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Specialists in the fields of medicine and
surgery may ask why medical students
should be exposed to the specialty of
anesthesia. We believe that there are
basic concepts and technical skills that
every physician should possess, and that
these concepts and skills are best taught
by our specialty.

Medical schoo! curricula across Notth
America are repeatedly criticized for
lacking the teaching of both acute and
chronic pain management. In addition,
students who pursue a career in surgery,
emergency medicine or intemnal medi-
cine are expected to have the skills to
manage a patient's airway. However,
they usually have had no formal teach-
ing in these basic skills. Finally, medi-
cal school curricula in North America
are rapidly changing. Students are now
asked to commit themselves to a spe-
cialty during the third year of their
medical school training. We believe
that this process is unfair, We also
recognize that a student with no prior
exposure to anesthesia is unlikely to
choose anesthesia as a career.

This manual was written with contribut-
ing authors from the Departments of
Anesthesia at the Ottawa Civic and
General Hospitals for medical students
spending two weeks of their clinical
rotation in the specialty of anesthesia.
Six specific objectives are used to focus
the students reading. The text is high-
lighted by two asterisks (**) for
material that is essential and that the
student must know, and one asterisks
(*) for material which the student

should know. All other material is
provided for background reading which
the student may know. The manual is
to be used as a primary reference for
lectures on monitoring in anesthesia,
and on acute and chronic pain manage-
ment. The problem-based tutorial ques-
tion will also be on material covered in
this manual,

The student who completes the anest-
hesia rotation should have acquired
confidence in airway management skills
including mask ventilation and tracheal
intubation, as well as securing intra-
venous access. Important concepts for
the student to attain during their rotation
include:

1. Preoperative assessment.

2. Basic principles of managing acute
and chronic pain disorders.

3. The appropriate use of local anaes-
thetic agents.

4. Analgesic options for women in
labour. :

5. Basic neonatal assessment and re-
suscitation,

6. Intravenous fluid and blood compo-
nent therapy including the potential
complications of a blood product
transfusion.

Patrick Sullivan MD, FRCPC
Assistant Professor
University of Ottawa,
Resident Program Director
Department of Anesthesia
University of Ottawa
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Preface

The first public demonstration of ether
was by WT.G. Morton in the
Etherdome of the Massachusetts General
Hospital in 1846. Ether anaesthesia
became widely available and would
soon be followed by chloroform and
nitrous oxide.  Surgeons were not
particular about who poured the ether or
chloroform so long as someone was
there to do the job. It was not until the
early 1920's that physicians began to
show interest in anaesthesia as a
specialty. By the end of World War II
the infant specialty was firmly estab-
lished and university training programs
began.

The emphasis has traditionally been on
postgraduate teaching. Why has
undergraduate anaesthesia teachingbeen
neglected or de-emphasized? It was
because the medical school curriculum
was controlled by older, traditional
disciplines that were unwilling to
relinquish time for competing spe-
cialties. This was complicated by the
fact that anaesthetists originally worked
only in the operating room, and found it
difficult to be freed from that responsi-
bility to undertake teaching outside the
operating room. Anaesthesia has
expanded to include other services
which include Intensive Care, Acute and
Chronic Pain Services, Malignant
Hyperthermia Diagnostic Services, and
a Pre-admission Unit. Anaesthetists
have developed many skills which are
valuable to physicians, regardless of
their discipline. They have become
specialists in applied physiology, phar-

macology and resuscitation of acutely
traumatized patients. The importance of
imparting these skills and knowledge to
medical students has been realized by
those responsible for medical school
curricula.  Accreditation bodies are
demanding that anaesthetists teach med-
ical students.

When the new curriculum, founded on
problem-based learning, was adopted in
the Faculty of Medicine at the Univer-
sity of Ottawa, anaesthesia was given
responsibilities in the program. FEach
student must spend two weeks in an
anaesthesia rotation and many anaesthe-
tists participate in small group sessions.
Dr. Patrick Sullivan found that an an-
aesthesia manual, which would meet the
needs of medical students submerged in
a new curriculum, was not available.
The manual he and his co-authors have
written covers all of the important
material a medical student must and
should know. It is best taught by an-
aesthetists because it falls almost
exclusively in their domain. The
organization of the manual makes it
essential reading for students rotating
through anaesthesia who want to
optimize their brief exposure to anaes-
thesia, which has so much to offer.

J. Barl Wynands, M.D.
Professor and Chairman
Department of Anaesthesia
University of Ottawa
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CHAPTER 1

Anaesthesia
Rotational Objectives

There are six specific knowledge and
skills objectives* for the two week
anaesthesia rotation:

1. To become aware of anaesthetic
considerations in the preoperat-
ive evaluation and preparation of
the patient.

This will be accomplished by conduct-
ing several preoperative assessments,
including:

a. Taking and recording a pertinent
history.

b. Performing an appropriate physical
examination, including assessment
of the airway, the respiratory and
cardiovascular systems, and other
systems as indicated.

c. Reviewingrelevantlaboratory data.

d. Preparing a problem list and
assigning appropriate ASA phy-
sical status.

e. Prescribing appropriate premedica-
tion, including continuing relevant
current medications, and demon-
strating knowledge of the prin-
ciples of managing specific medi-
cations (eg. insulin,anticoagulants).

2. Tolearn appropriate airway and
ventilatory management.

Must Know **

The student will demonstrate proper
airway and ventilatory management of
the unconscious patient by:

a. Describing and identifying basic
oropharyngeal and laryngotracheal
anatomy.

b. Describing the indications, benefits
and risks of airway management by
mask and endotracheal intubation.

c. Identifying and stating appropriate
sizes of masks, oral and nasal air-
ways, laryngoscope blades and
endotracheal tubes.

d. Identifying and overcoming upper
airway obstruction with mask ven-
tilation using various masks, oral
and nasal airways, jaw thrust and
or chin lift maneuvers.

e. Successfully preparing appropriate
equipment, positioning and
intubating several patients with
minimal supervisor intervention.

f.  Correctly identifying within 30 sec-
onds those patients in whom endo-
tracheal intubation was not succ-
essful,

g Recognizing and discussing the
need for controlled ventilation
using physical signs, cardiovascular
parameters, respiratory measure-
ments, and/or arterial blood gases.

Should Know * Page 1



Anaesthesia for Medical Students

h. Discussing the various methods of
monitoring the adequacy of ventila-
tion.

i.  Prescribing appropriate parameters
for mechanical ventilation.

j. Describing and identifying criteria
for extubation.

3. To acquire skills necessary to
prescribe and conduct appropri-
ate fluid and blood component
therapy, including establishing
vascular access.

This will be demonstrated by:
a. Identifying common sites for
Venous access.

b. Demonstrating skill at establishing

venous access by:

- using sterile technique.

- Successfully inserting several
peripheral catheters of various
calibres.

- Protecting the venipuncture site
and immobilizing the catheter.

c.  Describing the indications and
complications of central venous
access.

d.  Prescribing perioperative fluid and
electrolyte replacement, taking
into account such factors as NPO
status, preoperative bowel prep,
NG suction, fever, blood losses,
and third space losses.

e. Discussing perioperative indica-
tions for blood administration, and
learning rational use of blood
products, and the potential compli-
cations of blood product adminis-
tration.

f.  Correctly interpreting data from
the following monitors of volume
status:

Page 2

- examination of the patient.

- pulse and blood pressure.

- urine output,

- invasive monitoring (CVP,
PCWP, Arterial pressure
waveforms, cardiac output).

To learn local anaesthetic phar-
macology appropriate to general
medicine by:

Classifying commonly used agents

according to amide and ester link-

age.

Listing commonly used local

anaesthetics for:

- topical use

- local infiltration

- peripheral nerve blocks

- iv (Bier's) block

- epidural anaesthesia

- spinal anaesthesia

Listing acceptable doses of at

least two agents used for topical

and local infiltration anaesthesia.

Describing the diagnostic criteria

for, and management of:

= local anesthetic toxicity.

- inadvertent intravascular injec-
tion of local anaesthetic.

- allergic reaction to a local an-
aesthetic.

To understand the management
of pain in the peripartum period
and the initlation of neonatal
resuscitation.

This will be demonstrated by:

a,

Discussingindications, contraindi-
cations and adverse effects of
various modes of obstetrical pain
relief.

f
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Rotational Objectives

- mask analgesia with nitrous
oxide and/or volatile anaesthe-
tic agents.

- natcotic analgesia (im, or iv).

- epidural anaesthesia.

- spinal anaesthesia.

b.  The student will develop skills in
assessment and management of
the healthy newborn by:

- administering oxygen by mask.

- performing oropharyngeal and
nasopharyngeal suction.

- performing an initial physical
examination,

- assigning Apgar Scores.

- recognizing newborn distress.

c. The student will be able to
describe therapeutic steps necess-
ary to begin neonatal resuscitation.

6. To understand the principles of
acute and chronic pain manage-
ment,

This will be achieved through the pro-
vided reading material in the anaesthesia
manual, a pain clinic rotation, and a
discussion of modalities for acute pain
management including:

a. iv narcotic infusions.
b.  non-narcotic analgesics.
c.  iv and epidural PCA

(patient controlled analgesia).
d. peripheral nerve blocks.

Reading material in the anaesthesia
manual and discussion of the diagnosis
and management of common chronic
pain syndromes will focus on:

a.  Reflex sympathetic dystrophy.
b.  Fibrositis.

Must Know **

c.  Chronic low back pain.
d.  Post herpetic neuralgia.
e.  Cancer pain.

ANAESTHESIA CURRICULUM:
KNOWLEDGE/SKILLS/ATTITUDE

Knowledge:

The following topics will be covered
either in the manual, or in seminar
format and problem solving sessions
during the 12-week surgical - anaes-
thesia rotation.

Preoperative evaluation and preparation.
Anaesthetic - Surgical risk assessment.
Hypoxia.

Oxygen Therapy.
Intubation-indications/complications.
Principles of mechanical ventilation.
Shock.

Fluid Therapy.

Blood component therapy.

Acute and Chronic Pain management.
Obstetrical anaesthesia-analgesia.
Basic neonatal resuscitation.

Skills:

1.  Airway maintenance maneuvers in
the unconscious patient.
Artificial airway insertion.

Mask ventilation.

4,  Endotracheal intubation and ex-
tubation.

5. Spontaneous, manual, and con-
trolled modes of ventilation.

6. Venous cannulation.

7.  Prescription, identification and ad-
ministration of blood components,
including equipment assembly.™

8.  Arterial blood gas sampling.™t

w N

Should Know * Page 3



Anaesthesia for Medical Students

9.  Spinal anaesthesia
(Lumbar puncture)."
10. Nasogastric tube insertion.

" Skills number 1 to 6 must be
achieved during the rotation. Students
may acquire skills number 7 to 10 de-
pending on clinical opportunity and the
students' interest level.

Attitude;

We hope that your two-week rotation
will stimulate a thirst for knowledge and
understanding of the fascinating physiol-
ogy and pharmacology that occurs in
the patient undergoing surgery. Anaes-
thesia is a somewhat unnatural if not
magical state, It is normal to feel tech-
nically challenged during your rotation
as you acquire vascular access and
airway management skills. Each of you
can expect to experience (as all doctors
have), a humbling but hopefully reward-
ing, technical leaming curve. You
should be aware of your difficulties,
your response to them, and the response
of your patient and other medical per-
sonnel to your difficulties. We ask that
your eyes and senses not be clouded by
technical monitors, but rather be open to
the overall care of the patient. We
demand a commitment of excellence in
your care and concem for the well-
being of the patient and their family.
We expect punctuality and honesty as a
basis of good medicine.

While students may view anaesthesia as
a specialty with limited patient contact,
they should ensure that opportunities for
communication with the patient and
family do not slip by. Fact-gathering

Page 4

encounters do not have to be devoid of
reassurance, kindness or a comforting
touch. We expect both positive and
negative experiences during your rota-
tion to be discussed openly with us, to
ensure the best possible rotation for
future students,

Resources:

Our University of Ottawa Anaesthesia
Manual will be distributed to all stud-
ents, and will be used as the basic ref-
erence text for the rotation. Additional
reference material will be available in
each hospital's anaesthesia library.

Topics covered in this manual have
been classified as either must know,
should know, or may know material.
Material designated as must know will
be identified by two asterisks (**), and
will have a greater emphasis in content
and weighting in the multiple choice,
short answer, and OSCE questions at
the end of the surgical anaesthesia rota-
tion. Material assigned to the should
know portion of each chapter will be
identified by one asterisk (*). All other
topics covered in the manual provide a
general background for the student
during their anaesthesia rotation, and are
topics which the student may know. A
passing grade can be achieved with a
good comprehension of the must know
material, while an honours mark may be
awarded to students correctly answering
material covered in the should know and
may know sections of the manual.
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Rotational Objectives

A computerized anaesthesia simulator
will be available as an option during the
students rotation.  (The simulator
includes models of pharmacology,
pharmacokinetics, critical incidents, as
well as cardiovascular and respiratory

physiology).

The hospitals' anaesthesia library and
main libraries will be available for
reference during the rotation,

Notes:

Must Know **

Should Know *

Evaluatjon:

The rotation evaluation will be based on
four components.

I.  Participation during problem solv-
ing sessions.

II. Oneormore examinations using a
multiple choice format, short
answer eXamination format, or
OSCE examination.

III. A clinical profile record.

IV. A review of the anaesthesia simu-
lator problems (optional).

Page 5



CHAPTER 2

Anaesthesia Overview

Modem general anaesthesia is based on
the ability to provide adequate analgesia
and amnesia during surgical procedures.
Neuromuscular-blocking drugs may be
utilized to facilitate surgical exposure by
providing profound muscle relaxation.
The anaesthesiologist attempts to
achieve both analgesia and amnesia,
with or without muscle relaxation, while
maintaining the patient's normal physio-
logical functions. The challenge in
anaesthesia is to maintain a balance
between the stress of the surgical pro-
cedure and the cardiorespiratory
depressant effects of deepening levels of
anaesthesia (figure 2.1). The anaesthes-

iologist uses both skills in clinical
examination and a host of technical
monitors to provide ongoing feedback
on the patient's physiological status and
anaesthetic requirements. Table 2.1 lists
options available to the anaesthesiol-
ogist for providing analgesia, amnesia
and muscle relaxation.

A state of general anaesthesia may be
induced with the injection of anaesthetic
drugs, or by the inhalation of a mixture
of anaesthetic vapours (figure 2.1).
With general anaesthesia, muscle relax-
ants may be used to facilitate both tra-
cheal intubation and muscle relaxation.

Anaesthesla

Physlological Stability
End organ homeostasis
- cardiovascular

- respiratory

- neural

- renal

- endocrine

Figure 2.1: The Anaesthetic - Surgical balance.

~

Surgery
Stress
- psychological
- physiologlcal
- Bloedloss - Cardiovascular stress
- Fluld shifts - Resplratory stress
- Temperature changes
- Organ insult / removal

Page 6
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Chapter 2 Anaesthesia Overview

Mauscle relaxants are frequently used to
facilitate surgical access, and are essen-
tial for thoracic and abdominal oper-
ations. As muscle relaxants have no
effect on the state of consciousness,
additional anaesthetic medications must
be given to ensure both amnesia and
analgesia. The use of muscle relaxants
avoids the need for excessive amounts
of other anaesthetic agents that would
otherwise be required to achieve the
same degree of muscle relaxation.
Because muscle relaxants also affect the

Table 2.1: Anaesthetic Options*.

muscles of respiration, positive pressure
ventilation is frequently used to main-
tain normal minute ventilation when
they are given. When muscle relaxants
are not used, the patient may be allowed
to spontaneously inhale anaesthetic
vapours to maintain the anaesthetic
state. If efforts at spontaneous ventila-
tion are inadequate, manually assisted or
controlled mechanical ventilation may
be used by the anaesthetist. Controlled
mechanical ventilation is generally used
only when the trachea has been
intubated.

Anaesthetic Options

Local Anaesthesia
Alone.

Local Anaesthesia
with intravenous
conscious sedation.

sedation.

eg. iv Propofol, midazolam, fentanyl and or music for

Neurolept-analgesia.

Used infrequently. Achieved with high doses of drop-
eridol with a opioid (such as fentanyl) for analgesic
supplementation.

Regional Anaesthesia,
with or without seda-
tion.

eg. Spinal Anaesthesia
Epidural Anaesthesia
Brachial Plexus Block
Intravenous Bier' Block
Peripheral Nerve Blocks

General Anaesthesia.
(see figure 2.2)

May be combined with regional anaesthesia, peripheral
nerve blocks or local anaesthesia.

Others

oxygen).

antiemetics

Acupuncture

Biofeedback techniques (Lamaze)

Inhalational agents

(eg. Entonox = 50:50 mixture of nitrous oxide and

im, po, iv sedatives, narcotics, neuroleptics, or

** Must Know

* Should Know Page 7




Anaesthesia for Medical Students

ﬁtravenous Anaesthetics or Inhaled Anaesthetic GaseA

induction of
General Anaesthesia

With or without
muscie relaxants

\_

Mask Endotracheal tube
No muscle Assisted Controlled
relaxants Ventilation Ventilation
Spontaneous Ventilation with
Ventilation muscle relaxants

Figure 2.2: Establishment of General Anaesthesia.

/

Spontaneous and assisted ventilation
may be used in conjunction with a
tracheal tube, laryngeal mask airway, ot
simple face mask (figure 2.2).

Modem general anaesthesia uses combi-
nations of medications in an attempt to
minimize each drug's side effects, and
maximize individual benefits, Hence,
rather than using halothane alone to
provide anaesthesia for abdominal sur-
gery, the anaesthetist often chooses a
series of medications to match the
patient's needs. These medications may
include opioids to blunt the pain
response to surgery, barbiturates to
induce the anaesthetic state, and volatile
anaesthetic agents such as nitrous oxide
and isoflurane to maintain the anaes-
thetic state. Other common anaesthetic

Page 8

drugs used during general anaesthesia
include antiemetics, neuromuscular
blocking agents, and neuromuscular
antagonists,

R S N D N I N N I N N N S O I I S
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CHAPTER 3

Preoperative
Evaluation and
Risk Assessment

GREG BRYSON M.D., FRCPC AND JOHN B. KiTTs M.D., FRCPC

Preoperative assessment is essential for
the safety of anaesthesia. Physicians
who have had no exposure to the spe-
cialty of anaesthesia are ill-equipped to
evaluate, prepare, and institute measures
to minimize the patient’s risk in the
perioperative period. This chapter pro-
vides a framework for physicians who
need to understand their patients’ risk of
undergoing a surgical procedure, and the
measures that can be used to optimize
their patients’ condition prior to surgery.

Preoperative evaluation serves many
purposes. First, it offers the anaesthetist
an opportunity to define the patient's
medical and surgical problems, and plan
the anaesthetic technique. Second,
further investigation, consultation, and
treatment can be arranged for patients
whose condition is not optimal. Finally,
the anaesthetist can provide information
and reassurance for the patient during
this stressful time.

An organized approach to the preoperat-
ive evaluation will allow the anaesthetist
to perform a focused evaluation of the
patient's medical and surgical condition,
and to address issues relevant to the

** Must Know

safe and effective performance of sur-
gery. The preoperative evaluation does
not replace the role of the primary care
provider, and should not be used to
address issues that are not relevant to
the performance of anaesthesia and
surgery.

The preoperative visit should include
the following steps:

I.  Problem Identification

II. Risk Assessment

III. Preoperative Preparation

IV. Plan of Anaesthetic Technique

I. PROBLEM IDENTIFICATION**

Identification of the problems a patient
brings to the operating room is one of
the most vital, yet easily neglected,
components of the perioperative man-
agement of the surgical patient. A
system-oriented approach to the patient
is helpful in completing a thorough
preoperative assessment. As is the case
elsewhere in medicine, the preoperative
evaluation should progress through
history (including a review of the

* Should Know Page 9



Anaesthesia for Medical Students

patient's chart), physical examination,
and laboratory investigation.

Anaesthetic drugs and techniques have
profound effects on human physiology.
Hence, a focused review of all major
organ systems should be completed
prior to surgery. The anaesthetist pays
special attention to symptoms and dis-
ease related to the cardiovascular, res-
piratory, and neuromuscular systems as
they will directly manipulate these sys-
tems during surgery. Because one of
the goals of the preoperative evaluation
is to ensure that the patient is in the
best (or optimal) condition, it is import-
ant not only to identify symptoms, but
also to document their severity and to
determine their stability or progress.
Patients with unstable symptoms should
be postponed for optimization prior to
elective surgery.

Cardiovascular:

Patients with ischemic heart disease are
at risk for myocardial ischaemia or
infarction in the perioperative period. A
thorough history should ascertain
whether angina is new or has recently
changed from a previously stable pat-
tern. A description of the patient's
exercise tolerance must also be
included. Patients with a history of a
recent myocardial infarction (< 6
months) or unstable angina are poor
surgical candidates, with a high risk of
significant morbidity or mortality.

Assessment of cardiac risk is discussed
later in this chapter. As many anaes-
thetic agents are also myocardial
depressants, a history of congestive
heart failure or cardiomyopathy should

Page 10

be directly sought. Valvular heart
disease presents a special set of con-
cerns to the anaesthetist. This includes
unfavourable and even dangerous alter-
ations in haemodynamics brought on by
the anaesthesia, particularly major
regional techniques (see chapter 15:
Local and regional anaesthetics). Con-
sider the risk of subacute bacterial
endocarditis (SBE) in these patients.

Although less common with new anaes-
thetic drugs, arrhythmias are frequently
seen in the operating room. In the
preoperative visit, identify a past history
of arrthythmia or symptoms suggesting
the need for a pacemaker. The patient
with hypertension will require special
attention to perioperative antihyper-
tensive therapy and fluid and electrolyte
balance.

Respirology:

Cigarette smoke has several adverse
effects, including alteration of mucus
secretion, clearance, and decrease in
small airway calibre. It also may alter
the immune response. - The chronic
smoker should be encouraged to abstain
from smoking for at least 8 weeks prior
to the operation,' but stopping smoking
for even 24 hours may produce benefits
in cardiovascular physiology® and carb-
oxyhemoglobin levels.

Patients with chronic obstructive pulm-
onary disease (COPD) are at increased
risk of perioperative respiratory compl-
ications.  Anaesthesia, surgery and
postoperative analgesia all predispose
the patient with COPD to respiratory
depression, atelectasis, retained secret-
ions, pneumonia and respiratory insuff-
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Chapter 3 Preoperative Assessment

iciency or failure. The patient with
asthma is at particular risk as manipula-
tion of the airway and cold dry anaes-
thetic gases are potent triggers of intra-
operative bronchospasm. Determine the
presence of cough and the colour and
amount of sputum. Ensure that there is
no acute upper respiratory infection.,

The patient's exercise capacity should be
evaluated by asking questions such as
how they manage around stairs at home,
and walking to local stores. Are they
able to walk several blocks comfortably
at a normal pace? Do they avoid stairs?
If they routinely uses stairwells, how
many flights are they able to complete?
Do they have to rest in the stairwell? Is
this the result of fatigue, shortness of
breath, or chest pain?

Restrictive lung disease will be
worsened by upper abdominal or
thoracic surgery, and place the patient at
increased risk for perioperative failure.
Any disease process which leads to an
altered control of breathing (obstructive
sleep apnea, CNS disorders, etc.) may
lead to profound respiratory depression
from the drugs used in the perioperative
period, and may require postoperative
monitoring in a critical care setting.
Potential airway problems are of par-
ticular concern to the anaesthetist, and
must always be evaluated (see chapter
6: Intubation and Anatomy of the Air-

way).

Neuromuscular:

If the patient has an intracranial lesion,
seek early signs and symptoms of raised
intracranial pressure such as headaches,
nausea, vomiting, confusion and

** Must Know

papilledema.  Pituitary lesions may
cause endocrine abnormalities. A his-
tory of TIA's or CVA's suggests signifi-
cant cerebrovascular disease. The an-
aesthetist should ask the patient about a
history of seizures, and determine the
type, frequency and time of last occur-
rence. Note any anticonvulsant medica-
tions the patient is receiving.

The patient with a history of spinal cord
injury is at risk for a number of
perioperative complications including
respiratory failure, arrthythmias, auto-
nomic hyperreflexia, hyperkalemia,
pathologic fractures and pressure sores.
It is important to document the date and
level of the neurological injury, as the
incidence of many of these complica-
tions are dependent on such variables.
Patients with lower motor neuron
lesions of any kind are at risk for
unusual responses to anaesthetic drugs
(see chapter 12: Muscle Relaxants -
Succinylcholine), and regional anaes-
thesia should be considered only after
careful documentation of the patient's
nerve deficits.

Disorders of the neuromuscular junction
such as myasthenia gravis, myasthenic
syndrome, etc., will cause unpredictable
responses to neuromuscular-blocking
drugs. Lastly, patients with muscular
dystrophies and underlying myopathies
are known to have both an increased
association with malignant hyperthermia
and an increased risk of postoperative
tespiratory failure (see chapter 24:
Uncommon Anaesthetic Complications -
Malignant Hyperthermia).

* Should Know Page 11
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Endocrine:

Patients with diabetes mellitus require
careful management in the perioperative
period, as the stress of surgery and peri-
operative fasting can cause marked
swings in blood glucose. Diabetics
frequently have widespread end organ
damage involving the cardiovascular,
nervous and renal systems.

Patients with thyroid disease may ex-
perience difficulties under anaesthesia.
Profound hypothyroidism is associated
with myocardial depression and exag-
gerated responses to sedative medica-
tions. Hyperthyroid patients are at risk
for perioperative thyroid storm. Thyroid
goitres may compress the airway and
involve the recurrent laryngeal nerve
leading to vocal cord palsy. These
place the patient at risk for airway obst-
ruction.

Patients with phaeochromocytoma are
particularly challenging for the anaes-
thetist, surgeon, and internist involved
in their care. These patients are at risk
for extreme swings in blood pressure
and heart rate in the perioperative
period, and require intensive preoper-
ative therapy with adrenergic blocking
drugs. Patients at risk for adrenal sup-
pression (history of exogenous steroid
therapy) may not be able to increase
their own corticosteroid production to
match the imposed stress of surgery.
The incidence of adrenal suppression is
not predictable, and depends on the
potency and frequency of steroid dose
and on the length of steroid therapy.
As a general rle, corticosteroid
supplementation is provided for patients
who have required steroids for more
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than one week in the last six months.

GI-Hepatic:

Patients with hepatic disease frequently
present problems with fluid and electro-
lyte imbalance, coagulopathies and
altered drug metabolism. Patients with
gastroesophageal reflux (GER), as well
as those at risk for GER, are prone to
regurgitation of gastric contents and
aspiration pneumonitis during the perio-
perative period (see chapters 9 & 24:
Rapid Sequence Induction & Unusual
Anaesthetic Complications - Aspiration
Pneumonitis). These patients should
receive anti-reflux prophylaxis pre-
operatively.

Renal:

Disorders of fluid and electrolyte bal-
ance are common in the perioperative
period, and management of any possible
electrolyte deficiency or excess may be
part of the anaesthetic management of
the patient. Generally all fluid and
electrolyte disorders should be corrected
prior to elective surgery.

Patients with renal failure, both acute
and chronic, frequent the OR. The
anaesthetist must be prepared to deal
with their fluid and electrolyte dis-
orders, dialysis requirements and altered
drug metabolism. Pay careful attention
to the patient's dialysis schedule, as
important changes in blood volume and
serum potassium levels occur pre- and
post-dialysis. If possible, plan elective
surgery so that the patient receives
dialysis either the night before surgery,
or on the morning of surgery. Patients
with renal insufficiency are at risk for
deterioration of their renal function, and

N o s N
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Chapter 3 Preoperative Assessment

careful attention must be paid to their
fluid and haemodynamic management in
the perioperative period.

Haematologic:

Anemias of a variety of causes are
common in the patient undergoing sur-
gery. A minimum haemoglobin level of
100 gm/L. was traditionally required
before a patient could undergo elective
surgery. The dogma regarding an
adequate haemoglobin level has held
less sway in recent years. Now the
"transfusion trigger” must be individual-
ized to the patient, bearing in mind the
chronicity of the anemia, the likelihood
of perioperative blood loss, and the
patient's co-existent disease (see chapter
20).

Coagulopathles involving clotting fac-
tors and platelets, both congenital and
acquired, require careful management.
Patients with a bleeding tendency are
generally poor candidates for major
regional anaesthesia and management
must be individualized, depending on
the nature of the bleeding problem, the
proposed surgery, and the patient's
medical condition.

The Elderly:

The elderly have a higher incidence of
age-related coexisting disease as well as
both diminished organ function and
organ reserve. The result is that elderly
patients are generally recognized to be
in a higher perioperative risk group.
Perioperative morbidity and mortality
are related to the extent of coexisting
disease rather than the patient's age
alone. Elderly patients should not be
refused elective surgery on the basis of

** Must Know

their age alone.  However, every
attempt must be made in adequately
diagnosing and treating coexisting dis-
ease preoperatively. The risk of defer-
ring surgery must be balanced against
the potential for the patient returning on
an emergency basis.

Emergency surgery in the elderly patient
may lead to a four- to twenty-fold
increase in perioperative mortality.
Delay in presentation and inadequate
time for optimizing coexisting disease
place an increased burden on a patient
lacking the physiological reserve to
tolerate major stress and surgery.

Medications and Allergies:

A detailed list of the patients' medica-
tions and allergies is an essential part of
the preoperative assessment. Particular
attention should be paid to
cardiovascular and respiratory medica-
tions, narcotic analgesics, and drugs
known to have significant side effects or
drug interactions.

As a general rule, all cardiac and pul-
monary medications and most other
necessary medications should be taken
with sips of water at the usual time, up
to and including the day of surgery.
Possible exceptions to this include
coumadin, ASA and NSAID', insulin
(adjustment of the dose is needed on the
day of surgery), oral hypogylcemics and
antidepressants. Pay special attention to
patients receiving monoamine oxidase
(MAO) inhibitors and amiodarone.

Question patients with allergies to drugs
carefully on the nature of the reaction
and the circumstances under which it

* Should Know Page 13
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occurred. Many "allergies” are simply
anticipated drug side effects such as
nausea and vomiting, or adrenaline
absorption from local anaesthetic agents.
True allergies to anaesthetics are
unusual, but when present, can be fatal.

Prior Anaesthetics:

The patient undergoing anaesthesia and
surgery should be carefully questioned
on their response to previous anaes-
thetics and a family history of problems
with anaesthesia. Investigate any com-
plication or adverse reaction to prior
anaesthetics. Document the type of
problem, as well as its management and
outcome. In the case of serious peri-
operative events, consult the old chart to
complete the history. Seek a family
history of adverse anaesthetic experi-
ence. Malignant hyperthermia and
plasma cholinesterase deficiency are two
hereditary disorders that manifest under
anaesthesia (see chapter 24: Unusual
Anaesthetic Complications).

Problems related to Surgery:
Information about the patient's general
medical condition and anticipated intra-
operative problems can be gained from
an evaluation of the proposed surgery.
Careful consideration of the surgical
procedure will reveal the likelihood of
significant blood or third space loss,
cardiorespiratory compromise, and/or
unusual positioning requirements (prone,
lateral, lithotomy, etc.). This informa-
tion will be useful in planning venous
access, monitoring, and anaesthetic
technique.

Physical Examination:
The physical examination should focus
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on evaluation of the airway, the
cardiovascular system, the respiratory
system, and any other systems identified
as having symptoms or disease from the
history.

General:

A general assessment of the patient's
physical and mental status is performed.
Note whether the patient is alert, calm,
and cooperative, or unusually anxious
about their scheduled procedure. Is the
patient young and physically fit, or
elderly incoherent, emaciated and con-
fined to bed? Such obvious differences
will dictate the extent and intensity of
the examination and the time required to
listen to the patient's concemns and pro-
vide reassurance. The patient's mental
status also influences the type and
amount of preoperative medication
required (if any), and may influence the
type of anaesthetic technique used (eg.
general vs, regional).

Upper airway:

Examination of the upper airway must
be performed on all patients. Identify
and document any loose teeth, capped
teeth, or bridges. The patient should be
asked to open their mouth as widely as
possible, in order to assess temporal
mandibular joint mobility, and allow
visualization of the soft palate, uvula,
pharyngeal arches and posterior phar-
ynx. The thyromental distance (the
distance from the mentum (lower border
of the chin) to the thyroid notch, the
mobility of the C-spine in both flexion
and extension, as well as the position of
the trachea should all be assessed, as
each of these have implications with
respect to the ease of intubation.
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Assessment of the upper airway must
include evaluation of the range of
motion of the neck, as well as mouth
opening, dentition, and thryromental
distance. The adequacy of visualization
of the hypopharyngeal structures is used
as an indicator of potential difficulty
with direct laryngoscopy. A hypo-
pharyngeal class is assigned in an
attempt to quantify the degree of diffi-
culty that will be encountered during
direct laryngoscopy.** (See Chapter 6:
Anatomy and Assessment of the Air-

way).

Lower airway:

Assess the respiratory rate. Note the
shape of the thoracic cage, and whether
or not the patient is relying on their
accessory muscles (e.g., the barrel
shaped bronchitic patient vs. the pink
emphysemic puffer). Auscultate the
chest for audible rhonchi on quiet and
forced expiration, and identify the pres-
ence or absence of rales. Note the
presence or absence of cyanosis and
clubbing.

Cardiovascular:

Assess the heart rate, rhythm and blood
pressure. Identify the location of the
apical impulse, and whether it is
abnormally displaced. Assess the level
of the JVP, and identify the presence or
absence of peripheral edema. Identify
the first and second heart sounds and
listen for the presence of heart murmurs,
or a third or fourth heart sound.

Anticipate any special invasive pro-
cedures, and assess the anatomy for
arterial line insertion, central vein
cannulation, intravenous access, and

** Must Know

sites for major regional anaesthetic
techniques (eg. spinal, epidural, or
brachial plexus blocks).

Again, the state of health of the patient
will dictate the intensity of the examin-
ation required. The healthy 20-year-old
male undergoing an arthroscopy,
requires a much more abbreviated his-
tory, physical examination and chart
review when compared to the elderly
patient undergoing a major abdominal
procedure,

Laboratory Testing:

Obtain preoperative laboratory testing
only if indicated from the preoperative
history and physical examination. In
September 1993, the Public Hospital's
Act in Ontario was amended so that
mandatory haemoglobin and urine an-
alysis were no longer required prior to
surgery. Perform these tests and all
other preoperative tests, however, where
indicated by the medical status of the
patient, or if the patient is considered in
a population at risk for a specific prob-
lem. "Routine or standing” preoperative
tests should be discouraged.

Do a CBC for patients in whom there is
significant blood loss anticipated, sus-
pected haematological disorder (eg.
anaemia, thalassaemia, sickle cell dis-
ease), or recent chemotherapy. Patients
on antihypertensive medications, includ-
ing diuretics, chemotherapy, renal dis-
ease, adrenal or thyroid disorders, must
have electrolytes evaluated pre-
operatively. Obtain an electrocardio-
gram (ECG) for patients over 50 years
of age, or those who have a history of
cardiac disease, hypertension, peripheral

* Should Know Page 15
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vascular disease, diabetes mellitus,
renal, thyroid or metabolic disease.
Request chest X-rays prior to cardio-
thoracic procedures and for patients
with debilitating COPD, asthma, or a
change in respiratory symptoms in the
past six months. Perform urine analysis
for patients with diabetes mellitus, renal
disease or recent urinary tract infection.

II: RISK ASSESSMENT

There are three components that must
be considered when evaluating peri-
operative risk: the patient's medical
condition preoperatively, the extent of
the surgical procedure, and the risk from
the anaesthetic. In general, the major
contribution to increased risk is that of
the patient's health prior to the pro-
cedure and the magnitude of the sur-
gery. However, patients presenting for
surgery often have more fear about their
anaesthetic than the surgery itself.
Fortunately, anaesthesia-related morbid-
ity and mortality is rare, but unfortu-
nately, not absent. This does, however,
create its own problems. The combina-
tion of infrequent but serious events has
led one author to state that "Perhaps the
most insidious hazard of anaesthesia is
its relative safety."’

Anaesthetic Mortality:

The wide variety of surgical procedures
and anaesthetic techniques, combined
with the diversity of a patient's coexist-
ing surgical and medical illnesses, pro-
duce a number of risk factors that con-
tribute to overall outcome, and make
generalized statements about risk diffi-
cult. Specific predictions for a single
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patient's outcome is virtually impossible,
and the complexity of this issue has
made research studies addressing out-
come very difficult. Nevertheless, sev-
eral studies attempting to determine
anaesthesia mortality and. morbidity
have been completed.*? 1t is difficult
to separate the contributions of anaes-
thesia and surgery to morbidity and
mortality, as patients rarely receive an
anaesthetic without undergoing a surgi-
cal procedure. Table 3.1 summarizes
several studies which have attempted to
determine the risk of mortality due
solely to anaesthesia.

Studies on perioperative mortality have
yielded differing results. Differences in
the definition of outcome wvariables,
study design, and the duration of fol-
low-up make these results difficult to
compare, When reviewed critically,
these studies suggest that the often
quoted number for overall risk of pri-
mary anaesthetic mortality for all
patients undergoing all types of surgery
is approximately 1:10,000.

The question to which anaesthetists and
the patient need the answer is: "What is
the risk of a particular procedure in a
patient with a given medical status
receiving a specific anaesthetic tech-
nique?" Numerous investigators have
attempted to address this very complex
question. Most of the work, however,
addresses the operative risk according to
the patient's preoperative medical status.

Perioperative Risk Assessment:

Perhaps the oldest and simplest method
for risk assessment is the American
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Author Country Year No. in Incidence
study of Primary
Anaesthetic
Mortality
Tumnbull® Canada 1980 195,232 1:5,138
Hovi-Vivander’ Finland 1980 338,934 1:5,059
Lunn & Mushin® United Kingdom 1982 108,000 1:10,000
Keenan & Boyen® | United States 1985 163,240 1:10,000
Tiret!° France 1986 198,103 1:13,207
Holland" Australia 1987 550,000 1:26,000
Buck® United Kingdom 1987 500,000 1:185,000

Table 3.1: Estimates of Primary Anaesthetic Mortality

Society of Anesthesiology (ASA) physi-
cal status (table 3.2). The ASA physi-
cal status classification system was
originally proposed in 1941, and revised
by Dripps in 1961” to provide a uni-
form assessment of a patient's preoperat-
ive physical condition.

As this system is simple, easy to use,
and requires no laboratory investiga-
tions, it has now been widely accepted
as the standard means of preoperative

patient classification. Although devel-
oped as a tool for classifying a patient's
physical condition, the ASA physical
status has been used to stratify patient
risk. While open to significant criticism
because of its vague categories and
inconsistencies in its application, the
ASA physical status classification has
been shown to correlate with peri-
operative mortality141?

Category Description
| Healthy patient.
11 Mild systemic disease - no functional limitation,
11l Severe systemic disease - definite functional limitation.
v Severe systemic disease - a constant threat to life.
\% Moribund patient - not expected to survive with or without an
operation for 24 hours.
E A suffix B is added to denote an emergency procedure.

Table 3.2: ASA Physlcal Status Classification**.

** Must Know

* Should Know
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Operative Mortality (percent)
ASA Class Vercanti Marx" Cohen'® Forrest"

1970 1973 1986 1990
I 07 06 07 00
I 24 40 20 04
m 143 43 1.15 59
v 7.46 234 7.66 795
Vv 938 507 | 000 ee--- c————

Table 3.3: ASA Physlcal Status vs. Operative Mortality (%).

Examples of the ASA classification:

ASA 1: Healthy patient, no medical

problems.
ASA 2: Controlled hypertension.
ASA 3: Emphysema.

ASA 4: Unstable angina.

ASA 5E: Ruptured abdominal aortic
aneurysm in shock, under-
going emergency surgery.

Cardiac Risk:
Several perioperative risk studies have
attempted to assess which perioperative
cardiac risk factors are important.
Ischaemic heart disease has
received the most attention

tors that predicted life-threatening car-
diac complications. A scoring system
weighted these factors in their ability to
predict adverse cardiac outcome.

From these data, Goldman suggested
that patients with a score greater than
25 be considered only for life-saving
procedures. Patients scoring 13-25 were
advised to have preoperative medical
consultations to lower their morbidity
and mortality. Certainly, delaying sur-
gery until the patient is more stable can
significantly reduce the cardiac risk
index. Waiting for 6 months after a

because mortality from a

Risk Factor Points

perioperative myocardial in-
farction approaches 50%.

In 1977 Goldman published
a multifactorial risk index
for cardiac patients undergo-
ing non-cardiac procedures'®
(table 3.4). This study, in-
volving 1001 patients, ident-
ified, by multivariate analy-

Third heart sound or elevated JVP
MI within 6 months of surgery
Rhythm other than sinus or PAC's

> 5 PVC's per minute

Age > 70

Emergency procedure

Abdominal, thoracic, or aortic surgery
Important Aortic stenosis

Poor medical status

e
(=T

WWWaHE WV

sis, nine potential risk fac- Tapje 3.4: Goldman's Cardlac Risk Index
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Variable Points
MI < 6 months pre-op 10
MI > 6 months pre-op 5
CCS Class 4 angina 20
CCS Class 3 angina 10
Unstable angina < 3 months pre-op 10
Pulmonary edema < 1 week pre-op 10
Pulmonary edema ever 5
Critical aortic stenosis 20
Rhythm other than sinus 5
> 5 PVC's per minute 5
Poor medial status 5
Age > 70 years 5
Emergency procedure 10

Table 3.5: Detsky's Muiltifactorial Index

myocardial infarct, delaying emergency
procedures (if feasible) and improving a
patient's poor medical status all signifi-
cantly decrease the risk.

The Goldman index has high specificity
but low sensitivity when predicting risk.
Patients with scores of 13 or greater
should arouse suspicion. A low score
correlates with a low probability of poor
outcome. In an attempt to
improve the sensitivity of

Using likelihood ratios, Detsky was able
to construct a nomogram relating the
pretest probability of cardiac morbidity
for the surgical procedure to the
patient's risk score. This generates an
overall prediction of the risk of major
cardiac morbidity or mortality for a
patient of a certain medical status
undergoing a specific procedure.
Although Detsky's risk index is a better

Goldman's index, Detsky” Surgery % Cardiac
modified Goldman's criteria to Complications
include a wider range of car-

diac illness (table 3.5). Detsky | Vascular 132

also recognized that not all sur- | Orthopaedic 136

gery carries the same risk, and | Thoracic - Abdominal 8.0
factored in the surgical pro- | Head & Neck 26
cedures for the pretest probabil- Minor (TURP, Hemia,...) 1.6

ity of inducing significant car-
diac complications (table 3.6)."

Table 3.6: Detsky's Pretest Probabllity

For Type of Surgery

** Must Know

* Should Know Page 19
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predictor of cardiac outcome than
Goldman's, it still has limitations,
However, a review of the risk factors
described in both these studies alerts the
anaesthetist to symptoms or signs of
significant disease that may contribute
to adverse outcome,

Both Goldman and Detsky identified
recent myocardial infarction as a risk
factor for perioperative cardiac morbid-
ity. The perioperative period is charac-
terized by haemodynamic changes,
alterations in ventilation, fluid and elec-
trolyte shifts, and changes in coagul-
ation, all of which place the patient with
underlying cardiac illness at significant
risk of infarction. Several important
studies have been conducted over the
past 20 years in an attempt to identify
the likelihood of perioperative reinfarc-
tion in patients with a recent ML.?%
The goal of these studies was to deter-
mine the safest time interval following
an MI to proceed with elective surgery,
and to direct attention to appropriate
perioperative monitoring and care
(Table 3.7).

In Rao's study, patients were managed

withinvasive haemodynamicmonitoring
and aggressive therapy in an intensive
care unit (ICU) setting for 72 hours fol-
lowing surgery. Cumulatively, these
studies suggest considerable benefit in
delaying elective surgery for a period of
6 months following a myocardial infarc-
tion. Before six months, invasive moni-
toring and aggressive postoperative
management, appear essential, for those
patients in whom surgery must be per-
formed.

III: PREOPERATIVE PREPARATION*

Premedication: (see also chapter 4)

Anaesthetic indications: The
preanaesthetic visit should be designed
to alleviate patient anxiety and appre-
hension about the proposed surgery.

‘However, a benzodiazepine such as

diazepam or lorazepam is also frequent-
ly administered orally 1 - 2 hours pre-
operatively. This may provide sedation,
relieve anxiety, and provide a degree of
amnesia for the events immediately
preceding the operation.

Patients at risk for GE reflux should
receive anti-reflux prophylaxis. This is

Time from infarction Tarhan20 Steen21 Rao22
to Surgery (1972) (1978) (1983)

0 - 3 months 37% 27% 58%

3 - 6 months 16% 11% 2.3%
Greater than 6 months 56% 41% 15%

Table 3.7: Comparison of Perloperative Relnfarction Rates (%).
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usually achieved with ranitidine 150 -
300 mg p.o. 2 hours pre-operatively.
Other agents such as metoclopramide
may be added to promote gastric empty-
ing. Sodium citrate is an effective non-
particulate antacid that may also be used
alone or in conjunction with ranitidine,

Surgical indications: According to the
American Heart Association Guidelines,
appropriate antibiotic prophylaxis must
be administered for patients at risk for
the development of infective
endocarditis.® These include patients
for whom a bacteremia is likely to
occur as a result of respiratory tract,
genitourinary, or gastrointestinal tract
interventions. Some patients are at high
risk for the development of
postoperative deep vein thrombosis
(DVT). Prophylactic measures should
be used and include low-dose heparin,
intermittent calf compression, or
coumadin. Patients who are currently
receiving steroids and those who have
required steroids in the previous six
months may require supplemental ste-
roids because of adrenal suppression
and a blunted response to stress.

Co-existing Disease Indications: All
important medications should be con-
tinued on the day of surgery. These can
be taken orally with sips of water,
Some medications, including insulin,
prednisone, coumadin, and broncho-
dilators, require adjustment of dosage
and/or alternate routes of administration.
Oral hypoglycemics and antidepressants
should not be taken on the day of sur-
gery. It is no longer mandatory to
discontinue MAO inhibitors two weeks
preoperatively.

** Must Know

* Should Know

1V: PLANNING THE ANAESTHETIC**

Having identified and evaluated our
patient’s problems we now ask ourselves
five questions.

1., Is the

\ condition
optimal?

patient's

2. Are there any problems which
require consultation or specfal
tests?

(For example: In a patient with poorly
controlled angina, a cardiology consult
would be appropriate. You may write:
Consult medicine - cardiology. 'Please
assess and advise re: optimal peri-
operative medical management of
angina in this patient’).

3. Is there an alternative procedure
which may be more appropriate?

This is especially important to consider
in the high risk patient. For example:
the placement of a suprapubic catheter
may be more appropriate than a trans-
urethral prostatectomy (TURP) in a
terminal cancer patient with a recent
stroke, congestive heart failure, and
obstructive uropathy. Discuss the avail-
able options with the staff anaesthetist
and the surgeon.

4. What are the plans for post-
operative management of the
patient?

Options include: Monitoring in the
post-anaesthesia care unit (PACU) for
an initia]l period of observation, then
either return to ward or discharge home
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(e.g., daycare patients). Patients with
significant underlying diseases orhaving
major procedures may remain in a criti-
cal care setting ovemnight for closer
observation (eg. PACU, ICU, CCU).
Consideration should be given to which
form of pain management is most
appropriate for the patient post-
operatively.

5.  What premedication if any is ap-
propriate?

Finally, we plan our anaesthetic tech-
nique (see chapter 2: Anaesthesia
Overview). This may be;

1. Local anesthesia with ‘standby'
monitoring with or without seda-
tion.

2. Regional anesthesia with or with-
out intraoperative sedation.

3. General anesthesia with or without
intubation. If an intubation is
required the anaesthetist may elect
to control the patient's ventilation,
or allow them to breath spontan-
eously. If controlled ventilation is
used, the anaesthetist may or may
not use muscle relaxants.

4, Combined regional anaesthesia
with general anaesthesia.

Discuss with your staff anaesthetist
when and why we would choose each
of these techniques.

For discussion, let us work through a
patient case. We recently gave an an-
aesthetic to a 50-year-old male for an
elective repair of his inguinal hernia.
He admitted to smoking one package of
cigarettes per day, and has done so for
the last 35 years. He has had hyper-
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tension for the last six years, and was
also found to have NIDDM at the time
his hypertension was diagnosed.

Our patient's problem list includes:

1. Elective lower abdominal surgery.

2. Controlled hypertension.

3. NIDDM.

4. Smoking history 35 pack years.

5. Identified risk factors for CAD.

The anaesthetic history should include:

1. A brief history of present illness.
E.g., "Discomfort in groin for 6
months."

2. Current medications (including

ASA, alcohol, and illicit drugs if
appropriate). E.g., "Enalapril 10
mg and glyburide 10 mg daily."

3. Allergies and type of reaction.
E.g., "Penicillin: hives."

4. Significant past medical - surgical
history. E.g., "Appendectomy".

5. Past anaesthetic history.

E.g., "No known problems."

6. Family history of any anaesthetic
problems. E.g., "No known prob-
lems." (see chapter 24).

7. Functional inquiry appropriate to
the patient, and concentrating on
the cardiorespiratory systems.
E.g., "Inactive lifestyle, no symp-
toms of chest pain or coronary
ischemia." (See also 9 below re:
additional appropriate questions.

8. NPO status. E.g., "Nothing to eat
or drink since last night."

9. Specific questions directed at the
identified problem list, attempting
to assess the severity of the prob-
lem, its associated disability, and
the patient's remaining physiologi-
cal reserve,
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Problem: 35 pack year smoker.

Do you have a cough on most mornings
or a "smoker's cough"? (i.e. Chronic
bronchitis).

Do you ever wheeze?

Have you ever required medications for
your breathing?

Does your breathing limit your physical
activity?

What kind of activity would make you
short of breath? (A fast walk? One
flight of stairs? Two blocks? etc.).

Problem: Hypertension.

When were you first aware that you had
high blood pressure?

How often is your blood pressure
checked?

Has it been well controlled with your
medications?

What is your usual blood pressure when
you see your family doctor?

Problem: NIDDM

How long have you been aware of your
diabetes?

How has it affected you? (end organs
involved include: eyes, heart, kidneys,
peripheral circulation, autonomic and
peripheral nerves).

How do you monitor your blood sugar?
Have you ever had to come to the emer-
gency because of your diabetes?

Identified risk factors for CAD include

hypertension, smoking history, male
gender, age and diabetes.

% Must Know

Appropriate questions concerning his
cardiovascular risk factors would
include:

Have you ever had a heart attack?

Do you ever get chest pains, or leg
cramps with exertion? (Angina, claud-
ication).

How often? What relieves them? What
are they like?

Do you ever wake up at night short of
breath? (PND).

Are you able to sleep with the head of
the bed flat? (Orthopnea)

Additional appropriate questions for this
patient would include questions regard-
ing gastroesophageal reflux.
Do you ever experience acid reflux from
your stomach? How often?

Next, a physical examination as describ-
ed previously should be performed.

Appropriate laboratory tests for this
patient would include a CBC, electro-
lytes, glucose, and electrocardiogram.

After discussion with the patient and
surgeon, a spinal anaesthetic was chosen
for this patient. While a general anaes-
thetic would also be an option, we
chose a spinal anaesthetic because we
would be able to avoid intubation and
its associated sympathetic stimulation
(increased heart rate and blood pres-
sure), as well as its potential to trigger
airway reflexes resulting in broncho-
spasm.
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CHAPTER 4

Premedication

Most patients scheduled for surgery will
experience some degree of apprehen-
sion. The psychological stress a patient
experiences prior to surgery can be
more detrimental than the actual physi-
cal insult of the surgical procedure.
Preoperative anxiety may be caused by
many factors. Some of the more com-
mon causes include*:

1. The fear of relinquishing control to
someone else while under general
anaesthesia.

2. The fear of dying during the oper-
ation.

3. The fear of experiencing pain
postoperatively.

4. The inability to preserve their mod-
esty and dignity during the
operation.

5. The fear of separation from family,
and loved ones.

6. The fear of discovering a serious
problem such as cancer.

7. The fear of surgical mutilation and
an altered body image.

It is important that time is taken to
answer each patient's questions. If you
are unable to answer their questions
honestly, then reassure them that their
questions are important to you and that,
while you may not know the answer,
you will speak to the attending staff
physician and provide them with an
answer. Perhaps the most important

** Must Know

part of our preoperative visit is to con-
vey a reassuring, honest and caring
attitude,

The patient's desire for sedation prior to
a planned surgical procedure is the most
common reason for prescribing a preop-
erative medication. We also prescribe
medications preoperatively to avoid
potential complications associated with
the procedure (e.g., antibiotics to pre-
vent the development of endocarditis in
a patient with valvular heart disease), or
to continue the patient's current medica-
tions for coexisting medical conditions.

Reasons* for prescribing a preoperative
medication include:

Patient-related reasons:

Sedation

Amnesia

Analgesia

Antisialogogue effect (to dry oral

secretions)

5. Medicationsto decrease gastric acid-
ity and gastric volume.

6. To facilitate induction of anaes-

thesia.

RPN

I1. Procedure-related reasons:

1. Antibiotic prophylaxis to prevent
infective endocarditis in susceptible
patients.

* Should Know Page 27
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2. Gastric prophylaxis (to minimize the
risk of gastric aspiration during an-
aesthesia).

3. Corticosteroid coverage in patients
who are immunosuppressed (see
chapter 3).

4. To avoid undesired reflexes arising
during a procedure (e.g., vagal reflex
during eye surgery).

5. Anticholinergic agents to decrease
oral secretions and facilitate a
planned awake intubation with a
fiberoptic bronchoscope.

II. Coexisting Diseases:

1. To continue the patient's own medi-
cations for coexisting diseases.
(e.g., beta blockers, antihypertensive
medications, nitrates, anti-
parkinsonian medications etc.)

2. To optimize the patients status prior
to the procedure. (e.g., bronchodil-
ators, nitroglycerine, beta blockers,
antibiotics etc.)

Patients with significant coexisting
diseases should be given a reduced
amount of preoperative sedative medica-
tion. The obese patient does not neces-
sarily require more preoperative medica-
tion. It is safer to underestimate the
required amount of preoperative medica-
tion. Additional medications can be
given intravenously as needed when the
patient arrives in the operating room.
Patients older than 65 years of age
should have a reduced drug dosage.
Caution should be exercised in prescrib-
ing sedatives to patients 75 years of age
or older, as they may experience excess-
ive depressant effects from these medi-
cations.

Page 28

Benzodiazepines are the most frequently
used class of drugs to achieve sedation,

relief of anxiety, and amnesia pre-

operatively. Diazepam (5 to 15 mg
po.) may be given with sips of water
1% to 2 hours preoperatively. Loraze-
pam (1 to 3 mg) may be given either by
the sublingual or oral route. Lorazepam
provides excellent amnesia and sedation,
but occasionally, patients remain excess-
ively drowsy after the surgery. Altema-
tively, lorazepam can be reserved for
the very anxious patient who is sched-
uled for aftemoon surgery. The ration-
ale of an early moming premedication
with lorazepam is to allow the patient to
remain calm and relaxed throughout the
moming without prolonging the
postoperative recovery time. Midazo-
lam (0.07 mg/kg i.m., approximately 5
mg in a young healthy 70 kg adult)
provides excellent amnesia, sedation,
and anxiolysis when given 1/2 hour
preoperatively. Midazolam (as a
premedication) is not available at all
hospitals. The discomfort of an intra-
muscular injection and midazolam's
associated higher costs have generally
made it the third choice of the benzo-
diazepine class.

Opioids such as morphine and
meperidine provide both sedation and
analgesia. They are appropriate for
patients experiencing pain prior to their
surgery, (e.g., fractured extremity await-
ing surgery). Morphine has a better
sedative effect than meperidine.
Troublesome side effects of intramuscu-
lar (iam,) opioids may occur. These
include nausea, vomiting, respiratory
depression, bradycardia, hypotension,
and true allergic reactions. In addition,

)
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Chapter 4 Premedication

Table 4.1: Premedication
Drug / Dose /| Route Class Comments
Diazepam* (Valium) Benzodiazepine | 1% to 2 hours preop. with sips of
5 - 15 mg po. water, Sedation, amnesia, and
anxiolysis. Anticonvulsant
(regional anaesthesia). Respiratory
depression with high doses.
Lorazepam* (Ativan) Benzodiazepine | Good amnestic and sedative. Best
1 -3 mg p.o. orsl. given early for late case.
Occasionally excessive
postoperative sedation.
Midazolam (Versed) Benzodiazepine | 1/2 to 1 hour preop. Excellent
0.07 mg/kg im. amnestic, sedative, and anxiolytic.
(approx. 5 mg/70 kg) Not available in all hospitals.
Morphine* Opioid 1 hour preop. Occasional side
5-15 mgim, effects include decreased HR, BP,
RR, nausea, biliary spasm and
allergic reactions. Better sedative
than meperidine.
Meperidine* (Demerol) | Opioid 1 hour preop. Similar side effects
50 - 100 mg i.m. as morphine. Perhaps more
nausea, and less biliary spasm.
Atropine* Anticholinergic | 1 hour preop. Fair drying agent,
0.4 - 0.6 mg im. often significant tachycardia (HR >
100). Avoid in patients with CAD.
Hyoscine (Scopolamine) | Anticholinergic | 1 hour preop. Excellent drying
02 - 04 mg im. agent, confusion in elderly, occas.
delirium in young. Good amnestic
and antiemetic.
Glycopyrrolate Anticholinergic | Good drying agent for oral secre-
(Robinal) tions, less tachycardia than atro-
0.2 - 0.4 mg im, pine, no confusion,
Promethazine Antihistamine 1 hour preop. Good sedative and
(Phenergan) antiemetic. Occasional

12,5 - 50 mg im.

postoperative delirium.

** Must Know

¢ Should Know
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morphine, and to a lesser extent all
other opioids, may cause biliary spasm.
Opioids should be used with caution in
patients with known cholelithiasis.

Drugs with both antiemetic and sedative
qualities, are often used in combination
with an opioid to avoid nausea and to
enhance the sedative effects of the
opioid. Promethazine is one such drug
(antihistamine - phenothiazine class),
and is given in a dose of 12.5 to 50 mg
im. together with the opioid. Dimen-
hydrinate (Gravol®) also possesses seda-
tive and antiemetic qualities. It is given
in a dose of 12.5 to 50 mg im. with the
opioid (e.g., '‘Demerol 75 mg with
gravol 50 mg i.m. in one syringe one
hour preoperatively’).

Anticholinergics may be given with
morphine or meperidine to avoid the
potential opioid-induced bradycardia.
An anticholinergic agent may also be
used if an awake fiberoptic intubation is
planned. The use of an anticholinergic
in these patients causes decreased secre-
tions from oral salivary glands, thereby
facilitating both absorption of topical
anaesthetics and visualization of the
airway by a fiberoptic scope. Both
hyoscine and atropine cross the blood
brain barrier. Hyoscine (0.2 - 04 mg
iam.) has been associated with confusion
in the elderly and postoperative delirium
in young patients. Atropine (0.4 - 0.6
mg i.m.) rarely causes clinical mental
confusion. However, it is less effective
in drying secretions than hyoscine and
causes a greater tachycardia (which is
undesirable in the patient with coronary
artery disease). Glycopyrrolate (0.2 -
04 mg iam.) is a good drying agent. It

Page 30

does not cross the blood brain barrier
and causes less tachycardia than atro-
pine.

Other special premedications include:
oxygen, antibiotics, steroids,
antihistamines, H-2 blockers, beta
blockers, calcium channel blockers,
nitroglycerine, bronchodilators, ant-
acids, desmopressin, insulin, etc. Ask
your staff anaesthesiologist when and
why they would prescribe these
medications.

General contraindications™* to the use of
a premedication include:

1. Allergy or hypersensitivity to the
drug.

2. Upper airway compromise, or respit-
atory failure.

3. Hemodynamic instability or shock.

4. Decreased level of consciousness or
increased intracranial pressure.

S. Severe liver, renal, or thyroid dis-

ease.

Obstetrical patients.

7. Elderly or debilitated patients.

&

Notes:
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CHAPTER 5

Getting Started

(A Practical Approach to the OR)

Medical students, beginning their rota-
tion in anaesthesia, will undoubtedly
feel unsure of their role and what they
ought to do to assist the anaesthes-
iologist.  As anaesthesiologists we
observe many operations, however, we
recognize that passively watching a
procedure does not give us the under-
standing or skills required to perform it.
Accordingly, the more active a role you
take in the anaesthetic management of
the patient, the more you will get out of
the rotation, in terms of understanding,
sense of accomplishment, and develop-
ment of technical skills. Naturally, you
should not attempt to perform tasks for
which you have little knowledge or
supervision. Of all the specialties,
anaesthesia is one of the few which can
offer intensive one-on-one teaching, and
you shoulid try to take as much advan-
tage of this as possible.

What can I do when the patient arrives
to the operating room?

Every patient undergoing general,
regional, or monitored anaesthesia care
requires*:

1. A safe transfer from their bed to the
operating room table.

2. An anaesthetic record removed
from the chart and placed on the
anaesthesia clipboard. Check to

** Must Know

make sure that any information that
was missing (eg. Hb, ECG, etc.) at
the time of the preoperative visit is
now available and on the anaesthetic
record.

3. Monitors attached including an
ECG, blood pressure cuff, and pulse
oximeter to start with. (See chapter
10: Monitoring in Anaesthesia).

4. Establish an intravenous. Prepare
your intravenous equipment before
the patient arrives.

5. Record the patients initial vital signs

" on the anaesthesia record.

The above tasks will occupy the first 5
to 10 minutes of your time following
the patients arrival in the OR. A pre-
anaesthetic check list can be used to
ensure that you are ready when the
patient arrives to the operating room.

There are many ways anaesthetists
ensure that everything is checked and
ready to proceed safely with anaes-
thesia. Whatever system that is used, it
should be simple yet comprehensive,
and one that will be followed consist-
ently. One such method can be recalled
by using the abbreviation 'SAM’. If you
check with SAM before you give an
anaesthetic, things should proceed
smoothly.

What does SAM stand for?
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SAM* (really 'SAMMM’) stands for:

S Suctlon checked and functioning.
A Airway equipment checked and
prepared. (This includes checking
that you have a functioning and
backup laryngoscope, an appropriate
sized endotracheal tube and stylet,
oropharyngeal airways, as well asan
oxygen source and manual resuscita-
tion bag).
M Machine checked. (see anaesthesia
machine checkout procedure and
make sure you know how to check
your machine. You can go to the
operating room before or after sche-
duled procedures to explore the
machine. Ask your staff anaesthe-
tist to go through this procedure
with you),
Monitors available and functioning.
Medlications prepared and labelled.
You should know where the emerg-
ency drugs are kept and location of
the difficult intubation cart.

2=

You will notice that the last thing that
SAM has you do is check your medica-
tions. If you follow this routine, in this
order, you will never put a patient to
sleep and then discover, for instance,
that their BCG is abnormal, or that a
laryngoscope is unavailable.

Anaesthesla Machine Checkout
Procedure (Modified from CAS 1989;
36, 6 suppl. 82-7.)

A. Gas Plpeilnes: Secure connections

between terminal units (medical gas
outlet) and machine.

Page 32

B. Anaesthesia Machine:

1. Oxygen and nitrous oxide pipeline
pressures should be at 40-60 psi.

2. Check that an adequate amount of
oxygen is present in the reserve
cylinder on the back of the
machine. By turning the cylinder
on, the pressure can be read from
the pressure gauge on the front of
the machine. An oxygen reserve
cylinder (E tank) has a full pressure
of 2200 psi. The amount in the
oxygen tank varies directly with its
pressure. Hence, a reading of 1100
psi indicates the tank is half full, A
full E tank contains approximately
660 liters of oxygen.

3. Tum the reserve cylinder on the
back of the machine off after check-
ing it, to prevent a possible leak
from draining the oxygen from the
tank.

4. Test that the flowmeters for O2 and
N20 are functioning by increasing
and decreasing the oxygen and
nitrous oxide flows. Ensure that the
flowmeter bobbins move freely and
do not stick. Tumn the nitrous oxide
off.

5. The wvaporizer should be filled,
turned off, and the filling port
closed.

6. The oxygen bypass flush valve
should release a flush of oxygen
when it is activated by pressing the
flush button on the front left-hand
side of the machine.

7. The oxygen fail-safe device should
be functioning, and- will produce a
shrill Ritchie whistle if the oxygen
pipeline is temporarily disconnected
from the wall or ceiling source,
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Chapter 3 Getting Started

8.

10.

Check for the oxygen analyzer
which will be located on the respir-
atory gas monitor or mounted on
the machine as a separate unit. It
should be tumed on and calibrated,
if this has not been done recently.
The 02 and N2O proportioning
device prevents the delivery of less
than 30% oxygen, and greater than
70% N20O, and can be tested by
varying the O2 and N2O flows
through the flowmeter.

The common fresh gas outlet
located on the front left-hand side
of the machine releases anaesthetic
gases from the flowmeters,
vaporizer and flush valve.

Breathing Circulit:

The two most common anaesthesia
circuits used for adult anaesthesia
are the circle circuit and the Bain
circuit. An anaesthesia circuit
functions to take the anaesthetic
gases from the machine to and from
the patient. The circle circuit con-
tains a soda lime canister to absorb
the exhaled carbon dioxide, an
inspiratory and expiratory valve to
direct the flow of gases, and light
weight corrugated tubing to trans-
port the gases. A sample port near
the patient end of the circuit is used
for analysis of the respiratory gases.
These include inspired and expired
oxygen, carbon dioxide, nitrous
oxide and volatile anaesthetic gas
tensions.

Connect the anaesthesia circuit to
common fresh gas outlet.

Tum the oxygen flowmeter on.
Check for fresh gas exiting at the
face mask.

** Must Know

5.

* Should Know

Pressurize the circuit and check for
leaks. (Fill the circuit with fresh
gas, occluding the outlet while pres-
surizing the circuit to 30 em H20.
The circuit should maintain a pres-
sure of 30 cm H20 with a fresh gas
inflow of less than one liter per
minute).

Ensure the high pressure relief valve
is functioning. (The circuit should
develop a leak when the pressure is
sustained above 75 cm H20. By
occluding the end of the circuit and
squeezing the reservoir bag, a pres-
sure of greater than 75 cm H20O can
be created. When this is done, the
high pressure release valve will
open preventing any further increase
in pressure in the circuit). _
Unidirectional valves are function-
ing. (Watch the valves open and
close smoothly as you take a test
breath through the mask and anaes-
thetic circuit)

Check that the soda lime is fresh
and that the canister is full,

Vacuum system:
Suction is connected and working.

Scavenging System:
Correctly connected to patient cir-
cuit.

Ventilator functioning.

(Test the ventilator using the 2 Litre
reservoir bag as a set of test lungs.
Once the system has been filled
with fresh gas, turn the ventilator
on. With the fresh gas flows at < 1
L/min, the bellows should continue
to refill as the ventilator cyles. The
maximal accepted leak is 1 L/min).
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"SAMMM"

- Preanaesthetic Check List

Suction

Tonsillar tip connected to suction tubing and suction
functioning,

/

Airway's

Laryngoscope, blades, ETT, syringe, stylet, oral and
nasal airways, tape, mask and manual resuscitation bag,

/

Machine

Wall-source DHSS medical gas pipelines connected,
N20 & 02 cylinder and pipeline pressures OK,
Machine tumed on, flowmeters functioning, O2 flush
functioning, N20 and O2 proportioning device function-
ing, Oxygen pipeline disconnect (Ritchie) whistle func-
tioning.

/

- Vaporizer

Full and turned off.

- Circuit

Assembled, valves functioning, and circuit leak less
than 1 L / min at 30 cm H20 pressure,

- Ventilator

Disconnect alarm functioning, and test ventilation leak
of less than 1 L / min.

Monitors

Capnograph connected to circuit and functioning.
ECG, BP cuff, oximeter, peripheral nerve stimulator,
and temperature probe monitors available and working,

Meds

Intravenous fluids and equipment for starting iv.
prepared. Emergency medications as per staff anaes-
thesiologist where appropriate, (eg. atropine, ephedrine,
succinylcholine etc.).
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CHAPTER 6

Intubation and
Anatomy of the Airway

The goal of assessing a patients
airway** preoperatively is to attempt to
identify potential problems with main-
taining, protecting, and providing a
patent airway during anaesthesia. The
assessment is performed with the aid of
a physical examination and a review of
the patients history and anaesthetic
records.

The '1-2-3' test** jis used to assess
several factors that may affect decisions
concerning the patient's airway manage-
ment. The first component of the test is
used to identify any restricted mobility
of the temporomandibular joint (TMJ).
Ask the patient to sit up with their head
in the neutral position and open their
mouth as wide as possible. Note the
mobility of the mandibular condyle at
the TM joint. The condyle should

Fig.6.1: 1 = TMJ mobillity.

** Must Know

rotate forward freely such that the space
created between the tragus of the ear
and the mandibular condyle is approxi-
mately one fingerbreadth in width,

The opening aperture of the patient's
mouth should admit at least 2 fingers
between their teeth., Note any loose,
capped, or missing teeth as well as any
bridge work on the teeth. If the open-
ing is less than 2 fingerbreadths, it will
be difficult to insert the laryngoscope
blade, let alone visualize the larynx.

With the patient's tongue maximally
protruded, the structures visualized
should include: the pharyngeal arches,
uvula, soft palate, hard palate, tonsillar
beds, and posterior pharyngeal wall.
Technical difficulties with intubation
should be anticipated when only the

Fig. 6.2: 2 = Mouth opening.
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Fig.6.3: '
3 = Thyromental distance.

tongue and soft palate are visualized in
a patient during this above maneuver'.
The third component of this test
assesses the patient's thyromental dis-
tance. The thyromental distance is
measured from the thyroid notch to the
mentum (lower border of the chin).

Adults who have less than 3
fingerbreadths (or < 6.5 cm) between
their mentum and thyroid notch may
have either an anterior larynx or a small
mandible, which will make intubation
difficult.

Next, evaluate the mobility of the cervi-
cal spine. This is performed by asking
the patient to flex and extend their neck.
They should be able to perform this
without discomfort. Disease of the C-
spine (RA, OA, previous injury or sur-
gical fusion) may limit neck extension,
which may create difficulties during
attempts to intubate. This is certainly
true if the atlanto-occipital joint is

involved, as restriction of this joints

mobility may impair one's ability to
visualize the larynx.

With the patient sitting upright with
their head in the neutral position, mouth
opened as wide as possible, and the

Samsoon's® classification of the visability of hypopharyngeal structures.
Class I Class II Class IIl | Class IV
Full view of the Uvula. 4
Body of Uvula visualized. v v
Base of Uvula visualized. v v v
Tonsillar Pillars v (partial view)
Tonsills v (partial view)
Posterior pharyngeal wall. v v v
Soft palate and tongue. v 4 ' v

Table 6.1: Hypopharyngeal Classlification used In predicting a difficult

Intubation.
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Chapter 6 Intubation and Anatomy of the Airway

anatomy. Class] - 2,

Figure 6.4: Classification of the hypopharynx on the basis of the visibl

J

tongue maximally protruded, the airway
can be classified according to the struc-
tures visualized in the hypopharynx?
(figure 6.4, table 6.1). In those patients
who have a class I hypopharyngeal
view, adequate exposure of the glottis
during direct laryngoscopy should be
easily achieved. As the hypopharyngeal
class number increases, so does the
difficulty one anticipates in performing
intubation using direct laryngoscopy.
We can predict that a patient with a
class IV hypopharynx, a full set of
teeth, a restricted thyromental distance
and restricted atlanto-occipital extension
will be difficult to intubate using direct
laryngoscopy. Patients who have a
restricted airway may require techniques
other than direct laryngoscopy to secure
an airway. Choosing regional or local
anaesthesia, rather than general anaes-
thesia, is one way to avoid the need for
intubation. Other airway management
options include "awake" intubation with
topical anaesthesia and intravenous

** Must Know

conscious sedation, or the use of a
laryngeal mask rather than an endo-
tracheal tube.

Finally one should try to ascertain
whether there could be any difficulty
with the lower airway (glottis, larynx,
and trachea). This is particularly im-
portant in patients who have had a
previous airway injury, or surgery on
their airway such as a tracheostomy.
Observe the patient for hoarseness,
stridor, or a previous tracheostomy scar
suggesting a potential underlying tra-
cheal stenosis.

Figure 6.5 illustrates the visualization of
the laryngeal structures at the time of
laryngoscopy. Just as the visualization
of the hypopharyngeal structures has
been classified, the extent to which
laryngeal structures may be visualized
has also been graded from I to IV,
While there is not a perfect correlation
between the hypopharyngeal class and
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\ Anesthesia 39:1105 - 11, 1984.

Laryngeal Grade

Figure 6.5: Laryngeal visualization and grading during direct laryngoscopy.
(Grades I - IV). Adapted with permission from Cormack R.S., Lehane J.

I ' v

/

the laryngeal grade, we anticipate that a
patient with a class one hypopharyngeal
view and no other identified airway
abnormalities will have a grade I laryn-
geal view. Similarly a class IV hypo-
pharyngeal view is a predictor of diffi-
culty visualizing laryngeal anatomy.

The technique of tracheal intubation
involves five steps**.

I.  Positioning the patient.

II. Opening the patients mouth.

III. Performing laryngoscopy.

IV. Insertion of the ETT through the
vocal cords and removing the
laryngoscope.

V. Confirmation of correct placement,
and securing the ETT tube.

I. Positioning the patlent

When preparing to intubate a patient,
their head and neck should be pos-
itioned using a combination of both
cervical flexion and atlanto-occipital

(AO) extension. We describe this as
the sniffing position. This enables one
to align the axes of the patient's mouth,
pharynx, and larynx permitting direct
visualization of the larynx during
laryngoscopy (figures 6.6, 6.7, 6.8).

Atlanto-occipital extension alone
increases the angle between the axes of
the pharynx and the larynx. By con-

)

( Axis of the
Axis Mouth
of the
Larynx

Figure 6.6: Poor alignment of the
axes of the mouth, pharynx, and

Qarynx in the neutral position. /
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Figure 6.7: Alignment of the axes of
the pharynx and larynx produced with

Qervical flexion. /

trast, the combination of cervical flexion
of the neck with AO extension results in
the alignment of the axes of the pharynx
and larynx.

Optimizing the position of the patients
head and neck before attempting
laryngoscopy is an important initial step

Flg. 6.9: Inadequate (supine)
positioning for Intubation.

** Must Know

4 A

Figure 6.8: Alignment of the axes of

the airway with cervical flexion and AO
extension, permitting visualization of
Qe larynx with direct laryngoscopy. -/

in ensuring a successful intubation (fig-
ures 6.9, 6,10). This is especially true
in obese or pregnant patients, or those
patients in whom you anticipate a diffi-
cult intubation. It is good practice to
make sure that your first attempt at
intubation is your best.

Flg. 6.10: Optimized positioning
for Intubation with cervical
flexion.
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Fig. 6.11: Scissors technique.

Repeat attempts at intubation should be
avoided unless there is something that
can be done differently to improve one's
chance of success. Persistent repeat
attempts at intubation traumatize the
patients airway, interrupt and delay both
oxygenation and ventilation, and place
the patient at risk of significant morbid-
ity and mortality.

If you are having difficulty, retreat,
regroup, and resume manual mask venti-
lation and oxygenation. Call for help
and allow the patient to recover from
any sedative - relaxant medications that
have been given. No more than three
attempts should be made at intubation.
Discuss with your staff anaesthetist
what other options are available for
patients whom you anticipate will be
difficult to intubate, or the patient in
whom attempts at intubation have
failed.
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Flig. 6.12: Modified scissors
technique.

II. Opening the patlent's mouth

The next step in performing intubation
is to open the mouth. Take the laryngo-
scope in your left hand as you stand
directly behind the patient's head. The
right hand is used to open the patient's
mouth and, later, to advance the ETT.
Mouth opening can be accomplished by
using the right hand to open the
patients teeth (e.g., the scissors tech-
nique, as illustrated in figures 6.11 and
6.12), or by placing the operators right
hand on the patient's occiput to rotate
the occiput backward and create AO
extension (see figures 6.13 and 6.14).
Using the scissors maneuver the index
finger pulls the upper right incisors
towards the operator, and serves to open
the mouth, extend the atlanto-occipital
(AO) joint, and protect the teeth and
lips. At the same time, the thumb
depresses the lower mandible, further
opening the mouth. One can modify
this technique by opening the patient's
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Fig. 6.13 and 6.14: Right hand controlling atianto-occipital
extenslon and facllitating mouth opening prior to laryngoscopy.

Figure 6.15: Illustrates the position of the curved laryngoscope blade, which
displaces the tongue to the left. Upward and forward traction brings the larynx

into view. Adapted with permission from Finucane B.T., Santora A.H, In:
Wciples of Airway Management. F.A. Davis Co., Philadelphia 1988,
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mouth using one's right middle finger to

depress the lower teeth (figure 6.12). If -

the clinician chooses the extraoral tech-
nique of mouth opening, their right
hand is placed on the patient's occiput
and the patient's head is rotated into the
sniffing position. With this movement,
the mandible drops and the mouth
opens. This method of mouth opening
is more suitable for the edentulous
patient than the scissors technique.

III: Laryngoscopy

The third step involves insertion of the
laryngoscope into the mouth (figure
6.15). The tip of the laryngoscope
blade is advanced to the base of the
tongue by rotating its tip around the
tongue (figure 6.17). The laryngoscope
blade should follow the natural curve of
the oropharynx and tongue. The blade
should be inserted to the right of the
tongue's midline, so that the tongue
moves toward the left and out of the
line of vision. Avoid pushing the

tongue into the back of the oropharynx,
as this will also obscure your vision.
Once the tip of the blade lies at the base
of the tongue (just above the epiglottis),
apply firm, steady upward and forward
traction to the laryngoscope. The direc-
tion of force should be at 45° from the
horizontal. Once the laryngoscope is
properly positioned at the base of the
tongue, avoid rotating it, as this action
might exert pressure on the upper teeth
and damage them. Damage to the im-
mobile upper maxillary teeth is more
common than to the lower mandibular
teeth, which are free to move forward
with the jaw during laryngoscopy.
Figures 6.15 and 6.17 illustrate how the
larynx is more visible if the blade of the
laryngoscope moves the tongue to the
left of the mouth and out of the line of
vision.

Students leamning the technique of
laryngoscopy have a common tendency
to adopt a stooped posture, which posi-

Aryepiglottic
fold

Comlculate

thladelphia 1988.

Epiglottis

Figure 6.16: The glottis and epiglottis. Adapted with permission from
Finucane B.T., Santora A.H. Principles of airway management. FA Davis Co.

Glosso-
Eplglottic
Ligament
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Chapter 6 Intubation and Anatomy of the Airway

tions their face within inches of the

patient's. This posture limits the power -

that can be used by the arms, making
laryngoscopy technically more difficult
to perform. Try to maintain a good
posture during laryngoscopy.  This
allows the arms to exert traction on the
laryngoscope, rather than attempting to
lift the laryngoscope with the wrists.

The larynx is located at the level of the
4" to 6™ cervical vertebrae in adults, It
consists of numerous muscles, cartilages
and ligaments. The large thyroid carti-
lage shields the larynx and articulates
inferiorly with the cricoid cartilage.
Two pyramidal shaped arytenoid carti-
lages sit on the upper lateral borders of
the cricoid cartilage. The aryepiglottic
fold is a mucosal fold running from the
epiglottis posteriorly to the arytenoid
cartilages. The cuneiform cartilages
appear as small flakes within the margin
of the aryepiglottic folds (fig. 6.16).

The adult epiglottis resembles the shape
of a leaf, and functions like a trap door
for the glottis. In figure 6.16, the trap
door' is shown in both its open and
closed positions. The epiglottis is
attached to the back of the thyroid carti-
lage by the thyroepiglottic ligament and
to the base of the tongue by the glosso-
epiglottic ligament. The covering mem-
brane is termed the glossoepiglottic
fold, and the valleys on either side of
this fold are called valleculae. The
valleculae are 8 common site for the
impaction of sharp swallowed objects,
such as fish bones. When performing
laryngoscopy, one should advance the
tip of the curved laryngoscope's blade to
the base of the tongue at it's union with

** Must Know

the epiglottis. Try to wvisualize this
anatomy as well as possible when you
perform laryngoscopy.

IV: Insertion of the ETT

Intubation is performed with the left
hand controlling the laryngoscope blade,
while the right hand opens the mouth
and then passes the BTT tip through the
laryngeal inlet. When a limited laryn-
geal view is encountered (grade III - IV
larynx), the epiglottis can be used as a
landmark for guiding the ETT through
the hidden vocal cords. The tip of the
ETT is passed underneath the epiglottis
and anterior to the esophageal inlet.
Recall that the glottis lies anterior to the
esophagus (or above the esophagus
during laryngoscopy). When the epi-
glottis partially obscures the view of the
glottis, an assistant may be used to
apply cricoid pressure. This maneuver
moves the larynx posteriorly and helps
to bring the vocal cords into view. A
malleable stylet, shaped so that it forms
a distal anterior J curve, can also be
helpful in guiding the ETT tip through
the laryngeal inlet. When you have had
a limited view of the ETT passing
through the vocal cords, the Ford
Maneuver can help you to visually
confirm its correct placement in the
glottis. One performs this maneuver by
displacing the glottis posteriorly using
downward pressure on the ETT prior to
withdrawing the laryngoscope. This
maneuver is useful in the patient with a
grade III or IV larynx for whom diffi-
culty was encountered visualizing the
glottic structures,

The cuff of the ETT should be observed
passing through the vocal cords and
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a. Introduction of the larygoscope blade b. The tongue obscurs the laryngeal
using left wrist rotation. view due to inadequate advancement
of the larygoscope blade .

c. The tip of larygoscope blade is d. Laryngeal blade inserted too deep,

properly positioned at the base of pushing epiglottis over laryngeal inlet.
tongue. The blade is lifted forward

at 45 degrees.

of midline, with tongue obscuring with visualization of the esophageal inlet.
visualization of the larynx.

Figure 6.17; Laryngoscopy. Adapted with permission from Lui PL.
Principles and Procedures in Anesthesiology. J.B. Lippincott Co. 1992
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should lie just inferior (2 to 3 cm) to
the cords. As soon as you withdraw the
laryngoscope blade from the mouth,
note the length of the ETT at the lips
using the centimetre markers on the
ETT. This may prove to be useful if
the endotracheal tube moves from its
original position. The usual distance
from the tip of the ETT to the mouth is
approximately 21 to 24 cm in adult
males, and 18 to 22 cm in adult
females. The usual distance for a nasal-
ly intubated adult male (from the tip of
the ETT to the naris) is 25 cm. The
ETT cuff is inflated with enough air to
create a seal around the ETT during
positive pressure ventilation. A cuff
leak may be detected by listening at the
patient's mouth, or over their larynx.

V: Confirmation of correct
ETT placement.

Immediate absolute proof that the ETT
is in the tracheal lumen may be
obtained by observing the ETT passing
through the vocal cords, observing car-
bon dioxide (ETCO,) returning with
each respiration, or by visualizing the
tracheal lumen through the ETT using a
fiberoptic scope. Indirect confirmation
that the trachea is intubated with a
tracheal tube includes: listening over
the epigastrium for the absence of
breath sounds with ventilation, observ-
ing the chest to rise and fall with posi-
tive pressure ventilation, and listening to
the apex of each lung field for breath
sounds with ventilation. There are,
however, numerous reports of physi-
cians auscultating “distant breath
sounds" in each lung field, when the
ETT was, in fact, incorrectly placed in
the esophagus. Hence, listening to the

** Must Know

lung fields may reveal bronchospasm or
evidence of an endobronchial intubation,
but cannot be relied on as absolute
proof that the tube is correctly position-
ed in the trachea.

If the tube is positioned in the tracheal
lumen and the patient is breathing spon-
taneously, the reservoir bag will fill and
empty with respiration. If the patient is
awake they will not be able to vocalize
with an ETT positioned in the tracheal
lumen. On an ‘A-P' CXR the tip of the
ETT should be located between the
midpoint of the thoracic inlet and the
carina,

Decreased air entry to one lung field
may indicate that the ETT is in a main-
stem bronchus (usually the right main-
stem bronchus). In this situation, the
patient may become increasingly
hypoxic, or continue to cough. You
may suspect an endobronchial intubation
when you observe one side of the chest
moving more than the other with venti-
lation, In this situation, the airway
pressures will be higher than normal
(greater than 25 cm H20), and an
abnormally distant tube position at the
patient's lips will be noted.

"IF IN DOUBT TAKE IT OUT:"**
This is prudent advice for anyone who
has just intubated a patient and is
unsure and unable to confirm the tube's
placement, It is better to be safe by
removing the ETT, resuming mask
ventilation with 100% oxygen, stabiliz-
ing the patient, and calling for help,
than to risk hypoxic injury and gastric
aspiration.
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*IF IN DOUBT LEAVE IT IN:"**

This advice applies to the clinician who
is considering extubating a patient who
has been intubated for a period of time.
When the clinician has concerns as to
whether the patient can be safely
extubated (see chapter 7: extubation
criteria), it is generally safer to delay
extubation, continue to support ventila-
tion, ensuring hemodynamic stability,
analgesia, and oxygenation, than to
prematurely extubate the patient.

Upper alrway obstruction**;

The most common cause of an upper
airway obstruction in an unconscious
supine patient is from the tongue falling
back into the hypopharynx (figures 6.18
and 6.19). In the unconscious state
there is a decrease in the tone of
muscles attaching the tongue to the
mandible, hyoid bone and epiglottis.
The respiratory efforts of the uncon-
scious patient tend to pull the tongue
backward causing further airway ob-
struction. Finally in the unconscious
patient the epiglottis tends to fall down-
ward, also increasing upper airway
obstruction.

Figure 6.18: Obstructed airway
\in the unconscious supine patient. J
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Figure 6.19: Orophatyngeal
\  airway restoring airway patency

Excluding intubation, simple man-
euvers** to overcome upper airway
obstruction in the unconscious supine
patient, include:

1. Clearing the airway of any foreigh
material.

2. Using a chin lift maneuver.

3. Using a jaw thrust maneuver.

4 Inserting an oral and/or nasal
airway.

5. Positioning the patient on their side
in the semi-prone recovery posi-
tion.

References:
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LD, et al: A clinical sign to pre-
dict difficult tracheal intubation: A
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cult tracheal intubation: A retro-
spective  study. Anaesthesia
42:487,1987.

N M e e S N N N s N N S N s S N N N N

NN

NN



CHAPTER 7

Intubation Decisions

In chapter 6, we reviewed the technical
skills required for tracheal intubation in
adults. In this chapter we present four
clinical cases as an illustration of the
process used when deciding to intubate.

A clinician will readily recognize that
the comatose patient with a severe head
injury will need tracheal intubation for
airway protection, maintenance, and
hyperventilation. However, the need to
intubate a dyspneic patient with chronic
obstructive lung disease and a recent
respiratory infection is not so readily
apparent, Tables 7.1 and 7.2 list com-
mon criteria anaesthesiologists use to
evaluate a patient's need for intubation.
The individual criteria are not absolute
indications. They are to be used
together, in the context of the patient's
clinical presentation, in formulating a
decision conceming the patients need
for intubation.

Case Studies on intubation decisions:

Case 1:

On the first day of your rotation, you
are scheduled to assist with anaesthesia
in the general surgical room. The first
patient is a moderately obese forty year
old female who is scheduled for an
open cholecystectomy. What kind of
anaesthesia should we provide for this
patient?  You ponder whether you

*¢ Must Know

should prepare equipment and medica-
tions for tracheal intubation.

Most open cholecystectomies today are
performed under general anaesthesia
with tracheal intubation. While it may
be possible to provide regional anaes-
thesia (e.g., epidural anaesthesia) for
this procedure most anaesthetists today
will opt to provide general anaesthesia.
The rationale for this decision includes:

1. A high abdominal incision with the
need for muscle relaxation.

2. Surgical retractors which may impair
spontaneous ventilation.

3. A moderately obese patient who will
have difficulty breathing spontan-
eously when lying supine, due to the
surgical retractors restricting the
muscles of respiration.

4. Bpidural anaesthesia used by itself
would require a high level of block
to provide adequate anaesthesia,
This could impair the patients
intercostal and abdominal muscles of
respiration, resulting in respiratory
insufficiency,

In the early days of anaesthesia, ether or
chloroform was administered through a
face mask during spontaneous respir-
ation for this procedure. Ether produced
marked muscle relaxation when used
with minimal doses of muscle relaxants
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Table 7.1 Objective Criteria for Intubation with or without ventilation®
(Oxygenation / Ventilation / Mechanlics)

I. Oxygenation

Pa02 < 70 mm Hg with FiO2 = 70% (A double
flow puritan oxygen setup with 15 L/min x 2, pro-
vides a total of 30 L/min of oxygen flow to the
patient, minimizing entrainment of room air;

see figure 23.3, table 23.2).

A-a DO2 gradient > 350 mm Hg. Recall the not-
mal A-a DO2 gradient is < 15 mm Hg, and
increases up to 37 with increasing age (Nunn
Applied Respiratory Physiology 3rd Edition p. 248)
Use an arterial blood gas sample, and alveolar gas
equation to calculate A-a DO2 gradient; where:
PAO2 = (P, - Pyyo)x FiO2 - PaC0O2/0.8

II. Ventilation

RR > 35 / min in adults
(muscles fatigue, at these rates).

PaCO2 > 60 in normal adults.

PaCO2 > 45 In status asthmaticus, and rising
despite maximum medical management (must use
other objective and subjective criteria as well)

Respiratory acidosis with pH < 7.20 in COPD
patients,

III. Mechanics

VC < 15 mL / kg (Normal vital capacity = 70 mL
per kg or approximately 5 litres; a vital capacity of
15 mL / kg is needed to cough effectively and clear
secretions).

NIF > -25 cm H20 (Normal negative inspiratory

force (NIF) is approximately -80 to -100 cm H20).

(e.g., curare 6 mg).

Respiratory de-

muscle relaxants were not available to

pression was accepted. When the ether
was discontinued the patient recovered
their muscle strength and increased their
ventilation to match metabolic needs.
Pulse oximeters, end tidal carbon diox-
ide monitors, nerve stimulators, mechan-
ical ventilators, and antagonists for
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the anaesthetist during these early years.
Today, by contrast, we routinely plan
general anaesthesia with intubation,
muscle relaxation, and controlled mech-
anical ventilation for patients undergo-
ing an open cholecystectomy. This
allows the anaesthetist to produce pro-
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Table 7.2 Subjective Criteria for Intubation and (or) ventilation*
(Protect / Provide / Maintain /| T.B.T.)

L Real or impending airway obstruction.
(e.g., epiglottitis, thermal burns, mediastinal tumours, etc.).

1. Protection of the alrway.
(e.g., decreased level of consciousness, drug overdose, etc.).

IIL "Tracheal bronchial toilet." For patients who are unable to clear their
secretions, the ETT provides a direct access for suctioning secretions,
(e.g., COPD patient with pneumonia.)

I\A To provide positive pressure ventilatlon during general anaesthesia.
Additional indications for intubation under general anaesthesia include:
long procedure anticipated, difficult mask ventilation, operative site
near patients airway, thoracic cavity opened, muscle relaxants required,
and if the patient is in a difficult position to maintain mask anaesthesia.

e N e S N N S N N e N N

V. Clinical signs of respiratory failure and fatigue.
(e.g., diaphoresis, tachypnea, tachycardia, accessory muscle use, pulsus
paradoxus, cyanosis, etc.).

VL Shock not immediately reversed with medical treatment (i.e. not re-
sponding to medical management in the first 35 - 45 minutes).

Normal respiratory muscles use approximately 2 - 5 % of the cardiac
output, in shock states this may increase to up to 15 - 20 %, stealing
from other organs in vital need of oxygen such as the heart and brain.
Dogs subjected to septic shock conditions, die much earlier if they are
allowed to breathe on their own, when compared to dogs who are
intubated and ventilated.

— N N N N N S N s N N N e v N N N e S N
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found muscle relaxation during the
procedure, protect the airway from asp-
iration of gastric contents, and provide
good ventilation and oxygenation. The
anaesthetist can also administer potent
anaesthetic drugs, such as opioids and
volatile anaesthetic agents (e.g., iso-
flurane) to minimize the stress of the
surgical procedure. Accordingly, you
should plan to assist by preparing the

** Must Know

endotracheal tube, checking the anaes-
thesia machine, and preparing the anaes-
thetic medications.

Case 2:

Having recently completed your anaes-
thesia rotation, you are working in the
emergency department, when a pale
diaphoretic 50 year old man stumbles
through the door and collapses in front
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of the receptionist. The patient is
quickly placed on a bed and taken to
the resuscitation room. Unable to find
a pulse, the emergency physician im-
mediately applies chest paddles, iden-
tifies a chaotic thythm on the monitor,
and defibrillates at 200, then 300 and
finally 360 joules, in rapid succession.
Unfortunately, the patient fails to
respond. You are at the head of the bed
and have initiated manual ventilation
with an Ambu bag and mask. Chest
compressions are initiated, while a nurse
attempts, unsuccessfully, to insert an
intravenous catheter. Should you pro-
ceed to intubate the patient?

The emergency physician appreciates
your help and asks you to proceed with
tracheal intubation. After placing the
ETT, you confirm its position, secure it,
and continue with controlled ventilation.
At your suggestion, 10 mls of 1:10,000
epinephrine is injected down the ETT
and propelled to the lungs and central
circulation with subsequent ventilation.
The cardiac thythm changes to a coarser
form of ventricular fibrillation. Repeat
defibrillation at 360 joules converts the
man's rhythm to a sinus tachycardia
with a systolic pressure of 110 mm Hg.
Frequent ventricular premature beats
(VPB's) are noted, and lidocaine 100 mg
is given through the now secure intra-
venous. An infusion of lidocaine is
started and arrangements are made for
the patient's transfer to the CCU.

The resuscitation of this patient could
have proceeded with mask ventilation
and chest compressions. By choosing
to intubate this patient, we were able to
protected the patient's lungs from the
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risks of aspirating gastric contents. The
ETT also provided a route for
administrating  epinephrine, which
played an important role in this man's
resuscitation.

Later, a classmate asks why you didn't
give any medications to intubate the
patient. You explain that patients with
profound cardiovascular collapse requir-
ing emergent intubation, do not need
any anaesthetic medications such as
thiopental or succinylcholine to perform
tracheal intubation. In fact the adminis-
tration of thiopental could have a detri-
mental result by further depressing his
already compromised myocardium. If
your colleague asks what other medica-
tions can be given through the ETT, tell
him to remember the word 'NAVEL
This stands for the drugs: Naloxone,
Atropine, Ventolin, Epinephrine, and
Lidocaine, all of which can be given
through an ETT.

Case 3:

Later, another clinical clerk asks for
your opinion regarding a 68 year old
man with known COPD. He is evaluat-
ing this patient in the emergency room
because he is feeling more short of
breath than usual. Your colleague was
ready to send him home on antibiotics
but hesitated after seeing his arterial
blood gases (ABGs). He is concemed
that this man may need to be intubated
because his PaCO, is so high. On room
air his ABGs were pH = 734, PaCO, =
65, Pa0O, = 54, HCO, = 34, How would
you assess and treat this patient,

The patients ABGs demonstrate
hypoxemia and an acute on chronic
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respiratory acidosis with metabolic
compensation. You review his old chart
and note that his HCO, was 33 and his
PaO, was 59 mm Hg at the time of
discharge 4 months previously. This,
you suggest, probably represents his
optimal blood gas values. You com-
plete your evaluation by examining the
patient noting a RR = 22 per minute,
HR =90 bpm, BP = 160/85, and diffuse
mild rhonchi throughout the chest with
no significant (i.e. < 10 mm Hg) pulsus
paradoxus. You also note that the
patient is able to talk without stopping
frequently to catch his breath, and that
he is not vigorously using his accessory
muscles of respiration. Reviewing his
other lab tests you note a Hb = 170,
WBC = 12,000, and an ECG which is
unchanged from his former cardiogram.
The CXR demonstrates hyperinflation
with basal bullae, but gives no evidence
of cardiac failure or pulmonary infec-
tion. The patient admits to having
stopped his bronchodilators in the last
week. After clinical and subjective
improvement with salbutamol
(ventolin®) and ipratropium bromide
(atrovent®), the patient is discharged
home with a prescription for his inhalers
and a follow-up visit with his family
practitioner.

Case 4

Four weeks later you are completing
your emergency rotation when the
patient in the case 3 returns. You are
alarmed at his ill appearance. His wife
accompanies him and relates that he
‘caught a cold' a week ago and has been
getting progressively worse. He has
been unable to eat or sleep for the last
day because of his shortness of breath.

*¢ Must Know

When you examine him you find that
his breathing is laboured at 28 breaths
per minute with a prolonged expiratory
phase and a surprisingly quiet chest.
He is diaphoretic, clammy, and has
difficulty catching his breath to talk.
His vital signs reveal a HR of 130 bpm,
BP = 180/100, with a pulsus paradoxus
of 35 mm Hg, and maximal use of his
accessory muscles. The emergency
physician orders salbutamol with
ipratropium bromide by nebuljzation.
An intravenous is established, ABGs are
drawn, ECG, oximetry, and BP monitor-
ing is initiated, and a portable CXR is
ordered. Your classmate thinks you
better intubate him now. Do you agree?

As the ABGs and CXR return, the
patient is noted to have become increas-
ing drowsy, while little clinical im-
provement has occurred. The ABGs on
face mask oxygen at 8L/min reveal pH
= 7.10, PaO, = 66, PaCO, = 120, and a
HCO, = 36. The emergency physician
orally intubates the patient using topical
aerosol lidocaine anaesthesia to the
hypophamyx and glottis, and initiates
hyperventilation at 20/min in order to
blow off' the carbon dioxide.  The
nurse reports that the patients systolic
pressure is now 65 mm Hg, and his
cardiac monitor is showing sinus
tachycardia at 120/min with multiple
ventricular premature beats (VPB's).
Your classmate reviews the CXR and
states that he believes the patient has a
pneumothorax on the left side. How are
you going to manage the patient?

Before rushing to insert a needle
thoracotomy and chest tube for a poss-
ible tension pneumothorax, you review
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the patient's status. Although he has
become unresponsive to verbal stimula-
tion, his trachea is in the midline, and
you are able to manually ventilate him
without excessive airway pressures.
The emergency physician orders 100 mg
lidocaine iv., and asks you to take over
ventilation while he reviews the chest
radiograph. A repeat CXR is ordered to
verify the ETT position. A fluid bolus
of 1000 mL of ringer's lactate increases
the patient's blood pressure to 100 mm
Hg systolic. The VPB's remain but are
now unifocal and less frequent. A
mechanical ventilator is set up to pro-
vide ventilation, with an inspired O,
concentration of 50%, a tidal volume of
850 mL, an intermittent mandatory
ventilatory (IMV) rate of 12, and 5 cm
of positive end expiratory pressure

(PEEP).

Arrangements are made to transfer the
patient to the ICU., Review of the
initial CXR shows the previous basilar
bullae, but no evidence of a
pneumothorax. The second CXR shows
the ETT tip to be correctly positioned in
the mid trachea.

Your classmate was correct about the
patient requiring intubation. Clinical
examination, and ABG analysis con-
firmed that the patient was indeed in
acute respiratory failure. Analysis of
the ABGs revealed a severe acute on
chronic respiratory acidosis. Often we
have no background information regard-
ing the patient's usual PaCO, and HCO,
levels. In patients with COPD who may
retain carbon dioxide, we rely on the pH
more than the CO, to guide our man-
agement (as in case 3). A primary
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respiratory acidosis, with a pH of 7.20
or less, indicates that the patient is no
longer able to compensate. His condi-
tion was likely precipitated by his recent
chest infection superimposed on his
former severe COPD. PaCO, levels of
greater than 95 mm Hg become increas-
ingly anesthetic, (MAC CO, = 245, see
chapter 14 re: MAC definition). The
decreased level of consciousness may be
accounted for by the low blood pressure
and the high arterial carbon dioxide
tension.

This case illustrates several common
problems. The patient presented in an
extreme condition, following an illness
which likely resulted in significant
dehydration. Upon his arrival in the
emergency department, his cardiorespir-
atory system was being maximally
stressed.  Following intubation, his
blood pressure fell precipitously.

Patients with cardiorespiratory

decompensation who require urgent

intubation will often demonstrate a fall
in blood pressure following intubation.

This occurs irrespective of whether

sedative drugs are given prior to

intubation. The fall in blood pressure
may be due to:

1. The sedative drugs given.

2. The removal of endogenous catechol-
amines by treating the condition that
caused the patient to decompensate
(i.e., removing the work of breathing
from patient).

3. Decreasing venous return to the heart
due to positive pressure ventilation.

4, All of the above, plus the unmasking
of a significant underlying hypo-
volemia or concurrent illness (e.g.,
myocardial infarction).
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Chapter 7 Intubation Decisions

The occurrence of multiple ventricular
premature beats may reflect an irritable
myocardium secondary to hypercapnia,
hypotension, and hypoxemia. Another
explanation for the appearance of the
VPB's may be the result of an acutely
induced hypokalemia. = Mechanical
hyperventilation may result in a pre-
cipitous drop in the PaCO, level. The
sudden lowering of PaCO, will rapidly
increase the patients pH and shift K*
into the cells, creating an acute extra-
cellular hypokalemia. The differential
diagnosis of this patient's acute
hypotension, dysrhythmias, and abnor-
mal CXR includes a tension
pneumothorax. In this case, the emerg-
ency physician correctly interpreted the
lucency on the CXR as chronic basilar
bullae, and avoided the potential disas-
trous consequences of a needle
thoracostomy and chest tube insertion in
this patient (i.e., risk of a broncho-
pleural-cutaneous fistula).

In retrospect, this patient fulfilled sev-
eral criteria for intubation (Tables 7.1
and 7.2). This emergency was best met
by first supporting his ventilation. As
this patient's condition is likely to
require prolonged ventilatory support,
this is most easily accomplished by
endotracheal intubation.

Typlcal Endotracheal tube sizes*
Adult male 8.0, 8.5, and 9.0 mm
Adult female 7.0, 7.5, and 80 mm

ETT size calculation for children:
Size (mm) = age/4 + 4.

The presence of a soft distal cuff on the
ETT is equivalent to having a 1/2 size

** Must Know

larger ETT. Endotracheal tubes less
than 6 mm do not have distal inflatable
cuffs. This decreases the risk of post
intubation swelling and stridor, as a
result of trauma from the ETT.

Example: A 10 year old child would
generally use a 6.0 mm cuffed ETT,
uncuffed tubes are generally used for
patients age 8 and less.

6 yr. old child = 5.5 or 6 uncuffed ETT
Term newborn = 3.5 ETT

Premature infant = 2.5 - 3.0 ETT

Potential
Intubation*:
Direct injury can be caused by either
the laryngoscope, or the ETT. The lips,
tongue, pharynx, larynx and trachea are
all susceptible to injury, Damage to the
teeth may be caused by the laryngo-
scope, or by biting on the ETT or
tonsillar suction tip. Damage to the
teeth, though rare, is still the most fre-
quent problem resulting in litigation
against anaesthetists. Damaged teeth
can fragment and may be aspirated by
the patient.

Complications of

The patient who experiences a sore
throat following their operation (with
tracheal intubation), may obtain some
relief with throat lozenges. This dis-
comfort rarely persists for more than 24
hours. Beware of the patient who
recalls a severely sore throat on previ-
ous operations. They may have a
restricted airway, and their larynx may
have been traumatized because they
were difficult to intubate. Inserting the
ETT through the larynx can injure the
vocal cords or even dislocate the
arytenoid cartilages.  Patients with
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arthropathies, such as theumatoid arthri-
tis, may have an arthritic involvement
of the arytenoids, creating a functional
laryngeal stenosis’. If symptomatic,
they may note hoarseness or pain on
speaking. = Always consider these
patients to be at an increased risk for
vocal cord and arytenoid injury, use a
smaller ETT, and take extra care during
intubation.

If the ETT is too short it may result in
accidental extubation. Excessive ad-
vancement of the ETT into the trachea
may result in an endobronchial
intubation. Prolonged ETT placement
may lead to vocal cord granulomas or
tracheal stenosis. Although a cuffed
ETT will protect against gastric aspir-
ation, they do bypass the bodies natural
humidifying and warming mechanisms,
and afford a potential conduit for
pathogens to enter the lung,

Upon inserting the ETT, a patient is
subjected to a significant sympathetic
stress, which may precipitate
" tachycardia, dysrhythmias, and
myocardial ischemia. Pediatric patients
have a relatively higher parasympathetic
tone than adults, Hence tracheal
intubation of infants and children may
result in a significant bradycardia. In
both adult and paediatric patients, medi-
cations are commonly given prior to
intubation in an attempt to minimize
these reflexes.

The most serious complication of tra-
cheal intubation is an unrecognized
esophageal intubation. The resulting
gastric distension with ventilation, sub-
jects the patient to hypoxia, hypercarbia,

impairment of chest excursion, and
increases the chance of regurgitation
and pulmonary aspiration.

Criteria for extubation®:

The criteria for extubation are generally
the reverse of those for intubation, The
patient should not require an ETT for
airway provision, protection, mainten-
ance or tracheobronchial toilet, and
should meet criteria for adequate oxy-
genation, ventilation, and lung mech-
anics. The condition that initially
required intubation should be corrected
prior to extubation. The patient should
be able to protect their airway, i.e., they
must be awake with a gag and cough
reflex. They should be hemo-
dynamically stable, and their RR should
be greater than 8/min, and less than
35/min.  Respiratory muscles will
fatigue with prolonged rates greater than
35 breaths per minute. Oxygenation
should be adequate, which means a
Pa0, of at least 60 mm Hg on an
inspired oxygen concentration of 50%
or less. This should be at accompanied
with evidence of adequate ventilation
with a PaCO, of less than 50 mm Hg.
Vital capacity should be greater than 15
mL/kg (~ 1 litre in a 70 kg patient),
with a tidal volume of greater than 5
mL/kg and the negative inspiratory
force (NIF) should be more negative
than -25 cm H,0. The vital capacity,
tidal volume, and NIF can be measured
at the bedside with simple spirometry
equipment.
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CHAPTER 8

The Laryngeal Mask
Airway (LMA)

What is the difference between a LMA
and a tracheal tube*?

The laryngeal mask airway is a special-
ized airway device made of wide bore
PVC tubing, which incorporates a distal
inflatable non-latex laryngeal cuff
(figure 8.1). The LMA is inserted
without special equipment, in the back
of the patient's pharynx with the soft
laryngeal cuff resting above the vocal
cords at the junction of the larynx and
esophagus. An endotracheal tube (ETT)
generally requires a laryngoscope for its
insertion into the trachea. Unlike a
LLMA, the ETT passes through the vocal
cords with its tip positioned in the mid
trachea.

A foreign body in the trachea, such as
an endotracheal tube, evokes an intense
reflex. This results in an increase in
heart rate, blood pressure and a cough
reflex. The anaesthetist routinely ad-
ministers potent anaesthetic agents such
as opioids and muscle relaxants to blunt
or abolish this reflex. The tracheal
"foreign body" reflex does not result
from the insertion of a LMA because it
does not enter the trachea. Therefore,
the LMA can be positioned with mini-
mal amounts of anaesthetic agents (e.g.,
propofol alone). Maintenance of anaes-
thesia can be easily achieved by sponta-
neous respiration of a mixture of anaes-
thetic gases such as nitrous oxide and

% Must Know

isoflurane because the internal diameter
of the LMA is relatively large compared
to an ETT.

Does the LMA protect the patient
against gastric aspiration*?

No. Should gastroesophageal reflux
occur, the LMA will not prevent gastric
contents from entering the trachea. (see
chapter 24: Unusual Anaesthetic Com-
plications: Aspiration Pneumonitis, and
chapter 9:  Perioperative Aspiration
Risk: The Rapid Sequence Induction).

Which patients would be suitable for
general anaesthesia with a LMA?

Patients who have no identified risk
factors for aspiration (see chapter 9),
and who do not require intubation and
controlled ventilation, are suitable can-
didates for the LMA. It may be diffi-
cult to obtain an adequate seal using a
face mask in patients with no teeth or
with a full beard. The LMA is particu-
larly useful in these patients, providing
a good seal and an unobstructed airway.

Which patients are not suitable for a

LMA?

1. Patients with risk factors for gastric
aspiration.
The comatose patient in the emerg-
ency department with a presumed
drug overdose and intermittent
airway obstruction, would not be a
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Table 8.1: Advantages and Disadvantages of a LMA and Endotracheal Tube.

ADVANTAGES*

LMA

ETT

Easy to insert.

"Frees up" anaesthetist's hands,
when compared to a face mask
alone.

Provides a better airway in the
unconscious patient than a face
mask alone.

Can often be positioned with
minimal anaesthetic drugs

(e.g., Propofol alone, i.e., no
"Foreign body in trachea reflex”)

Provides airway protection against
gastric aspiration.

Allows for tracheal suctioning,.
Allows positive pressure ventilation
without increasing the risk of gastric
distension and aspiration.

DISAD VANTAGES*

LMA

ETT

Doesn't protect against gastric as-
piration.

Positive pressure ventilation with
airway pressures of > 20 cm H20
results in increasing gastric
insufflation and risks pulmonary
aspiration of gastric contents,
Laryngospasm can occur with the
LMA in place. This may result in
complete airway obstruction.

Muscle relaxants are usually required
for intubation.

Technically more difficult to insert
and position compared to LMA.
Trauma and positioning complica-
tions e.g., endobronchial intubation.
(see chapter 8).

"Foreign body in trachea reflex":
resulting in an undesired reflex sym-
pathetic stimulation (see text).
Laryngospasm can occur when the
ETT is removed.

good candidate for the LMA, as
they are at high risk for gastric asp-
iration,

Patients with oropharyngeal or
retropharyngeal  pathology, or
foreign bodies in the hypopharynx.
Examples include peritonsillar
abscess, Ludwig's angina, epiglot-
titis, and trauma to the mouth,

3. Patients with limited mouth opening.
(e.g., wired jaw, TMJ disease)

4. Patients with a cervical vertebrae or
laryngeal cartilage fracture.

5. Patients requiring positive pressure
ventilation with airway pressures of
greater than 20 cm H20 (e.g.,
patients with significant restrictive
or obstructive airway disease, trend-
elenburg position, laparoscopy).
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Chapter 8 The Laryngeal Mask Airway

A. The mask tip is pushed B. With the neck flexed and head \
extended, the mask is advanced

upwards against the hard
palate as it is advanced into along the posterior pharyngeal wall.

the pharynx.

C. A correctly positioned LMA. The cuff ~ D. When correctly positioned the LMA

should be infiated without holding on cuff does not push the epiglottis
to the LMA, downward, or obstruct the glottis,

Figure 8.1: Positioning of the Laryngeal Mask Airway. Adapted with permission
from Brain AlJ., The Intavent Laryngeal Mask Instruction Manual
wond Edition 1991. )
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Figure 8.2: A number 4 (top) and number 3 (bottom) laryngeal mask airway.

How do you position a LMA?

The laryngeal mask is positioned after
the induction of general anaesthesia.
The laryngeal mask should be lubri-
cated, and the cuff valve checked. It is
recommended that the cuff is fully
deflated prior to insertion. Our experi-
ence, however, has been that a small
amount of air in the cuff (6 - 10 mL in
an adult cuff) facilitates its insertion.
The patient is placed in the supine posi-
tion with their head and neck oriented
in the usual 'sniffing position' used for
intubation.

Anaesthesia is typically induced with
the use of propofol. Other agents such
as thiopental, ketamine or halothane can

be used to induce anaesthesia. Propofol
is the preferred induction agent as it is
superior to thiopental for reducing
laryngeal irritability and laryngospasm
during LMA insertion. If thiopental is
used for LMA insertion, the use of
succinylcholine will facilitate its inser-
tion and prevent laryngospasm.

After general anaesthesia is induced, the
patient's mouth is opened by creating
atlanto-occipital extension of the neck
in combination with forward displace-
ment of the jaw, The tip of the LMA is
inserted into the mouth, and pressed up
against the hard palate as it is advanced
into the pharynx with the right hand.
The cuff of the tube is guided along the
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CHAPTER 9

Rapid Sequence

Induction

A 'rapid sequence induction'® is used
when a patient requires general anaes-
thesia who has been identified as having
risk factors for gastric aspiration (see
table 9.1). All patients are at risk of
aspirating gastric contents when general
anaesthesia is induced, because it
impedes the patient's protective airway
reflexes. For this reason, all patients
requiring elective surgery are asked to
abstain from eating solid foods for at
least 8 hours, and clear liquids, for at
least 4 hours prior to their procedure.
Should gastric contents reflux into the
hypopharynx during the general anaes-
thetic, the use of a cuffed endotracheal
tube prevents it from entering the lungs.

The predisposing factors for gastric
aspiration include a depressed level of
consciousness (} LOC), impaired airway
reflexes, abnormal anatomical factors,
decreased gastroesophageal (GE)
sphincter competence, increased intra-
gastric pressure, and delayed gastric
emptying. Patients who have any of
these predisposing risks for gastric
aspiration, and who require a general
anaesthetic, should have measures taken
to prevent aspiration during the peri-
" operative period. The three key com-
ponents of a rapid sequence induction
are: preoxygenation, the application of
cricoid pressure with loss of conscious-
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ness, and tracheal intubation with a
cuffed ETT.

Without a cuffed tracheal tube, the
patient is at risk of pulmonary aspiration
of gastric contents. Cricoid pressure is
applied by an assistant with the induc-
tion of anaesthesia. It's purpose is to
reduce the risk of passive regurgitation
and aspiration before an endotracheal
tube can be placed. Cricoid pressure is
only released when the tracheal tube
cuff has been inflated, and the tube
position confirmed by auscultation of
both lung fields and measurement of
carbon dioxide in the exhaled gases
(ETCO,).

Technique for Rapid Sequence*

1. Prepare for General Anesthesia. The
suction is checked, on and under the
patient's pillow. Airway equipment is
checked. An appropriately sized ETT
with a stylet is prepared. A
laryngoscope and laryngoscope blade
is checked. The machine is checked,
the monitors applied, and the
medications are prepared and
labelled.

2. If a nasogastric tube is in place, suc-
tion and remove it, or leave it open
to drainage.
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Table 9.1: Aspiration : Predisposing Factors and Preventative Measures**
{ LOC - Drug overdose (e.g., ETOH) - Head injury
- Anaesthesia - CNS Pathology
- Trauma or shock
states
- Impaired Airway | - Prolonged Tracheal intubation - Myopathies
Reflexes - Local anaesthesia to the airway - CVA
- | LOC
Abnormal - Zenkers Diverticulum - Esophageal stricture
Anatomy
| GE - NG tube - Hiatus Hemia
Competence - Elderly patient - Obesity
- Pregnancy - Curare
t Intragastric - Pregnancy - Large abdominal
Pressure - Obesity tumours
- Bowel Obstruction - Ascites
Delayed Gastric | - Narcotics - Pregnancy
Emptying - Anticholinergics - Renal Failure
- Fear, Pain, Labour - Diabetes
- Trauma
__ e —
Prevention - Preoperative Fasting - NG tube to empty
- H2 Antagonists (| acidity) stomach prior to
- Antacids (| acidity) induction
- Metoclorpropamide (f motility) - Cricoid Pressure
- Antiemetics on induction of
- Regional or Local anaesthesia general anaesthesia
rather than General - Extubation awake
Anesthesia (GA) on side

about the role of ketamine or propofol
as alternatives to thiopental when anaes-
thesia is induced. Why is succinyl-
choline the most commonly used muscle
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relaxant for a rapid sequence induction?
When would a muscle relaxant other
than succinylcholine be chosen for a
rapid sequence induction?
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Chapter 9 Rapid Sequence Induction

) For a discussion of the consequences of
pulmonary aspiration see chapter 24:
Uncommon Anaesthetic Complications
Aspiration.

Notes:
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CHAPTER 10

Monitoring in
Anaesthesia

Inspection, palpation, percussion and
auscultation are the cornerstones of
monitoring in anaesthesia. In addition,
numerous technical monitors are used to
improve our understanding of the
patients  physiological status and
minimize the patients anaesthetic risk.

ANAESTHETIC DEPTH*:

Patients undergoing surgery with local
or regional anaesthesia are able to
provide verbal feedback regarding their
well being. When we induce a state of
general anaesthesia, the onset of
anaesthesia is signalled by the lack of
response to verbal commands and the
loss of a 'blink’ reflex when the eyelash
is lightly touched. Inadequate anaes-
thesia may be signalled by facial
grimacing to a painful stimulus or by
movement of an arm or leg. In the case
of full paralysis with muscle relaxants,
inadequate anaesthesia is suggested by
hypertension, tachycardia, tearing or
sweating. Excessive anaesthetic depth
may be signalled by cardiac depression
manifesting as bradycardia and
hypotension. Inthe patient who has not
been given muscle relaxants and is
breathing spontaneously, excessive
anaesthetic depth may result in hypo-
ventilation with hypercapnia (increasing
PaCO,) and hypoxemia.
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Monitoring

Current Canadian guidelines to the
Practice of Anaesthesia and patient
monitoring are:

1. An anaesthetist present. "The only
indispensable monitor is the pres-
ence at all times, of an appropriate-
ly trained and experienced phys-

ician.”
2. A completed preanaesthetic
checklist. (Current history and

physical documented, appropriate
laboratory investigations reviewed,
pre-anaesthesia evaluation com-
pleted, ASA classification recorded,
and npo policy observed if it is an
elective procedure).

3. An anaesthetic record.  Every
patient receiving general anaes-
thesia, major regional anaesthesia,
or monitored intravenous conscious
sedation, should have their HR and
BP measured at least every 5 min-
utes, unless impractical. The time,
dose, and route of all drugs and
fluids should be charted.

4, Oxygenation, ventilation, circula-
tion, and temperature are continual-
ly evaluated both clinically and
quantitatively. (Continual is
defined as ‘repeated regularly’).
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Chapter 10 Monitoring in Anaesthesia

Pulmonary
Artery
Catheter

RL

Foley &
Catheter Vv

Figure 10.1: Monitoring in anaesthesia.
The tip of the cuffed ETT is positioned in
the mid trachea. The right internal jugular
vein has been cannulated and displays a
pulmonary artery catheter passing through
the right atrium (1), right ventricle (2), and
the pulmonary artery (3).
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Figure 10.2: Intraoperative respiratory monitoring. Common variables monitored

during general anaesthesia.
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Figure 10.3: Hemodynamic monitoring. Central venous pressure, right ventricular
pressure, puimonary artery pressure, and pulmonary capillary wedge pressure tracings

@positions 1,2,3 and 4 in figure 10.1. /
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Chapter 10 Monitoring in Anaesthesia

I. OXYGENATION:

Oxygenation is monitored clinically by
providing adequate illumination of the
patient’s colour and by pulse oximetry.
The inspired oxygen concentration
(FiO,) is quantitatively monitored dur-
ing all general anaesthetics using an
oxygen analyzer. Each analyzer is
equipped with an audible low oxygen
concentration alarm.

II. VENTILATION:

Ventilation is monitored clinically by
verification of a correctly positioned
endotracheal tube as well as by observ-
ing chest excursions, reservoir bag dis-
placement, and breath sounds over both
lung fields. Ventilation is quantitatively
monitored using end tidal carbon diox-
ide (ETCO,) analysis as well as an
audible disconnection alarm on all
mechanically ventilated patients. The
measurement of expired gas volumes
and the ability to perform arterial blood
gas analysis are useful adjuncts in
assessing the adequacy of both oxygen-
ation and ventilation.

III. CIRCULATION:

The circulation is monitored clinically
by using one or more of: palpation of
the pulse, auscultation of heart sounds,
intra-arterial  pressure  monitoring,
doppler pulse monitoring, or oximetry.
Quantitative evaluation of the circula-
tion includes an audible electrocardio-
gram (ECG) signal, and arterial blood
pressure measurements at least every 5
minutes.

The ECG: A three or five lead elec-

trode system is used for ECG monitor-
ing in the operating room. A three lead

** Must Know

system has electrodes positioned on the
right arm, left arm, and chest position.
Lead II is usually monitored with a
three lead system, as the axis of this
vector is similar to the P-wave axis.
Identification of P waves in lead 1I and
it's association with the QRS complex is
useful in distinguishing a sinus thythm
from other rthythms. The chest elec-
trode is usually placed in the left anter-
ior axillary line at the fifth interspace
and is referred to as the V5 precordial
lead. A five lead electrode system adds
a right leg and left leg electrode and
allows monitoring of vectors 1, II, III,
AVR, AVL, AVF and V5 (see figure
10.1) Today's anaesthesia monitors are
capable of analysis of the ST segment
as an indicator of myocardial ischemia.
Depression or elevation of the ST seg-
ment may be indicative of myocardial
ischemia or infarction respectively.
Over 85% of ischemic events occurring
in the left ventricle during surgery can
be detected by monitoring the ST seg-
ments of leads II and V5.

BP Measurement; The simplest
method of blood pressure (BP) determi-
nation estimates the systolic blood pres-
sure by palpating the retumn of the arter-
ial pulse as an occluding BP cuff is
deflated. Other methods include
auscultation of the Kortokoff sounds
with cuff deflation. This allows both
systolic (SBP) and diastolic (DBP)
pressure measurements. The mean
arterial pressure (MAP) can be est-
imated from this as the MAP = DBP +
1/3(SBP - DBP).
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fable 10.1: Normal values for a healthy adult undergoing general anaesthesia*.

Systolic Blood Pressure SBP 85-160 mmHg
Diastolic Blood Pressure DBP 50-95 mmHg
Heart Rate : HR 50 -100 bpm
Respiratory Rate RR 8-20 pm
Oxygen saturation by pulse oximetry  SpO, 95-100 %
End tidal carbon dioxide tension ETCO, 33-45 mmHg
Skin appearance warm, dry
Colour pink
Temperature 36 -375 °cC
Urine production =205 ml- kg?- min™
Central Venous Pressure Cvp 1-10 mmHg
Pulmonary Artery Pressure PAP (mean) 10 - 20 mmHg
Pulmonary Capillary Wedge Pressure  PCWP 5-15 mmHg
Mixed venous oxygen saturation SvO2 75 %
Cardiac Output co 45 -6 1> min™.
Table 10.2: Derived Cardiopulmonary Values:
Body Surface Area (BSA) Normal Values:
Mean Arterial Pressure MAP = 80 - 120 mmHg
MAP = DBP + 1/3 Pulse pressure
Cardiac Index (CI) = CO/BSA CIl =25 -40 L min" m?
Systemic Vascular Resistance SVR = 1200 - 1500 dynes-cm-sec’
SVR = MAP - CVP x 79.9
co
Pulmonary Vascular Resistance PVR = 100 - 300 dynes-cm-sec’
PVR = PAP(mean) - PCWP x 79.9
co
Stroke Volume = CO x 1000 SV = 60 - 90 ml- beat’
HR
Alveolar Oxygen Tension PAO, = 110 mmHg (FiO,= 0.21)

A-a0, = Pao, - Pao,

Arterial Oxygen Content (Ca0O,) CaO, = 21 mI100mi}™*
= (SaO,)(Hb x 1.34) + PaO, x 0.0031

PAO, = (Pg - Pyy)FiO,- PaCO/R.Q. (Where P, = 760, Py = 47, RQ. = 0.8)

Alveolar-arterial oxygen gradient A-a0, gradient < 10 mmHg (FiO, = 0.21)
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Automated non-invasive BP measure-
ments are routinely performed intra-
operatively using a microprocessor-
controlled oscillotonometer such as a
Dinamap®. These units have replaced
routine BP measurements by
auscultation or palpation techniques.
They automatically inflate the BP cuff
to occlude the arterial pulse at preset
time intervals. The cuff pressure is
sensed by a pressure transducer.
Repeated step deflations provide oscilla-
tion measurements which are digitalized
and processed as the cuff is deflated.
Rapid, accurate (* 9 mmHg) measure-
ments of SBP, DBP, MAP and HR can
be obtained several times a minute.
Artifacts can occur with patient move-
ment, arrhythmias, or blood pressure
fluctuations due to respiration.

When automated non-invasive BP
measurements are unsuccessful, simple
auscultation or palpation techniques can
be used with a manual cuff. Automated
BP measurements are routinely per-
formed every 3 to 5 minutes during
general anaesthesia. Repeated rapid
measurements for prolonged periods of
time are not recommended due to a
small risk of a compressive peripheral
nerve injury.

Invasive monitoring of the circulation
may include the use of an arterial, cen-
tral venous, or pulmonary artery cathe-
ter. An arterial line is established with
a small (20 - 22 gauge) catheter in a
peripheral artery. The radial artery at
the wrist is the most common site for an
arterial catheter insertion. The femoral,
brachial, and dorsalis pedis arteries are
alternative sites for arterial line inser-

¢ Must Know

tion.

Procedures frequently requiring direct
arterial pressure monitoring include
major cardiac, thoracic, vascular and
neurosurgical procedures. Arterial line
placement is also indicated in pro-
cedures requiring induced hypotension
or induced hypothermia. Patients with
co-existing diseases, including signifi-
cant cardiopulmonary disease, severe
metabolicabnormalities, morbid obesity,
and major trauma, may also require
perioperative arterial line placement.

A central venous pressure (CVP) cath-
eter provides an estimate of the right
atrial and right ventricular pressures.
The CVP reflects the patients blood
volume, venous tone, and right
ventricular performance. Serial meas-
urements are much more useful than a
single value. The HR, BP, and CVP
response to a volume infusion (100 -
500 ml of fluid) is a very useful test of
right ventricular performance. CVP
monitoring is useful in patients undergo-
ing procedures associated with large
fluid volume shifts. Shock states, mass-
ive trauma, significant cardiopulmonary
disease or the need for vasoactive medi-
cations are other indications for using a
CVP catheter.

Unlike a CVP catheter that lies in the
superior vena cava, the pulmonary
artery catheter (PAC) passes through
the right atrium and right ventricle and
rests in a branch of one of the pulmon-
ary arteries (see figure 10.1). Inflation
of a plastic cuff at the tip of the catheter
allows occlusion of the proximal pul-
monary artery and measurement of the
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distal pressure. This distal (back) pres-
sure is referred to as the pulmonary
artery wedge pressure (PCWP) and
reflects the left atrial filling pressure.
Thermodilution calculations of cardiac
output are performed by injecting a
fixed volume of cool fluid into the right
atrial port and measuring the tempera-
ture change over time from a thermistor
probe at the distal tip of the PA cathe-
ter. A sample of blood taken from the
distal tip of the PA catheter can be
analyzed to determine the mixed venous
oxygen saturation (SvO,). Detailed
analysis of the patient's blood and fluid
requirements, as well as the adequacy of
oxygen transport can be made with the
measurements obtained from a PA cath-
eter. The results of manipulating the
patient's hemodynamic parameters with
ionotropic agents, vasopressors, vaso-
dilators, diuretics, fluids or blood prod-
ucts, can then be followed.

Figures 10.2 and 10.3 illustrate typical
cardiorespiratory variables monitored
during general anaesthesia. Tables 10.1
lists normal cardiorespiratory values
during general anaesthesia for a healthy
adult. Table 10.2 lists formulas used in
calculating common cardiorespiratory
values.

1V. TEMPERATURE:
A temperature monitor must be readily
available to continuously measure tem-
perature. Temperature monitoring is
mandatory if changes in temperature are
anticipated or suspected.

An EKG with defibrillator, as well

resuscitation and emergency drugs must
be immediately available. In addition a
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peripheral nerve stimulator must be
immediately available.

Cyanosis:

Cyanosis has been defined historically
as the presence of 5 gm/dL. of
deoxygenated hemoglobin (deoxy Hb).
When the hemoglobin level is 15 gm/dL
and S gm/dL of this Hb releases oxygen
to the tissues, the oxygenated hemo-
globin portion (OxyHb) is 10 gm/dL.
Hence the oxygen saturation is:

Sa0, = OxyHb / (OxyHb + DeoxyHb)
Sa0, = 10/ (10 + 5) = 66%

An oxygen saturation of 66% cotres-
ponds to an arterial oxygen tension of
approximately 35 mmHg (see oxygen
dissociation curve figure 10.4). Should
the patient become anemic, however,
the oxygen tension (PaQO,) at which
cyanosis is detected will be even lower.
Assume for example that the patient's
Hb is now 10 gm/dL. The saturation at
which we will detect cyanosis (ie.,
when the DeoxyHb = 5 gm/dL) will be:
Sa0, = OxyHb'/ (OxyHb + DeoxyHb)
Sa0,=5/(5 +5) = 50%

An oxygen saturation of 50% corre-

sponds to an oxygen tension (PaO,) of
only 27 mmHg!

We now recognize that under optimal
lighting conditions with no excessive
skin pigmentation and a normal hemo-
globin level, the earliest that cyanosis
can be appreciated is at an oxygen
saturation of approximately 85%. This
corresponds to a PaO, of 55 mmHg. At
a Sa0, of 70% most clinicians will be
able to detect cyanosis (PaQ, of approx-
imately 40 mmHg).
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Chapter 10 Monitoring in Anaesthesia

increase in: H+

Right Shift in curve: Hb
releases oxygen to tissues
more readily. Causes of a
right shift include an

Temperature
PaC0O2
2,3DPG

27 40 60
PaO2 mmHg

Figure 10.4: The oxyhemoglobin dissociation curve. The running man
generates heat, carbon dioxide, and acid shifting the curve to the right, and
enhancing oxygen release to his tissues,

Conditions that increase 2.3 DPCD

Uremia
Cirrhosis
Hypoxemia
Anemia

Conditions that decrease 2.3 DPG:;
Hypophosphatemia

Banked blood

Acidosis

J

Pulse Oximetry®*:

Pulse oximetry allows beat to beat ana-
lysis of the patient's oxygenation status,
Oximetry is based on the differences in
light absorption by hemoglobin as it
binds and releases oxygen. Red and
infra-red light frequencies are trans-
mitted through a translucent portion of
tissue, such as the finger tip or earlobe.
The signal is filtered to isolate pulsatile
changes in light absorption. Micropro-
cessors are then used to analyze the
amount of light absorbed by the two
wave lengths of light, and this is com-
pared with an empiric table of measured
values to determine the concentration of
oxygenated and deoxygenated forms of
hemoglobin. Once the concentrations of
oxyHb and deoxyHb have been deter-
mined, the oxygen saturation can be
calculated. Current pulse oximeters
have numeric LED displays for the
heart rate and percent saturation. A
pulse plethysmograph allows visual
analysis of the pulse waveform, while

** Must Know

an audible tone, which varies with the
percent saturation, allows an auditory
assessment of the patients oxygenation
status.

Pulse oximetry (SpO,) includes meas-
urements of oxyHb, deoxyHb, metHb,
and carboxyHb. An over estimation of
the true measured oxygen saturation
(Sa0,) may occur in the presence of
significant carbon monoxide poisoning
(e.g., a bum victim). Oximeters may
become inaccurate or unable to deter-
mine the oxygen saturation when the
tissue perfusion is poor (e.g., shock:
states or cold extremities), when move-
ment occurs, when dysthythmias are
present, or when there is electrical inter-
ference (e.g., electrosurgical cautery
unit).

The oxyhemoglobin dissociation curve
describes a sigmoidal shape (see figure
10.4). A decrease in PaO, of less than
60 mmHg (corresponding to a SpO, of

* Should Know Page 71



1aesthesia for Medical Students

ETCO2

Real time capnograpgh with

Trend speed recording at 25 mm/sec.
recorder speed at 12.5 mm/sec.

Expiratory phase occurs from 1 - 3. Inspiratory phase occurs from 3 - 1.
1-2: Alveolar CO2 increases in concentration during expiration.

2 - 3: Alveolar plateau. CO2 level peaks at 3 and is recorded as the ETCO2.
3 - 4: Inspiratory phase begins, and CO2 rapidly decreases.

i ‘Curare cleft' indicates a decreasing neuromuscular block.
This is always seen in the right 1/3 of the plateau.

Spontaneous patient ventilation efforts interposed between
mechanical ventilations. "Patient fighting the ventilator.”

Cardiogenic oscillations. The patient's cardiac stroke

volume displaces small volumes of alveolar gas with each

heart beat. Interesting, but of no significance.
Esophageal intubation. The initial ETCO2

1 measurement is abnormally low, and rapidly
L _e— falls to zero with subsequent ventilations.

An exponential decrease in ETCO2. This may
occur with severe hyperventilation, massive

J pulmonary embolism, or circulatory arrest.
Also observed when the patient is cooled to
induce profound hypothermia.

Obstructive airway disease results in an

Jr unequal emptying of the alveoli, and a rising
alveolar plateau. The ETCO2 measurement
will greatly underestimate the arterial PaCO2.

A rapid fall in the ETCO? value to zero may
indicate a patient disconnection from the
ventilator. An accidental patient extubation,
kinked ETT or blocked sample line, are other
possible causes.

Figure 10.5: Capnography. A normal capnogram, and its four components are
represented in the top figure. Examples of diagnostic capnograms are includy
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90%) results in a rapid fall in the
oxygen saturation. The lower limit of
acceptable oxygen saturation is 90% as
this represents an arterial oxygen
tension just above hypoxic values.

End-Tidal CO, Monitoring
Definitions:

Capnometry: Is the measurement of
the carbon dioxide (CO,) concentration
during inspiration and expiration.
Capnogram: Refers to the continuous
display of the CO, concentration
waveform sampled from the patient's
airway during ventilation.
Capnography: Is the continuous moni-
toring of a patient's capnogram.

End-tidal CO, monitoring is standard for
all patients undergoing general anaes-
thesia with mechanical ventilation. It is
an important safety monitor and a valu-
able monitor of the patient's physiologic
status. Examples of some of the useful
information that capnography is able to
provide include*:

1. Confirmation of tracheal intubation.

2. Recognition of an inadvertent esoph-
ageal intubation.

3. Recognition of an inadvertent ex-
tubation or disconnection.

4. Assessment of the adequacy of venti-
lation and an indirect estimate of
PaCoO,.

5. Aids the diagnosis of a pulmonary
embolism (e.g., air or clot).

6. Aids the recognition of a partial
airway obstruction (e.g., kinked
ETT).

7. Indirect measurement of airway reac-
tivity (e.g., bronchospasm).

8. Assessment of the effect of cardio-
pulmonary resuscitation efforts.

** Must Know

Measurement of ETCO, involves sampl-
ing the patient's respiratory gases near
the patients airway. A value is pro-
duced using either an infrared gas ana-
lysis, mass spectrometry, or raman scat-
tering technique (see figure 10.2 and
10.5). Provided the inspired CO, value
is near zero (no rebreathing of CO,), the
ETCO, value is a function of the CO,
production, alveolar ventilation and
pulmonary circulation.

During general anaesthesia the PaCO, to
ETCO, gradient is typically about 5
mmHg. In the absence of significant
ventilation perfusion abnormalities and
gas sampling errors, an ETCO, value of
35 mmHg will correspond to a PaCO,
value of approximately 40 mmHpg.
Increases or decreases in ETCO, values
may be the result of either increased
CO, production or decreased CO, elim-
ination (see table 10.3).

Monitoring Neuromuscular function;
In order to quantify the depth of
neuromuscular  blockade, electo-
myography is commonly employed
during anaesthesia. This involves the
application of two electrodes over an
easily accessed peripheral nerve. The
ulnar nerve is the most common nerve
used for monitoring neuromuscular
function during general anaesthesia.
Other nerves that may be used include
the facial nerve and the common
peroneal nerve. The electrodes are
attached to a nerve stimulator, which
applies an electrical impulse to the
nerve. By attaching a strain gauge to
the muscle being stimulated, the muscle
response to stimulation may be observed
or measured. Ulnar nerve stimulation
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Table 10.3: BEtiologies of increased or decreased ETCO, values (Modified from Gilber

HC, Vendor JS. Monitoring the Anesthetized Patient.

In Clinical Anesthesia.

Second Edition 1993. JB Lippincott Co. Philadelphia).

Increased ETCO, Decreased ETCO,
Changes in CO, Production
Hyperthermia Hypothermia
Sepsis, Thyroid storm Hypometabolism
Malignant Hyperthermia
Muscular Activity
Changes in CO, Elimination
Hypoventilation Hyperventilation
Rebreathing Hypoperfusion
Embolism

results in the contraction of the abductor
pollicis muscle and a twitch in the
thumb. Up to 70% of the
neuromuscular receptors may be
blocked by a neuromuscular blocking
drug before a change in the twitch
height can be observed. When 90% of
the receptors are blocked, all observable
twitches are eliminated.

Common methods of stimulation of the
nerve include a single twitch stimulus,
four twitch stimuli, (each separated by
1/2 second) referred to as a train-of-four
stimulus (TOF), or a continuous stimu-
lus referred to as a tetanus stimulation.
The intensity of neuromuscular blockade
and type of blockade (i.e., depolarizing
versus a non-depolarizing blockade) can
be characterized by the response to
these different type of stimuli. Clinical
relaxation will occur when a single
twitch or first twitch of a TOF stimulus,
is reduced by 75% to 95% of its orig-
inal height (see figure 10.6).
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A pure depolarizing block produces a
uniform reduction in the height of a
single twitch, TOF stimulus, and tetanus
stimulation. If excessive amounts of
succinylcholine are given (> $5-6
mg/kg), the block may begin to
resemble a non-depolarizing block and
is said to be a phase II block (see succ-
inylcholine). Tetanus stimulation of a
nerve will demonstrate a continued
weak contraction in the presence of a
depolarizing block, but will progressive-
ly fade with a non-depolarizing block.

In the case of a non-depolarizing block-
ade, there is an increasing reduction in
each of the four TOF twitches. The
ratio of height of the fourth to first
twitch (i.e., the TOF ratio) is less than
0.7 in a non-depolarizing block. Also
both the single twitch and the TOF
stimulus, will be increased following a
tetanus stimulation. This is referred to
as post-tetanic facilitation, and only
occurs with a non depolarizing block,
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The intensity of mnon-depolarizing
neuromuscular blockade can be esti-
mated by the height and number of
twitches that are present following a
TOF stimulus, When the first twitch is
reduced in height by 75%, the fourth
twitch disappears. With an 80% reduc-
tion in height of the first twitch both the
third and fourth twitches are lost, and
with a 90% reduction in the first twitch
the remaining three twitches disappear.

When all twitches disappear = 90% of
all receptors are occupied. For pro-
cedures requiring muscle relaxation
attempts are made to maintain one
twitch present with a TOF stimulus,
Reversal of a neuromuscular block will
be easily accomplished if all four
twitches of the TOF are present, and
will be difficult or impossible if one or
no twitches are observed.

Tetanus Stimulation

1 minute N

N smm
llll«uu«»uu«_

2 - 2.5 minutes

40 minutes

uu;’l.lh“uu“_

/_I_ Single Twitch Stimulus ”JJ Train of Four Stimulus (T Oh

I.Ill Train of Four Ratio (T4/T1) = 0.4

—_ I_I.I.l Post tetanic facilitation

Depolarizing neuromuscular block. (eg. Succinylcholine 2 mg/kg)

1. Block established within 1 minute.
2. No fade with tetanus stimulation.
3. No post tetanic facilitation.

4. Block cannot be reversed.

5. TOF ratio > 04

Non Depolarizing neuromuscular block. (eg. Atracurium 0.4 mg/kg)

1. Block established over 2 - 2.5 minutes.
2. Fades with tetanus stimulation.

3. Post tetanic facilitation present.

4. Reverses with anticholinesterase agents.
5, TOF ratio <0.7.

Figure 10.6 Assessing neuromuscular function. Characteristics of a
Q)olarizing and non-depolarizing neuromuscular block.

Tetanus Fade

J

*¢ Must Know

¢ Should Know
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CHAPTER 11

Intravenous

Anaesthetic Agents

For over forty years, the ultra short
acting thiobarbiturate, sodium thio-
pental, has been the intravenous
induction agent of choice. Thiopental's
popularity is currently being challenged
by a new akylphenol class of drug
called propofol. Propofol's rapid metab-
olism and elimination, as well as its
anti-emetic properties, are welcome
features to the specialty of anaesthesia.
Ketamine is infrequently used as an
intravenous induction agent due to its
unpopular psychological side effects.
Despite this, it continues to play an
important role in anaesthesia due to its
unique cardiorespiratory pharmaco-
dynamics.

In this chapter we shall present three
commonly used intravenous anaesthetic
induction agents: thiopental, propofol,
and ketamine. For each of these drugs
we shall highlight its physical prop-
erties, pharmacokinetics, pharmaco-
dynamics, dosage, indications and
contraindications. Other adjuvant intra-
venous anaesthetic agents such as mida-
zolam and droperidol are also presented.
Opioid analgesics and neuromuscular
blocking agents are presented in the
following chapters.

A. Sodium Thiopental (Pentothal®)

Definition:
Ultra short acting barbiturate

** Must Know

Classification:
Intravenous anaesthetic - hypnotic

Physical Chemical Properties:
Thiopental is a highly lipid soluble
compound, that is supplied as a yellow
powder with a sulphuric smell and a
bitter taste. When combined with
sodium carbonate, it becomes water
soluble. It is bacteriostatic in water and
has a pH of 106 to 10.8. When
injected, sodium carbonate is neutralized
and the thiopental is converted to its
lipid soluble non ijonized form (pKa =
7.6, i.e. 40% ionized at pH = 7.4).
Thiopental is highly protein bound by
albumen (75%), which prevents its
precipitation out of solution in vivo.

( )

0
H
. <N CH,CH,4
O CH;
Figure 11.1: Sodium thiopentothal.

S

Supplied: Thiopental is supplied in the
form of a yellow powder, dissolved in
water and sodium carbonate to make a
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2.5% solution (25 mg/ml). It is stable
as a solution at room temperature for a
period of 2 weeks,

Structure Activity Relationship:

+ CH3 at N-1: shortens the duration
(eg. methohexital)

- § substitution at C-2:
markedly shortens the
duration of narcosis

« C-5 substitution with branched chains:
increases potency and
toxicity

Pharmacokinetics: (i.e., What happens
to the drug with respect to uptake, dist-
ribution, metabolism, and excretion.)

An intravenous dose of 3 - 5 mg/kg
results in loss of consciousness. The
time required to render the patient un-
conscious is generally 30 to 60 seconds
following administration. This time has
been referred to as the 'arm-brain' circu-
lation time. It is the time required for
the drug to pass from the site of injec-
tion to the brain as it passes through the
right heart, pulmonary circulation, and
left heart. When no other drugs are
given, the anaesthetic state persists for
5 to 10 minutes. The patient awakes
after this period of time not because the
drug has been metabolized (T% =5 - 12
hours), but rather because the thiopental
has moved away from the brain and is
entering the more slowly perfused
organs. Hence, the termination of
action of the drug is due to its 're-
distribution' from the brain to other
tissues and organs.

The brain, liver, kidney's, and adrenal
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glands comprise the vessel rich group*.
They receive 75% of the cardiac output,
even though they constitute only 10%
of body mass. After reaching its peak
serum level within these vessel rich
organs, thiopental is then distributed to
the muscles, fat and the vessel poor
group of organs (see figure 11,2). The
muscle group receives just less than
20% of the cardiac output (second only
to the vessel rich group), and constitutes
approximately 50% of the body mass.
While peak serum concentrations of
thiopental are reached within seconds of
the injection, the fat group and vessel
poor group (e.g., bone, and cartilage)
may require hours before peak levels are
achieved. The longer time for
thiopental to reach peak levels in these
compartments is due to the lower
perfusion rates of the wvessel poor
organs.

G‘” Blood N
g0 FPoul
8 %, Viscera
Seof ; / Lean
c Tissues
8 a0
H
& 20 _
e, TN,
I N N R oY rrrrem
1 4 16 64 256

Logarithmic Time Scale (minutes)

Figure 11.2 Distribution of
thiopentothal in the vessel rich and
vessel poor groups over time,
following a rapid intravenous
injection. (Modified with permission

from Miller RD., Anesthesia 3rd Ed.
Qhurchill Livingstone 1990). /
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Sulphur containing drugs, acidosis, and
non steroidal anti-inflammatory drugs
(NSAIDS) may displace thiopental from
albumen. This results in an increase in
free thiopental which increases the an-
aesthetic potency and toxicity. Liver
and renal disease may be associated
with lower albumen levels, also raising
free serum thiopental concentrations.

Metabolism occurs primarily in the liver
with approximately 10 to 15% of the
remaining drug level being metabolized
per hour. A desulfuration reaction
occurring in the liver produces pento-
barbital, which then undergoes oxidative
metabolism yielding two compounds
with no anaesthetic activity. Less than
one per cent of the administered
thiopental is excreted unchanged in the
urine.

Pharmacodynamics: (i.e., What the drug
does in the body.)

CNS:

Barbiturates, including thiopental, inter-
act with chloride ion channels by alter-
ing the duration they spend in an ‘open
state'. This facilitates inhibitory
neurotransmitters such as gama amino
butyric acid (GABA), as well as block-
ing excitatory neurotransmitter actions
such as glutamic acid.

Thiopental will decrease both cerebral
electrical and metabolic activity.
Hence, it can be used to stop seizure
activity in an emergency situation. To
maintain depression of cerebral electri-
cal activity, very high doses of
thiopental are required. To maintain
seizure control and avoid significant

** Must Know

* Should Know

cardiovascular depression from high
doses of thiopental, other antiepileptic
drugs are used (e.g., a benzodiazepine
class of drug).

Elevated intracranial pressure (ICP) can
be quickly reduced by administering
thiopental. The improvement in ICP is
transitory and would require excessive
amounts of thiopental to maintain, The
use of high doses of barbiturates in
patients with persistently elevated ICP,
has not been shown to improve their
overall outcome. The reduction of ICP
from thiopental is a result of cerebral
vasoconstriction, reduced cerebral
metabolism and oXygen requirements.
This is associated with a decrease in
cerebral blood volume. The overall
effect is an improvement in cerebral
perfusion pressure (CPP), as the
decrease in ICP is generally greater than
the decrease in mean arterial pressure
(MAP).

{CPP = {MAP - | |ICP

Thiopental has an anti-analgesic effect,
since low doses may decrease a patients
pain threshold.

Intraocular pressure (IOP) decreases up
to 25% with 3 - 5 mg/kg of thiopental.
The decrease in IOP persists for 3 to 5
minutes.

CVS:

Thiopental causes a dose related
depression of myocardial function as
measured by cardiac output (CO), stroke
volume (SV), and blood pressure.
Coronary blood flow, heart rate, and
myocardial oxygen uptake all increase
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following administration of thiopental.
Venous tone decreases (decreased pre-
load) and contributes to the increase in
HR, and decrease in BP. Little change
in the total peripheral resistance occurs
following thiopental administration.

RESP:

Induction of anaesthesia with thiopental
may be associated with 2 or 3 large
breaths followed by apnea. The duration
of apnea following a 'sleep' dose of
thiopental is usually less than one min-
ute. There is a dose related depression
of the respiratory response to hyper-
carbia and hypoxia. Laryngospasm may
occur with induction, especially at light
levels of anaesthesia and with airway
manipulation. Bronchoconstriction may
be associated with thiopental, but is
much more commonly seen following
the combination of a small dose of
thiopental with airway manipulation or
intubation, As with any general an-
aesthetic agent, the functional residual
capacity (FRC) is reduced with the
induction of anaesthesia by up to 20%.

GI:

Enzyme induction may occur with pro-
longed high dose therapy, as in barbitu-
rate induced comas. Hypoalbuminemia
will result in an increase in unbound
(free) thiopental and an increase in the
potency of thiopental.

GU/Pregnancy/Fetus:

Thiopental has little or no effect on the
kidney's or gravid uterus. Although
thiopental rapidly crosses the placenta to
reach the fetus, it has no significant
effect on the fetus when used for cesar-
ean section provided the dose used is
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limited to 4 mg/kg.

Dose and Administration:

Thiopental must be used with caution in
patients suffering from a shock state.
This was quickly appreciated by the
anaesthetists caring for the casualties of
pearl harbour. They presented to the
operating room in shock states second-
arily to massive blood loss. The admin-
istration of the usual sleep dose of
thiopental of 3 to 6 mg/kg for induction
of anaesthesia resulted in their rapid
demise. For a frail elderly lady who
has fractured her hip, a dose of 25 to 50
mg (0.5 - 1 mg/kg) may be all that is
required for the induction of anaes-
thesia. For short procedures (eg. cardio-
version) a dose of 2 mg/kg is generally
sufficient.

Indications:

1. Sole anaesthetic agent for brief surgi-
cal procedures (less than 15 minutes).

2. For induction of anaesthesia, prior to
administration of other anaesthetic
agents.

3. For control of convulsive states.

4. For the supplementation of regional
anaesthesia, or low potency an-
aesthetic agents such as N20O.

Contraindications to Thiopental*:

1. ABSOLUTE:

1. Lack of knowledge of the drug.

2. Lack of resuscitative equipment.

3. Inability to maintain a patent airway.

4. Complete absence of suitable veins.

5. Allergy or hypersensitivity to bar-
biturates.

6. Status asthmaticus.

7. Porphyria (Varigate Porphyria, or
Acute Intermittent Porphyria)
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II. RELATIVE:

1. Hypotension or shock.

2. Severe cardiovascular disease.
3. Severe liver disease.

4, Myxedema.

Side Effects and Toxicity:

An extravascular injection of thiopental
will usually not cause any serious long
term sequelae, provided the concentra-
tion of the solution injected is < 2.5%.
With more concentrated solutions, an
extravascular injection may cause severe
pain on injection as well as subsequent
tissue necrosis. If a solution of =2 2.5%
thiopenta] is injected accidentally into
an artery, severe pain, vascular spasm,
loss of digital pulses, gangrene, and
permanent nerve damage may occur, If
an intra-arterial injection does occur, the
offending iv should be kept in place,
and 5 to 10 mL of 1% plain lidocaine
administered through it. Consideration
should be given for systemic hepatin
administration (fo prevent thrombosis),
and for administering some form of
sympathetic block (eg. stellate ganglion
block) to reduce the sympathetic tone of
the injured area.

Other side effects not mentioned above
include allergic reactions, which may
manifest as a skin rash, pain on injec-
tion, urticaria, angioedema, broncho-
spasm, laryngospasm, and cardio-
vascular collapse.

B. Propofol (Diprivan®)
Definition:

Intravenous anaesthetic - hypnotic
Classification: Akylphenol

Physical Chemical Properties:

*% Must Know

Cm.xcenuation (mcg/ml)

% Should Know

r
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Figure 11.3: Propofol. j
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Figure 11.4: Simulated time course
of whole-blood levels of propofol
following an induction dose of 2.0
mg/kg. (With permission from
Miller RD., Anesthesia 3rd Ed.
Churchill Livingstone, 1990.)

1% propofol (10 mg/mL)

10% soyabean oil

2.25% glycerol

1.2% purified egg phosphatide

Propofol is a highly lipid soluble oil

that is combined with glycerol, egg, and
soyabean oil for intravenous administra-
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ion. It's appearance is similar to that of
2% milk, as the solution that is used to
dissolve it is similar to total parenteral
nutrition (TPN) solutions. It has a pH
of 7 and is supplied in 20 mL ampules
with a concentration of 10 mg/ml.

Pharmacokinetics:

T% initial distribution = 2 - 8 minutes.
T redistribution = 30 - 60 minutes.
T% elimination = 4 - 7 hours.

Following a single bolus injection, peak
serum concentrations are reached rapid-
ly. Propofol's high lipid solubility
results in a quick transfer to the brain
and rapid onset (one 'arm-brain’ circula-
tion time). Recovery from a single
bolus injection results from both redis-
tribution and elimination. Propofol is
metabolized in the liver, yielding water
soluble inactive conjugated compounds
which are excreted by the kidney. Less
than 2% of propofol is excreted
unchanged in the urine and feces. Pro-
pofol is cleared from the blood faster
than hepatic blood flow, which suggests
that extrahepatic metabolism and elimin-
ation may be occurring in the lungs.

Pharmacodynamics:

CNS:

Unlike barbiturates, propofol is not
antanalgesic. At low (subhypnotic)
concentrations, propofol can provide
both sedation and amnesia. Patients
report a general sense of well being on
awakening from propofol anaesthesia.
Intracranial and intraocular pressure are
both decreased by propofol. Cerebral
perfusion pressure undergoes a small
decrease with propofol. The cerebral
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blood vessels remain responsive to CO2
during a propofol infusion. Cerebral
metabolic rate is decreased up to 36%.
Propofol appears to have neither epilep-
tic nor anticonvulsant properties.

RESP:

The respiratory rate is decreased with
the induction of anaesthesia, and ap-
proximately one quarter of patients
become apneic at induction. The period
of apnea depends on the dose given, the
speed of injection, and concomitant use
of an opioid. The frequency of apnea is
greater than that seen following
thiopental. Maintenance anaesthesia
(100 mecg/kg/min iv) with propofol
results in a decreased tidal volume and
increased respiratory rate. At this same
infusion rate the ventilatory response to
CO2 is depressed similar to that caused
by administration of 1 MAC (0.76%)
halothane. Unlike halothane, however,
doubling the infusion rate of propofol
does not result in a marked increase in
depression of the CO2 response curve.

CVs:

Systolic, mean and diastolic blood pres-
sure are reduced 25-40% with an induc-
tion dose of 2-2.5 mg/kg. Cardiac
output, stroke volume and systemic
vascular resistance are all decreased
with induction by 15-20%. The
decrease in blood pressure is believed to
be secondary to both myocardial de-
pression and vasodilation. Heart rate
may increase, remain the same, or
decrease following propofol. Concomi-
tant administration of an opioid tends to
result in a greater reduction in heart
rate, cardiac output, and arterial pres-
sure.
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