothelialization).
Cardiac transplantation recipients with cardiac valvular disease.

ANTICOAGULATION MANAGEMENT

Most patients can safely have their warfarin stopped 3 days prior to surgery
and restarted 2-3 days postoperatively.
The risk of thromboembolic complications T with:
Prior history of embolism.
Presence of thrombus.
Atrial fibrillation.
Prosthetic mechanical valve:
Highest: Caged ball mechanical (Starr Edwards) in mitral/tricuspid
location.
Intermediate: Tilting disc (St. Jude) valve.
Lowest: Bioprosthesis (porcine or bovine tissue valves).
If the thromboembolism risk is high:
Anticoagulation can be stopped the day before surgery and reversed
with vitamin K or fresh frozen plasma (FFP).
IV heparin therapy can then be instituted 12-24 hours postoperatively
once surgical hemostasis is deemed to be adequate.

MS on physical exam: Specific Valvular Disorders

Rumbling diastolic murmur. MiTRAL STENOSIS (MS)
PREOPERATIVE CONSIDERATIONS

Almost always a delayed complication of rheumatic fever.

Two-thirds of cases occur in females.

Progressive fusion and calcification of valve leaflets — stenosis.

Process begins minimum of 2 years from acute disease and is symptomatic
after 20-30 years.

Isolated MS < 50%.

MS + mitral regurgitation (MR) > 50%.

Aortic valve involved in 25%.

PATHOPHYSIOLOGY

Rheumatic process causes valve leaflets to thicken, calcify, and become
funnel shaped.
Transvalvular pressure gradient depends on:
Cardiac output (CO): T CO — T flows — T gradient.
Heart rate (HR): T HR — { diastolic time — T flows — T gradient.
Atrial kick: Loss of normal atrial kick — T flows — T gradient.
A dilated left atrium (LA) promotes supraventricular tachycardia (SVT),
particularly atrial fibrillation.
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Blood flow stasis promotes thrombi formation in the LA appendage.

Acute T LA pressure is transmitted back to pulmonary capillaries — pul-
monary edema.

Chronic elevations in pulmonary capillary pressure are partially compen-
sated by T in pulmonary lymph flow and eventually result in pulmonary
vascular changes — irreversible T in pulmonary vascular resistance (PVR)
— pulmonary HTN.

Chronic dyspnea secondary 4 lung compliance from T work of breathing.
T right ventricular (RV) afterload — RV failure — marked dilatation of the
RV — tricuspid regurgitation (TR) and pulmonary regurgitation (PR).

CommoN COMPLICATIONS MS is associated with AF and
Embolic events: emboli.
Due to dislodgement of clots from LA.
Common with MS and AF.

Cerebral vascular accidents—most common embolic event.
Pulmonary emboli.
Hemoptysis: Rupture of pulmonary-bronchial venous communications.
Chest pain: 10-15%.
Emboli to the coronary circulation.
Acute RV pressure overload.
Hoarseness: Compression of left recurrent laryngeal nerve by the enlarged
LA.
Impaired LV function in 25%:
Residual damage from rheumatic myocarditis.
Coexistent HTN.
Coexistent ischemic heart disease.

MiTrAL VALVE AREA

4-6 cm?: Normal.

1.5-2 ecm?: Asymptomatic/mild symptoms with exertion.

1-1.5 ecm?: Symptomatic with mild to moderate exertion.

< 1 em? Ciritical MS; dyspnea with minimal exertion with transvalvular
gradient of 20 mmHg at rest; CO, although normal at rest, will fail to T ap-
propriately during exertion due to | ventricular preload.

TREATMENT

Time from onset of symptoms to incapacitation averages 5-10 years, death
in 2-5 years.
Medical management: Primarily supportive.
Limitation of physical activity.
Sodium restriction.
Diuretics.
Digoxin: AF with fast ventricular response.
B blocker to control HR in patients with mild to moderate symptoms.
Anticoagulants: History of emboli, > 40 years, large LA with chronic AF.
MS is associated with AF and emboli.
Surgical management:
MV replacement.
Percutaneous valvuloplasty:
Improves symptoms temporarily.
Pregnant patients or poor surgical candidates.
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MS anesthetic goals: Avoid T
HR, L SVR, and T PVR.

ANESTHETIC MIANAGEMENT

Hemodynamic goals:

Rate: Avoid T HR (can { LV filling time) and { HR (can 4 CO); avoid
pancuronium and ketamine; deepen anesthesia or give B blockers for
tachycardia.

Rhythm: NSR; diltiazem or digoxin for AF.

Preload: Maintain; avoid hypovolemia and fluid overload.

Afterload: Maintain.

Contractility: Do not depress.

PVR: Avoid factors that T PVR (hypoxia, hypercarbia, acidosis); avoid

nitrous oxide.

Choice of agents:

Epidural preferable to spinal due to more gradual onset of sympathetic
blockade.

Volatile anesthetics can cause undesirable vasodilatation and junctional
rhythms. Halothane is most suitable (4 HR and least vasodilating).

Monitoring:

Full hemodynamic monitoring in major surgical procedures (with
large fluid shifts): intra-arterial pressure and pulmonary artery pressure
monitoring.

ECG: Notched p wave.

Pulmonary capillary wedge pressure (PCWP) reflects the transvalvular
pressure gradient (not the LV end-diastolic pressure [LVEDP]).

“_»

PCWP waveform: Prominent “a” waves, 4 “y” descent.

Intraoperative tachycardia:

Deepen anesthesia with opioid (not meperidine).

B blockers: Esmolol/metoprolol.

AF: Diltiazem or digoxin (ventricular rate control).

Verapamil may cause vasodilatation.

Cardioversion if hemodynamic deterioration.

Vasopressor: Phenylephrine preferred over ephedrine; phenylephrine
lacks B-agonist activity.

MiITRAL REGURGITATION (MR)

PREOPERATIVE CONSIDERATION
Acute MR:

MI (papillary muscle dysfunction or rupture of chordae tendinae).
Infective endocarditis.
Chest trauma.

Chronic MR:

Rheumatic fever.
Congenital anomalies of valve apparatus.
Dilatation, destruction, calcification of mitral annulus.

PATHOPHYSIOLOGY

Principal derangement: Reduction in forward SV due to backward flow of
blood into LA during systole.

Compensatory mechanism: LV dilatess — T LV end-diastolic volume
(LVEDV); maintains normal CO, even as ejection fraction (EF) {.
Eventually, “eccentric” ventricular hypertrophy — progressive impairment
of contractility — | EF.

Severe MR: Regurgitant volume > forward stroke volume (SV).
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Regurgitant volume depends on:
Size of MV orifice.
HR (systolic time), (T HR — | regurgitant volume).
LV-LA pressure gradient during systole:
SVR (4 SVR — | regurgitant volume).
LA compliance (T LA pressure — { regurgitant volume).
Clinical manifestations depend on atrial compliance:

Acute MR: Normal/d LA compliance — pulmonary vascular conges- ,
tion and pulmonary edema. Holosystolic murmur at left

Chronic MR: Large dilated LA/T LA compliance — 4 CO. sternal border.
Most patients exhibit symptoms of both.
Regurgitant fraction and symptoms:
< 30%: Mild.
30-60%: Moderate.
> 60%: Severe.

MR on physical exam:

TREATMENT

Medical:

Digoxin, diuretics, vasodilators (ACE inhibitors).

Afterload reduction 4 SVR — T forward SV — | regurgitant volume.
Surgical:

Mitral valve replacement (MVR): For moderate to severe symptoms.

ANESTHETIC MANAGEMENT

Hemodynamic goals:
Rate: normal —mild T HR 80-100 bpm (! HR — T regurgitant vol-
ume/d CO/T LVEDV).
Rhythm: Atrial fibrillation common.
Preload: Maintain; avoid excessive fluids (— T regurgitation volume).
PVR: Avoid factors that T PVR (hypoxia, hypercarbia, acidosis); avoid
nitrous oxide.
Choice of agents:
Good ventricular function:
Tolerates most anesthetics.
Tolerates spinal and epidural.
Moderate to severe ventricular impairment:
Opioid-based anesthetic.
Use pancronium (causes tachycardia).
Avoid volatile anesthetics (cause myocardial depression).
Monitoring:
Based on severity of ventricular dysfunction and procedure.
PCWP waveform: Large “v” wave, rapid “y” descent.
Color-flow Doppler transesophageal echocardiogram (TEE): Blood flow

in the pul i i le i R. .
reverses in the pulmonary veins during systole in severe M MR anesthetic goals: T HR

and | SWR.
AoRrTIC STENOSIS (AS) Keep faster/fuller/vasodilated.

The most common cardiac valve lesion in the United States.

CAUSES

Congenital AS:
Single most common congenital heart lesion.
Bicuspid aortic valves:
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Affect 1-2% of population.

Affects mostly males.

Present at birth (without problems).

Cause problems in fifth to sixth decades.
Abnormal valve cusp — turbulent flow — endothelial damage — in-
flammation and fibrosis — stenosis, infection, regurgitation.
Associated with vascular abnormality — medial degeneration — dilata-
tion, aneurysm, dissection.

Acquired AS:
incidence with T age.

Results from active inflammatory process similar to atherosclerotic vas-
cular disease.
May be prevented by HMG-CoA reductase inhibitors.

PATHOPHYSIOLOGY

AV obstruction (slowly over years) — T LV pressure — concentric hyper-
trophy (T wall thickness); maintains LV output for many years without dil-
atation or symptoms.
ejection murmur. Severe AS: Systolic gradient > 50 mmHg, aortic valve area < 0.8 cm?.
Maintainance of sinus rhythm is fundamental:

Ventricle: Hypertrophy — { compliance — T LVEDP.

T dependence on atrial contraction for ventricular filling.

Loss of sinus rhythm — precipitous onset of symptoms.

AS on physical exam: Systolic

CLINICAL PRESENTATION

Usually asymptomatic, clinically compensated for several decades.
Classic triad:
Angina.
Dyspnea.
Syncope.
Causes of MI in patients with AS without CAD:
! myocardial oxygen supply:
flaortic pressure.
T LVEDP.
| diastolic time.
T myocardial oxygen demand:
T LV mass.
T LV systolic pressure.
T LV ejection time.
Causes of dyspnea:
LV dilatation and decompensated ventricles.

lco.

Lsv.

! LV-aortic pressure gradient.

T atrial and pulmonary pressures (diastolic failure).
Causes of sudden pulmonary edema in patients with preserved LV systolic
function: LV hypertrophy — T muscle mass and T muscle stiffness — T
chamber size — diastolic stiffness — pulmonary edema.

PROGNOSIS AND TREATMENT

Angina: 50% 5-year survival rate.
Syncope: 50% 3-year survival rate.
Dyspnea: 50% 2-year survival rate.
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Patients with severely I EF and AS: 2% operative mortality.

Aortic valve replacement (AVR): For moderate to severe symptoms.
Percutateous valvuloplasty: For poor surgical candidates; improves symp-
toms temporarily.

ANESTHETIC MANAGEMENT

Hemodynamic goals:
Rate: Avoid T/l HR (to assist with LV diastolic filling).
Rhythm: Maintain NSR (to assist with atrial kick).
Preload: Maintain hydration (to facilitate LV filling).
Afterload: Maintain DBP (for CPP) and SVR (for coronary perfusion),
avoid LV ischemia.
Contractility: Avoid 4 contractility.
Choice of agent: Neuraxial anesthesia is poorly tolerated.

AorTIC REGURGITATION (AR)

CAUSES

Acute: Commonly due to endocarditis, trauma, or dissection.

Chronic:
Develops slowly.
Commonly due to abnormalities of valve (ie, bicuspid valve) or aortic
root.

PATHOPHYSIOLOGY

Acute:
Lack of compensation (LV dilation or hypertrophy).
Rapid 4 SV and T LVEDP — pulmonary edema and hypotension.
Chronic:
Volume overload of LV.
SV reduced secondary to regurgitant flow.
Regurgitant fraction is dependent on HR and diastolic pressure gradi-
ent across AV.
Progressive dilation of LV with chronic regurgitation — initial T LV
compliance — normal SV.
Eventual deterioration of LV function — 1 SV and T LVEDP.

ANESTHETIC MANAGEMENT

Hemodynamic goals:
Rate: Mild T HR between 80 and 100 bpm (— | regurgitant fraction);
pancuronium is useful choice.
Rhythm: Atrial fibrillation common (but atrial kick not as important as
in AS).
Preload: Maintain (to maintain SV).
Afterload: { afterload (vasodilation — | regurgitant fraction).
Contractility: Maintain (for SV).

Anesthetic techniques:
Spinal and epidural anesthesia tolerated.
Opioid-based anesthetic more tolerated, especially with depressed LV
function.

205

AS anesthetic goals: Maintain
NSR and normal HR and
avoid | SVR.

AR on physical exam:
Decrescendo diastolic

murmur.

AR anesthetic goals: Mildly
T HRand | SVR.



HOCM anesthetic goals: Avoid
T HR and HTN.

Anesthetic goals in left-to-right
shunt: L SVR and T PVR to

minimize shunt.

Induction in left-to-right shunt:

IV induction is slow.

Inhalation induction is rapid if
1 €O but unchanged if CO

normal.

Hypertrophic Obstructive Cardiomyopathy (HOCM)

Other terms: Idiopathic hypertrophic subaortic stenosis (IHSS), muscular
subaortic stenosis.

Dynamic outflow obstruction: Patients with ventricular hypertrophy with-
out an obvious cause such as HT'N/AS.

Most common genetic cardiac discase.

Incidence: 1 in 500.

Most common cause of sudden cardiac death in children and adolescents.
Systolic anterior motion (SAM) of MV anterior leaflet results in LV out-
flow tract obstruction.

Clinically, usually a benign course but with a risk of LV outflow obstruc-
tion.

ANESTHETIC MIANAGEMENT

T preload: Fluids; avoid hypovolemia and nitroglycerin.

T afterload: Phenylephrine; avoid nitroprusside, isoflurane, morphine, cal-
cium channel blockers.

l contractility: B blockers; avoid calcium channel blockers, digoxin, iso-
proterenol.

Monitoring is based on severity of LV outflow obstruction and surgical pro-
cedure.

Three main classifications:

1. Obstructive lesions.
2. Left-to-right shunts.
3. Right-to-left shunts.

Obstructive Lesions

Congenital aortic stenosis.
Coarctation of the aorta.
Pulmonic stenosis.

Predominantly Left-to-Right Shunts (Simple Shunts)

ANESTHETIC MIANAGEMENT

Induction:

IV induction is slow.

Inhalation induction is rapid if { CO but unchanged if CO normal.
Maintenance: Goal to 4 shunt by:

L SVR

PPV — T PVR
Complications:

Pulmonary HTN

Heart failure

Fisenmenger’s syndrome

206



ATRIAL SEPTAL DEFECTS (ASDS)

Types: Ostium secundum (most common), ostium primum, sinus venosus.
Most children are minimally symptomatic.
May have recurrent pulmonary infections.

VENTRICULAR SEPTAL DErecTs (VSDs)

Most common congenital heart disease.
Functional abnormality of VSD depends on size of the defect, PVR, pres-
ence/absence of other abnormalities.
Small VSDs:
Usually close during childhood.
Treated medically and followed by ECG and echocardiogram.
Large VSDs:
Vary directly with SVR and indirectly with PVR.
Recurrent pulmonary infections and CHF.
Treatment: Surgical treatment before pulmonary vascular disease and
Eisenmenger’s physiology develop.

Factors that close PDA:
T Pao,
AV Sep1AL (ENDOCARDIAL CUSHION) DEFECTS )
Prostacyclin
Common lesion in patients with Down’s syndrome. Indomethacin

Contiguous ASD and VSD with very abnormal AV valves — large shunts
at both levels.
MR and TR — T volume load on the ventricles — pulmonary HIN —  Hypoxia

Factors that maintain PDA:

Eisenmenger’s syndrome. Hypercarbia
Acidemia
PatenT Ductus ArTERIOSUs (PDA) Prostaglandin E

Persistence of communication between the main pulmonary artery and the
aorta — left-to-right shunts.
Responsible for cardiopulmonary deterioration in premature infants.
PDA may need to remain patent in certain cases of right-to-left shunt (pul-
monary atresia, tetralogy of Fallot, coarctation) and liver transplant/failure.
Place arterial line or pulse oximetry in right upper extremity.
Factors that close PDA:

T Pao,

Prostacyclin

Indomethacin
Factors that maintain PDA:

Hypoxia

Hypercarbia

Acidemia

Prostaglandin E

PARTIAL ANOMALOUS VENOUS RETURN

One or more pulmonary veins, usually from the right lung, drains into the
right side of the heart.
Anomalous entry sites: RA, superior vena cava (SVC), inferior vena cava
(IVC), coronary sinus.
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Induction in right-to-left
shunts:
IV induction is rapid.

Inhalation induction is slow.

Hemodynamic goal in right-
to-left shunts: T SVR.

Results in variable left-to-right shunting.
TEE: Large coronary sinus is a sign of anomalous drainage.
Complicates management of cardioplegia.

Predominantly Right-to-Left Shunts (Complex Shunts)

Both ventricular outflow obstruction and shunting.
Mild shunting: Depends on ratio of SVR to PVR.
Severe shunting: Direction and magnitude of the shunt is fixed.
Cyanosis is not relieved with T Fio,.
Survival depends on another shunt in the opposite direction.
Lesions with | pulmonary blood flow:
Tetralogy of Fallot.
Pulmonary atresia.
Tricuspid atresia.
Lesions with T pulmonary blood flow:
Transposition of the great vessels.
Truncus arteriosus.
Single ventricle.
Double-outlet RV.
Total anomalous pulmonary venous return.
Hypoplastic left heart.

ANESTHETIC MANAGEMENT

Induction:
IV induction is rapid.
Inhalation induction is slow.
T SVR.
Avoid crying.
Avoid hypoxia/catecholamines.

TETRALOGY OF FALLOT (TOF)

PHysIoLOGY

Four components:
1. RV obstruction
2. RV hypertrophy
3. VSD

4. Overriding aorta
RV obstruction:

T by sympathetic tone; causes hypercyanotic spells in very young pa-

tients.

RV obstruction + VSD: Unoxygenated RV blood + oxygenated LV

blood — aorta.

Right-to-left shunting has two components: Fixed component — RV ob-

struction; variable component — SVR and PVR.

TREATMENT

Medical: IV prostaglandin E; (PGE,) to prevent ductus arteriosus (DA)

closure.
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Surgical:
Palliative: Modified Blalock-Taussig shunt (left subclavian artery—
pulmonary artery) to T pulmonary blood flow.
Complete correction: Closure of VSD, removal of obstructing in-
fundibular muscle, pulmonic valvotomy, valvoplasty.

Anesthetic considerations:
Maintain intravascular volume.
Maintain SVR.
Avoid T in PVR, acidosis, T airway pressures.
Avoid histamine-releasing muscle relaxants.
Ketamine: Good option, maintains/T SVR.

Management of hypercyanotic spells:
IV fluids.
Phenylephrine: T SVR, 4 right-to-left shunt, T pulmonary blood flow.
Propranolol: Relieves infundibular spasm, T pulmonary blood flow.
Sodium bicarbonate: Treats acidosis.

TRICUSPID ATRESIA

PHysIoLOGY

Blood flows out of RA via ASD or patent foramen ovale (PFO).

Blood flows from LV to pulmonary circulation through VSD or PDA.
Cyanosis is seen at birth; severity is dependent on the pulmonary blood
flow.

TREATMENT

PGE, infusion keeps DA open.
Percutancous Rashkind balloon septostomy (RA to LA).
Modified Blalock-Taussig shunt: Severe cyanosis.
Modified Fontan procedure: RA to right PA.
Bidirectional Glenn shunt: SVC to main PA.
Heart transplantation: Failed Fontan procedure.
Anesthetic considerations:

After corrective procedure, blood from the systemic veins — LA.

T systemic venous pressure: T VR

1 PVR: Avoid hypoxia, hypercarbia.

! LA pressure.

TRANSPOSITION OF THE GREAT ARTERIES
PHYsIOLOGY

Pulmonary and systemic VR flow normally back to the RA and LA, respec-
tively.

Aorta arises from the RV, and PA from the LA, respectively.

Deoxygenated blood —systemic circulation; oxygenated blood —pulmonary
circulation.

Survival requires mixing of systemic and pulmonary circulations through a

PFO, PDA, or VSD.
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TREATMENT

Medical: PGE, infusion.
Surgical:
Palliative: Rashkind septostomy.
Corrective: Arterial switch procedure.
Aorta reanastamosed to LV.
PA reanastamosed to RV.
Coronary arteries reimplanted into old PA root.
VSD closed.
Atrial switch (Senning procedure): Intra-arterial baffle created from
the atrial wall and blood from pulmonary veins - ASD — RV —
systemic circulation.

TRUNCUS ARTERIOSUS
PHysIoLOGY

Single arterial trunk supplies both systemic and pulmonary circulations.
VSD present.

After birth, L PVR — T pulmonary blood flow — heart failure.
If untreated, T PVR — Eisenmenger’s syndrome.

TREATMENT

Rastelli repair: Closes the VSD, separates PA from the truncus, connects
RV to PA with a conduit.
Anesthetic considerations: Prevent right-to-left shunt.

HypopLAsTIC LEFT HEART SYNDROME
PHysIoLOGY

Marked underdevelopment of the LV.

RV is the major pumping chamber for both systemic and pulmonary cir-
culations.

Blood from RV — PA through PDA — aorta.

Almost all the blood in the aorta comes from the PDA.

Associated with other major noncardiac congenital anomalies.

TREATMENT

Norwood procedure.
Cardiac transplantation.

PREOPERATIVE CONSIDERATIONS

Most common indications: Ischemic and dilated cardiomyopathies.
Transplantation criteria:
Absence of extensive end-organ damage.
Absence of other major systemic illnesses.
Reversible renal and hepatic dystunction (common due to chronic hypo-
perfusion and venous congestion).
PVR normal or at least responsive to oxygen/vasodilators.
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Contraindications: Significant atherosclerotic disease, renal/hepatic dis-
cases (immunosupressants can affect renal and hepatic function), irrevers-
ible pulmonary HTN.

NYHA Class IV patients are often on maximal medical therapy with an EF
< 20%, and some may have left ventricular assist devices (LVADs).

PREOPERATIVE MANAGEMENT

NPO status should be reviewed, and rapid-sequence induction should be
considered.

Immmunosupressants are begun preoperatively.

PA catheterization should be considered in the preoperative period.

INTRAOPERATIVE MIANAGEMENT

Induction can be challenging as patients have poor cardiac reserve and on-
going hemodynamic instability.

Slow induction utilized with etomidate, ketamine, and opioids.

TEE examination evaluates the native and donor hearts.

After sternotomy, cardiopulmonary bypass (CPB) is initiated with bicaval
and aortic cannulation.

The PA catheter is pulled back into the sheath and the native heart is ex-
cised, leaving the posterior atrial remnants in place.

The donor atria are anastamosed followed by the anastamosis of the aorta
and pulmonary arteries.

Intracardiac air is evacuated and methylprednisolone is given prior to the
release of the aortic cross-clamp.

Inotropic support is initiated before separation from CPB: Isoproteronol is
used often for direct B, agonist activity as the donor heart is denervated and
will not respond to indirect agents.

Epicardial pacing may be necessary after separation from bypass.
Treatment of preexisting pulmonary HTN with acute right ventricular fail-
ure: Inhaled NO, prostaglandin E,, or a right ventricular assist device can
! pulmonary vascular resistance.

PosToPERATIVE CONSIDERATIONS

Patients are kept intubated and slowly weaned for extubation.
Postoperative complications: Acute graft rejection, bleeding, renal dysfunc-
tion, infection.

Patient with a Transplanted Heart
CHARACTERISTICS OF THE TRANSPLANTED HEART

Totally denervated.
No direct autonomic influence.
Normal response to circulating catecholamines.
Postoperative course:
Acute rejection.
Renal/hepatic dysfunction.
Infection.
Normal cardiac impulse formation and conduction. with two p waves.
High resting HR: 100-120 bpm, due to absence of vagal influences.
Response to circulating catecholamines: Normal or enhanced due to dener-
vation sensitivity — T receptor density.

Cardiac transplant patients

have a resting tachycardia
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Partial reinnervation may occur in some patients after some time.
Cardiac output:

Low-normal.

T relatively slowly in response to exercise.

Response is dependant on an T in circulating catecholamines.
Preload dependent.
Coronary autoregulation is preserved.

PREOPERATIVE CONSIDERATIONS

Present early in the postop period for mediastinal exploration or retrans-
plantation.
Present later for incision and drainage of infections, orthopedic surgery, or
unrelated procedures.
Evaluate the functional status of the transplanted organ.
Detect complications of immunosuppression.
Rejection:
Highest incidence within first 3 months.
Rejection rates: One per patient-year.
Early signs of rejection: Arrhythmias (first 6 months), | exercise toler-
ance.
Monitoring:
Endomyocardial biopsy: Most reliable technique.
Periodic echocardiogram commonly used.
Coronary atherosclerosis:
Very common and serious.
Myocardial ischemia/infarction: Silent; due to denervation.
Periodic evaluations include angiography.
Immunosuppressive therapy:
Cyclosporine, azathioprine, prednisone.
Side effects: Nephrotoxicity, hepatotoxicity, bone marrow suppression,
opportunistic infections, ostecoporosis.
Stress doses of corticosteroids for major surgery.
HTN and fluid retention: Diuretic and ACE inhibitor.

ANESTHETIC MANAGEMENT

All anesthetic techniques including RA used.
Maintain normal or high cardiac preload.
Sensitive to rapid vasodilatation (absence of reflex T in HR).
Indirect vasopressors (eg, ephedrine and dopamine) are less effective due
to absence of catecholamine stores in myocardial neurons.
Heart rate:
To T HR, use isoproterenol, dilute epinephrine (10 pg/mL).
Opioids and cholinesterase inhibitors do not cause bradycardia.
Anticholinergics, pancuronium, meperidine do not cause tachycardia.
Anticholinergic is still given during reversal to block the muscarinic
side effects of acetylcholine.
ECG: Two sets of P waves—recipient’s own SA node + donor’s SA node.
Major operations: Direct arterial, central venous, PA pressure monitoring
required; strict asepsis during line placement.
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Cardiac Tamponade
CAUSEs

Hemorrhagic pericarditis caused by:
Aortic dissection.
Ventricular free wall rupture after MI.
Anticoagulant-induced hemopericardium.
Trauma (stab wounds, central venous catheter).
Uremic pericarditis:
Neoplastic pericarditis (mesothelioma, lymphoma).
Serous pericarditis (theumatoid disorders, irradiation, viral infection).

PATHOPHYSIOLOGY

Primary determinants of physiological impairment:

Rapidity of fluid accumulation.

Pericardial sac compliance.
Acute accumulation of small volume — noncompliant compartment —
rapid cardiovascular collapse.
Slow accumulation of large volume — compliant compartment — well
tolerated.
Accumulation of fluid — cardiac chamber collapse — limited SV.
Compensation through vasoconstriction to maintain venous return and
tachycardia to maintain CO.
Clinical manifestations: Dyspnea, orthopnea, tachycardia, paradoxical pulse,
hypotension.

RA, RV, LV diastolic collapse on TEE.

ANESTHETIC CONSIDERATIONS

Avoid vasodilators and myocardial depressants. Tamponade management:

Ketamine is good option. Full, tight, fast.

Constrictive Pericarditis
CAUSES

Idiopathic.

Viral.

Radiation therapy.

Post cardiac surgery.

Post MI — Dressler’s syndrome.
Connective tissue disorders.
Renal failure.

PATHOPHYSIOLOGY

Diastolic filling of the heart is restricted.

Pericardial calcification, pericardial effusion.

Myocardial involvement: Myocardial atrophy — systolic dysfunction.
Coronary involvement: Scar-induced compression of coronary arteries.
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SYMPTOMS/SIGNS

{ cardiac output: Fatigue, malaise.

L VR to the left heart: Dyspnea, cough.

L VR to the right heart: Enlarged liver, ascites.

Fqualization of diastolic intracavitary pressures.

Pronounced { in pressure in early diastole: Pronounced y descent on cen-
tral venous pressure (CVP): “Square root sign.”

Primary Cardiac Tumors

Primary cardiac tumors are rare: Benign are more common than malignant.
Myxomas are the most common benign tumors; 85% of these occur solitarily

in the LA.

CLINICAL MANIFESTATIONS

Nonspecific systemic features:
Mediated by interleukin-6 (IL-6) synthesis by tumor tissue.
Fever, malaise, cachexia, arthralgia, rash, behavioral changes.
Thromboembolic phenomenon:
Due to the intracavitary location and the friable nature.
Leftsided tumor — systemic emboli.
Right-sided tumor — pulmonary emboli.
Local cardiac effects depend on specific location.
Myocardial tumors: Conduction disturbances.
LA myxoma: Most common tumor; mimics MS; dyspnea on exertion,
orthopnea, cough, hemoptysis.

PREOPERATIVE EVALUATION

Surgical procedure: Indication for surgery and the determination of the
pathophysiologic implications of the underlying disease process.
Risk factors for cardiovascular disease and their implications for comorbid
disease (eg, cigarette use, HTN, diabetes).
Functional status according to NYHA classification.
Specialized investigative data:
Ischemia:
Exercise stress tests.
Myocardial perfusion imaging (rest, exercise, pharmacologic).
Angiography.
Myocardial function/valve function:
Hemodynamics: CO, pressure gradients, valve areas.
Ventriculography.
Echocardiography.

214



Systemic discase:
Cerebrovascular discase (duplex studies): There are as yet no clear
data to indicate if outcome in patients with significant cerebrovas-
cular and coronary disease is optimized by performing combined
carotid endarterectomy and coronary artery bypass graft (CABG) or
sequential surgeries in either order.
Atherosclerotic aortic disease.
Renal impairment.

COPD.

ANESTHETIC AGENTS

Hemodynamic dictates of the patient’s underlying cardiac condition in-
clude:
HR control.
Coronary perfusion pressure requirements.
Myocardial oxygen supply/demand determinants.
Effects on LV function.
Balanced anesthetic technique most frequently used.
Opioids: Core component.
Stable hemodynamics.
Vagotonic-induced bradycardia.
Low/moderate doses of volatile anesthetics:
Lack of consciousness, amnesia.
Induce preconditioning: Potentially extremely important phenomenon
in patients either certain (CPB with aortic cross-clamping) or likely
(off-pump coronary artery bypass [OPCAB], manipulation-associated
hypotension and { coronary perfusion pressure, occlusion of coronary
vessels for distal anastomosis) to be subjected to myocardial (and per-
haps neurologic) ischemic insults.
Benzodiazepines: Central component. Midazolam —minimal effects on
coronary blood flow autoregulation.
Avoid N,0:
Undesirable effect on pulmonary vasculature and myocardial function.
Ability to T gaseous bubble size.
Propofol: Not a primary induction agent; — hypotension. { in SVR, mild
myocardial depression.

REGIONAL ANESTHETIC TECHNIQUES

Intrathecal and epidural anesthetic techniques have desirable effects on:
Stress response.
Hemodynamics.
Coronary perfusion pressure.
Myocardial blood flow redistribution.
Potential early extubation.
Certain patients with compromised pulmonary function (COPD).
Disadvantages:
Risk of hematoma formation in the neuraxis with anticoagulation.
Specific side effects: Hypotension, pruritis, etc.
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CPB Circuitry
The CPB pump has several features (see Figure 11-1):

Arterial cannula: In ascending aorta.
Venous cannula:
One or two cannulas in RA or RA and SVC.
Femoral venous cannulation: Temporizing to decompress the heart
during repeat high-risk surgery.
Reservoir:
Receives blood from cannulas in RA or SVC/IVC.
Flows to reservoir via gravity.
Air embolism can occur if fluid levels run low.
Oxygenator:
Receives blood from reservoir.
Blood equilibrates with oxygen-containing gas mixture.
Heat exchanger:
Receives blood from oxygenator.
Heat transfer via conduction.
Filter to catch bubble that may arise from rewarming as gas solubility 1
as temperature rises.
Pump:
Roller pump:
Produces flow by compressing large bore tubing.
Continuous pulsatile flow.
Causes RBC trauma.
Centrifugal pump:
Cones spin and propel blood from central inlet to periphery.
Flow is pressure sensitive.
Less traumatic to RBCs.
Pulsatile flow: Possibly improves tissue perfusion, attenuates response
of stress hormones, enhances O, extraction.
Arterial filter: Prevents systemic embolism from thrombi/fat/calcium/tissue

debris.

Patient

Arterial
cannula

Left
ventricular
vent

Venous Cardiotomy

- cannula suction
Arterial
filter

/

Main
pump
Accessory
\ 4{ Filter <=  pump
Oxygenator Venous A
~<— reservoir (el
Heat ‘ Filter ‘ pump
exchanger

FIGURE 11-1. The basic design of cardiopulmonary bypass machine.

(Reproduced, with permission, from Morgan GE et al. Clinical Anesthesiology, 4th ed. New
York: McGraw-Hill, 2006: 492.)
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Cardiotomy suction:
Aspirates blood from surgical field and returns it to reservoir.
Excessive pressure can damage RBCs.

Left ventricular vent:
Catheter inserted into LV via right superior pulmonary vein and LA to
decompress blood accumulation in LV from residual pulmonary flow
(via bronchial arteries, thebesian veins, and pericardial collateral flow).
Distention of the LV is a risk during CPB with aortic cross-clamping.
LV distention — subendocardial myocardial ischemia.

Monitors and safety devices:
In-line filters and bubble traps.
In-line blood gas monitors.
Pressure and flow measurement mechanisms.
Oxygen and gas flow measurement devices.
Temperature monitoring.
Low-level sensor detectors on the venous reservoir.

CPB COMPLICATIONS

T aortic pressure secondary to occlusion, small or kinked cannula, im-
proper cannula positioning (in innominate), or aortic dissection.

 venous return secondary to occlusion, bleeding, or aortic dissection.
Hypotension secondary to pump malfunction, 4 venous return, 4 peripheral
resistance (from { Hct or vasodilation).

HTN secondary to excessive flow or inadequate anesthesia.

Anticoagulation for CPB

Anticoagulation necessary during CPB to prevent clot formation in pump
and DIC.
Heparin remains the only drug available for anticoagulation of patients for
CPB.
Negatively charged mucopolysaccharide that has no anticoagulant proper-
ties by itself.
Mechanism of action: Heparin binds to antithrombin IIT (AT-III) and po-
tentiates its effect. AT-III binds to thrombin and the complex is rapidly
removed from the circulation. AT-III also binds other factors in the co-
agulation cascade, such as factors Xa, IXa, XIa, and XlIa, but the potentiat-
ing effect of heparin on these factors is much less potent (10— to 100—fold)
than that on the AT-III/thrombin reaction.
Efficacy is inversely related to molecular weight of heparin.
Humans differ from one another in the levels of AT-III and other coagula-
tion factors present in their serum. Also, the levels of AT-II in the same
patient may change over time, in the presence of disease, and in the pres-
ence of medications, including heparin. As AT-III is produced by the liver,
L AT-III levels in the presence liver disease.
If heparin fails to achieve adequate anticoagulation, AT-III levels may be
supplemented by FFP, AT-III concentrate, or recombinant AT-III.
Administration:

Dose: Heparin 300-400 [U/kg pre-CPB.

Effective within one circulation time.

Side effects: Uncommon. Allergic reactions, histamine release, cal-

cium chelation.
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ACT of 400-450 is acceptable
to initiate CPB.

Activated clotting time (ACT):
Relationship between heparin dose and ACT is linear (up to 600s).
ACT values of 400-450s are acceptable initiate CPB.
ACT uses diatomaceous earth (celite) or aluminum silicate (Kaolin) to
activate the intrinsic cascade. Celite-based ACT is prolonged by apro-
tinin but not kaolin—based ACT.

Antifibrinolytics

Lysine analogues (e-aminocaproic acid, tranexamic acid):
Mechanism of action: Binds to lysine-binding sites on plasminogen and
fibrinogen, inhibiting plasminogen activator and plasmin release.
Beneficial effects during CPB: Inhibits fibrinolysis, | mediastinal bleed-
ing, | transfusion requirements.

Aprotinin:
Nonspecific protease inhibitor.
Inhibitory action on intrinsic coagulation cascade, complement activa-
tion, fibrinolysis, bradykinin, kallikrein formation.
May induce antibody formation, immunoglobulin G (IgG) antibody.
May inhibit endothelial nitric oxide synthase in the coronary circula-
tion —harmful.
May { stroke rate—beneficial.
Taken off market in 2007 after concerns that it T risk of death due to
thrombosis when used to prevent bleeding in heart surgery.

Pathophysiology of CPB

CPB elicits a rapid and profound inflammatory response that is highly
complex and involves several interactive and cellular and humoral path-
ways.
The spectrum of this inflammatory response ranges from less severe sys-
temic inflammatory response syndrome (SIRS) to severe multiple organ
dysfunction syndrome (MODS).
Several host (eg, diabetes mellitus), environmental (eg, nosocomial infec-
tions), and intraoperative (eg, gut translocation) factors as well as CPB it-
self may predispose patient to infection.
Several preoperative factors and patient-related conditions (eg, active isch-
emia, impaired ventricular function, diabetes) may modulate the host in-
flammatory response while CPB itself evokes a profound, multifaceted,
complex inflammatory host response.
The inflammatory response to CPB is initiated immediately when the pa-
tient’s blood is exposed to the CPB tubing and reservoir. Ischemia—reper-
fusion injury during CPB also contributes.
Specific pathways involved in response to CPB:
Cellular immune activation with adhesion, margination, and transloca-
tion of granulocytes and macrophage activation. This is the central cel-
lular response.
The complement pathway, specifically the alternative pathway.
The cytokine system with both proinflammatory and anti-inflammatory
cytokine activation resulting in immune modulation.
Coagulation and fibrinolytic system activation.
Upregulation of inducible NOS.
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Activation of oxidant stress pathway resulting in the production of reac-
tive oxygen species (ROS), including super oxide and hydroxyl radicals
and peroxynitrite.
Several commonly used anesthetics, including propofol, fentanyl, and mi-
dazolam, modulate one or more of the previously mentioned pathways.
Pulsatile flow, membrane oxygenators, heparin-bonded circuits, and mod-
erate hypothermia exert a favorable influence.

Myocardial Protection

Broadly, refers to all interventions undertaken in the preoperative, intra-
operative, and postoperative periods that optimize myocardial oxygen sup-
ply and demand.
Narrowly, refers only to the interventions undertaken during CPB and spe-
cifically during the period of aortic cross-clamping.
Techniques:
Systemic hypothermia.
Topical hypothermia (risk of phrenic nerve injury).
Cardioplegia.
Blood cardioplegia.
Goals:
Minimize oxygen consumption.
Minimize consequences of oxygen deprivation during aortic cross-
clamping.
Aortic cross-clamping:
Consequences:
Ischemia during aortic cross-clamping.
Reperfusion injury at the end of aortic cross-clamping.
Consequences of ischemia:
Rapid depletion of adenosine triphosphate (ATP).
anacrobic glycolysis.
Accumulation of lactic acid.
Inability to maintain cellular ionic gradients.
Intracellular accumulation of osmotically active ions.
Cell swelling.
Eventual cell death.
Consequences of reperfusion injury:
Additional cellular injury.
Production of ROS.
Leukocyte activation.
Accumulation of intracellular calcium.
Manifestations: Dysrhythmias, stunned myocardium.
Cardioplegia:
Antegrade: Follows normal cardiac circulation.
Retrograde: Delivered via coronary sinus.
Technically more difficult.
Delivered with pressures <40 mmHg.
Preferred technique in aortic incompetence and severe coronary
obstruction.
Through saphenous vein grafts on completion of distal anastamoses.
Duration, quantity, and frequency of cardioplegia administration varies
from surgeon to surgeon.
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Blood cardioplegia:
Used in 80-85% of cardiac surgery procedures in the United States.
Retrograde approach is used alone or in combination in 45% of cases.
In patients with EF < 40%, blood cardioplegia is superior to crystalloid

Oxygen consumption (Vo) 4 cardoiplegia as determined by enzyme leak, rhythm, and conduction

_ abnormalities.
approximately 5-7% for every
1°C decrease.
Management of CPB
Temperature.

Blood pressure, flow, flow patterns.
Hematocrit and rheologic issues.
Acid-base management.

Glycemic control.

TEMPERATURE

Most centers perform cardiac surgery with CPB using hypothermia at sys-
temic temperatures ranging from 27°C to 32°C, with myocardial tempera-
tures of 12°C to 15°C.
The metabolic rate and temperature are directly but not linearly related.
Oxygen consumption (Vo,) 1 approximately 5-7% for every 1°C de-
crease.
A 10°C decrement in temperature from 37°C (termed Q10) will cause
a two- to threefold | in oxygen consumption.
Hypothermia with lower Vo, allows lower flow rates on CPB, less myo-
cardial collateral flow, and less myocardial rewarming.
Temperature gradient between venous outflow blood and arterial inflow:
! temperature — T solubility of gases and T temperature — 1 solubil-
ity of gases.
temperature gradient — T the rate at which gases come out of solu-
tion — T bubble formation — thromboembolism.
Gradients should not exceed 10°C.
During rewarming on CPB, abnormal pressure, flow, and flow patterns are
present. T in temperature — T Vo, especially in well-perfused areas like
the brain. Warming inflow blood to higher than 37°C may have deleteri-
ous neurologic complications (eg, stroke).

PRESSURE FLow AND FLOW PATTERNS

Mean arterial pressure (MAP):
Most centers maintain MAP between 40 and 60 mmHg during CPB
using nonpulsatile flow rates of 50-60 mL/kg.
Low MAP: 40-60 mmHg.
High MAP: > 80 mmHg.
At any particular temperature, MAP and flow rates influence organ perfu-
sion, including myocardial and cerebral perfusion.
T MAP — T perfusion pressure — T collateral flow — effects.
T myocardial rewarming (harmful).
Obscuring surgical field (harmful).
T blood flow distal to obstructed lesions (beneficial).
Higher MAP (80-100 mm Hg) significantly improves neurologic out-
come: Used in patients with documented cerebrovascular disease.
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Pulsatile blood flow improves capillary perfusion, which improves tissue
perfusion. Renal blood flow and urinary output seem better preserved.

HEMATOCRIT AND RHEOLOGIC ISSUES

Effect on oncotic pressure: Initiation of CPB—use of crystalloid priming
solutions — abrupt 4 in hematocrit and oncotic pressures, which alters
microvascular Starling’s forces — efflux of fluid from the intravascular to
extravascular compartments — generalized tissue swelling.
Effect on blood pressure:
Initiation of CPB — 1 in hematocrit — 1 in viscosity — hypotension.
CPB progresses — progressive hypothermia, which T viscosity —
MAP.
Effect on oxygen-carrying capacity: Large changes in hematocrit have
only a modest influence on oxygen-carrying capacity. Hematocrit (Hct)
20% { O, carrying capacity to only 90% of maximal. Het values of 22-25%
are usually well tolerated.

AciD-BASE MIANAGEMENT

Alpha stat pH has an
pH of neutrality of water, the pKa of buffer systems and the pH of blood uncorrected Po. and is
are all inversely related to temperature. ) 2
Hypothermia %the pKa of the imidazole buffer system. assodiated with better

Alpha stat: No CO, is added. neurologic outcomes.
pH stat: CO, added to keep pH 7.4.

Alpha stat is associated with better preservation of cerebral autoregulation,

metabolic coupling, and enzyme activity.

Alpha stat — lower Pco,. Cerebral blood flow (CBF) is actually {, which

{ cerebral emboli — improved neurologic outcomes.

However, may impede brain cooling, which is important with deep hy-

pothermic circulatory arrest. Use pH stat during cooling, add CO, to im-

prove CBF, then revert back to alpha stat approach.

GLycemic CONTROL

Hyperglycemia exacerbates neurologic injury.
Aggressive glucose homeostasis is associated with improved outcome in
ICU patients.

Separation from CPB

Checklist before separation from CPB.

Cardiac:
Surgical: Bleeding, valve function (TEE), intracardiac air (TEE), aorta
(TEE, confirm no dissection).
Rate, rhythm (ECG).
Ischemia (ECG).
Myocardial function (visual observation, TEE, cardiac output/filling
pressure).

Temperature:
Temperature in high blood flow region > 37°C.
Temperature in low blood flow region > 35°C.
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1 mg protamine to neutralize
100 1U heparin.

Inflow/outflow temperature.
Duration of rewarming.
Hematocrit.
Electrolytes, acid-base status.
Ventilation, oxygenation (ability to ventilate both lungs, especially the left
lung and its lower lobe).
Inotropic support:

Low doses of selected inotropic agent are started to augment inotropy,

chronotropy, and lusitropy during separation and after CPB.

The threshold for, the type of, and the magnitude of inotropic support

depend on the magnitude of the myocardial insult.

Inotropic support also 4 the dependency of cardiac output on preload

and thus on fluid administration.

Importantly, inotropic support should not be started during the period

of maximum, obligatory, oxygen debt that occurs immediately after re-

moval of aortic cross-clamp.
Rate and rhythm disturbances:

Bradycardia +/- varying degrees of heart block: Common after aortic

cross-clamping, especially with surgery adjacent to the bundle of His,

aortic valve surgery, and direct tissue injury. Treated with combination
of pacing.

Ventricular dysrthythmias: Ventricular fibrillation most common.
Usually treated with lidocaine loading and electrical defibrillation.
Amiodarone for intractable dysrhythmias.

Atrial fibrillation: Common dysrhythmia, develops 2—4 days postopera-

tively.

Heparin Reversal

Protamine is the only compound currently available to reverse heparin.
Polycationic compound with arginine residues derived from fish that forms
an ionic bond with the anionic residues of heparin.
Binds only the “free” heparin in the circulation.
Does not affect/reverse heparin bound to AT-IL.
Heparin rebound: Protamine has shorter half-life than heparin. Heparin
bound to tissues reequilibrates into the circulation — post-CPB bleeding.
Dosing:
Fixed-dose regimen: 1 mg protamine/100 [U heparin.
Heparin rebound: 0.3 mg protamine/100 [U heparin.
Fixed-dose regimen does not take into account:
Hepatic and renal clearance of heparin.
Heparin—AT-III complex.
Dose-dependent side effects of protamine.
Contribution of excess protamine to post-CPB bleeding.
Hence, a minimal dose of protamine to reverse heparin, via a combina-
tion of ACT and heparin-protamine titration system, is used.
Protamine reactions:
Systemic hypotension: Most common; protamine administered too rap-
idly — histamine release — hypotension — | coronary perfusion pres-
sure/MI/flushing.
Igks mediated: Dose-dependent allergic reactions are seen in patients with
previous exposure who are sensitized to protamine.
Type Il reactions: Protamine-heparin complex — release of thrombox-
ane A, from platelets and macrophages — pulmonary HI'N — right
heart failure. Effect is attenuated by pretreatment with cyclooygenase

(COX) inhibitors.
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FIGURE 11-2. Coronary artery supply of the left and right ventricles in three views: The
short-axis view (A), the four-chamber view (B), and the three-chamber view (C). Dark gray,
RCA; light gray, LAD; white, CX.

(Reproduced, with permission, from Morgan GE et al. Clinical Anesthesiology, 4th ed. New
York: McGraw-Hill, 2006: 505.)

Contributes to post-CPB bleeding:
Causes sequestration of platelets in the pulmonary circulation —
egress of large platelets from the circulation.
Induces platelet shrinkage.

Common Problems After Cardiopulmonary Bypass

HEMODILUTION
Reasons for hemodilution:

Crystalloids used to prime the CPB circuit — hemodilution and { in con-
centration of platelets and coagulation factors at the initiation of CPB.
Crystalloid cardioplegia — hemodilution at the initiation of CPB.
Crystalloids to the pump to maintain safe reservoir volumes and safe target
flows to the patient.

Cell savage techniques — hemodilution and loss of coagulation factors
and platelets.

HEPARIN, PROTAMINE, HYPOTHERMIA, AND COAGULOPATHY
Reasons for bleeding after CPB:

Heparin rebound.

Heparin-induced inhibition of platelet function.

Protamine inhibition of thrombin at high concentration.
Protamine-induced T egress of large platelets from the circulation.
Heparin + protamine — complement release — acute { in platelets.
Hypothermia — inhibitory effects on platelet function.

MYOCARDIAL ISCHEMIA

ECG changes based on coronary distribution (see Figure 11-2).
Incidence: 60% of patients undergoing revascularization.
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Commonly seen with:
Aortic cross-clamping.
Anoxic cardiac arrest.
OPCARB grafting.
Minimally invasive procedures.
Open heart procedures (eg, valve replacement).
Possible causes:
Vessel spasm (native coronary arteries, internal mammary artery).
Emboli (air, particulate).
Technical graft anastamotic issues.
Kink/clotting of grafts, native vessels.
Nongraftable vessels.
Most common changes: ST and T wave changes, usually resolve; not as-
sociated with T morbidity and mortality.
May progress to O-wave changes or high levels of enzyme leak — adverse
outcomes.
Regional changes are signs of local problem:
Kinked graft.
Anastamotic issue.
Embolic event.
Inadequate myocardial protection distal to a critical lesion.
Generalized changes are signs of difficulties with myocardial protection.

TREATMENT

Treat the cause, if found.

Surgical: Redo an anastamosis.

Medical: Treat arterial conduit spasm with a calcium channel blocker.
Pharmacological: Optimize determinants of myocardial oxygen supply and
demand.

IABP counterpulsation.

MyocARDIAL DYSFUNCTION (LEFT/RIGHT, SysToLIC/DIAsTOLIC DYSFUNCTION)
EnioLocy

Exacerbation of preexisting dysfunction and relative intolerance of anoxic
arrest and aortic cross-clamping.
Inadequate myocardial protection:
Role of underlying cardiac anatomy.
Route of cardioplegia administration.
Type of cardioplegia.
Ischemia/infarction:
Vessel spasm (native coronary arteries, internal mammary artery).
Emboli (air, particulate).
Technical graft anastamotic issues.
Kink/clotting of grafts, native vessels.
Nongraftable vessels.
Reperfusion injury.
Unmasked ventricular dysfunction: Mitral valve replacement/repair with MR.
Uncorrected lesions:
Hypertrophic cardiomyopathy
Valve gradients
Shunts
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MANAGEMENT OF LV FAILURE

Identify the treatment course (if possible).
Optimize forward flow:
Optimize heart rate, rhythm +/- pacing.
Manipulate loading conditions.
Manipulate inotropic conditions.
Manipulate lusitropic conditions.
Medications: Nitroglycerin, sodium nitroprusside, epinephrine, dobu-
tamine.
Treat acidosis.
If RV failure:
Optimize specific afterload determinants: Po,, PCoO,, pH, airway/intra-
thoracic pressures.
Nitrates, inhaled NO.

Mechanical circulatory support systems.

CAUSES oF RV FAILURE

RV ischemia.
Pulmonary HTN and elevated PVR.
Pulmonary arterial HTN:
Primary pulmonary hypertension: Sporadic, familial.
Related to collagen vascular disease, congenital systemic-to-pulmo-
nary shunts, portal HTN, HIV infection, drugs/toxins, persistent
pulmonary HTN of the newborn.
Pulmonary venous HTN: Pulmonary HTN associated with the disor-
ders of the respiratory system and /or hypoxemia:
COPD.
Interstitial lung disease.
Sleep-disordered breathing.
Alveolar hypoventilation disorders.
Pulmonary HT'N caused by chronic thrombotic and/or embolic dis-
case.
Altered interventricular dependence (eg, after placement of LV assist device).

MANAGEMENT OF RV FAILURE
Optimize preload (CVP 12-15 mmHg).

Inotropic support.
Afterload reduction:
Nonspecific: Optimize blood gases, pH, airway pressures.
Specific: Phosphodiesterase inhibitors, vasodilators, NO.
Mechanical assist device.

DiAstoLic HEART FAILURE

The inciting event in heart failure may be:

Cardiac (MI, valve disease).

Extracardiac (chronic ventricular overload).
Progressive heart failure results from changes in multiple interrelated
mechanisms involving hemodynamic, nonhemodynamic, neurohumoral,
energetic and genetic factors.
Diastolic function: Ability of the heart to fill.
Diastolic dysfunction: Abnormal index of diastolic function.
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IABP hemodynamic effects: T
coronary perfusion and | LV

afterload.

Diastolic failure: Associated clinical syndrome.

Diastolic dysfunction and even diastolic failure are frequent perioperative
developments after anoxic cardiac arrest.

Diastolic dysfunction can occur with or without systolic dysfunction.

TREATMENT

Alleviating symptoms: Pulmonary congestion with nitrates.

Treating the cause: Ischemia.

Manipulating other activated mechanisms: Renin-angiotensin system: ACE
inhibitors, angiotensin receptor blockers, aldosterone antagonists.

Calcium channel blockers: Contraindicated in systolic failure.

B blockers: May be used acutely to 4 HR, T diastolic interval and ventricu-
lar filling (contraindicated in acute systolic failure).

Natriuretic peptide analogues: Nesiritide.

Arginine vasopressin antagonists.

IABP counterpulsation: Used commonly.

Mechanical circulatory support: LV assist devices (LVADs) and RV assist
devices (RVAD:s).

Intra-aortic Balloon Counterpulsation

Alternating inflation during diastole and deflation during systole of a
helium-filled balloon positioned in the proximal descending aorta to left
subclavian take-off.
Introduction site:
Femoral artery: Most frequent.
Proximal descending aorta: Intraoperative placement when severe pe-
ripheral vascular disease precludes femoral approach.
Major indications:
Myocardial ischemia, intractable to maximal medical therapy; used as
a stabilizing measure before definitive intervention.
LV dysfunction inadequately managed with inotropic therapy, usually
seen intraoperatively post CPB.
Beneficial hemodynamic effects:
T diastolic BP — T coronary perfusion.
L LV afterload — | myocardial oxygen consumption.
Efficacy depends on:
Proper placement in the aorta: Close to the heart but distal to the great
vessels.
Proper timing of inflation and deflation: Inflated in synchrony with the
dicrotic notch on an arterial blood pressure.
Contraindications:
Aortic incompetence.
Arterial dissection.
Peripheral vascular disease.
Complications:
Thromboembolic phenomenon.
Distal limb ischemia (thromboembolism and mechanical obstruction
to the femoral artery).
Thrombocytopenia.
Gas emboli (rupture of balloon).
Infection.
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Dysrhythmias
ATRIAL FIBRILLATION (AF)

Most frequent postoperative arrhythmia after cardiac surgery; may occur
intraoperatively.

Incidence: 15-40%.

Usually 2-4 days postoperatively.

May develop for the first time after surgery/represent exacerbation of pre-
operative dysrhythmia.

Nonsurgical risk factors: Preexisting AF and age.

Surgical risk factors: Combined valve/coronary surgery, duration of aortic
cross-clamping, bicaval cannulation, pulmonary vein venting.

Associated with prolonged hospital stay, T incidence of cerebrovascular ac-
cidents (CVAs), ventricular fibrillation/ventricular tachycardia.

Not independently associated with T in mortality.

Intraoperative preventive measure: Optimize electrolyte balance including
magnesium homeostasis.

Goals of treatment: (1) control of ventricular response rate, (2) convert to
sinus rhythm.

B blockers, magnesium: Modify ventricular response rate and promote
conversion to sinus rhythm.

Other treatment modalities: Electrical cardioversion, pacing.

Agents with negative inotropy may be better avoided in this specific setting.
Cox maze procedure: Involves multiple surgical incisions in the atria by
epicardial radiofrequency ablation—chaotic atrial conduction is inter-
rupted. It is an effective surgical approach in chronic AF with mitral valve
disease and makes 78% of patients AF free at 3 years.

VENTRICULAR TACHYCARDIA/FiBRILLATION (VT/VF)

Nonsustained ventricular tachycardia: Common after cardiac surgery.
Incidence: 50%; does not adversely affect long-term outcome.
Sustained VF/VT:

Most likely if ventricular function is depressed.

In association with ischemia.

After aortic valve replacement, especially with ventricular dilatation.
Long-term management: Depends on electrophysiology studies.
Intraoperatively:

Treat ischemia.

Optimize electrolyte balance.

Cardioversion.

Pharmacologic therapy initiated when appropriate: Bretylium, amio-

darone more effective than lidocaine.

New and Emerging Approaches to Cardiac Surgery

OFF-Pump CORONARY ARTERY Bypass GRAFTING (OPCAB)

Advantages:
{ cerebral emboli and stroke rates: Reduced aortic manipulation.
! bleeding and blood product use: Avoidance of CPB.
l time to extubation.
! length of stay.
1 overall cost.
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Anesthetic implications: Profound hemodynamic fluctuations:

 preload — 4 CO.
Pericardial sling sutures in the posterior pericardium — constriction
of IVC and/or pulmonary veins or both; 1 venous return (VR) to right
and/or left side of the heart.
Lifting of heart during conduit anastamoses on the posterior surface —
L VR
To overcome the hypotension, augment preload:

Steep Trendelenburg position.

Crystalloid/colloid.

Monitor CVP and PA pressures, optimize loading conditions.
TEE: Direct visualization of the adequacy of preload, detects new-
onset valvular regurgitation or diastolic dysfunction.

MiINIMALLY INVASIVE DIRECT CORONARY ARTERY Bypass SURGERY (MIDCAB)

Performed through left thoracotomy.
Advantages:

Avoidance of CPB.

Less risk of stroke or neuropsychiatric deficits.
Shorter hospitalization, ICU length of stay.
Cost saving.

| transfusion requirements.

Disadvantages:

Technically more demanding.

Multivessel disease contraindicated.

Limited to patients with amenable cardiac anatomy.
May not be a reproducible procedure.
Hemodynamic instability and arrhythmias.

Unsafe in unstable patients.

Steep learning curve.

PoRrT Access CORONARY ARTERY BYPASS SURGERY

Cardiac surgery with CPB and cardiac arrest but without a median stern-
otomy.

Venous drainage: Cannula in femoral vein advanced into IVC and RA.
Cardiac venting: Large-bore catheter in PA through right internal jugu-
lar (I)).

Coronary sinus catheter: Through right IJ.

Arterial catheter: Special endarterial cannula through femoral artery
cutdown, allows placement of end aortic clamp in the ascending aorta.
TEE facilitates correct placement.

Heart isolated by inflation of balloon in the aortic lumen.

Cardioplegia through port emptying in the ascending aorta proximal to
the balloon.

Left minithoracotomy — exposure of the heart for surgical anastamoses.

Reported results have varied range, from comparable to CPB — significant
complications related to femoral artery dissection.
Other disadvantages: Expensive, steep learning curve.
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RoBoriCs

Advantages:
Allows precise movements in small places T potential for port-access
surgery.
Potential for remote surgery —telesurgery.

Anesthetic implications:
Similar to other port-access cardiac surgery procedures.
Double-lumen tube, external defibrillator pads, TEE, lateral position.
Maintaining the ability to resuscitate the patient in spite of the patient’s
lateral position and use of the robot (bed locked).

Anesthesia for Cardioversion (CV)

Indications for elective CV:
AF/atrial flutter.
AV nodal reentry.
Reciprocating tachycardias from preexcitation syndromes.
Not effective against:
Enhanced activity: Multifocal atrial tachycardia (MAT).
Triggered activity: Digitalis toxicity.
Indications for emergency CV: Tachyarrhythmia associated with signifi-
cant hypotension/CHF/angina.
Specific indications for CV in patients with AF:
Symptomatic fibrillation of < 12 months’ duration.
History of embolism.
Recent onset.
No response to medications.
High recurrence rate associated with:
Long-standing fibrillation.
COPD.
CHF.
Mitral requrgitation.
Preoperative considerations:
NPO for 6-8 hr.
Twelve-lead ECG prior to the procedure to confirm presence of the ar-
rhythmia.
Correct metabolic, electrolyte, and acid-base abnormalities.
Continue the antiarrhythmics (digitalis, quinidine, etc.) started 1-2
days prior.
Continue anticoagulation (warfarin) started 1-2 weeks prior.
TEE: Performed prior to CV to rule out an LA blood clot, usually in
the LA appendage.
Monitoring
ECG, BP, pulse oximetry.
Reliable venous access.
Functional bag-mask device capable of delivering 100% oxygen.
Oxygen source from wall outlet or full tank.
Airway kit with oral/nasal airways, laryngoscopes, and endotracheal
tubes.
Functional suction apparatus.
Anesthetic drug kit that includes at least one sedative-hypnotic as well
as succinylcholine.
Crash cart that includes all necessary drugs and equipment for cardio-
pulmonary resuscitation.

229



ANESTHETIC TECHNIQUE

Very brief (1-2 min) amnesia or light general anesthetic is required.
Preoxygenation with 60-100% oxygen for 3—5 min.

Short-acting barbiturate (methohexital), propofol, etomidate, or a benzodi-
azepine (eg, midazolam, diazepam) is used.

Shock is delivered when the patient is unable to respond verbally or has
lost eyelid reflex.

Transient airway obstruction or apnea may be observed.

CARDIOVERSION

Mechanism of action:
Simultaneously depolarizes the entire myocardium.
Prolongs the refractory period.
Synchronization:
Indications: All tachyarrhythmias except VF.
Shock is delivered during the ORS complex.
Shock occurs in the ST segment/T" wave — a more serious arrhythmia
(eg, VI).
Placement of electrodes:
Anterolateral: One R second intercostal space (ICS) next to the ster-
num. Second L fifth ICS medial collateral ligament (MCL).
Anteroposterior: One anteriorly, LV apex in fifth ICS. Second posteri-
orly, L infrascapular region.
Energy levels:
Supraventricular tachycardia (except AF): 25-50J.
AF: 50-100 J (minimum).
Hemodynamically stable VT: 25-50 J.
VF and hemodynamically unstable VI: 200400 J.
If the first shock is ineffective, higher energy level is required.
If ventricular arrthythmia develops after initial shock, lidocaine is given
prior to next shock.

COMPLICATIONS

Transient myocardial depression.
Postshock arrhythmias:

Due to inadequate synchronization.

Most transient and resolve spontaneously.
Arterial embolism may cause delayed awakening

RECOVERY

Similar to general anesthetic.
Monitor for recurrence of arrhythmias.
Monitor for signs of cerebral embolism.

230



CHAPTER 12

Thoracic Anesthesia

Physiological Changes During Thoracic Surgery

One-Lung Ventilation

TECHNIQUES FOR ONE-LUNG VENTILATION

Anesthesia for Lung Resection
TUMORS
INFECTIONS

BRONCHIECTASIS
Anesthesia for Tracheal Resection
Anesthesia for Esophageal Surgery
Anesthesia for Thorascopic Surgery

Diagnostic Thoracic Procedures
Ricib BRONCHOSCOPY
MEDIASTINOSCOPY

BRONCHOALVEOLAR LAVAGE
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Thoracic surgery presents specific physiological situations for the anesthesi-
ologist.

Lateral decubitus position provides optimal access for the majority of op-
erations (lungs, pleura, esophagus, great vessels).

Alters the normal pulmonary ventilation/perfusion dynamics (see Figure
12-1).

! in functional residual capacity (FRC) with general anesthesia (GA),
moves the upper lung to a more favorable position on the compliance
curve. Lower lung moves to a less compliant position (see Figure 12-1).
This 4 in FRC during GA is due to numerous factors, such as:

Cephalad shift of diaphragm due to loss of muscle tone.

Exertion of cephalad pressure from abdominal content.

Change in intrathoracic volume secondary to T lung blood volume.

Changes in chest wall shape.

Surgical positions (ie, Trendelenberg) and surgical manipulation.
Controlled positive pressure ventilation favors the upper lung because it
is more compliant due to the compression on the dependent lung/hemi-
diaphragm from mediastinal and abdominal structures. This is further ac-
centuated by opening the nondependent chest for the surgical procedure.
Opening of the chest wall disrupts normal lung physiological parameters.

Normally, lungs are kept expanded by negative pleural pressure.

After chest wall is opened, negative pleural pressure is lost, as is the

elastic recoil, so lung collapses.

Paradoxical mediastinal shift.

One-lung ventilation:

Large right-to-left intrapulmonary shunt is created.

Mixture of unoxygenated blood from upper lung with oxygenated

blood from lower lung widens A-a gradient, which can result in hy-

poxemia.

Closed chest

Volume

ANESTHETIZED
Lateral decubitus Lateral decubitus
position position

FIGURE 12-1. The effects of anesthesia on lung compliance in lateral decubitus posi-
tion.

(Reproduced, with permission, from Morgan GE et al. Clinical Anethesiology, 4th ed. New
York: McGraw-Hill, 2006: 587.)
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Blood flow to upper lung is 4 by hypoxic pulmonary vasocontriction
(HPV), which is a physiological mechanism causing pulmonary vaso-
constriction in response to regional | in alveolar PO,/hypoxia. The
purpose of this response is to divert blood from underventilated regions
of the lung to maintain ventilation/perfusion (V/Q) relationship.
Factors affecting HPV:

Triggers: 4 PaO,, T PaCO,.

Inhibitors: inhalationals (volatiles, N,O, NO), vasodilators (nitro-

prusside, nitroglycerin, B agonists, dobutamine), hypocapnea, T PA

pressure, T PEEP.

Techniques for One-Lung Ventilation

DousLe-LumeN Tuses (DLTs)

Indications:
Absolute:
Avoid contamination (abscess, hemorrhage).
Differential ventilation: Bronchopleural fistula, tracheobronchial
disruption, large cyst/bullae.
Bronchoalveolar lavage (BAL).
Relative:
High-priority surgical exposure: Thoracic aneurysm surgery, upper
lobectomy, pneumonectomy.
Low-priority surgical exposure: Esophageal resection, middle/lower
lobectomy.
Contraindications: Bronchial or carinal obstructions.
Advantages: Ease of placement, ability to ventilate/suction either lung.
Disadvantages: Should not be used for prolonged ventilations, compli-
cated placement in difficult airways.
Complications:
Hypoxemia due to misplacement.
Traumatic laryngitis.
Tracheobronchial rupture from over inflation of cuff.
Suturing of tube to bronchus during surgery
Complications of double-lumen tubes:
Hypoxemia due to misplacement.
Traumatic laryngitis.
Tracheobronchial rupture from over inflation of cuff.
Suturing of tube to bronchus during surgery.
Placement of DLT (Figure 12-2):
Either Macintosh or Miller blade can be used.
DLT is passed through the vocal cords with the distal curvature pointed
anteriorly and is rotated 90 degrees, toward side of the bronchus to be
intubated.
Advance until resistance is felt. Average depth of insertion is 29 cm.
Confirm with flexible fiber-optic bronchoscope.
If difficulty arises, placement of smaller tube should be attempted.
Troubleshooting of malpositioned DLT:
Check tube depth insertion.
Make sure tube did not enter contralateral side.
Right double-lumen tubes can occlude orifice of right upper lobe.
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Drugs that negatively affect
HPV: Volatiles, N,0, NO,
nitroprusside, nitroglycerin, 3

agonists, dobutamine.

Absolute indications for a DLT:
Avoid contamination
(abscess, hemorrhage).
Differential ventilation:
Bronchopulmonary fistula,
tracheobronchial disruption,
large cyst/bullae.
BAL.



ALTERNATIVES TO DLT

Endobronchial insertion of single-lumen ETT.
Bronchial blocker (BB) placed through or alongside single-lumen ETT
(Figure 12-3).
Advantages: Used in pediatric patients or patients with difficult airway
in which DLT is not possible; tube does not need to be exchanged at
end of case if prolonged ventilation expected.
Disadvantages: Inability to suction isolated lung; inability to ventilate
isolated lung; loss of seal or balloon slippage can occur.
Univent—single-lumen ETT with built-in BB.
Advantages: Use in difficult airways, continuous ventilation during BB
placement, CPAP through BB lumen.
Disadvantages: Inability to ventilate while maintaining isolation, slow
lung inflation/deflation, occlusion of BB lumen.

ANATOMIC CONSIDERATIONS (FIGURE 12-4)

Adult trachea is 11-13 c¢m long.

Wider right mainstem bronchus diverges away from trachea at 25 degrees.
Left bronchus diverges at 45 degrees.

Orifice of right upper lobe bronchus is 1.5 cm vs. left upper lobe, which is
about 5 cm, making it preferable to place left-sided DLT.

OLV VENTILATOR SETTINGS

Fio, 100%.
Vi ~10 cc/kg.
RR T 20-30% to make up for 4 V..

L R<

Withdraw
FOB
[l
FIGURE 12-2. Optimal placement of left double-lumen FIGURE 12-3. Proper placement of bronchial blocker

tube. in left mainstem.

(Reproduced, with permission, from Longnecker DE et al

(eds). Anesthesiology. New York: McGraw-Hill, 2008: 1233.)
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HYPOXEMIA MIANAGEMENT ON OLV

Ensure Fio, 100%.

Check position of DLT.

CPAP 5-10 cmH,O to collapsed lung.
PEEP 5-10 cmH,O to ventilated lung.
CPAP 10-15 ¢mH,O to collapsed lung.
PEEP 10-15 cmH,0 to ventilated lung.
Intermittent two lung ventilation.
Surgical occlusion of pulmonary artery.

ANESTHESIA FOR LUNG RESECTION

Predominantly performed for the diagnosis and treatment of pulmonary tu-
mors, infections, and bronchiectasis.

PNV W —

Tumors
Malignant vs. benign. Can occur at the periphery or centrally.

= Benign pulmonary tumors include hamartomas, bronchial adenomas (car-
cinoids, cylindromas, and mucoepidermoid adenomas).

= Carcinoids may secrete multiple hormones such as adrenocorticotropic
hormone (ACTH) and vasopressin.

= Malignant pulmonary tumors are divided into small cell and non-small
cell carcinomas.

»  Non-small cell include squamous cell, adenocarcinoma, and large cell
carcinomas.

= All types most commonly associated with smokers.

Right
Apical

) Posterior

Apical ) Anterior
Eupenor Posterior | Superior

obe Lobe
Anterior Q) </
J Superior

Midd Lateral ()

iddle "

Lobe{ Medial Q
Superior - g

Anterior Basal OQF O
Inferior | Medial Basal ~) Medial Basal | Inferior
Lobe Lobe

Lateral Basal O

Posterior Basal & O Lateral Basal

Posterior Basal

FIGURE 12-4. Anatomy of the tracheobronchial tree.
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Symproms

Cough, hemoptysis, dyspnea, wheezing, weight loss, fever, productive spu-
tum.

Pleuritic chest pain can suggest pleural extension.

Involvement of mediastinal structures is suggested by hoarseness from
compression of recurrent laryngeal nerve.

Horner’s syndrome is caused by involvement of the sympathetic chain.
Elevated hemidiaphragm is caused by compression of the phrenic nerve.
Dysphagia is caused by compression of the esophagus or superior vena
cava syndrome.

Parancoplastic syndromes: Cushing’s syndrome, hyponatremia, hypercal-
cemia, cerebellar degeneration, peripheral neuropathy, polymyositis, mi-
gratory thrombophlebitis, and nonbacterial carditis.

TREATMENT

Surgery is the treatment of choice for the curative treatment of lung can-
cer, especially in non—small cell carcinomas.

Small cell carcinomas are treated with chemotherapy and radiation since a
diagnosis is usually made after metastases.

Infections

Can present as solitary nodule or cavitary lesion (necrotizing penumonitis).
Lung resection is indicated for cavitary lesions that are refractory to antibi-
otic treatment, are associated with refractory empyema, or result in massive
hemoptysis.

Bronchiectasis

Permanent dilation of bronchi, which is end result of severe or recurrent
inflammation and obstruction of bronchi.

Bronchial muscle and elastic tissue is replaced by fibrous tissue, which can
cause hemoptysis.

Pulmonary resection is usually indicated for massive hemoptysis.

PREOPERATIVE ASSESSMENT

CXR and ECG are beneficial.
ABG and spirometry are helpful depending on the disease severity.

Assessment of patient’s ability to tolerate procedure:

1. PEFTs show preop FEV, > 2] and normal Pco, on RA indicate proce-
dure will be tolerated. If not, then . ..
2. V/Q scan shows postop FEV,> 800 cc.

[Predicted postop FEV, = preop FEV,% x (1 — % lung removed / 100)]

If not, then...
3. Split lung function test shows PAP <40 mmHg with normal MAP and
normal ABG on RA. If not, then procedure will not be tolerated.
PREOPERATIVE MANAGEMENT

Little sedative premedication for patients with moderate to severe pulmo-
nary Compromise.

236



Consider anticholinergics to reduce copious secretions.
Monitors/access: Arterial line, large-bore IV, consider central line.

MAINTENANCE

Halogenated agents and opioids.

N,O is generally avoided as it can decrease Fio,.

Neuromuscular blockade will facilitate surgery.
Restrict IV fluids to only maintenance requirements and blood loss re-
placement. This prevents gravity-induced transudation of fluid into the
dependent lung causing intrapulmonary shunting and nondependent
lung reexpansion edema.

PosToPERATIVE MANAGEMENT

Extubate early to { risk of barotraumas and pneumonia.

Change double-lumen to single-lumen if expected prolonged intubation.
Supplcmcntal oxygen, incentive splromctry, scmmprlght posmon
Thoracic epidurals provide excellent pain relief and reduce pulmonary
complications.

Intrapleural catheters and intercostal blocks can also be used.
Complications: Atelectasis, pneumonia, bronchospasm, bronchopleural
fistula, reexpansion pulmonary edema, transudation of fluid into depen-
dent lung, hemorrhage, herniation of lobe causing torsion (— pulmo-
nary vein obstruction — infarction), cardiac herniation into operative
hemithorax, RV failure, phrenic/ivagus/left recurrent laryngeal nerve
damage, spinal cord damage.

Indications: Tracheal stenosis, tumors, and congenital abnormalities.
Compromise of tracheal lumen results in progressive dyspnea, wheezing,
and/or stridor.

Flow volume loops can assist in the location and severity of the obstruction
(see Figure 12-5).

ANESTHETIC CONSIDERATIONS

Administer little or no premedication since most patients have some level
of airway obstruction.

Left radial artery cannulation for pressure monitoring is preferable because
of potential of innominate artery compression.

Inhalation induction is performed for patients with severe obstruction so
that spontaneous ventilation is maintained.

Avoid neuromuscular blockade due to its potential complete airway ob-
struction.

Surgeon may perform direct bronchoscopy to evaluate lesion.

Use smallest tube possible to allow easy passage through lesion.

Jet ventilation can be used as an alternative.

Indications: Tumors, gastroesophageal reflux, motility disorders.
Procedures: Simple endoscopy, esophageal dilation, cervical esophagomy-
otomy, open or distal esophagomyotomy, blunt esophagectomy.
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FIGURE 12-5. Flow volume loops.

(Reproduced, with permission, from Morgan GE et al. Clinical Anesthesiology, 4th ed. New
York: McGraw-Hill, 2006: 604.)

ANESTHETIC CONSIDERATIONS

Major concern is risk of pulmonary aspiration secondary to underlying dis-

case (ie, obstruction, altered motility, or reflux disease).

Preoperative administration of an H, blocker, metoclopramide, or proton

pump inhibitor.
An awake nasogastric tube may help in preventing aspiration.

An upright position with rapid-sequence intubation should be used, or

consider an awake fiber-optic technique.
Depending on the procedure, a double-lumen tube should be used.
Monitoring of arterial pressure and central venous access is indicated.

Interoperative complications: Surgical dissection, especially during retrac-
tion and the freeing of the esophagus from the posterior mediastinum, can
induce vagal stimulation, interfere with cardiac filling, and cause hypotcn—

S101.

Postoperative complications: Damage to the phrenic, vagus, and left recur-

rent laryngeal nerves secondary to surgical manipulation.
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ANESTHESIA FOR THORASCOPIC SURGERY

= Surgical technique used for majority of procedures (lung biopsies, segmen-
tal and lobar resections, pleurodesis, and esophageal procedures).

= One-lung ventilation is mandatory.

= Anesthetic management similar to pneumonectomy and other thoracot-

omy procedures.

DIAGNOSTIC THORACIC PROCEDURES

Rigid Bronchoscopy

= For tracheal dilation, requires general anesthesia.

= Usually short in duration.

= Airway must be shared with surgeon.

= Intravenous induction maintained with potent halogenated anesthetic,

100% oxygen, and a short-acting neuromuscular blocker is ideal. F
= Total IV anesthesia can be used alternatively. “w =
= Common techniques employed: = 3

= Apneic oxygenation with small catheter alongside bronchoscope. S5

= Conventional ventilation through the side arm of a ventilating bron- e

choscope. = >
= High-frequency ventilation through an injector-type bronchoscope (16- = =
to 18-gauge cannula in the proximal end of the bronchoscope). b 5
-
Mediastinoscopy
= Provides access to the mediastinal lymph nodes.
= General tracheal anesthesia with muscle relaxation is the common practice.
= Adequate venous access is necessary due to risk of innominate artery dam-

age and T risk of bleeding (sce Figure 12-6).
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FIGURE 12-6. Placement of mediastinoscope in anterior mediastinum.

The mediastinoscope is in close proximity to the innominate artery. (Reproduced, with permis-
sion, from Longnecker DE et al (eds). Anesthesiology. New York: McGraw-Hill, 2008: 1253.)
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Oxygen saturation
monitoring in right hand
can reflect innominate
artery compression during

mediastinoscopy.

= Oxygen saturation should be measured on right upper extremity to moni-
tor for innominate artery compression.

= Complications: Reflex bradycardia, hemorrhage, cerebral ischemia, pneu-
mothorax, air embolism, recurrent laryngeal or phrenic nerve injury.

Bronchoalveolar Lavage

Used for patients with pulmonary alveolar proteinosis.

Patients unable to clear copious amounts of surfactant.

Procedure indicated for severe hypoxemia or worsening dyspnea.
Unilateral lavage is performed under general anesthesia with a double-
lumen tube.

= At the completion of the procedure, the double-lumen tube is replaced
with single lumen.
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General Preoperative Considerations
COEXISTING DISEASES
PREOPERATIVE MEDICATIONS
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PREOPERATIVE CONSIDERATIONS
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Coexisting Diseases

Cardiac: A major source of morbidity and mortality as many patients
have coronary artery disease (CAD). Risk factors: congestive heart failure
(CHF), myocardial infarction (MI), hypertension (HTN), angina, arrhyth-
mias, valvular heart disease.

Pulmonary: Many patients may have a smoking history and may have
chronic obstructive pulmonary disease (COPD) or underlying malig-
nancy.

Renal: HTN, diabetes, arteriosclerosis, and volume depletion may — renal
insufficiency.

Central nervous system (CNS): Vascular disease is a “whole-body” phe-
nomenon. Presence of carotid bruits, history of cerebrovascular accident
(CVA) or transient ischemic attacks (TIAs), amaurosis fugax, or syncope
may require further evaluation.

Endocrine: Diabetes and its end-organ complications are a concern. Tight
glucose control should be achieved.

Hematologic: Many patients are on anticoagulants. Ascertain a thorough
history of type, dose, and last time taken. Coagulation profile (prothrom-
bin time [PT]/partial thromboplastin time [PTT]/International Normalized
Ratio [INR]/platelets) should be available. It may be necessary to continue
clopidogrel in patients with drug-eluding cardiac stents. Check with the car-
diologist if clopidogrel can be stopped safely.

Amaurosis fugax can be

divided into five groups of Preoperative Medications

tiology:
etology See Table 13-1.

1. Embolic

2. Hypoperfusion

3. Angiospasm Preoperative Testing

4. Neurologic Based on individual patients’ comorbidities, risk of surgery, and exercise

5. Idiopathic tolerance.

Further testing may not be necessary based on new ACC/AHA 2007
Guidelines on Perioperative Cardiovascular Evaluation and Care for Non-
cardiac Surgery (Figure 13-1).
High risk (reported cardiac risk often > 5%):

Aortic and other major vascular surgery.

Peripheral vascular surgery.
Intermediate risk (reported cardiac risk generally < 5%): Carotid endar-
terectomy.

Preoperative Considerations
INDICATIONS

TTAs associated with severe ipsilateral carotid stenosis (> 70% occlusion).
Severe stenosis in patients with minor stroke.
Moderate occlusion (30-70%) in patients with ipsilateral symptoms.
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TABLE 13-1. Management of Preoperative Drug Therapy

SiDE EFFECT OR POTENTIAL CONCERN IN THE

MEDICATION PERIOPERATIVE PERIOD RECOMMENDATION FOR PERIOPERATIVE USE
Aspirin Platelet inhibition may T bleeding. Continue until day of surgery.
| GFR. Monitor fluid and urine status.
Clopidogrel Platelet inhibition may T bleeding. Hold for 7 days before surgery except for CEA

Rare thrombotic thrombocytopenic purpura.

and severe CAD.
Consider blood crossmatch.
Avoid neuraxial anesthesia if not held for at

least 7 days.

HMG-CoA reductase

LFT abnormalities.

Assess LFTs and continue through morning of

inhibitors Rhabdomyolysis. surgery.
Check CPK if myalgias.
B blockers Bronchospasm. Continue through perioperative period.

Hypotension.
Bradycardia.
Heart block.

ACE inhibitors

Induction hypotension.

Cough.

Continue through perioperative period.

Consider one-half dose on day of surgery.

Diuretics

Hypovolemia.

Electrolyte abnormalities.

Continue through morning of surgery.
Monitor fluid and urine status.

Calcium channel blockers

Perioperative hypotension, especially with

amlodipine.

Continue through perioperative period
(consider withholding amlodipine on the

morning of surgery).

Oral hypoglycemics

Hypoglycemia preoperatively and
intraoperatively.

Lactic acidosis with metformin.

When feasible, switch over to insulin
preoperatively.

Monitor glucose status perioperatively.

ACE, angiotensin-converting enzyme; CAD, coronary artery disease; CEA, carotid endarterectomy; CPK, creatine phosphokinase;
GFR, glomerular filtration rate; HMG-CoA, 3-hydroxy-3-methyl-glutaryl-CoA; LFT, liver function test.

(Adapted, with permission, from Barash PG. Clinical Anesthesia, 5th ed. Lippincott Williams & Wilkins, 2006: 936.)

PATIENT CHARACTERISTICS

Generalized atherosclerosis may be present, particularly in coronary arteries.
Coexisting HTN and diabetes may T morbidity when uncontrolled.
Preexisting neurologic deficits should be documented.

MONITORING

Arterial catheterization is used for close regulation of blood pressure.

Major cause of mortality in
CEA patients is myocardial

ischemia (1-2%).

Electrocardiogram (ECG): Monitor for ischemia in leads I and V5; uti-
lize continuous ST segment analysis if available.

Pulmonary artery (PA) catheterization is usually not necessary.
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Yes ) . )
Need fot emergencX > Operating room > Perioperative suryelllgnce and
noncardiac surgery? postoperative risk

stratification and risk factor

No management
Active cardiac Yes Evaluate and treat per
conditions? ACC/AHA guidelines — | Consider operating room
No
i - ves Proceed with
Low risk surgery
planned surgery
No

Good functional capacity (MET Yes
level greater than or equal to 4) ——————————p | Proceed with planned surgery
without symptoms

No or unknown

|

3 or more risk factors 1 or 2 risk factors No risk factors

Vascular surgery Vascular surgery

Consider Proceed with planned surgery with HR Proceed with
perioperative beta- control or consider noninvasive testing if it planned surgery
blockade will change management

FIGURE 13-1. ACC/AHA 2007 Guidelines on Perioperative Cardiovascular Evaluation and Care for Noncardiac Surgery.

(Reproduced, with permission, from Fleisher L et al. ACC/AHA 2007 Guidelines on Perioperative Cardiovascular Evaluation and
Cardiology/American Heart Association Task Force on Practice Guidelines. Care for Noncardiac Surgery: A Report of the Ameri-
can College of Cardiology/American Heart Association Task Force on Practice Guidelines. Circulation 2007; 116: e418-¢500.)

Cerebral function evaluation: A temporary shunt may be placed if evalu-
ation shows the development of cerebral ischemia; shunts carry a risk of
thromboembolic complications.
Regional anesthesia: Patient cooperation is necessary to evaluate
A patient with history of speech and motor function.
General anesthesia: Electroencephalogram (EEG), somatosensory
evoked potentials (SSEPs), distal stump pressure, transcranial Doppler
patient with poor baseline measurement of middle cerebral artery (MCA) flow velocity, cerebral

mental status is a poor oximetry.

severe anxiety or an elderly

candidate for awake CEAs. ANESTHETIC MANAGEMENT

The use of general vs. regional anesthesia should be a decision made based
on the experience of the anesthesiologist and surgeon. Many studies show no
difference in outcome between the two techniques.
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Regional anesthesia: Superficial and deep cervical plexus blockade of
C2-C4 performed in a cooperative patient allow for adequate surgical an-
esthesia.
Advantages: Intraoperative neurologic examination (assessment of level
of consciousness, speech, and contralateral handgrip) can be performed
and may better assess cerebral perfusion during cross-clamping.
Disadvantages:
Airway not secured and may be difficult to secure once surgery
starts.
Change in mental status may cause combative patient and allow for
poor surgical field.
No potential pharmacologic cerebral protection.
General anesthesia:
Induction: Goal of induction is to maintain hemodynamic stability
while maximizing cerebral protection.

Keep mean arterial pressure at or slightly above patient’s baseline. femporary shunt carries @

Avoid tachycardia. ] ]
Thiopental, propofol, and ectomidate | cerebral metabolic rate — fhromboembolic event risk of
(CMRO,) more than cerebral blood flow (CBF). 0.7%.

Opioids can be used to avoid hypertensive response to endotracheal in-
tubation.
MAINTENANCE

Isoflurane is volatile of choice due to its greatest 4 in CMRO,, but desflu-
rane has gained popularity due to its quick awakening.
HTN: Treat with a vasodilator such as nitroglycerin or nitroprusside.
Hypotension: Treat with a titratable direct-acting o agonist such as phen-
ylephrine.
B blockers: Use with caution, as profound bradycardia may be encoun-
tered with manipulation of carotid baroreceptors.
Maintain normocapnia: Hypercapnia can cause cerebral steal syndrome,
and hypocapnia can | cerebral perfusion.
Carotid cross-clamping:
Heparin 50-100 units/kg given before cross-clamping.
Blood pressure kept elevated to T CBF via circle of Willis.
Shunt: Placed if there are changes in EEG during general anesthesia
or there are changes on neurologic exam during regional anesthesia;
may T potential for T morbidity from thromboembolic events; shunts
may impede access to carotid and T cross-clamp time; patients may
still develop EEG abnormalities despite placement of shunt, which re-
quires adjustment of the shunt.
Traction on the carotid sinus may cause intense vagal stimulation, re-
sulting in severe bradycardia and hypotension, and may require treat-
ment with atropine (can be 1 with local infiltration of ficld).
Protamine 50-150 mg is given slowly for reversal of heparin prior to
skin closure.

Postoperative Management and Complications

Smooth emergence from general anesthesia is ideal in maintaining hemo-
dynamic stability.
Postoperative HTIN —more common.
Causes: Pain, hypoxemia, hypercarbia, surgical denervation of the ipsi-
lateral carotid baroreceptor.
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Treatment: Short-acting agents such as nitroglycerin, labetatol, nicar-
dipine.

Postoperative hypotension—less common.

Causes: Removal of atheroma exposes baroreceptors to higher pres-
sures, causing brain stem—mediated hypotension and bradycardia.
Treatment: Usually resolves in 12-24 hr; obtain ECG to ensure no car-
diac etiology; IV fluids and vasopressors if neurologic status is compro-
mised.

Respiratory insufficiency:

Causes: Recurrent laryngeal nerve damage, hypoglossal nerve damage,
impaired carotid body response to hypoxemia, neck hematoma.

Neurologic deficits:

Ascending aorta = between

Causes: Thromboembolism (leading to cerebral hypoperfusion), re-
gional cerebral hyperperfusion.

aortic valve and innominate Preoperative Considerations

artery. Anesthetic management of the patient for aortic surgery can be challeng-
Aortic arch = b/w innominate ing, especially in the emergent, nonoptimized case,

artery and left subclavian
artery.

Descending aorta = distal to

Potential for large blood loss requiring aortic cross-clamp.

AorTIC CROSS-CLAMP

the left subclavian artery. Effects of aortic cross-clamp:

T left ventricular afterload.

L distal organ perfusion.

Worsening of severe HTN, myocardial ischemia, and valvular regurgi-
tation.

Renal failure secondary to hypoperfusion.

Paraplegia from compromised flow to the spinal cord via the artery of
Adamkiewicz.

Cross-clamp release causes hypotension as a result of:

Sudden { in afterload.

Coagulopathy and T bleeding.

Release of metabolites from ischemic lower body, causing diffuse vaso-
dilatation.

Slow release of clamp, volume loading, briefly | anesthetic depth, and in-
termittent dosing of vasopressors can alleviate the amount of hypotension.

Complications:
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Paraplegia and spinal cord ischemia caused by surgical damage to ar-
tery of Adamkiewicz, which is the major artery supplying lower tho-
racic and lumbar spinal cord.
Anterior spinal artery syndrome: Loss of motor function and sensation
to pinprick, with intact proprioception and vibration.
Protection against spinal cord injury: Short cross-clamp time, higher
perfusion pressures, shunts, partial cardiopulmonary bypass (CPB), ste-
roids, hypothermia, mannitol, cerebrospinal fluid drainage via lumbar
drain
Renal failure:
Risk factors: Preexisting renal disease with emergency cases, pro-
longed cross-clamp times, prolonged hypotension.
Greater incidence with suprarenal over infrarenal clamping.



Prevention: Infusion of mannitol and fenoldopam, renal-dose dop-
amine may not be beneficial.

Indications for Surgery
AoRTIC DISSECTION

Tear in the tunica intima of the aorta results in a false lumen, allowing blood
to flow into the media and potentially extend the length of the vessel.

Risk FACTORS

Connective tissue disorders (Marfan’s syndrome and Ehlers-Danlos syndrome)
as a result of medial cystic necrosis.

COMPLICATIONS

Occlusion of aortic lumen, extension proximally to root, rupture into the peri-
cardium causing tamponade.

Classification (see Figure 13-2):
Stanford classification:
Type A (DeBakey types I and II) involves the ascending aorta.
Type B (DeBakey type I1I) involves the descending aorta.
Type A dissections require surgery, while type B dissections can usu-
ally be managed medically.

DeBakey classification:
Type 1 involves the ascending aorta, aortic arch, and descending
aorta.

K
( § ()

8!

N

FIGURE 13-2. Classification of aortic dissections.

Stanford type A includes any involvement of ascending aorta, while type B is limited to the
descending aorta. DeBakey types I and II can also be considered Stanford type A. DeBakey
type III is the same as a Stanford type B. (Reproduced, with permission, from Cohn LH (ed).
Cardiac Surgery in the Adult, 3rd ed. New York: McGraw-Hill, 2008: 1196.)
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Normal aortic size in adults is

2-3 cm in width.

Type I is confined to the ascending aorta.
Type Il is confined to the descending aorta distal to the left subcla-
vian artery.

AORTIC ANEURYSMS

Ancurysms are defined as a focal dilatation with at least a 50% T over nor-
mal arterial diameter.

Most commonly involves the abdominal aorta.

Etiology: Atherosclerosis (most common), rheumatoid arthritis, syphilis,
trauma.

COMPLICATIONS

Aortic regurgitation, tracheal compression and/or deviation, hoarseness,
superior vena cava syndrome, rupture.

Rupture manifests as acute severe back pain.

Risk of rupture T with increasing ancurysm size: > 6 cm correlates to 50%
rupture within 1 year.

TREATMENT

Repair is usually performed in patients with > 4-cm aneurysms; many patients
are candidates for endovascular repair.

AorTiC OccLUSIVE DISEASE

Etiology: Atherosclerosis.
Occurs at aortic bifurcation (Leriche's syndrome).

TREATMENT

Aortobifemoral bypass and/or endarterectomy.

COARCTATION OF THE AORTA

Congenital heart defect classified in relation to the ductus arteriosus:

Preductal type often diagnosed during infancy:
Diminished pulses in lower extremities.
Lower-body cyanosis.
Upper-body perfusion from aorta; lower-body perfusion from pulmo-
nary artery.
Postductal type often diagnosed in adulthood.
Severity of lesion and amount of collateral circulation determines se-
verity of symptoms.
Upper-extremity HTN.

Monitoring

Large IV access above the diaphragm should be established prior to induction.
Arterial catheterization (preferably on the right) can be obtained preinduc-
tion if significant comorbidities or wide changes in hemodynamics are ex-
pected during induction; otherwise, postinduction arterial line placement
is suitable.
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Central venous access with the insertion of a pulmonary artery catheter
(PAC) can be obtained after induction. PAC detects left ventricle failure,
particularly during suprarenal cross-clamping.
Transesophageal echocardiography (TEE):
Highly sensitive and specific in the diagnosis of an acute aortic dissec-
tion.
Helpful particularly in type A dissections in the assessment of the aortic
valve, tamponade, and left ventricular dysfunction.
Limited images of distal ascending aorta and proximal aortic arch be-
cause of interposition of trachea or bronchus between esophagus and
aorta.

Anesthetic Management

SURGERY ON THE ASCENDING AORTA

Involves sternotomy and CPB.

May need left radial artery, femoral or dorsalis pedis for arterial blood pres-
sure monitoring, as the innominate artery may be clamped.

CPB may be established via the femoral artery in cases involving dissec-
tions.

Intraoperative course can be complicated by large volume shifts, blood
loss, long cross-clamp times, and new or worsening aortic regurgitation, of-
ten requiring valve replacement.

Nitroglycerin or nitroprusside is often used for precise blood pressure con-
trol.

B blockers should be used with caution, as bradycardia can worsen aortic
regurgitation.

SURGERY ON THE AORTIC ARCH

Involves sternotomy, CPB, and hypothermic circulatory arrest.
Cooling to 15-18°C, steroids, mannitol, and thiopental can be used to
achieve cerebral protection.

Associated coagulopathies should be corrected during rewarming period. Double-lumen ETT for

descending aorta thoracic
SURGERY ON THE DESCENDING THORACIC AORTA surgery is a relative, not

Involves left thoracotomy without CPB for open procedures. absolute indication.
One-lung anesthesia using double-lumen tube or bronchial blocker can
facilitate surgical exposure.

Shunts and left atrial-femoral artery and femoral vein—femoral artery by-
passes can reduce complications caused by cross-clamping.

CSF drains may be required if shunts or bypasses are not used.

Elective cases can benefit from a thoracic epidural for postoperative pain
management but may be complicated with use of anticoagulation.
Endovascular repair considered for those not candidates for open repair.
Right radial arterial line, as clamping of left subclavian artery may be nec-
essary.

Cross-clamping causes HTN above clamp and hypotension below clamp.
Vasodilator agents (nitroglycerin and nitroprusside) 4 blood pressure in the
acute setting.

Correction of coagulopathy and dosing of calcium chloride may benefit
those receiving massive transfusions.
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Partial tear or complete aortic
transection is usually seen as
a widened mediastinum
on CXR.

SURGERY ON THE ABDOMINAL AORTA

Involves anterior abdominal or anterolateral retroperitoneal approach.
Endovascular repair considered for those not candidates for open repair.
Combined epidural-general anesthesia may provide benefit to | release
of stress hormones and { requirements for inhalation agents.

More distal cross-clamping produces less effect on left ventricular afterload
and hemodynamics.

Fluid replacement is of concern due to large surgical exposure.

Postoperative Management

Most patients undergoing surgery to the proximal aorta should remain in-
tubated and ventilated for the immediate postoperative period.

Most patients undergoing surgery of the abdominal aorta can be extu-
bated.

Immediate postoperative goal is to maintain stable hemodynamic para-
meters and correct coagulopathies.

Preoperative Considerations

INDICATIONS

Occlusive arterial disease from atherosclerosis and emboli.
Aneurysms of peripheral vessels.

Pseudoaneuryms.

Vascular injuries.

Anesthetic Management

Can be performed under regional or general anesthesia alone or as a com-
bined regional-general technique.

Neuraxial anesthesia: These patients may already be on antiplatelet medi-
cation or will require anticoagulation during surgery; timing of epidural
placement and removal should be made accordingly.

Vasopressor: Phenylephrine minimizes tachycardia.

Arterial catheterization may be required for patients with co-morbidities
and severe vascular disease.

Maintain normothermia: Shivering can T myocardial oxygen demand.
Conservative fluid management, as many of these patients are prone to

CHF.

Postoperative Management

Patients are closely observed for graft occlusion and may need revision.
Epidural catheters are typically left in place for postoperative analgesia.
Extremes of blood pressure and heart rate should be avoided.
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Only hypothermia decreases
the basal CMRO, of the brain.

Cerebral Blood Flow (CBF)

Average: 50 mL/100 g/min.

Gray matter receives ~80 mL/100 g/min.

White matter receives ~20 mL/100 g/min.

Average brain CBF: 750 mL/100g/min (average brain weighs 1.5 kg and
consumes 15-20% of CO).

Electroencephalogram (EEG) slowing: 20-25 mL/100 g/min.

Flat EEG: 15-20 mL/100 g/min.

Irreversible brain damage: < 10 mL/100 g/min.

DETERMINANTS OF CEREBRAL BLoOD FLow

Cerebral metabolic rate (CMR):
Greatest in gray matter of cerebral cortex.
Parallels cortical electrical activity.
Expressed as mL O,/100 g brain tissue/min.
Changes in CMR directly coupled with CBF: T (or 1) in CMR result
in T (or 1) in CBF, relationship uncoupled by volatiles.
CMR in young adults and elderly: ~3.5 mL O,/100 g brain tissue/min.
CMR in children (6 years old) is higher ~ 5.2 mL O,/100 g brain tis-
sue/min.
Paco,:
Carbon dioxide tension between 20 and 80 mmHg is directly propor-
tional to CBF:
40-80 mmHg: CBF doubled.
20-40 mmHg: CBF halved.
Effect is transient as CBF returns to normal in 6-8 hr even if altered
CO, levels are maintained.
CBIF T 1 mL/100 mg/min for I mmHg T in Paco, from 40 mmHg.
Cerebral steal:
Occurs in hypoventilated patients with focal ischemia.
Hypoventilation — T Paco, — vasodilation. Blood vessels in ischemic
areas are already maximally dilated. Blood flow is shunted away from
ischemic areas to normal areas.
Reverse steal or Robin Hood effect:
Occurs in hyperventilated patients with focal ischemia.
Hyperventilation — | Paco, — vasoconstriction. Blood vessels in isch-
emic areas remain more vasodilated due to lower pH. Blood flow is
shunted away from normal areas to ischemic areas.
Pao,: CBF is T when Pao, < 50 mmHg.
Cerebral perfusion pressure (CPP) and autoregulation:
CPP = mean arterial pressure (MAP) — intracranial pressure (ICP) (or
central venous pressure [CVP] if it is > ICP).
Normal CPP = 80-100 mmHg.
Normal ICP < 10 mmHg.

EEG Finding CPP
EEG slowing <50 mmHg
Isoelectric EEG 25-40 mmHg
Irreversible brain damage < 25 mmHg
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Autoregulation (sce Figure 14-1):
CBF maintained constant between as MAP varies from 50-150 mmHg.
Below and above this range, CBF is dependent on CPP.
MAP < 60: Ischemia.
MAP > 160: Potential disruption of blood-brain barrier and cerebral
edema.
Autoregulation is disrupted by ischemia, tumor masses, trauma, sei-
zures, hypoxemia/hypercarbia.
Autoregulation curve is shifted right in hypertensive patients.
Temperature:
CBF varies in a direct relationship with temperature.
For each 1°C change in temperature, CBF varies 5-7%.
Hypothermia | both CMR and CBF.

Cerebrospinal Fluid (CSF)

Protects the CNS against trauma.
Primarily formed by transport of sodium, chloride, and bicarbonate ions.
Produced mostly by ependymal cells in the choroid plexus.
Absorbed into venous system of the brain by villi in the arachnoid mem-
brane.
Absorption directly proportional to ICP and inversely proportional to CVP.
Rate of production: 0.3-0.4 mL/min.
Total volume: 100-150 mL.
Medications that I CSF formation:
Furosemide: Blocks transports of sodium and chloride ions.
Acetazolamide: Blocks transport of bicarbonate ions.
Spironolactone.
Isoflurane.
Vasocontrictors.

g T
E L
£
(o]
o
o
8
e
-
E 40
E
o -