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INTRODUCTION

AxzstrEsioLocy 15 a specialty n medicine requining the
diagnostic shills of the physician and the techmcal dex-
terty of the surgeon These twin facets must be developed
to the greatest passible degree m the course of the tram-
g program But there must be a beginning somewhere
It 1s not sufficient to start technical training without scien-
tific Jearmng Didactic teaching without practical work
also omits something of value

After some trial and much error, a reasonably satisfac-
tory solution was found Begmners were taught practical
work 1n the operating rooms as part of a umt consisting
of the mstructor and one or two students They worked
together every day as a team for several weeks The con-
fusions of haphazard starts were reduced to a mimmum
Durmng this period beginners meet thrice weekly to learn
‘what every young anesthesiologist should know This
manual 15 therr gmide The learning process 15 developed
hopefully and possibly even effectively when the manual
becomes less mportant than the readmg of ongmal
source material and when mcreased responsibility n the
operating room 1s possible and productive

The manual proved popular with residents m anes-
thesiology and surgery Medical students wished it
whether for knowledge or the passage of exammnations
was never quite clear In any event, the large demand
suggested that its availability 1 bool form would be
valuable It 1s our smcere hope that 1t will prove useful
to begnners everywhere
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RECORDS AND CHARTING
THE ANESTHESIA RECORD

The careruL and frequent recordmg of data on anesthe-
sta records during the progress of an anesthetic procedure
1s imperative

1 To msure frequent attention to the patients vital
signs

2 To provide a ready reference of the patients re-
action to anesthesia and operation

3 To estabhsh the sequence of any untoward changes
1 the vatal signs or physiwology of the patient should these
occur

4 As a source of reference, teaching, and statistical
material

5 As a medicolegal record

A copy of the anesthesia record used at the Columbia-
Presbyterian Medical Center 1s provided n this section
This consists of an anesthetic chart 1 duplicate The car-
bon copy 15 incorporated 1n the patients chart, the ong-
wnal filed 1n the anesthesia office This 1s the most 1mpor-
tant record as 1t 15 both a source of material for teaching
and research, and a basis for the acquisition of statistical
data

Preparation of the chart before starting the case 15
an mmportant aid m reviewmg the patients condition m
detall and recalling the findings acquired during the pre-
anesthetic examination

[31
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For purposes of mstruction this chart may be divided
nto three sections
Section I

(Top of the Record)

This section 15 filled out from the patients chncal
chart The following pomts are important

Blood Pressure 1f there are a variety of readings the
range 15 recorded

Hemoglobin and Red Blood Count (Hematocrit of
1t 1s available )

Habitus Record as average, thin, obese weight loss
muscular or debilitated

Teeth Record as bridges, plates, caries, broken, mss-
g, edentulous

Preoperative medication 15 ordered by the anesthesi-
ologist The amount, time, and effect are recorded for
two reasons The patient may be anesthetized agun by
someone else If the medication was unsatisfactory, 1t
can be changed for the next procedure Secondly, a study
of the time, dose, agent, and route of administration
will enable one to judge the effects of various medica
tions and to use them more mtelligently as experience 1s
acquired

Evaluation This consists of the pertinent physical
data, unusual laboratory findings, special tests and pre
operative complications

Rish This 1s a standard evaluation and consists of
seven physical states as recommended by The American
Society of Anesthesiologsts

1 A patient who has no orgamic disease or who has
localized disease without systemic disturbance

2 A patient showing a moderate degree of systemic
disease
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3 A patent showmng a severe degree of systemic
disease

4 A patient with extreme systemic disturbances of
mmmunent danger to Life

5 Patents who are to have an emergency operation
who would otherwise be regarded as 1 or 2
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6 TPatients who are to have an emergency operation
who would otherwise be classified as 3 or 4

7 The patient who 15 monbund before emergency
operation

Section II

This 1s the dynamic portion of the chart and durmg
the conduct of the anesthesia gives a minute to mnute
account of the patients physiologic status, 1e, depth of
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anesthes11, blood pressure, pulse rate and respiratory
rate, anesthetic 2gent being admmstered, fluid therapy

The following chagram (Figure 1) shows an accepted
method of recordmg the agents used and the level of
anesthesia 1n stage 3

N,O
CiHg
ETHER R
wour
[¢] (<9 2 '
w e
A mul
=25 4
Q1 Trendelenburg Q_7LI Right Lateral
Lithotomy
Q_).vl Left Laterat
K/ Fowler s
6— Q_7rl Gall Blodder
Frone or Kidney

Bridge

D/W OR NS 1BLOOD 42 DEXTRAN
1 )
Figure 1

Section 11T

Agents This consists of the various anesthetic agents
used, mcluding general and regional, and the muscular
relaxants The primary agent 1s that which gwves the

greatest depth or degree of anesthesia The method can
vary but 4 partial bist may include
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Cuele absorption

To and fro absorption
Insuffation

Sem closed 4 Endotracheal
Sem: open

Open drop

Spnal

Caudal

Epdural

Block

Topical

Local mfltration

Medications This consists of all medication given
during the anesthesia, such as flmds, blood, vasopressors
and narcotics

Mantenance Should mdwcate the type of artificial
awrway used (metal rubber, plashie), size (Magdl or
French), and the presence of a cuff, and whether it was
mflated The degree of ease or difficulty of exposure of
the larynx and any abnormabty present should be noted
Tt 15 necessary to state whether there 15 trauma associated
with the mtubation and whether the patient reacted when
the tube was mserted mto the trachea

1f a regional techmque 15 used, specify needle gauge
and length and any difficulty of msertion In spmal anes-
thesia speaify the level of the mterspace used for lumbar
puncture, difficulty and the color of the spmal flud (clear,
bloody ete) With continuous spmal or epidural tech-
mque state whether a needle or a catheter 15 used, the
wutal dose, the specific agent as well as the imbtial Jevel
of anesthesia, e g, T4

Postoperative Status Record as good, faw, paor or
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termmal The signature m this space 15 that of the anes-
thesiologist who admnsters the anesthetic

Recovery Room Form This record 15 on the back of
the carbon copy which goes with the patient’s climcal
chart It 1s an mmportant gurde to immediate postopera-
tive care The sections labelled ‘ fiuds,” “anesthesia and
‘condition mto recovery room” are filled in by the anes-
thesiologist  Under ‘fluids’ if the umt of fluud 1s not fin-
1shed 1n the operating room 1t may be listed i this man-
ner

N/S 53 D/W Blood
During operation 500 500
In recovery room i

The anesthetic agents and ‘techmques used are
circled as s the condition mto the recovery room

Recovery room nurses record the vital signs at suit-
able mtervals as well as medications given while the pa-
tient 15 m the recovery room

REFERENCE

1 Saklad Meyer Grading of patients for surgseal procedures
Anesthesiology 2 281 284, 1941
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SIGNS AND STAGES OF
GENERAL ANESTHESIA

I\ LearzmG to use any drug the physician becomes ac-
quamted with certan signs which mdicate whether an
madequate an optimum or a touc effect 1s produced by
that drug  He also notes that the effect of the agent, and
the quantity of drug necessary to produce the optimum
result vartes considerably from patient to patient The
anesthestologist soon obsenves that these same rules apply
to the admmstration of anesthetic agents Accordingly,
m this section the signs mdicating only the usual effects
of general anesthetics on the patient will be presented
and discussed (Figure 2)

These signs have been separated mto stages and
planes for convenience No one sign alone should be
depended upon but rather the situation as a whole should
be considered In situations where two signs do not agree
as to depth of anesthesa, the more vital sign (respira-
tion pulse, blood pressure) should be relied upon For
mstance if the eyeballs indicate first plane of the third
stage and respiration mdicates third plane the anesthes-
10logist should assume the latter sign to be correct and
handle the situation accordingly While admmustermng an
anesthetic one 1s not necessanly striving to reach a cer~
tamn stage of anesthesta but rather to produce the best
operating condihions for the surgeon consistent with the
patients safety As hitle drug as 15 necessary should be

[10]
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EYEBALL LOSS
RESPIRATION  PUPILS  ACTIVITY OF REFLEX

STAGE 1

Analgesia

STAGE I

Dalerium

STAGE 111

Surgics|

Ansstheria

PLANE 1

PLANE 2 -e%e
PLANE 3 e@w@v

PLANE 4 -VVVVW

c—

+
+
mo

00O

STAGE 1V
Respiatory| —————or
Paralysis
A Eyelid
B Swollowing
Thoracic Insplration € Vomiting
Expiration D Conjunctival
E Pharyngeal
F Coreas
Diaphragmaiic Inspiration G Laryngeal
Expiration
-—
Volume
Exchange

Figure 2 (Modified from Guedel A E  Inhalation Anesthesia
The Macmillan Co 1937 )

used to attamt these conditions to avord serious harm to
the patient

The signs and stages of anesthesia as described by
Guedel * apply essentually to the admimstration of ether
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to the non premedicated patient He separates the stages
of anesthesia mto four subdivisions 1n the third stage

Stage I Stage of Analgesia (loss or obtundation of
pam without loss of conscrousness or sense of touch)

This stage exists from the moment of mduction to the
loss of consciousness Respration 1s unchanged The
pupils may not change or exlubit moderate reflex dilata
tion Analgesia 1s present and amnesia may exist

Stage II Lxcitement Stage (loss of consciousness to
the onset of regular respiration)

In ths stage the higher cerebral centers are depressed
with loss of mhibition of the secondary centers Excite-
ment and struggling may occur This 15 one of the danger
periods of anesthesia dunng which vomiting and physt-
cal mmjury may take place Therefore, the anesthesiologist
should strive to pass through this stage as quickly as
possible In order to obtain a smooth rapid induction,
careful attention must be paid to proper and adequate
premedication, proper restraint of the extremities, and
minmnal external sensory strmult

Respiration 1s nregular 1n rate and depth, there may
be pertods of breath holding The pupils show reflex di-
latation Muscular tone 1s mcreased m this stage while
analgesia and amnesia are present

Stage III Surgical Anesthesia (from the onset of
regular resprration to the cessation of spontaneous res-
prration due to central respwatory paralysis from the
action of the anesthetic agent)

PraNE 1 Respration 1s regular with an increase mn
tidal volume There 15 nystagmus and the pupils are con
stricted There 15 loss of the vomiting, swallowng, 1Iid,
and pharyngeal reflexes Small musele tone 1s lost

PLanE 2 Respuration 1s regular but shallower The
eyeballs are fixed (central) and the pupil s m mud dila-
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tation There 15 a loss of the comeal, visceral, laryngeal,
and cough reflexes The large muscles are beginming to
relax mn this plane

Prane 3 This plane 15 entered when there i the be-
ginming of progressive mtercostal Jag m which diaphrag-
matic movement precedes the action of the mtercostals
It ends with the cessation of intercostal movement The
pupil 15 moderately dilated and all muscle tone (except
diaphragmatic) 15 lost

PrLang 4 Respiration shows complete ntercostal pa-
ralysis and breathing 1s draphragmatic Inspiratson 1s short
and gaspmg with retraction of the ntercostal spaces The
pupils show paralyhe dlatation

Stage IV Thus stage begims with respiratory paralysis
and progresses quickly to ewculatorv failure

Pertment Notes on the Signs of Anesthes

The eyelash reflex 15 related to the eyehd reflex If
the eyelash 1s stroked or the eyelid opened, the patient
will actively constrict the orbicularis oculs muscle mn the
second stage In the third stage the eyehd will close
passively or reman open, and stroking the eyelash wall
eheit no response

Smce swallowing will occur before vomiting when
the patient 15 becoming *light, the continuous presence
of the anesthesiologists hand on the patients chm wall
aid 1 detecting signs of swallowmg and permut hum to
reverse the depth of anesthesia before vomitmg oceurs

Pupillary swe 15 frequently mfluenced by pre anes-
thetic drugs and 15 often not a rehable sign of anesthebic
depth  However, a widely dilated pupd with hittle or no
ms vistble should always cause concern because 1t may
be the result of hypoua or excessnely deep anesthesia

The most relable gude to the depth of anesthesia 15
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respiration if the awrway 1s patent If the airway 1s ob-
structed the chest will retract on mspration even 1n hght
planes Use of premedicant drugs may produce respira-
tory depression 1n some patients The use of cyclopropane
or thiobarbiturates (which unlihe ether depress respira-
tion even 1 light planes) may result in early hypoventi
lation Assisting respiration under these cireumstances 1s
essential to the mamntenance of normal gas exchange
Pupillary reactions are frequently altered with these
agents

An mteresting and very useful discussion of the clin
1cal signs of anesthesia was presented by T A B Harnis ?
He states that these signs are a consequence of depression
m a standard sequence of specific areas of functional ac-
tiity of the bramn by the anesthetic agent as shown
below

Standard Sequence of Guedel's
Buological Response Classification
Depression of  Amnesia Stage I
Iugher centers  Cooperative stupor
(corter) Non Cooperative stupor Stage II
Anesthetic sleep Stage 111 Plane 1
Depresston of  Loss of ability to react
areas of sensory to external stimulus Stage III Plane 2
coordmation
Depression of  Loss of muscle Sm muscle
areas of motor  tone 1o groups Stage III Plane 8
coordination Lge muscle
groups
Intercostals Stage III Plane 4

Depression of  Failure of respiratory center
wital medullary Failure of vasomotor center
centers Failure of cardiac center Stage IV

When the state of anesthetic sleep 1s reached physio-
logical protective reflexes of the pharynx larynx and
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trachea (cough reflex) may stll be present External
stimulation can still produce these reflex responses and
be a danger to the patient It 1s not, accordng to Harrs,
until the patient has reached the state of depression of
the areas of sensory coordination (plwne 2) that he 1s
freed from the deleterious consequences of the two un-
controllable vanables, emotion and external stimulation

In summary, 1t must be remembered while judging
the depth of anesthesia, that the anesthetized patient 1s
not one organ system but an entity If the anesthesologist
1s not sure whether the patient 1s too deep or too light,
always consider the patient too deep and lighten the
anesthesia This philosophy 15 preferred to pushmg more
drug which may result 1n overdosage and death If any
detrimental change m the wital signs (respiration, pulse
or blood pressure) occurs, immediate steps to highten the
depth of anesthesia should be taken m an attempt to
remedy the situation  Only experience with vanous types
of agents 1 different types of patients will enable the
neophyte anesthestologist to gauge more accurately the
depth of anesthesia He must mamtain close and con-
tinuous vigilance durmg the admimstration of the anes-
thetic to be able to judge the reason for even small
changes m signs

REFERENCES

1 Guedel A E Inhalation Anesthesia New York Mac
millan 1937

2 Hams T A B Mode of Action of Anesthetics Edin
burgh Lavingstone 1931
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PREMEDICATION

The ranv purposes of premedication are

1 The diminution of anxeety before the admmstra-
tion of anesthesia

2 The facilitation of a more tranquil mduction and
maintenance of general anesthesia

3 The prevention of undesirable side reactions to
the anesthetic agents

All of these can be summarized by statng that pre-
medicant drugs lower the patients alertness and his tis-
sues requirement for oxygen

Certamn factors will mfluence basal metabolic rate or
oxygen requurement and these influences the dose and
type of drugs for premedication

AGE
10 20 30 40 50 60 70
48 46
45
BMR %0 42 o
35

Figure 3 (From Guedel A E [Inhalation Anesthesa
The Macnullan Co 1937 )

[16]
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1 Age (Figure 3) BMR vanes with age until 20
years At burth 1t 1s about 35 Cal /hr /m?® of body sur-
face By one year 1t mereases to 40 Cal, and at six years
1t reaches its hughest level of 48 Cal Then follows a mod-
erate drop to 42 at 10 or 11, and a sudden nise at puberty
to 46 From the age of 12 or 13 the basal metabolie rate
steaddly goes down at a faster rate until 1t reaches 40 at
20 years and then very gradually to 35 at age 70

2 Fever Each degree of fever will raise the BMR
about 7% Tt must be kept 1n mind that this refers to
acute rises m temperature because a patient who has
had a long bout of pyrexia will also be touc” and there-
fore have a dimmnished reflex umtabihty

3 Toxemia, Hemorrhage and Shoch  Toxic or de-
bihtated patients require less preoperative medication
This also applies to patients who have had marked blood
loss or are in shock

4 Pain The presence of pam will raise reflex writabil-
ity In these patients the use of a narcotic m the premedi-
cation to relieve pain 1s desirable  Barbiturates have Iittle
or no analgesic power and tend to make patients 1n severe
pan uncooperative

5 Endocrine Disturbances Patents wath hyperthy-
rowdism may have a markedly elevated BMR while those
with hypothyroid function have a low BMR Patients
with adrenal cortical msufficiency and myasthenia gravis
require less premedication

6 Body Build The muscular robust individual wall
need moare premedrcation to ensure a tranquil anesthesia
while the obese and phlegmatic individual needs less

7 Alcoholism The chrome alcoholie 1s resistant to
anesthetic agents Even the use of heavy Ppreoperative
medication may be unsuccessful m preventing a stormy
induction and mamtenance No easy solution 15 avaable
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for these patients The chronic aleoholic does well with
regional anesthesia, the acute alcoholic 1s usually too un
cooperative

8 Emotional Disturbances Many patients have some
fear and apprehension of anesthesia and surgery The
greater this fear the greater the need for premedication
All degrees will be encountered depending on personality
and previous anesthetic experiences Much can be done
to dimmnush these apprehensions not only bv adequate
doses of the proper drugs, but also by preoperative visits
by the anesthesiologist to acquamnt the patient with what
will happen the day of the operation and to munmnize the
anticipation of an ordeal that may have developed n his
mmagwmation The importance of this preoperative visit
must be elaborated m more detml because 1t 15 vital 1n
the practice of anesthesiology

The admunstration of anesthes:a must be preceded
by a study of the needs of the patient This study re-
quires a careful consideration of all the available infor-
mation  Swce these data are collected usually by people
pot primarily mterested m the anesthesiological pomt of
view, they must be supplemented by further history or
physical exammation by the anesthesiologist, and on occa
sson by supplemental laboratory mvestigations which he
will request These studies enable him to mike an evalu-
ation of the patient s needs at the preoperative visit This
visit 1s not solely to assess physical needs It also estab-
Iishes a personal relationship between the physictan and
patient which 1s essentral to the successful practice of
medicme 1 any of its specialties The patient should be
told m advance what to expect i the immediate post-
operatnve pertod  Knowledge of the facts 1s of great help
1 reducing fear This s also the time to find out whether
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the patient has had any previous experience with anes-
thesia Particular attention 1s directed to a history of
cough, asthma, allergy, mmpaired exereise tolerance, the
state of dental health, the consumption of alcohol, and
allergy to drugs Estimates should be made of the pa-
tients state of hydration, the presence of cyanoss, den-
tal repair, nasal obstruction tested 1 both nostrls mnde-
pendently, the mobility of jowts which may be flexed
during the operation, the posttion of the trachea, cardiac
rhythm, and ventilatory excursion of the chest It should
be remembered that the anesthesiologist 1s often the last
physican to see the patient on the mght before the oper-
ation and he should attempt to complete his interview
with the patient 1 a restful and optimistic frame of mind
Explanations about the detais of anesthetic procedures
are kept to ammmum Mention should be made 1n simple
terms of the procedures the patient will undergo while
still conscious He should also be told where he will be
when he recovers consciousness After the mnterview, 2
summary of the findings from an anesthesiological pomt
of view should be wnitten on the chart The general plan
for anesthetic management 1s summarized m the prog-
ress note Details are unnecessary On the operative day
some patients will arrive mn the anesthesia room m a state
of apprehension in spite of the premedication Everything
should be 1n readmess therefore, so that the period of
suspense can be kept to 2 mmimum and the anesthesia
begun as soon as possible fillng m the tume by appropri-
ately reassuring conversation
The number of postoperative visits that should be
made to the patient depend on the length of the 1llness
and the nature of the surgery It should, m any case,
never be less than one and should be made daily until
the patients recovery 1s assured These visits usually
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md the surgeon and the mtermst m the postoperative
care of the patient and help to reassure the patient that
he 15 recerving maxwum care from all hus phvsicians

Drugs Used for Premedication The drugs used for
premedication are sedatives, hypnotics and drying agents

I Nancorics anp Hyenorics  These are used to di-
mumsh alertness, produce tranquihty and depress anxiety
They are also important i releving pam if 1t 15 present
The narcotics usvally employed are morphine or Demerol®
{mependine) and the usual hypnotics used are barbitu-
rates {pentobarbital and secobarbital)

Morphine This drug 1s a phenanthrene dernvatve of
opum Its most smportant desirable action 15 on the cen-
tral nervous system It 1s a good analgesic It ramses the
pam threshold and abolshes hunger, thirst fahgue and
anxety It produces a feeling of well bemg (euphoria)
and tends to relax the patient In the usual premedicant
doses the patient may get drowsy and fall asleep but can
be awahened easily

The effect of morphme on respration 1s depression
Overdose wll cause slow deep respirations and may lead
to shallow slow respirations with asphyxia  Careulatory
depression manfested by falls mn arterial blood pressure
may be produced esther as a direct effect of the drug or
as a consequence of the respiratory depression Therapy
of overdose ncludes artificial ventilation with 100% oxy-
gen, miravenous mjection of 5 to 10 mgm doses of an
antagomst  walorphme  (n allvl normorphine} and pos-
siblv vasopressors Overdose complications are not fre-
quent m meidence

The tume mterval between the mjection of morphine
and the induction of anesthesia should be sufficiently long
so that the peak of respiatory depression has already
been passed The time of effect depends upon the route
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used If given subcutaneously, about one hour 1s required
to produce the maximum depression of respiration al-
though the analgesic effect will be evidenced n 15 min-
utes When gven mtramuscularly maximum depression
occurs m 30 mnutes, mtravenously 7 to 10 mmutes ‘When
premedication 1s gwven 1ntravenously only one-half to two-
thirds of the mtramuscular dose 1s needed The average
dose of morphme for premedication of healthy adults
(varies considerably with the patents age, condition,
weight) 15 from 8 to 15 mgms

Other effects of morphine

Nausea and emesis are common side effects probably
because of shmulation of the vormtng center Morphine
causes spasm of all segments of the gastromtestnal tract,
especially the sphincters and 1s constipating Thus effect
may contribute to postoperative 1leus Morphine also can
cause spasm of the bronchioles The cough reflex 1s mark-
edly reduced centrally and 1s advantageous m allowing
for a smooth anesthetic mduction It 15 avoided n pa-
tients with a ustory of biliary colic and bronchial asthma

Demerol® (Meperidine) This 1s a synthetic compound
which has about one-tenth the potency of morphme Its
psychic effect and the respiratory and circulatory depres-
sant responses do not differ remarkably from morphine
when given m equpotent doses Nausea and vomutmg
may oceur 1t 15 antispasmodice to the gastromtestinal tract
and bronchioles and has some drying effect on respiratory
tract secretions The cough reflex 1s depressed The aver-
age dose 15 50 to 100 mgms and overdose 15 antagonized
by nalorphine

Barbiturates These drugs reduce apprehension and
fear However, thewr smportant action 15 the production
of drowsiness and sleep These drugs are not snalgestc
A patient who has recewved a barbiturate and 1s exposed
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to pamnful stimuli may become restless and uncooperative
These drugs are best used m conjunction with a narcotic
or during the morning for afternoon operations Over
dose causes respiratory depression with rapid shallow res-
puations N allyl normorphine does not antagomze the
barbiturates Assisted breathing with oxygen through an
open awrway 1s mdicated

The usual adult dose 1s 100 mgms of pentobarbital
or secobarbital by mouth about 1% hours before anes
thesia 1s to begmn  If morphine 1s also used the barbiturate
15 gwven about 30 mmutes before the morphme  Seconal®
15 also available for intramuscular use The hypnotic effect
of the barbiturates 1s espectally useful m sedatng the
patient during the operative procedure 1if regional meth
ods of anesthesia are used

Since overmedication with erther the marcotics or bar
biturates will produce respuratory depression, the estab
Iishment of deeper levels of anesthesit with mhalation
agents may be slowed There 15 often technical difficulty
caused by the development of apnea before satisfactory
depth of anesthesia 1s obtamed

II BeLLADONNA Dervatives These drugs are used
for premedication to reduce secretions m the respiratory
tract and partially depress vagal reflexes

Atropine and scopolamine are the usual drugs used
for this purpose Scopolamme counteracts somewhat the
respiratory depression of the narcotics and also has the
added advantage of causing amnesta Sweating 1s -
lubited by these drugs The heat regulating mechanism
of the body can be disturbed and heat retention ensue
Smce both drugs are vagolytic, large doses (1520
mgms ) will produce tachycardia The usual adult dose
» 03 to 05 mgms given with the narcotic via the same
parenteral route
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111 Tuorazme® (Crronprodazine) This 1s a relr
tively new drug which can be used preoperatively It will
diminish anxiety and apprehension and relax the patient
Since 1t potentiates the effects of narcotic and anesthetic
drugs, the amounts of these agents required to induce and
mamtain general anesthesia are lessened Chlorproma-
zme also has an anttemetic effect Its greatest disad-
vantage 1s hypotension The usual adult dose 15 125 to
25 mgms gwen ntramuscularly one to two hours before
anesthesta It can also be given orally m doses up to
50 mgms about 2 hours before the induction of anes
thesia Since chlorpromazine potentiates the narconcs,
the doses of the latter can be reduced by one half the
amount normally used
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NEURAL AND CHEMICAL CONTROL
OF RESPIRATION

NEURAL CONTROL OF RESPIRATION

The NEvRar centEms for the control of resprration are
located mn the bramn stem The msprratory and expira
tory centers as descnibed by Pitts et al are Jocahzed m
the medial and lateral reticular formation of the medulla
over the rostral four fifths of the mferior olsvary nuclet
The expwatory center 1s situated caudal to the mspiratory
center From these centers shythmic impulses are dis
charged through descending pathways to the antertor
horn motor neurones of the cervical and dorsal spmal
cord aud then through the phrenic and mtercostal nerves
to the respiratory muscles

The ongmn of the respiratosy thythm has been the
subject of mvestigation for many years The current
theory of Pitts holds that the medullary mspiratory center
does not have any wherent rhythmicity but 15 tomeally
active The respuatory rhythm 1s the result of penodie
miubstion of the mspiratory center by mpulses from the
poeumotaxic center and vagal afferents However, ex-
penmments done w our laboratory 2 and by others m the
past few years demonstrated that the central neural regu-~
lation of the resprratory movements 1s mdeed more com-~
plicated than this current hypothesis The center complex

241
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consists of several neural structures located throughout
the reticular formation of the pons and medulla (Figure
4) The anatomical localization and physwological func-
tions of the respiratory center complex as we understand
them at the present can be summarized briefly

The medullary nsprratory center 1s not tonically ac-
tive Under normal conditions the medullary respiratory
center 15 under the influence of pontile respiratory cen-
ters and 1s probably a common motor pathway for higher
neural structures In the pons an apneustic center 15 lo-
cated 1n the lateral reticular formation m 1ts caudal por-
tion and a pneumotaxic center 1s located m the dorso-
lateral reticular formation at the level of the 1sthmus The
normal respiratory movement 1s the result of nteraction
of the apneustic center with the vagal afferents and the
pneumotaxic center During msprration as the lungs are
mflated the pulmonary stretch receptors are stimulated
Afferent impulses ascend through the vagus nerves to the
bram stem and exert inhbitory mfluence to stop mspira-
tion and start exprration (the Hering Breuer reflex) The
active apneustic center also sends excitatory impulses to
the pneumotaxic center FEither one of these two feed-
back mechamsms 1s capable of giving rhythmieal respira
tion X both of these mechamisms are removed the un-
mhibited apneustic center, because of 1its tonic activity,
will give prolonged mspiratory spasm, apneusis

The respiratory movements are also under the wmflu-
ence of cortical actmty, the hypothalamic centers and
various afferent wnpulses Breath holding, voluntary
hyperventilation, sneezing and coughing occurs m re-
sponse to forexgn bodies mn the ar passage, hyperpnea
and tachypnea may follow noxious somatic stinulation,

and hiccough may result from diaphragmatic uritation or
other shmulation
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CHEMICAL REGULATION O PULMONARY
VENTILATION

Pulmonary ventilation 15 regulated by the actwaty of
the respiratory center to achieve adequate gas exchange
for the absorption of oxygen and the elimmnation of car
bon dioide Chemosensitive cells are present m the cen
ter as well as m the peripheral receptors of the carotid
and aortic bodies Small changes 1n the tensions of res-
pratory gases and H-ion concentration 1 artertal blood
are detected by these chemoreceptors and pulmonary
ventilation 1s adjusted to bring the blood gas tension and
H 10n concentration toward normal levels

1 Oxygen

Normal arterial oxygen tension (pO.) 15 about 100
mm Hg Anincrease m arterial tension has an msigmf
cant effect on ventilation A decrease of the oxygen ten
sion stinulates ventilation markedly through the carotid
body mechanism provided that the function of the res
prratory center 1s not depressed by anovia or anesthesia
For practical purposes, the direct effect of anovia on the
resprratory center 1s depression

2 Carbon Dioxide

The normal artenal carbon dioxide tension (pCO ) s
about 40 mm Hg A shght change n the artersal pCO,
1s reflected promptly on the pulmonary ventilation It 1s
generally agreed that carbon dioxide has a specific stimu-
lating action on the resprratory center neurones although
changes m intracellular Hion concentration associated
with pCO; changes also play a part

a A decrease m arteral pCO, results m a de
crease 1 ventilation Voluntary hyperventilabon 15 fol-
lowed by a pertod of apnea from hypocapnea Respiration
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resumes when the arterial pCO,_ 1s back to the threshold
level again

b An increase m pCO, results 1n augmentation of
ventilation  Both the rate and depth of respiration are
mcreased In normal unanesthetized subjects, 5% carbon
dioude 1 the mspired air mcreases the ventlatory vol-
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ume fourfold, 10% carbon dioude tenfold (the maximal
stimulating concentration with carbon dioxide) Carbon
diouide 1 concentrations higher than 10% is mtolerable
to the conscious subject, 30% CO, 1s anesthetic and con-
centrations igher than 40% are depressant to the respira
tory center

Under normal conditions carbon dioude has a tonic
stimulating effect on the carotid body as well as on the
center wtself This 1 supported by the fact that denerva-
tion of the carotid body 1s followed by an mcrease m
alveolar pCO;, indicating that the pulmonary ventilation
15 decreased and the equihibrium 1s established at a higher
level With a higher concentration of carbon dioxide its
effect 15 predommnantly central, as denervation of the caro-
tid body under this condition does not alter the respira-
tory response It 15 possible that the lugh carbon dioude
cencentration depresses the central synaptic transmission
so that an increase m the actvity of the carotd body 1s
not apparent

¢ H-ion Concentration Although the respiratory

responses to changes m H ion concentration are i the
same drection as the carbon dioxide changes, the response
15 not as profound Hyperpnea from metabolc acidosis
15 accompanied by a decrease 1 artenal pCO,

COMMON DERANGEMENTS OF REGULATION OF
RESPIRATION DURING ANESTHESIA

1 Drugs

Narcotics, barbiturates and most general anesthetic
agents (especially cyclopropane) depress the respiratory
center The depressant actions of premedicants and gen-
eral anesthetics are additive so that the resultant depres
sion 1s the sum of action of each agent The threshold of
the respiratory center to carbon dioxide 1s elevated Ven-
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tilation 15 ahways decreased and equilibrium 15 estabhished
at a hugher level of carbon dioude tension Frequently,
as a result of decreased ventlahon, the arterial oxygen
tension falls When the artenal oxygen tension falls the
carotid body 15 sttmulated and ventilation 1s mantained
mostly through the carotid body reflex mechamsm  Under
these conditions, the admistration of gases wath a ugh
tension of oxygen will remove the anotc dnive and result
mn apnea (oxygen apnea) However, oxygen should not
be withheld but should be admmistered with assisted res-
prration until the patient can spontaneously ventlate
adequately

When the central depression 1s severe there 1s no ven-
tilatory effort even 1n the presence of hypercapnea and
anoua No resprratory stmulant can take the place of
artificial ventilation It 1s the only means of mamntamning
adequate gas exchange until the depressing agent 1s elun-
mated and the regulatory mechamisms recover

A depressed center 1s not stmulated by carbon di-
oxide Furthermore, 1t 1s depressed by the increase of
pCO, (carbon dioude reversal) Therefore, there 15 no
phystological rationale m treatng patients with depressed

resprration with carbon dioxide and the practice 1s dan-
gerous

2 “Controlled” Respiration

When apnea 1s produced and the anesthesiologist as-
sumes the responsiility of the patients ventilation, the
condition 15 defined as controlled” respiration It can be
produced by

a Depressing the center with drugs,
the carbon dioude threshold of the center

b Over-ventlation to reduce the artenal CO.
to values below that of threshold P

thus raismg
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¢ Paralysis of respiratory muscles with relaxants
or deep anesthesia

d Forceful mflation of the lungs to stimulate the
vagal pulmonary stretch receptors and thus to mhibit
spiratory efforts — Hering Breuer reflex (It 1s unlikely
that this factor alone can produce apnea )

Controlled’ respiration 1s useful to obtain better mus
cular relwxation and to provide a quiet operating field,
especially for operations 1n the thorax and upper abdom
mal cavity

Controlled respiration should always be adequate
to mantain respiratory gases m the arterial blood close to
normal values The recommended rate of breathmng 1s 15
to 20 per mmute (adult) Each respiratory cycle should
be divided so that one third of the cycle 1s for mspira-
tion and two thirds for passive expiration As the mira
pleural and mtrapulmonic pressures are reversed from
negative to posttive values durmg the mspiratory phase
and remain positive during expiration, excessive and pro
longed controlled respiration will impede the venous re-
turn to the heart This circulatory effect of pressure
breathing may be deleterious to those patients whose cir-
culatory status 1s poor
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PULMONARY FUNCTION

To racrrate subsequent discussion, defimtons of com-
monly used terms m the study of pulmonary function are
briefly outhned

Tidal Volume, TV The volume of gas moving mn and
out of the respiratory apparatus during quiet mnspiration
and expiration

Vital Capacity, VC The maximum volume of gas that
can be expelled from the lung by forceful effort follow-
g a maxumal mspiration

Inspiratory Capacity, IC (complemental air) The
maumum volume of gas that can be mspired from the
resting exprratory level

Inspiratory Reserve Volume, IR The maximum
amount of gas that can be inspired from the end mspira-
tory position

Expiratory Reserve Volume, ER (supplemental air)
The maximum volume of gas that can be expelled from
the resting end-expiratory posiion In function studies
the resting exprratory position 1s always used

Functional Residual Capacity, FRC (functional re
sidual air) The volume of gas remaming 1 the lungs mn
the resting end expiratory position

Residual Volume, RV (residual arr) The volume of
ias remamng m the lung at the end of maximal expira-

on
Total Lung Capacity, TC ‘The sum of wital capacity
[s1]
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and residual volume, the maximum amount of gas that
can be contamed 1 the lung when 1t 1s fully expanded

Resting Ventslation The amount of gas moved mn and
out of the lungs at rest n umt time — usually expressed
as hiters per mmute

Walking Ventilation The amount of gas moved m
and out of the lungs m unit time when the individual 15
wallung at a slow, even pace, 1n liters per minute

Maximal Breathing Capacity, MBC The maxmmal
volume of gas that can be ventilated by the individual n
umt time 1n hiters per mmute

Breathing Reserve The maximal breathmng capacity
minus the resting ventilation m hters per minute

Alveolar Ventidlation, Va The volume of mspired awr
that enters the alveol and participates m active gas ex-
change

Dead Space Ventilation, Vo The volume of mspired
arr that does not participate m active gas exchange 1It1s

TABLE I
NoraMAL VarLues
{Liters 37 C saturated with water vapor}

Young Older

Males Males Females
Tidal volume TV 05
Inspiratory capaaity IC 38 34 24
Explratoryrescrvevolume ER 10 07 07
Vital ca) ag::cxty 48 41 31
Resdual volume RV 12 13 11
Total lung capaeity TC 60 54 42
Functtonal resndual capacity FRC 22 20 18
RV/TCx 100 198 24 5 259
Maximal breathing capacity 120/mmn 90/mu 90/min
Breathing reserve/MBC x 100 95 9% at rest
Walking ventilation/MBC <03
Dead Vpace ventilation Vp 05 012

<30

Venous admixture/cardizc output x 100
0, Diffusion capacity >15 ce /mun /mm Hg
pressure gradient
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the sum of the anatomical dead space and the amount of
ar ventilating the alveoli which are not perfused with
blood

Ozxygen Diffusion Capacity, Do, Amount of oxygen
diffused across the alveolar capillary membrane m umit
time per unit pressure gradient, as cc /mm /mm Hg

INSPIRATORY
RESERVE
INSPIRATORY
VITAL CAPACITY
CAPACITY
ve
TOTAL TIDAL
LUNG AR
AN MID POSITION
TLC
EXPIRATORY
RESERVE | FUNCTIONAL
RESIDUAL
RESIDUAL CAPACITY
VOLUME FRC
RV

VC 70-80% OF TIC
RY 20-30% OF TIC

Figure 5
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NORMAL PULMONARY FUNCTION

The anatomucal and physiological aspects of pulmo-
nary function can be divided into three categories

I Pulmonary Ventilation Involving the mass move-
ment of gas in and out of the lungs which 1s controlled
by the action of the chest The rhythmic movements of
this bellows carry on the work of breathing and m so
dong have to overcome the elastic resistance of the lung
and thorax and the resistance of the gas moving through
the arr passages To provide normal ventlation the m-
tegnty of structures and function of the resprratory ap-
paratus 15 necessary

A Bony framework of the thoracic cage and adja-
cent parts

Respiratory muscles

Nommal structure and elasticity of lungs, pleura
and mediastal contents

Patent airway

Normal respiratory stunuli— arterial pCO, and
pH

II Resmratory Gas Exchange, Alceolar Respiratory
Function This 1 particularly concerned with the effec-
tive distnbution of nspired gas to the functional alveoh
and with the gas exchange across the alveolar-capillary
membrane This 1s the final purpose of pulmonary s entila-
tion The effectine trdal arr must be as evenly distributed
as possible to actmely perfused alveoh Under normal
conditions the mspired gas 15 well distributed and most
ventilated alveoh are perfused with blood The effective-
ness of insprred air i displacing vitiated air 1n the alveolt
depends on 1ts volume and the volume of residual ar
Shallow breathing 1s relatn ely meffective

The rate at which gas diffusion takes place 15 con

Y o
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trolled by the physical properties of the alveolar-capillary
membrane and 1ts total arex  In normal Jungs there 1s no
barner

1T Pulmonary Blood Flow This 1s concerned with
the capiflary blood perfuston, total blood flow and pulmo-
nary arterial pressure Intact function of the heart 1s es-
sential

COMMON PULMONARY DYSFUNCTIONS OF
IMPORTANCE IN ANESTHESIA

Anesthetic pulmonary dysfunctions can be classified
mto four categories Each condition can exist alone or n
any combination

I Reduction of Ventilatory Capacity Because of the
reduced ventilatory capacity the individual tends to have
dysprea The common pulmonary function tests for the
detection and estimation of the extent of this disturbance
are the measurements of resting ventilation, walking ven-
tilation and maxmmum breathing capacity The breathng
reserve ratio (breathing reserve/maximum breathmg ca-
pacity)and the walking ventilation/maximum breathing
capacity ratio offer good mdices of the patients ability
to stand stress The normal value of breathing reserve
1ati0 15 959 Individuals with a breathing reserve ratio
of 80 or less will have dyspnea during exercise of two
minutes duration Dyspnea at rest wall occur m patients
with 2 breathing reserve ratio of 60 70 The normal values
for walkmng ventilation/maximum breathing capacity are
03 or less Patients with a ratio of 05 will have severe
dypsnea This ratio 1s of particular value evaluating
patients for intrathoracic procedures Patients with a
1at1o of 035 are considered borderhne risks and patients
with a ratio of 05 are extreme rishs Simple evaluations
of patients ventilation capactty and breathing reserve can
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be easily accomplished by inquiry mto the patients his-
tory as to how much he can do without dyspnea
Conditions with reduced ventilatory capacity are

1 Restrichion i pulmonary expansion and contrac-
tion, from pulmonary fibrosis, silicosss, pleural thickening,
pleural effusion, pneumothorax, and defects and made
quactes of the thoracic cage, e g, rickets, kyphoscoliosis
and pneumonectomy

2 Paralysis or weakness of respiratory muscles due
to poliomyelitis, myasthema gravis and other diseases

3 Obstruction of air passages at any pomnt from nose
to alveolt

4 Pulmonary emphysema

II Lxcesswe Dead Space Ventilation Excessive dead
space ventilation reduces the effective alveolar ventila
tion The ratio of the dead space ventilation to the tidal
volume determines the effective alveolar ventilation
Even normal ventilation can result 1n madequate alveolar
ventilation 1if shallow breathing reduces tidal volume sig-
mficantly In normal mdividuals the value of dead space
ventilation/tidal volume should be less than 03 Some
conditions with 1ncreased dead space ventilation are

1 Air cysts 1n the lung and emphysematous bullt
2 Muluiple pulmonary embolization
3 Pulmonary ventilation without perfusion

All these conditions contrtbute to an wmcrease m the
amount of air which 15 bemng ventilated 1 the alveolt but
15 not brought mto contact with the blood for gas ex-
change

Il E Venous Ad e In this condition
the blood 1s perfused through areas which are not being
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ventilated and therefore does not contribute to gas ex-
change In normal individuals the percentage of venous
admuture m respect to the nght ventricular output (ve-
nous admixture/cardinc output X 100) 1s less than 6
Conditions with excessive venous admuture are

1 Consohdation of the lung tissues m atelectasis and
pneumomnstis

2 Obstruction of the mam bronchus or 1ts branches

3 Large arterio venous shunt m the pulmonary cir-
culation which 1s rare

IV Reduction i Oxygen Diffusing Capacity of the
Alveolar Capillary Membrane The normal oxygen dif-
fusion capacity should be greater than 15 cc /mm /mm
Hg of pressure gradient It can be reduced when the
alveolar wall 1s separated from the pulmonary capillary
wall by disease processes Reduction of diffusing capacity
aceurs

1 Pulmonary edema

2 Interstitial pneumonitis

3 Pulmonary fibrosss, granulomata and mbary m
filtration of the lung

DISTURBANCES OF PULMONARY FUNCTION
DURING ANESTHESIA AND OPERATION

Associated with the mduction of anesthesta, posiion-
mg of the patient and the performance of surgical pro-
cedures pulmonary function can be disturbed 1 many
ways The same classification of pulmonary dysfunction
can be followed

I Reduced Ventilatory Capacity

1 Depressed resprratory centers, lack of adequate
stmulus to actwvate the thythmical movements of respira-
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tory muscles This 1s discussed m the section of neural
control of respiration (page 28)

2 Paralyss or weakness of respiratory muscles caused
by anesthetic agents or muscle relaxants

3 Lumtation of thoracic and diaphragmatic move
ments by extreme postures, e g, steep Trendelenburg and
ldney position, by pressure of heavy drapes, mstruments
or members of the surgical team leanmng on the chest, ex
cessive paching of abdommal contents agamst the dia
phragm open thorax and tight strapping and bandagmng
of the thorax and upper abdomen postoperatively

4 Obstruction of airway Discussed m the section of
complications during general anesthesia (page 99)

5 Resistance to gas movement m the anesthetic ap
paratus There 15 no significant difference between the
resistance 1 a eircle or a to and fro system Open drop
techme has the least resistance

Awrway obstruction should be corrected promptly
Mechanical hmitation of respiratory movements should
be avoided and at gll fimes the ventilatory effort of the
patient should be assisted during general anesthesta

Il Excessive Dead Space Ventilation

1 I the tidal volume 1s reduced the dead space ven-
tilation becomes greater proportionately and alveolar
ventilation can be madequate

2 The dead space can be increased sigmficantly just
by placing the anesthesia mask over the patient’s face
In a crcle carbon diouide absorption system the dead
space 1 the machme 1s the volume of the mask and the
chimney Y proximal to the pomt of bifurcation Beyond
this pont the gas moves only mn one diection so that
the expiratory tube does not contribute to the dead space
In a to and fro carbon dioxtde absorption system all the
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space proximal to the lime 1n the canister constitutes the
dead space This 15 ncreased as the prouimal portion of
the me m the canster 1s exhausted during 1ts usage A
medium sized adult wnesthesia mask has a volume of
120 cc A child s mash has a volume of 40 cc  Consider-
ng the normal dead space ventilation n children the
addition of this amount can prove to be too much of a
burden for efficient alveolar ventilation Endotracheal
airways elmmate the dead space of the mash and also
the anatormcal dead space of the nose, mouth and phar-
ynx Again, because of this mechamcal factor the respira-
tion should be assisted at all fimes even when the tidal
volume appears normal

3 Dunng pulmonary resection, if the pulmonary ar-
tery or vemn 1s ligated before the bronchus 1s occluded
this portion of lung 15 ventilated but not perfused The
dead space ventilation 1s therefore increased until the
bronchus 1s accluded

HI Excesswe Venous Admixture

This can occur during anesthesia and operation be-
cause of

1 Obstruction of the mam bronchus or its branches
by secretions, blood, or foreign bodies Ventilation of the
lung distal to the obstruction 1s mpaired

2 Endobronchual mtubation, the contralateral ung 1
not ventilated and 1s perfused
3 Atelectasis

4 Durmg pulmonary resection when the bronchus
1s occluded before the pulmonary vessels are Ligated

IV Reduction of the Oxygen Diffusion Capacity

Pulmonary edema can develop during anesthesia from
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awway obstruction or overloading of the crrculation by
excessive fld 1nfuston or excessive transfusion

Some of these disturbances are inherent to the state
of anesthetization, positioning of the patient and the sur-
gical procedures Thexr existence should be fully appre
clated Conscientious effort should be made to compen
sate for these disturbances Some of the other difficulties
need not occur 1if the anesthesiologsst 1s diligent and care
ful 1n the management of anesthes:a Complications
should be treated promptly

CARBON DIOXIDE ABSORPTION

In a closed rebreathing system, whether 1t be circle
or ‘to and fro the carbon dioude constantly elmnated
by the patient must be removed efficiently The most com
monly used carbon dioxide absorbents are soda lime and
baralyme There are two types of soda me the wet
or high moisture type, containing 14 to 19% water and the

dry or low moisture type with 4 to 5% water A mixture

of sodium hydroude (5%) and caloium hydroxide (95%)
performs the bulk of the work However, this mixture
crumbles easily and it 15 hardened with sitica The com-
monly used sithea 1s Kieselgubr a diatomaceous earth
The reaction of the absorption 1s as follows

2NaQH + H COy — Na,C0s + 2H,0 4 Heat
r N2.COs 4 Ca (O‘H)x - éNa’OH + ’Ca(?b: fa

During thus reaction heat 1s liberated at the rate of 13 700
calories for each molecule of water formed

Baralyme 1s 2 mixture of 20% barium hydroxide octa-
hydrate and 80% calcrum hydroude This mixture does
not require sihca as hardening agent The barim hy-
droxide assumes the role of the activator Iike sodium
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hydroude m soda lme Soda lime can be reactivated
for a while, if allowed to rest’ when 1t becomes ex-
hausted (see equation on page 40) No regeneration of
activity occurs with the baralyme

It has been shown that the optimum size and shape
of an adult canister 1s a cylinder with a diameter of 8 cm
and a length of 13 em The velume of such a carster 15
650 cc and holds 500 to 550 gms of soda Iime or bara-
Iyme The dead space 1s approximately 125 to 150 cc The
dead space plus the granular space 1s 400 to 425 cc Thus
the tidal volume must equal or exceed thus figure for maxi-
mum efficiency

The temperature developed 1n the canister during ab-
sorption may exceed 60 C At the mask the temperature
varies between 39 to 41 C 1 the to and fro system and
32 to 33 C m the circle system
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MECHANISM OF TRANSPORT OF THE
RESPIRATORY GASES

I OXYGEN TRANSPORT

Oxvoen 1s transported by the blood by two mechanisms
m combiation with hemoglobm and in sumple solution

A Hemoglobin This blood protein 1s carrted m the
red blood cell and 1ts prime function 1s that of oxygen
transport Hemoglobin has the capacity of combming
very reacily with oxygen under certam conditions and
gwing up this oxygen under other conditions One mole
of oxygen combimes reversibly with one mole of hemo
globin according to the equatton O,-+ Hb=HbO,
The relative amounts of reduced hemoglobmn (Hb) and
oxyhemoglobin (HbO,) depend to the greatest extent on
two factors

1 The pressure of oxygen 1n contact with the hemo-
globin which tends to drive the reaction to the right when
the oxygen tension 1s ligh, and to the left when the oxy-
gen tension 1s low

2 The acidity or amount of carbon diouide present—
a high CO, driving the reaction to the left, and a low CO;
having a reverse effect

In the lungs the O, tension 1n the alveoh is higher
and the CO, tension 15 lower than that in the venous
blood CO, diffuses out mto the alveoh makmg the blood
less acxd This causes a greater affimty of hemoglobm for

[42])
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oxygen which 1s also present at a higher tension mn the
alveoh than m blood O readily combines with hemo-

globin for transport to the tissues because of these two
factors

TABLE IT

CoMPOSITION OF INSPIED AND EXPIRED AR AND Gas
CONTENT OF ARTENIAL AND VEAOUS BLooD AT ResT

(Barometer 760 mm Hg Temp 37 C)
Blood
Inspured Expired Aleolar
Awr Arr Aw Arterial Venous
Gas
mm mm mm mm mm
Yol Vol
Hy | %\ Hy | % | He | % | Ho | % | He | %
0, 158 (20 8| 116 ] 152 101 (13 3] 100 | 19 40 | 14
CO; 0310903 2 36 40| 53 40| 52 46 | 58
N 596 |78 4 | 569 [ 75 0] 572 | 75 2[ 570 570
Water
‘Vapor] 5107 471 62 47| 62 47 47

(From Best C H and Taylor N B The Physwlogical Basis of
Medical Practice Balumore Williams & Wilkins 1943 )

In the tissues the reverse occurs—blood takes up CO.
and gives up oxygen

Curves have been plotted to demonstrate these facts
The curves show the extent to which hemoglobm 1s satur-
ated with oxygen at different tensions of O. and CO,
(Figure 6) A decrease of the pH of blood causes a shift
and flattening of the curve to the nght That 1s, acidotic
blood gives up its oxygen more readily than allalotic
blood An increase m temperature has a similar effect

The amount of oxygen taken up at a given tension of
oxygen also varies with the amount of hemoglobin present

Arr contans oxygen at a partial pressure of about
158 mm Hg Because of dilution with water vapor, nitro-
gen and carbon diouide, alveolar pO; 15 reduced to 100
mm Hg This tension 1s transmitted without appreciable
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decrement to arterial blood A pO, of 100 mm Hg sat
urates blood at 37 C with a pH of 740 to 975% One
gram of hemoglobin 1s capable of carrying 134 cc of
oxygen Thus blood contamning 15 gms of hemoglobm
per 100 cc will carry 20 cc of oxygen when 1t 15 97 5%
saturated The pO. of venous blood 1s approimately 40
mm Hg At this tension the blood 15 75% saturated There
fore, 1t has lost 5 cc of O_ per 100 cc of blood to the
tissues

OXYGEN DISSOCIATION CURVES

100

80

60

40

o

[} 20 40 60 80 100
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Figure 6

BLOOD SATURATION (%HB)

B Dussolved Oxygen Oxygen 15 also carnied 1n the
water of the blood m a dissolved state The amount 1s
proportional to the oxygen tension, 03 cc of oxygen 1s
dissolved 1n 100 cc of blood at 37 C at a pO, of 100 mm
Hg At a pO, of 40 mm, 012 cc 15 carmed m the dis
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solved state Therefore 018 ce of otygen 1s given up to
the tissues from the blood water Note that this 15 only
35% of the total of 5 cc tiken up by the tissues from
100 cc of blood

At a partial pressure of 673 mm Hg (760 mm-87
mm for CO; and water vapor) m the alveoh, obtained
by breathing 100% oxygen, 22 cc more are carried by
the blood (05 cc as HbO, and 17 c¢ 1n the dissolved
state) producing an 11% ncrease m the total amount of
oxygen m arterial blood If the tissues continue to con-
sume 5 cc of oxygen per 100 cc of blood, then the extra
22 cc of oxygen will be taken off, plus an add:ihional
28 cc and the saturation of the venous blood will be
reduced only to 88%, or a pO, of 60 mm Hg Therefore,
breathing 100% oxygen has mcreased the amount of oxy
gen camied 1n the blood by 11% but has mcreased by 50%
the pressure head of oxygen to which the tissues are
exposed

II TRANSPORT OF CO,

For every mole of oxygen consumed by the tissues
082 moles of carbon dioxide are produced Carbon diox-
de diffuses from the tissues into the blood primarly as
dissolved CO_ at a rate which 1s approsimately 300 times
that of oxygen The venous blood carries 58 c¢ of CO,
per 100 cc at a partial pressure of 46 mm Hg This CO,_
1s transported by the blood m the following manner

A Only 3 cc of CO, per 100 cc of blood can be car-
ried as dissolved CO» m the blood at body temperature
Therefore 55 cc of the 58 cc m the venous blood must
be 1 chemical combmation

B About 10 cc of CO_ per 100 cc of blood combumes
durectly with the hemoglobm to form carbarmno-hemo
globin compounds These compounds are readily formed
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decrement to artenal blood A pO, of 100 mm Hg sat
urates blood at 37° C with a pH of 740 to 975% One
gram of hemoglobin 15 capable of catrymg 134 cc of
oxygen Thus blood contuning 15 gms of hemoglobm
per 100 cc will carry 20 ce of oxygen when 1t 1s 97 5%
saturated The pO, of venous blood 1s approuumately 40
mm Hg At this tension the blood 1s 75% saturated There
fore, 1t has lost 5 cc of O, per 100 ce of blood to the
tissues

OXYGEN DISSOCIATION CURVES
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B Dussolved Oxygen Oxygen 1s also carried m the
water of the blood m a dissolved state The amount 15
proportional to the oxygen tension, 03 cc of oxvgen 15
dissolved 1 100 cc of blood at 37 C at a pO, of 100 mm
Hg At a pO; of 40 mm, 012 cc 15 carried m the dis
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The ovygen which 15 curied n arterinl blood 1s os-
motically mmictive The carbon dioxtde carried 1n venous
blood 15 active osmotically Since 1t 1s formed 1n the red
cells and 1s exchanged 10n for 10n by chloride, the number
of osmotically active elements within the cells of venous
blood 1s higher than that of arterinl blood and water
must enter the cells Ths contributes to the production
of a higher hematocnt 1n the venous blood than that in
the artenial blood
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when oxygen 1s given up by the hemoglobin m the tissues
CO; 15 displaced by oxygenation of the hemoglobin mole
cule m the lungs

C The remamder 15 carried as bicarbonate This im-
portant reaction occurs wm the following manner The
CO, 1s dissolved m water to form H,CO, m the red cells
{CO; + H_O = H,CO;) This 15 a slow reaction but the
presence of an enzyme or catalyst, carbonic anhydrase
the cells accelerates the reactton ahout 1000 times The
carbonic acid combmes with base to form bicarbonate
(H,CO; + B+ = BHCO; + H*t)

Although all of the bicarbonate 1s formed 1n the red
cells and although hemoglobin buffers most of the hydro
gen 1on 50 formed, only 13% of the CO, 15 actually carned
1 the cells, the greatest part of it 15 transported m the
plasmr This occurs because the red cell membrane 1s
permeable only to the antons bicarbonate and chloride
As the concentration of bicarbonate mereases within the
cells bicarbonate begins to diffuse out mnto the plasma
This has the effect of leaving the cells relatively post-
tively charged and chloride diffuses into the cells to pre-
serve electrical meutrality This 1s called the chlonde
shaft At the lungs the reverse occurs The fact that
HbO, 15 a relatively stronger acid than Hb must also be
considered For every molecule of HbO, reduced in the
peripheral circulation 07 mM of acid (or H 10n) ean be
absorbed by the weaker acid, Hb This will to a large
degree neutralize the acid formed from CO, increase
At the lungs where HbO, 1s increased the reverse occurs
to mamtan very hmited changes mn pH for the CO
excreted The Hb therefore also serves a very important
function m mamntammg the acid base balance of the or-
ganism



Neural and Chemical Control of the Heart 49

capnia must eust for cwdac arrest from reflex vagal
activation to occur The actiaty of the cardiac center m
the medull 1s mnfluenced by afferent mmpulses from pen
pheral receptors located at the carotid sinus, sortic arch,
grent vemns, the heast itself and other somatic and vis-
ceral receptor organs The centers are also influenced by
the respiratory gases, duectly or refledly through carotid
and aortic chemocreceptors Important cardiovascular
reflexes during anesthesia are discussed 1n another section

II Chemical Control
A Tons

1) Potasstum promotes relaxation of the myocardium
When present i gxcessive amounts 1t causes progressive
heart block first 1n the aunicle then at the A-V node and
finally 1n the ventricle Excessive potassium also produces
ventricular arrhythmias and ventricular fibnllation

2) Calcum mcreases contractibity and prolongs the
systolic phase Deficiency of calerum decreases the force
of cardiac contraction

3) Sodwm 15 essential for exaitability and contrac-
tility but the manner of 1its action 1s not clear

B ErINEPHRINE AND AcETYLCHOLINE Effects are the
same as described mn the section on neural control

C RespmaTORY GAs TENSIONS IN THE ARTERIAL BLoop

1) Oxygen Oxygen lack accelerates the heart rate and
Increases the cardiac output through the chemoreceptors
and the medullary cardiac centers When the oxygen lack
1s profound or prolonged the heart rate 1s slowed from
depression of the center and the automatic tissues of the
heart Contractility of the myocardium also decreases and
cardiac output falls

2) Carbon Dioxide Carbon dionide excess stmulates
the vasmotar center and the cardiac center The heart
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HEART — NEURAL AND CHEMICAL
CONTROL, CORONARY CIRCULATION

NEURAL AND CHEMICAL CONTROL
OF THE HEART

I Neural Control The heart 1s under the continuous
mfluence of nervous impulses originating m the medulla

A Symparuerics The effect of sympathetic activa
tion 15 acceleration and mereased force of contraction
Conduction 15 also facihtated Sympathetic supply to
the heart leaves the spmal cord from the segments T1 to
T5 From the cervical sympathetic chain and the upper
five thoracic segments fibers join with the cardiac fibers
of vagus nerves to form the cardiac plexus The post
ganglionie fibers supply the automatic tissues and the
myocardium 1tself Transmussion 1s by means of epmeph
rme Iike substances

In hugh spnal anesthesia the heart rate 1s probably
stowed because of blockade of the accelerator fibers and
reduced adrenal secretion

B Parasymparaerics The cardiac fibers of the nght
vagus end in the S A node and those of the left m the
A-V node Vagal activation slows the smus rhythm and
the A-V conduction Transmussion 1s mediated by acetyl-
choline secreted at the myoneural junction Reflex acti
vation of the vagus nerve slows the heart and 1s thought
by some to be responsible for cardiac arrest during anes-
thesta However, 1t 1s probable that anoxia and hyper-

[48]
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The heart 1s therefore rendered capible of caring for an
increased venous return  Other effects of digitalis on the
heart are the mncrease of mechanical efficiency of the mus-
cle so that a given amount of work can be done with less
consumption of oxygen, the slowing of the heart rate by
vagal stimulation and the slowing of A-V conduction

2 Quumdme 15 a depressant drug on heart muscle
1t decreases myocardial writabihty and increases the re-
fractory pertod of the heart muscle with the result that
the heart rate slows

CORONARY CIRCULATION

An 1ntact coronary cireulation 1s essential for the nor-
mal function of the heart Coronary msufficiency occurs
when 1) the blood flow 1s reduced because of lowered
perfusing pressure of the coronary arteries, or 2) the work
load of the heart 15 mncreased out of proportion to the
available blood supply Normal coronary circulation 1s
determmed by many factors

1 Coronary Arterial Blood Pressure The flow m
creases as the pressure 15 increased As the coronary
artenial pressure falls the flow changes m the same direc-
tion Below a critical level, 10 to 15 mm Hg the inflow
ceases

2 Extravascular Support from Myocardial Tonus and
Contraction The coronary flow 1s highest during drastole
and lowest durmg systole

3 Neural Influences The vagus nerves contam con-
stnctor fibers and sympathetic nerves contamn dilator
fibers However 1t 15 difficult to establish conclusively
the separate effect of nervous mfluences upon the coro-
nary yessels

4 Local Oxygen Tension and Concentration of Me
tabolites Lowered oxygen tension 1s the most potent
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rate 1s usually not greatly increased Conductivity 1s also
depressed Carbon diouide has a direct action on the
myocardium The extensibihity of the myocardium during
diastole 15 enhanced, favoring the fillng of the heart
The strole output 1s therefore mcreased However, con
timued exposure to high CO, tension reduces contractility
and also predisposes to arrhythmas

3)pH Decrease of the pH causes slowing of the rate,
depresses the conductivity and enhances relaxation of the
myocardium Mammalian heart 1 sifu stops m diastole
when the blood pH 1s decreased to 6 25

HI Drugs

A ANESTHETIC AGENTS

Ether, chloroform, cyclopropane, tribromethanol and
thiopental m excessive concentrations depress the con-
ductivaty and contractility of the heart Overdosage of
these anesthetic agents 15 a common cause of cardiac
arrest and cwrculatory collapse The local anesthetic
agents cocame procamne and others also depress the myo
cardium Therr action on the heart 15 sumilar to that of
qumdme Excesswve concentration of local drugs m the
blood causes circulatory collapse from myocardial de
pression and peripheral vasoddatation Cyclopropane,
chloroform and ethyl chloride mcrease the imtability of
the myocardium They favor the occurrence of ventricular
arrhythmias i the presence of epmephrine, endogenous
or admmstered (Other vasopressor ammes with a di-
hydroxybenzene nucleus the catechol nucleus, 1€, nor-
epmephrine and 1sopropyl norepmnephrie, have effects
sumlar to those of epnephrime )

B OrHER Drucs

1 Digtalis acts on the myocardium to mcrease the
force of systohic contraction and ventricular emptymg
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congestive heart falure occurs The cardiac output may
be above or below the normal value

Normally the heart compensates for d venous
return or peripheral resistance by diastolic lengthening
of the myocardium—dilatation The ncreased diastolic
volume of the heart will mcrease the stroke volume and
thus accommodate the increased venous return or over-
come the mncreased peripheral resistance If these condi-
tions persist, myocardial hypertrophy will occur Hyper-
trophy 15 caused by an imcrease m the size of mdividual
fibers but not the number of fibers The available blood
supply poses a it to the degree of hypertrophy, beyond
which relative coronary nsufficiency will oceur

When the function of the myocardium 15 mmparred
by coronary nsufficiency, disease of the myocardium or
drug depression, or when sudden mcrease of the work
load 15 1mposed on a heart with no reserve for compensa-
tion, the diastolic volume will increase even further A
point will be reached when the contractions are no longer
efficient because of overstretching of the myocardial
fibers and failure will occur Therapy 15 directed toward
the improvement of performance of the myocardmum with
digitalis and the reduction of the work. load of the heart
by simulated or actual venesection

ARRHYTHMIAS
The most common arrhythmias during anesthesia are

1 Extrasystoles of various ongm
2 Displaced pacemaler

Arrhythmias can occur with any general anesthetic
agent but they are most common durmng deep cyclopro-
pane anesthesta  Most of the time the arrhythmas are
fleeting and subside wathout any specific treatment Ven-
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coronary didator The increase m coronary flow precedes
changes mn heart rate or blood pressure during anoxia
Maximal dilatation occurs when the arterial oxygen satu
ration falls to 50% (for heart in sifu ) Increased concen
tration of metabolites locally also causes dilatation
Normally, the coronary flow 1s automatically adjusted to
the requirement of the myocardium Inhalahon of 5 to 8%
carbon dioxide has no sigmficant effect on coronary flow

EFFECT OF DRUGS ON THE CORONARY
CIRCULATION

Papavarine xanthines, nitrites and systemic yvasopress
ors are vasodilators for the coronary vessels However
the change m coronary flow 1s always associated with
concomitant changes 1 the force of contraction, metabo
Lsm and work of the heart It 15 difficult to draw the
conclusion that the dilatation 1s solely attributable to the
action of drugs on the vessels Increased metabolism re-
sulting from mcreased work can be partly or wholly re-
sponsible for the change 1n coronary flow

Putressin has a powerful constrictor effect on coronary
vessels If there 1s peripheral hypertension and an m
creased workload imposed on the heart, coronary con-
striction with reduced blood flow 1s extremely dangerous
Fataltties during anesthesia have been reported from ad
mimstration of pitressin or postertor prturtary estract
m obstetrical practice These drugs should never be used
durmg any general anesthesia Pitocmn the oxytoue fac-
tor of the postertor prtuttary gland, does not have any
vascular action and 1s safe to use

HEART FAILURE

‘When heart action 1s not efficient enough to mamtam
an adequate circulation for the requirements of the body,
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PERIPHERAL CIRCULATION

HEMODYNAMIC CHANGES AND IMPORTANT
CARDIOVASCULAR REFLEXES DURING
ANESTHESIA

"Ti ivrEGRITY of the peripheral circulation depends on

1 Adequate circulating blood volume

2 Intact function of the heart

3 Intact regulatory mechamsms for the maimtenance
of homeostasis throughout the body

All of these factors can change greatly during anes-
thesia and surgical procedures Depth of anesthesia,
hemorrhage and reflex vascular responses to surgical
manspulation all have profound effects on hemodynamics
The blood volume can be measured with relative accuracy
with any of the current techniques, 1¢ dilution methods
with dyes or labeled red blood cells However, m the
evaluation of the patients circulatory status, the blood
volume 15 only one of the factors and can not be relied
upon alone Measurements of the artenal pressure and
pulse rate are still chimeally valuable gmdes of the mteg-
rity of the peripheral circulation

Factors affecting the blood pressure (other factors
remaming the same)

(551
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tricular arrhythmias are potentially dangerous since they
may lead to ventricular fibnllation if the conditron 1s not
corrected Hypoventilation may play a mayor role m
the productvity of arrhythmas Inadequate ventilation
should always be corrected Intravenous imjection of pro
came, procame amide or qumdine may termmnate some
types of ventricular arrhythmias In cyclopropane ar
rhythmias, lightening of anesthesia and addition of ether
to the anesthetic muxture will usually restore normal
rhythm

Tachycardias with ventricular rates faster than 160
per mmute may reduce the efficiency of the heart and
decrease the cardiac output because of shortened drastole
and madequate fillng Smus tachycardia can be slowed
by ocular or carotid simus pressure, but 1t returns when
the maneuver 1s discontinued Paroxysmal auricular
tachycardia can often be converted to smus rhythm by
these measures In ventricular tachycardia such measures
can only slow the rate temporarily but cannot convert the
thythm If this arrhythmta persists procamne amude, pro-
caine or qumdme are gnen

Ventricular fibrillatton 15 a rare compheation This
condition as well as cardiac arrest has to be treated
promptly Three munutes 1s the It for the central corti-
cal structures to survive without damage In cases where
hypoxia 1s already present before the catastrophe, the
trme it will be shorter The procedures for cardiac re
suscitation are discussed m another section
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REGULATION OF ARTERIAL TONME

Figure 7 (From Wnght, S Appled Physwology 9th
Edihon Ovxford University Press 1952 )

through the vagus nerve The carotrd baroreceptors, with
those 1 the aortic arch play an important role n the
regulation of arterial pressure An elevation of mtrasinual
pressure stimulates these baroreceptors Afferent im-
pulses are mhibitory 1n nature, cause reflex bradycardia
and vasodilatation and mhibition of resprration A fall m
the mtrasinual pressure reduces the amount of these m-
hibitory afferent 1mpulses and results 1n tachycardia and
vasoconstriction

3 OtaER BARORECEPTORS FROM VENAE CAVAE AND
THE RIGHT AURICLE
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Systohe Diastohe  Pulse
Pressure  Pressure  Pressure
Increased peripheral resistance + o

Decreased penipheral resistance - _— +
Increased heart rate + ++ -
Decreased heart rate — . +
Increased systolic discharge 4 4 +
Decreased systolic discharge —_— - -
Decreased artenal distensibility + - +
Increased arterial distensibility - + -
Increased blood volume +4 +

|+

Decreased blood volume —
{+ wdicates an mcrease — indicates a decrease )

REGULATION OF ARTERIAL TONE

The artertal tone 1s constantly under the mnfluence of
neural mpulses, circulating hormones and local metab
oltes The schematic diagram, as modified from Wrights
Apphed Physiology, mdicates different factors controllng
the arterial tone (Figure 7)

I Neural Impulses

A The vasomotor centers are located m the caudal
part of the medulla Factors affecting activities of the
vasomotor centers are

1 Hicuer CENTERS

a Cortical mpulses Fear, anxiety and emotional
disturbance mfluence the artenal pressure and heart rate
through the vasomotor centers

b Hypothalamic autonomic center and heat regulat-
g centers

2 ArFERENT IMPULSES rrROM CAROTID AND AORTIC
Ancu Barorecerrors The carotid smus nerves ascend
to the medulla through the glossopharyngeal nerve, the
aortic arch baroreceptors send theirr mmpulses centrally
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duastolic pressure, so the pulse pressure 1s increased The
pulse rate 1s not changed or only shghtly mereased be-
cause of the baroreceptor reflexes and action of carbon
dioxide on the S-A node The local effect of CO; excess
on the vessels 15 vasodilation but this effect 15 matched
by the greater central effect

b Oxygen lack stunulates the center reflexly through
the chemoreceptors The direct effect of hypoua on the
center 1s that of depression Oxygen excess has no appar-
ent effect on the activity of the vasomotor center

5 ActiviTiEs oF THE REesPIRATORY CENTER SPREAD
OvVER TO THE VAsoMOTOR CENTERS

B Efferent pathways from vasomotor centers to the
peripheral vessels descend to the neurones mn the ventro
lateral column of the dorsal and lumbar spmal cord Motor
neurones m the ventro lateral column have fibers which
emerge from the spinal cord with the ventral roots, leave
the ventral roots through the white rami communicans
Post-ganglionic fibers leave the paravertebral sympathetic
gangha to supply the viscera and blood vessels The pre-
gangliome fibers also supply the adrenal medulla Recent
experiments mdicate that the sympathetic adrenergic
constrictors are the sole pathway for the control of pen
pheral vascular resistance In the dog sympathetic
adrenergic dilators, sympathetic cholergie dilators, and
dorsal root dilators cannot be demonstrated to have any
physiological sigmficance 4

II Hormonal Influence

A Adrenal Medullary Hormones Epmephnne and
norepmephrine secreted by the adrenal medulla have
profound effects on the circulation

Epinephrine mn physiological concentrations or when
given 1 small doses m continuocus mtravenous nfusion
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Bamnbridge Refler' An mcrease m heart rate 15 m
duced by a rise n the pressure of the blood entering the
right auricle due to stimulation of nerve endings m the
walls of the great vems and under the endocardium of
the night auricle

McDowall Reflex * A fall m the venous pressure
stimulates nerve endings m the rght auricle which send
mpulses to the medullary centers with resultng gen
erahized vasoconstriction Thus 1s partially responsible for
the vasoconstriction which occurs n hemorrhage and
shock

It has also been shown by McDowall that a nise 1
venous pressure constderably above normal causes a vago
pressor reflex with vascostriction This reflex occurs co
mcidentally with and 1s supplemental to Bambnidge It
antagonizes the depressor reflexes and, through predom:-
nance over them, the elevation of the arterial pressure 1s
permitted to contmue throughout exercise

Harrison Reflex® An mcrease m venous pressure 1
the nght auncle causes an imcrease 1n respiratory rate
This same effect 1s not obtained with the vagi cut

Pulmonary arteries, thoracosplanchme arteries, and
other afferents (somatic and visceral stimulations) also
nfluence the vasomotor centers

4 Cuances IN ArteriAL PH, CarsoN Dioxme TEN
stoN AND OXYGEN TENSION

a Carbon dioxide excess and mcreased H 1on con-
centration stimnlate the vasomotor center mostly through
the chemoreceptors The center 1s shtmulated directly only
by a very high concentration of carbon dioxide The ar
terial pressure 1s markedly mcreased because of peripheral
vasoconstriction and mcreased strohe volume of the
heart (probably from dwect action of carbon dioside on
the heart) The systolic pressure 1s raised more than the
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mams relatively unchanged The cardiac output tends to
fall 1f there 15 1o excitement during the mduction period
The total peripheral resistance 1s mcreased The resistance
of the renal and the splanchmie vascular bed ncreases
marhedly and the blood flow through the hidney and other
splanchnic organs 1s decreased ® ¢ Measurements of blood
flow of the shin and muscles indicate that there 1s marked
vasodilatation 1 these vascular beds Cerebral circula-
tion and coronary circulation are not sigmficantly altered

In deep or prolonged anesthesia, the cardiac output
15 further reduced with a decrease m the total peripheral
resistance and a fall in artenal pressure

The mechamsm of these profound hemodynamic
changes 15 not clearly understood although the available
evidence mndicates that some of these changes are prob-
ably humoral n ongin

Inexpertly admimstered anesthesia can cause circula-
tory comphcations other than the normal changes just
described Overdosage of anesthetic agents depresses
cardiac function and vasomotor tone to a greater extent
Patients with poor myocardial function or deficient blood
volume are more susceptible to the depressant action of
anesthetic agents Hypoventilation has a deleterious m
fluence on the circulation Finally, hemorrhage, trauma
and cardiovascular reflexes from surgical manipulations
may imtate additional disturbances All these factors
should be considered and correlated 1 order to armve at
a correct diagnosis and to determme the appropriate man-
agement of any change m circulation during anesthesia

B Shock Artertal pressure 1s mamtamed by reflex
vasoconstriction m the earliest stages of shock from hem-
orrhage or trauma The tissues and the vessels suffer
anoua as a result of the reduced and sluggish blood flow
duning vasoconstriction  If the condition 1s not treated,
secondary dilatation occurs from anoxic damage Blood
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or hypodermic mjection, causes overall vasodilatation
However, 1t also increases the heart rate and stroke vol
ume resulting m 1ncreased cardiac output, reduced total
peripheral resistance, mcreased systolic pressure and low
ered diastolic pressure

Norepinephrine on the other hand, 1s a potent vaso
constrictor The total peripheral resistance 15 mereased,
the diastolic pressure mcreased more than the systolhc
pressure The cardiac output 1s reduced and the heart
rate 1s slowed reflexly by the hypertension

B Thyroxin sensihizes the blood vessels to the effect
of epmephrme In cases of thyrotoxtcosss, the release of
thyroxmn upon mamipulation of the thyroid gland can re-
sult m marked hypertension and tachycardia This com-
phication will sometimes respond to one mgm doses of
Hydergin® (di hydroergocristine, cormine,-kryptine) a
sympatholviic drug, or Gynergen® (ergotamme tartrate)
1 to 3 mgm 1ntravenously

C Pitressin 1s a potent vasoconstrictor  Its use 15 dan
gerous because of 1its constrictor effect on the coronary
vessels

Local anoxia, carbon dioxide excess, change 1 H 10n
concentration, as well as accumulation of metabohtes,
serve to dilate vessels locally

I Hemodynamic Changes and Common Crrculatory
Disturbances During Anesthesia

A Hemodynamic Changes During General Anesthe
sia During general anesthesia, certam aspects of cardiac
function and peripheral hemodynamics undergo marked
derangements These changes seem to be associated with
the state of anesthetization since they occur during well
conducted anesthesia and there are mnconsequentral dif-
ferences among the various anesthetic agents

In Lght surgical anesthesia, the blood pressure re-
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afferent nerves by mamipulatton or traction of abdommal
viscern may gve rise to the celiac plexus reflex syndrome
There are circulatory and respuatory components The
crrculatory component 1s mamfested by a drop m arterial
pressure, predomnantly the systolic pressure, with a very
narrow pulse pressure The pulse rate usually 15 slowed
Apnea followed by hyperpnea supervenes There 1s also
abdominal muscular ngidity The usual treatment 15 the
mtravenous admmstration of ephedrime Deepening of
the anesthesta or mterruption of the afferent pathway by
celiac plexus block can also correct this condition
5 RErFLEXES FROM SOMATIC NERVE STIMULATION

Mampulation of major somatic nerve trunhs or subperi-
ostia dissections can cause either a rise or fall of the
arterial pressure, dependmg upon the mtensity and the
type of the shmulus, the depth of anesthesia and the exist-
mg cardiovascular status at the time of stimulation
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1s pooled m the capillaries and removed from the actre
creulation  Plasma fluid 15 lost to the extravascular
space A vicious cycle 1s started and shock reaches the
ureversible stage

Use of vasopressor drugs m the treatment of shock 15
not a rational therapy except as in emergency measure
when blood, plasma, or plasma expanders are not mmmed:
ately available

C Important Cardiovascular Reflexes During Anes
thesia

1 OcuLo vacaL ReFLexes Excessive pressure on the
eyeball or manipulation of the eyeball can result m vagal
slowing of the heart and hypotension Pressure on the
supratrochlear nerve has a similar effect

2 Carormo Smwus RerreEx  Inadvertent pressure or
mampulation of the carotid sinus stimulates the barore-
ceptors and can result in marked bradycardia and pro
found hypotension Belladonna drugs in adequate dose
(1520 mgms ) effectively block the vagal effect on the
heart but do not alter the vascular response This reflex
1s often used 1n the treatment of paroxysmal tachycardia
of supraventricular origin by digital pressure on the caro
tid sinus region

3 Vaco vacaL RerLExeEs Stimulation of afferent
vagal or glossopharyngeal nerve endmgs during the man1-
pulations of laryngoscopy endotracheal mtubation, endo
tracheal suctioming bronchoscopy, and wisceral traction
can result 1n reflex slowing or stoppage of the heart It s
probable that this reflex becomes more dangerous if there
15 hypoua or hypercapnea Recent experimental evidence
mdicates that hypoxia and hypercapnea sensitize the
myocardium to reflex vagal stimulation Serious ventr
cular arrhythmia and even cardiac asystole may ensue

4 Ceriac Puexus Rerpex Stimulation of visceral
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mechanisms achieve the rapid and diffuse reactions 1)
Anatomically, each preganglionic sympathetic fiber comes
1nto synaptic relationship with many postgangliomc fibers
and thus actnates a large area 2) Some preganglionic
fibers supply the adrenal medulla Activation of the
adrenal medulla causes outpouring of epmephrme and
norepmephrine (the sympathetic medrator) which are
crrculated throughout the body In man the sympathetic
outflow arises from the spinal cord from the thoraco-lum-
bar region, extending from T1 to L2

B The parasympathetic system 1s generally concerned
with the protection, restoration and conservation of the
bodily resources The preganghome fibers end close to or
withmn the organ supplied The responses are more re-
stricted in localizatton The parasympathetic (cramo-
sacral) outflow has its ongmn from the hypothalamus,
mdbram, pons medulla, and sacral spinal cord

For detailed anatomical and physiological considera-
tions textbooks and monograpbs on the subject should be
consulted

CHEMICAL MEDIATION OF AUTONOMIC NERVOUS
IMPULSES AND PHARMACOLOGY OF THE
AUTONOMIC NERVOUS SYSTEM

When mnpulses reach the nerve endings 1n the syn
aptic junction m the autonomic gangha or neuro-effector
junction humoral substances are liberated The liberated
chemical substances serve to activate the ganghome neu-
rones and thus transmit the ympulses to postganghonic
fibers, or 1 the case of the neuro effector junction, the
chemical substance actnates the effector organ The
available evidence indicates that the ganghonic and post-
ganghome parasympathetic transmission 1s mediated by
acetylcholine, and 1 the case of postganglome sympa-



X
AUTONOMIC NERVOUS SYSTEM

T avronone nervous system 1s that part of the nervous
system nnervating smooth muscles, cardiac muscle and
glands It 1s primarily concerned with the adjustments
of the mternal envionment of the body It has neural
centers m the central nervous system at vartous Jevels and
pertpherally, pathways to and from the effector organs
Its actwvity 1s for the most part not under voluntary con
trol and it operates below the level of consciousness How-
ever 1t will be erroneous to assume that the activity of
the aatonomic nervous system 15 independent of somatic
function Somatic and visceral function are mterdepend-
ent and cortical activity influences both systems

The peripheral autonomic nervous system consists of
efferent and afferent fibers The afferent fibers are con
cerned with visceral pam and autonomic reflexes The
efferent autonomic pathways differ from the somatic path
ways m that they have synapses outside of the central
nervous system Preganghonic fibers end among neurones
m the gangha and from these gangha mmpulses are con-
ducted to the effector organs through postganghonic
fibers

The efferent system can be divided mnto two compon-
ents the sympathetic and the parasympathetic system

A The sympathetic system 1s generally activated
when the body 1s under stress The resulting adjustment
1s rapid and widespread involving many organs Two

fes]
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usually admimistered as a contuous mtravenous nfusion
(0102%) The blood pressure usually recovers within 30
minutes after the infusion 15 discontinued

5 D TusocuraRINE has ganghonic blocking action m
large dosage

6 SuccvyrcnoLNE Two to three hundred times the
paralyzing dose of succmyleholime stimulates gangliome
neurones (or facilitates ganglonic transmussion) and re-
sults 1n hypertension® Seven hundred tumes the para
lyzing dose blocks ganglome function and results in
hypotension Chinically hypertension 1s seen during the
admmstration of this drug m some 20% of the cases

7 AceErvicnHOLINE  Although m physiological con-
centration 1t serves as a medator, in high concentration
1t blocks ganghomic transmission because of the persistent
depolarization of ganglhionmic neurones

8 DI 1S0PROPYL-FLUORO PHOSPHATE (DFP), TETRA-
ETHYL, PYRO PHOSPHATE (TEPP) AND OCTA-METH}L-PYRO-
PHOsPHOR-AMIDE (OMPA) These agents are anti cholin-
esterases In low doses they facilitate and 1in hugh doses
they block ganghonic transmission

B Sympathetic Medwtors At the nerve endings
of the postgangliome sympathetic fibers the substances
hberated have properties and activity sumlar to that of
epmephrime and norepmephrme The response of the
effector organs can be either exaitatory (sympathin E, or
E receptors) or mhibitory (sympathin I, or I receptors)
The destruction of the sympathetic mediators takes place
at a hmted rate and consequently they may diffuse to
other structures or into the blood stream

1 SYMPATHOMIMETIC AGENTS

a  Norepmephrine—excitatory
b Epmephnine—inhibitory and excitatory
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thetic transmussion, by epmephrme hke substances? 2 3
Many drugs have activaty sumilar to these mediators ( mu
mettc) and many others block ther action on the effector
organ (-lytic) In addition, those drugs which mnfluence
the actiity of an enzyme system assisting the removal of
the medzator, also have profound effects on the transmis
sion of neural mmpulses For mstance, acetylcholine 1s
hydrolyzed rapidly by the enzyme, cholinesterase Antt
cholinesterase drugs slow down the rate of hydrolysss of
acetylcholine and have activity mimetic to acetylcholne
The discussion can be divided nto three categories

A Gangliomc Transmusston Any drug which mflu
ences the ganghome transmussion modifies the actvity
of both the sympathetic and parasympathetic systems

1 Nrcomine A ganghonic bloching agent The block-
ade 15 preceded by a prelmnary phase of stimulation

2 TETRAETAYLAMMONIUM Crromme (TEA) blocks
the gangliomc transmission but 1ts effect 1s transient and
mcomplete

3 HexamersoNtvsm (Cs) AND PENTAMETHONIUM
(C;s) block gangliome transmussion * They are used 1n
anesthesia for the induction of hypotension under certam
circumstances  In addition to hypotension these drugs
also cause moderate tachycardia flushed and dry shin and
loss of autonomuc reflexes The Inst 15 of particular import
ance because without reflex regulation of circulation these
patients cannot tolerate the erect position

4 Arronap The action of Arfonad 1s largely due to
ganghonic blockade although there 1s evadence to indicate
that 1t also has a direct vasodilator action ® It 1s used for
the mduction of hypotension during anesthesia Its dura
tion of action 1s shorter than that of C; and C, and 15
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9 SympaTHOLYTIC AGENTS (ADRENERGIC BLOCKING
Acents) These agents block the response of the effector
organs to the exaitation of sympathetic mediators There
15 no compound which blocks the mhubitory effect The
sympathetic agents are useful n the treatment of thyroid
storm, the management of pheochromocytomas and for
the prophylaxis and treatment of cardinc arrythmias

a Dibenamme—its action 15 potent and prolonged

b Ergot allnloids (Gynergen® [ergotamune tartrate],
Hydergin® [di hydroergocristine, -cormme-kryptmme] )

¢ Benzodioxanes The blockade produced by these
compounds 1s rather weak and readily overcome by large
doses of epinephrime The duration of action 1s relatively
short

d Regitine® (Phentolamme) 1s important in the dhag-
nosis and therapy of pheochromocytoma Use durng
surgery will prevent paroxysms of hypertension when the
tumor 15 manipulated

e Pnscol (Imdazoline derivative) The duration of
action 1s very short

C Parasympathetic Mediwators Postgangliome para-
sympathetic ympulses are mediated by acetylcholme
Although gangliome transmussion and neuromuscular
transmission are mediated by the same substance, drugs
affecting the acetyl cholme cholinesterase system do not
have the same actwity at these different sites For m-
stance d Tubocurarme blocks neuromuscular transrussion
and with hugher doses, blocks ganghonic transmussion, but
1t does not influence postganghonic cholmergre transmis
sion Atropine blocks postganghome chohnergic activity
and hevamethomum blocks gangliome transmusston but
they do not bloch neuromuscular transmssion

1 PARASYMPATHOMIMETIC (CHOLINERGIC) AGENTS
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¢ Iso propyl norepmephrme (Isopryl)—
hibitory

d Neosynephrine—excrtatory

e Ephedrine There 1s evidence that ephedrme
does not have a direct action on the effector
organ but acts through competitive mhibition
of amme oxudase,” the enzyme responsible for
the destruction of sympathetic mediators

f Other vasopressor amines

The over all cardiovascular effect of these agents de
pends on the relative preponderance of thewr action on
the heart and blood vessels and on cardiovascular reflex
activity For example, Neosynephrme causes profound
penipheral vasoconstriction but has very httle action on
the heart The heart rate 15 reduced because of barore
ceptor reflexes Epmephrme affects the heart as well as
the peripheral vessels The heart rate and cardiac output
are mereased However, the blood pressure response 1s a
function of the dose With small doses, there 1s vasodila
tation and decreased diastolic pressure and little increase
m systolic pressure With larger doses both the diastolic
and systolic pressure are mcreased because of peripheral
vasoconstriction and more marked mcrease of the cardiac
output Iso propyl norepmephrme lowers the blood press-
ure due to vasodilatation but 1t causes tachycardia be
cause of 1ts direct and reflex actions on the heart

Sympathomumetic agents with whibitory actwvity also
relax smooth muscles of the bronchioles intestines and the
uterus The drugs with a catechol nucleus (di hydroxy-
benzene nucleus, 1e, epmephrine norepmephrine and
150 propy] norepmephrine) mcrease the uritability of the
myocardium and are contraindicated during eyclopro-
pane, chloroform, and trichlorethylene anesthesia
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Site 5—d-Tubocurarine, decumethomum (Syncur-
me), succiny lcholne

Site 7—and Site 4 (sweat glands) atropme, scopol-
amine
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a  Acetylcholine and uts dernatues

b Antichohnesterases — physostigmine, proshgmine,
DFP, TEPP and OMPA Mytolon® and Tenslon® also
have anticholnesterase activity and act chiefly on neuro
muscular transmission

2 ParasympaTHOLYTIC (CHOLINERIC BLOCKING
Acents  Belladonna dernvatives, atropine, scopolamne
and related synthetic compounds In anesthesia these
agents are used to block salivary and mucous gland secre-
tion A larger dose 15 required to block the cardrac vagus
than to produce drymng of secretions

Mixed Spinal

5
E Striated
Muscle

[ Smooth
v::le
Gland
3 Ganghon
o‘.....________<°__.<u Smoclh,
6  Parasympathetic 7 G@:;C e

Fagure 8

Acetylcholine  Medator at all sites 1, 2, 3 5,6, 7
and 4 if this 15 a sweat gland
Norepmephrine or Epmephrine like Subst Me-
diator at site 4 except sweat glands
Blocking Compounds
Stte 3~tetraethyl ammomum jon hexamethomum,
pentomethonium, d Tubocurarine
Site 4--(except sweat glands) ergot dentvatives (Hy-
dergin) Dibenamipe, benzodioxane etc
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noid tissue 15 on the posterior wall The mucous membrane
of the respiratory portion of the nose 1s cihated epithelium
and 15 thick over the mferior turbinates where 1t 1s very
vascular and can act as erectile tissue, swelling sufficiently
during nfections or allergic states to block the arway
completely The posterior porbion of the nferior turbmate
may also be the site of polyps blocking the choanae

II MOUTH AND PHARYNX

The lips can be traumatized agamst airways or laryn-
goscopes The cheeks sink m when teeth are absent and
mask fit becomes dufficult

The temperomandibular jomt 1s easily dislocated for-
ward by pressure on the chin when the mouth 1s open
The upper teeth are more frequently damaged by mnstru-
mentation than the lower teeth

The mam substance of the tongue 1s composed of four
mtrsic muscles on each side the superior and mferior
longitudmal muscles and the transverse and vertical mus-
cles The tongue 1s attached to the mandible and hyoid
bone by the extrinsic muscles, which relax during anes-
thesia, allowmng the tongue to fall back and he agamst

the posterior wall of the pharynx The extrinsic muscles
of the tongue are

1 Gentoglossus A flat, tniangular muscle the medial
surface of which 1s m contact with 1its fellow It arises
from the upper gemal tubercle on the posterior surface
of the body of the mandible and spreads out m a fanlile
manner to be mserted nto the whole length of the tongue
Its action 15 to project the tip of the tongue forward as
well as depress the whole organ

2 Hpyoglossus A quadrate, flat muscle which anses
from the whole length of the greater cornu of the hyord
bone and also from 1ts body Its fibers pass upwards to
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ANATOMY OF THE UPPER RESPIRATORY
TRACT, AS RELATED TO PROBLEMS
OF AIRWAY IN ANESTHESIA

I NOSE

A E aPEX of the nose the shin 15 thick and adherent
It 15 thin over the bridge of the nose and easily injured
by undue mask pressure The openings of the nares le
below the level of the floor of the nose, to gam access to
the nasal fossae the tip of the nose must be elevated
The septum separating the two nasal fossae consists
of the perpendicular plate of the ethmoid, the vomer and
the septal cartilages covered by thin, easily traumatized
mucous membrane Deviation of the septum 1s the rule
m adults and may occlude one, and rarely both nostrils
On the lateral walls of each fossa are the three turbmates,
projectmg ke horizontal shelves and dividing the fossa
mto meatuses The inferior turbinate les along the func
tional awrway which 1s the mferior meatus It becomes
swollen m maxillary smusitis and 1s easily traumatized
by nasal tubes passed along the floor of the nose The
floor of the nose 1s supported by the palatal processes of
the maxillary bones and the horizontal plates of the pal
atal bones In the supine position the direction of the
floor of the nose and the inferior meatus 1s vertical, and
1t 15 m this direction that a nasal tube must be mserted
Each nasal fossa opens behind into the nasopharynt
posterior to the soft palate The openimngs of the Eusta
chian tubes are on the lateral walls and pharyngeal ade-
{(72]
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They converge to form  slender ship that descends i the
palatoglossal arch to the back put of the side of the
tongue They draw the tongue and soft palite closer to
gether !

The posterior, pharyngenl surface of the tongue has
Iymphoid tissue, the lingual tonsd, which can be the
source of bleeding when traumatized Oceasionally the
tongue 15 so enlirged as to cause respiratory obstruction
by its size alone This can be predicted by the presence
of indentations along the edges caused by pressure agamst
the teeth

On the lateral walls of the oropharynx, the tonsils, es-
pecially when enlarged may be traumatized or may be
large enough to cause respiratory obstruction

Below the oropharynx and behind the dorsum of the
tongue 1s the laryngopharynx, with the epiglottis an
tertorly, the elevated entrance to the larynx centrally the
esophagus posteriorly, and the pyriform fossae laterally

Il LARYNX

The Jarynx contains three pared cartilages and three
unpawred nme m all

Unpared The cricod cartilage, the only complete
1ng 1s the support of the larynx It 1s narrow anteriorly
and broad posterorly

The thyrowd cartilage the Adams Apple, 1s superior
to the cricoid and attached inferiorly to the cricoid by the
cricothyroid ligament and superiorly to the hyoud bone
by the thyrohyoid membrane

The epiglottis 1s attached to the thyrod cartilage just
above the vocal cords and to the base of the tongue Be-
tween 1ts free upper portion and the tongue 1s 2 space
known as the vallecula

Paired Arytenord cartiloges are attached above the
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be mserted mto the postertor one half of the side of the
tongue It helps to depress the tongue and enlarge the
cavity of the mouth

8 Styloglossus  An elongated shp which takes origin
from the styloid process It passes downwards and for
wards to be mserted 1nto the whole length of the side of
the tongue It pulls the tongue backwards and upwards
durmg swallowing

4 Palatoglossus Forms a thin sheet 1 the lower part
of the soft palate attached to the palatine aponeurosis
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Muscles of the Larynx

The muscles of the larynx are divided mnto extrinsic
and mtrinsic The extrisic move the larynx as a whole,
the mtrinsic are mvolved m voeal cord motion mncluding
the production of laryngospasm

These muscles may be separated mto those which
open the vocal cords (abduectors) and those which close
the cords (adductors) (Figure 11)

Abductors—posterior cricoarytenord from back of cr1-
coid cartilage to muscular process of arytenoid abducts

Posterior Llateral
Crico aretynaids Crico aretynolds
T
D @
G
S
Inter aratyno ds Thyro aretynoids

ACTION OF INTRINSIC
MUSCLES OF LARYNX

Figure 11 (From Pressman J J Physiol

ogy of Vocal Cords in Phonation and Res

piration  Archives of Otolaryngology Vol
35, No 3, 1942)
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cricold close to the mudlme posteriorly Therr anterior
angles are the attachments for the vocal cords

Cormculate cartilages lie above the arytenoids, with
the cuneiform cartilages lateral to them

The vocal cords extend from the thyroid cartilage
back to the arytenoids Above them are the ventricles of
the larynx, and above these and a Inttle lateral are the ven
tricular bands

The trachea extends down from the cricoid cartilage
as a tube composed of mcomplete cartilagenous rings
jomed by a membrane posteriorly

Epiglotus

Glottis

Vocal Cord

False Vocal Cord
Ary epiglothe Fold
Cuneiform Cartiloge
Corniculate Carhilage
Interaretynoid Fold

1
2
3
4
5
]
7
8

LARYNGOSCOPIC VIEW OF LARYNX

Figure 10 (From Thomas G Techmque of Intu
bation Anesthesia with Detailed Illustrations Cur
rent Reseorches in Anesth & Analg Vol 17, 1938 )
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around the latter to the larynx It hes farther from the
trachea than does the left recurrent

The left recurrent 15 given off at the level of the arch
of the aorta, around which 1t curves to the larynx It lies
closer to the trachea and esophagus

Behavior of a paralyzed vocal cord depends on what
1s cut the whole nerve, or a branch supplymg one func-
tion Clincally, paralyzed cords show one of three pat-
terns

1 Immedate adduction (midlne position) when
only the supply to the abductors 1s cut

2 Immediate abduction (extreme opemng) when
only the supply to the adductors s cut

3 Intermediate posiion (halfway between adduc-
tion and abduction), so called Cadavernic Position seen
1 90% of all cord paralysis when an entire recurrent Jaryn-
geal 15 cut This position 1s seen only 1n new cases, be-
cause the flaceid paralysts of peripheral nerve lesions 1s
followed by atrophy, fibrosis and contraction and over a
penod of time the action of the unparalyzed cricothyroid
muscle gradually pulls the cord toward the midlme (un-
less the supenor laryngeal 15 also cut)

A paralyzed cord which immedately assumes the mid-
line position never shifts out nor does a cord paralyzed
m the extreme lateral position ever shift toward the mid-
line

During normal respiration and 1 light planes of gen
eral anesthesta, the vocal cords adduct durtng mspiration
and abduet durmng exhalation During deep general anes-
thesia or under the influence of muscle relaxant drugs the
reverse occurs

REFERENCE
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cords by pulling muscular process of arytenoid down and
medially, thus raising and everting the vocal process

Adductors—lateral cricoarytenord from upper lateral
cricord to muscular process of arytenoid adducts cords
by pulling muscular process forward

Interarytenoid from muscular process of each ary-
tenoid across midhine to summut of the other pulls aryte-
noids together, part of constrictor mechamsm

Thyroarytenoid from angle of thyroid back to ary
tenotd, medial margin bes 1n vocal cord part of constric
tor mechamsm but 1n part relaxes cords

Cricothyroid anterior arch of ericord to mferior mar-
gin of thyroid cartilage elongates and tenses vocal cords

Anyemglottic few, weak fibers m aryepiglottic folds
helps close larynx during swallowing

Note The arytenoids rotate about aves which can
move towards and 1way from the nudlne producing
changes tm posttion and shape of the vocal cords

Nerve Supply of the Larynx

The entwre nerve supply to the larynx 1s from two
branches of the vagus

A The superior laryngeal nerve 1s given off the vagus
at the ganglion nodosum It divides into 1) the internal
branch which 1s purely sensory and 2) the external branch
which 1s purely motor and supphes the cricothyrod
muscle

B The recurrent laryngeal nerves on the two sides
leave the descending vagus trunks at dufferent levels and
have different courses but the ultimate distribution 1s
the same

The nght recurrent 1s given off where the descending
vagus crosses the night subclavian artery, and curves
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Guy Lussacs Law The pressure of a gas 1s directly
proportional to 1its absolute temperature, when the volume
remarns constant For each degree of temperature change,
the pressure will change Y213

Avogadro’s Law Equal volumes of gases at the same
temperature and pressure contain the same number of
molecules Therefore, a gram molecular weight of any
gas at the same temperature and pressure occuptes the
same volume At standard conditions (0 C and 760 mm
Hg pressure) this volume 1s 22 4 hters At room tempera-
ture 1t 15 approuimately 24 hters

Density of a Gas Tt 1s expressed as the weight n
grams of one liter of the gas at standard conditions

Specific Gravity The weight of a volume of the gas
compared to the weight of an equal volume of air under
the same conditions

Critical Temperature That temperature above which
the gas cannot be liquified regardless of the pressure ap-
plied

Critical Pressure That pressure below which the gas
cannot be hquified regardless of the temperature to which
1t 15 cooled

Diffusion  The process whereby gas molecules dis-
tnbute themselves quickly 1n a space so that they exert
equal pressures on all parts of the walls imiting the space
A gas diffuses from a place of lgh partial pressure to
that of lower partial pressure

Grahams Law The rate of diffusion of gases vares
mversely as the square roots of their molecular weights
Therefore heavier gases diffuse more slowly

Boiling Pomnt The temperature at which the vapor
pressure of a hquid equals atmospheric pressure

Vapor Many loosely define a vapor as the gaseous
state of a substance which at room temperature and at-



XI

PHYSICS — ANESTHETIC GASES
AND VAPORS

T anesTHETIC gases and vapors have physical and
pharmacological properties which vary one from the other
These properties make for advantages and disadvantages
which are of mmor importance m the average good risk
patient, but 1n the poor nisk patient the choice of agent
1s of greater significance The well tramed anesthesiolo-
gist should be fatmliar waith the properties of all the agents
to be able to choose the best agent and techmque for 2
particular operation on a particular patient

PHYSICS OF VAPORS AND GASES

Gas Refers to the state of a substance i which the
molecules are mn rapid motion and widely separated It
1s capable of mfinite evpansion and can be converted
to a iquid by pressure and/or lowermg the temperature
The substance 1s usually n the gaseous state under ordi
nary conditions of temperature and pressure

Pressure Refers to the force exerted by the molecules
of the gas constantly bombarding the walls of 1ts con-
tamer

Boyles Law The volume of a gas vartes inversely as
the pressure, when the temperature remains constant

Charles Law The volume of a gas 1s directly propor-
tional to 1ts absolute temperature, when the pressure re
mams constant For each degree of temperature change
the volume will change Y73

[80]
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crrculation, a considerable fresh supply of ether must be
wmspired to heep the blood (and bran) high in ether con-
centration This means that mnduction will be a relatively
slow process Dunng recovery, for each 16 molecules
brought to the lungs only one will pass mnto the alveolt
resulting 1n a slow recovery

Respiration 35 stmulated durmg lhght anesthesia
Blood pressure falls in deep anesthesia In elderly patients
and those with myocardial disease this blood pressure fall
may be seen even mn hght anesthesia The mtestines are
dilated, muscle relaxation 15 good Bronchiolar dilatation
occurs so that this 1s a good agent for asthmatics

CycroProPANE  Maimntenance concentration 1s about
15 to 25% 1n the mspired arr, with a blood level of about
16 to 20 mg % Blood/arr ratio 15 04/1 Therefore, one
may expect a fast mduction and recovery This agent 1s
much less urtating than ether but gh concentrations
during induction may be uritating enough to cause laryn
gospasm Rate and depth of respration are reduced
significantly so that assistance of respiration by the anes-
thesiologist 1s frequently necessary to mamtam an ade-
quate exchange Bronchiolar constriction may occur so
that this drug must be used with caution m asthmatics
Arrhythmias may occur m any plane, but are most com-
mon 1n deep planes during hypoventilation Epmephrine
1s contramdicated due to increased cardiac uritability
Peripheral circulation 15 well mamntamed mahing this drug
an agent of choice 1 hemorrhage Postoperatively there
may be hypotension which readily responds to treatment
with vasopressors

Nrrrous Oxioe  Blood/air ratio 0 3/1

Etuviene  Blood/air ratio 12/1

Both are very fast acting agents for mduction and
recovery Of all the anesthetic agents these are the least
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mosphertc pressure can also be m the hquid state To be
more exact below the critical temperature, which varies
for each substance, the molecules are called vapors since
they are or could be m equlibrium with the same mole
cular spectes n the liquid state The concentration of the
vapor molecules 1n equilibrium w1th iquid would depend
entirely on the temperature provided the hqud with
which 1t 15 1n equilibrium 15 pure  Above the eritical tem
perature, no hquid may exst, and the molecules are then
called gases, rather than vapors The concentration of gas
molecules depends on other conditions besides tempera
ture Any change 1n pressure and/or volume of a vapor
does not change the vapor concentration (unhhe a gas)
provided there 1s no temperature change and the vapor
18 m equilibrium with aits hqud phase
The nesthetic vapors and gases available are

D: ethyl ether (common ether)
Cyclopropane

Nitrous oxide

Ethylene

Chloroform

Ethyl chloride

Trichlorethylene (Trilene)

D1 vinyl ether (Vmethene)

O~ UL N

D1 eravn Etaer  Induction requires 10 to 12% i the
msprred air  Maimntenance requires about 4 to 6% which
results m a blood concentration of 110 to 140 mg % The
blood/arr ratio 1s 15/1 mdicating that ether 1s relatively
much more soluble m blood than the other gases and
vapors At equlibrium blood contams 15 molecules for
each molecule m the alveolar ar Durmg mduction,
for each 16 molecules mspired, 15 go imnto the bloed and
only one remamns 1n the alveolt With the next pulmonary
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used 1 a non-rebreathing techmque Muscular relaxation
15 poor when used 1 safe planes of anesthesia

Dr-vinyL EteEr  Induction requires about 4% i the
msprred arr The anesthetic blood level 15 15 to 30 mg %
This drug produces a very fast induction and recovery 15
also speedy It 1s a potent drug and respiatory arrest
1s quickly attamned It 1s usually used by open drop pro-
cedure for short cases or for inductions before ethyl ether
m children Increased tidal volume and salation are fre-
quent Twitchings and convulsions have been reported
especially 1f the admimstration of the drug 1s associated
with hypowa

TABLE III
Usual Cylinder
Mol | Spec Bal (Flamma Pres-
Drug Wt | Grav Pt bty | Sve | Gal | sure
Auw=1)] (C) {ibs /
m?)
Ethyl ether 74| 26 36 +
Cyclopropane 421 15 —33 + B 100 75
Nitrous Oxide 41| 15 -89 0 D 250 | 800
Ethylene 28| 097 [—105 + E 330 | 1250
Chloroform 1191 41 61 0
Ethyl Chloride 6Ll 23 125 -
Trichlorethylene | 130 [ 1 5 87 0
¥11qu ether’ 0] 22 28 +
elium 41 018 0 E 131
Oxygen 32] 11 0 D 95 iggg
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potent, ethylene bemg a httle more potent than mitrous
oxide They usually require an additional reinforcing
agent to reach surgical anesthesia Both agents must al
ways be given m such a way that at least 20% oxygen 1s
delwvered to the patient These two agents have no toxic
effects 1f not given m hypovic mixtures Muscular re
laxation 1s very poor

Curorororm  Induction requires about 4% m the 1o
spired arr, mamntenance about 1% During surgical anes
thesia the blood level 1s 7 to 13 mg % This drug 1s rela
tively nonumitating to the respiratory tract Overdose 1s
common because the margin of safety 1s narrow Brady-
cardia occurs with overdose and 1s an ndication to stop
the admmmstration Cardiac output and blood pressure
are reduced due to direct myocardial depression Ven
trieular fibnllation or hepatic degeneration may occur if
hypoua 1s present Muscular relaxation 1s good Induc
tion 1s smooth, relatively fast although recovery may be
prolonged 1Tt 1s an excellent analgesic for short cases

Etmxt, Crronme  For anesthesia 2 to 3% concentra
tion of the inhaled vapor 1s necessary The blood con-
centration during anesthesta 1s 20 to 30 mg % Itis shghtly
less toxic and shghtly less potent than chloroform It also
depresses the myocardium and the blood pressure Hyper
ventilation occurs m hight levels Induction and recovery
are fast It 1s only used for short cases or for open drop
wduction 1 children before adding ether

TRICHLORETHYLENE A concentration of 05 to 10%
15 sufficient for first plane anesthesia If used for deeper
anesthesia tachypnea develops Both tachycardia and
bradyeardia may occur On contact with alkalr present
i CO, absorption camisters 1t decomposes to di chlor
acetylene which 1s highly touc Therefore, 1t can only be
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thiopental Oxygen concentrations are mever less than
20%

Thiopental may be used for induction prior to the use
of whalation anesthesia In these cases 2 or 3 cc doses
of 2%% thiopental are gven every 30 to 60 seconds until
the patient falls asleep and does not object to the placing
of the mask on the face When thiopental 1s to be used
throughout the operation induction 1s performed m the
same manner, and small mecrements (1 3 cc ) are added
mtermittently to reach and mamtan surgical anesthesia
Early m the procedure relatively more thiopental 1s
needed per umt of time because the drug 1s distnbuted
rapidly to body fat? When fat storage 1s satisfied plasma
levels can be mawntamed more easily with smaller doses
If large total doses are used the patient may remam un-
conscious for a long period About 10 to 15% of thiopental
1s metabolized per hour Total doses over 15 to 20 grams
are not recommended

During long surgical procedures it has become com-
mon practice to supplement thiopental mtrous oxide oxy-
gen anesthesia with Demerol® or morphine, to avoid the
admmstration of large quantities of thiopental Demerol®
15 gwen ntravenously mn doses of 10 to 25 mgm when
there are signs of hghtenmng of anesthetic depth Mor-
phine 1s used 1n doses of 1 to 3 mgm A good index to fol-
low 15 the resprratory rate  Small narcotic doses are given
until the rate drops to about 12 per minute and subse-
quent doses added when the rate nises to about 18 per
minute  Most patients managed 1n this way will awalen
withmn 5 to 20 mmutes after nitrous oxide 15 discontinued

Resprratory Effects  Thiopental depresses the respira-
tory center and causes a reduction of rate and depth of
respiration - Overdose can, therefore, result m hypoven-
tilation and apnea Therapy consists of assisted or artificial
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INTRAVENOUS ANESTHESIA

Intravenous anesruetics afford a deceptively sunple
means of producmg and maimtamning general anesthesia
Induction 1s rapid and pleasant for the patient When a
nonflammable technique 1s required, mtravenous anes
thesia supplemented with mitrous oide oxygen mhalation
may be used The thiobarbiturates, sodum Pentothal®
(thiopental) or sodium Surital® (thiosecobarbital} are
usually used, and sodium Nembutal® (pentobarbital) or
sodium Seconal® (secobarbital) less frequently

Thiopental Sodwm Ths 15 probably the most com
monly used mtravenous general anesthetic It 1s available
m powder form which 15 diluted with sterile water or
normal saline solution The usual concentrations employed
are 2%% when mtermittent doses of drug are mjected,
or 01 to 05% when a continuous dnp 15 adminstered
Each gram of thiopental 1s buffered with 60 mgms of
sodum carbonate so that the resulting solutions are alka-
line (2%% solution has a pH of 10 to 105) Drug precipr-
tatton oceurs when acid solutions (Demerol® curare) are
mjected mto the same tubing used for thiopental

Sleep and depression of resprration occur before there
15 marked dimmution m the reflex response to pam The
use of thiopental as the sole agent for surgical anesthesia
1s hazardous because of hypoventilation and circulatory
depression that will result Itis therefore, common prac-
tice to use mtrous oxide oxygen or ethylene oxygen with

[861
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dren tolerate more (80-100 mgm /hgm )} Avertm® 15 di-
Iuted with warm water (104 F ) to a 25% solution and
tested with Congo Red If the Congo Red turns the solu-
tion purple 1t indicates that the tribromethanol has de-
composed mto hydrobromic acid, tnbromacetaldehyde,
and other products which will mritate the tissues and
cause proctiis A pink color mdicates that no decomposi-
tion has taken place and the solution may be used

Hypnosis begins i about 5 mmutes, reaches a peak
m about 25 rminutes, and lasts from about 1 to 1% hours
It takes several hours for complete consciousness to re-
turn When supplemented wath mitrous oxide 1t 1s a good
nonflammable method for a procedure of moderate dura
tion

Respiratory Effects Avertin® causes depression of
rate and depth of respiration In some patients this will
necessitate assistance to respiration to mamtam efficient
gas exchange 1 the lungs Laryngeal reflexes are dimin
1shed and bronchodilation occurs Therefore, 1t 1s a good
drug for bronchial asthmatics

Curculatory Effects The blood pressure falls about
20 to 30% following the admimstration of the drug This
usually rises to normal when operation 1s begun  If hypo
tension persists or systolic pressure drops below 80 mm
Hg a vasopressor 1s indicated Ephedrine 12 to 15 mgm
intravenously and 35 mgm 1intramuscularly provide effec-
tive treatment

Dctoxification  The drug 1s detoafied by the hver
and the products excreted m the urme Some degree of
reversible liver damage (central necrosis) may occur It
15 therefore not recommended for patients with Liver or

lidney damage, nor wise to repeat this drug m less than
one week
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respiration Thiopental enhances the Jaryngeal reflexes and
may cause broncho constriction It s, therefore, not rec
ommended during attacks of bronchial asthma

Cardsovascular Effects A small degree of blood pres
sure fall usually follows the mjection of thiopental In
patients with deficient blood volumes or poor cardiovaseu
lar reserve hypotension may be profound It 1s thought
to be due to depression of the vasomotor center with re
sultant vasodilatation

Muscular Relaxation Thiopental 15 a poor muscular
relaxant To obtam relaxation a potent general anesthetic
agent or a muscle relaxant must be added

RECTAL ANESTHESIA

Anesthetic drugs admmstered rectally are usually used
to produce basal anesthesta (hypnosis) and therefore re
quire some supplementary form of anesthesia The usual
drugs used are sodium thiopental or Avertm® A cleans-
mg enema prior to operation permts better absorption of
these drugs

Sodwum Thwopeutal Administered as a 5% solution
The dosage 15 15 to 20 mgm per pound of body weight
It will begin to produce the hypnotic effect about 10 to
15 muinutes after admmstration and the maximum effect
1s reached m 30 minutes The duration of sigmificant effect
will be approximately 1 hour but 1t takes several hours
for complete consciousness to return Systermic effects
are the same after rectal mstillation as after mtravenous
mjection

Avertin® A solution of tribromethanol with amylene
hydrate The latter serves as the solvent but does have
muld hypnotic properties One cc of Avertn® contawns
1 gm of tnbromethanol and 05 gm of amylene hydrate
In adults the average dose 1s 50 to 80 mgm /Agm Chul
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NEUROMUSCULAR BLOCKADE AND
ITS REVERSAL

A BRIEF DESCRIPTION OF DEPOLARIZATION

A covivov propERTY Of all hving cells 15 the exsstence
of an electrical potential across the cell membrane, the
mside of the cell being approuimately one tenth of a volt
negative with respect to the extracellular lud  An 1m-
portant factor contributing to the generation of this po-
tential 1s the eustence of high concentraton gradients
of several important electrolytes across the membrane
The concentration of potassium within the cell 1s approx:-
mately 20 trmes that of the extracellular water On the
other hand, the concentration of sodium within the cell
1s one sixth of that of the extracellular water There 1s a
slow exchange of these cations across the membrane dur-
g the resting state When an excitable cell such as a
nerve or muscle fiber 1s depolarized several changes occur
which are characterstic of the event The resting poten-
tial first collapses (depolarization) then proceeds to re-
verse 1tself shghtly and finally returns to 1ts original state
(repolarization) Dunng depolanzation, the rate of ex-
change of potassum and sodwm 1ons 15 markedly m-
creased The sodium 1ons enter the cell twenty times
faster than potassium leaves the cell There 15 evidence
to mdicate that the change of electsical potental across
a membrane 15 the result of migration of these cations
and a decrease of catiome concentration gradients across
the membrane The movement of cations across the de-

[o1]



90 Manual of Anesthesiology

Since the drug 1s administered rectally, proctiis, co
Litis or colonic hemorrhage are contramdications

REFERENCE
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tered enough to produce a widespread depolarization of
the muscle fiber (d-tubocurarme, diumethy! d tubocur-
armne, Flaxedil®, and Mytolon® belong to this group) An-
ticholmesterases {Tension®, prostigmme) antagomze the
action of these agents by allowmng the concentration of
acetylcholine to build up to overcome the neuromuscular
blockade The other group of agents affect neuromuscular
transmission by depolanizing the motor end plate so that
1t becomes refractory to motor impulses Decamethonum
and succmnylcholine belong to this group Durmg the
early phase of depolanization, the excitability of the end
plate 1s actually mcreased before 1t passes mto the state
of refractormess The paralysis 1s usually preceded by a
period of muscular fasciculations

However, such a classification of relaxants only mndi-
cates the mam pharmacological property of each agent
Indeed, with various concentrations it was demonstrated
that many of these agents have multiple sites and patterns
of action A thorough farmharity with the pharmacolog-
1cal and physiological effects of each agent 1s essential for
the intelligent and safe usage of these drugs

d Tubocurarine The average paralyzing dose for the
average adult 15 6 to 12 mgms The muscular paralysis
lasts from 30 to 45 mmutes The effect of repeated ad-
mumistration 15 cumulative Ether potentiates its actity
and when ether anesthesia 15 used this drug should be
given with caution and the dosage reduced to one thid
or one half Although the respiratory muscles are the
last to be paralyzed, with full paralyzing dose these
muscles are not spared Chnical paralyzing doses do not
cross the placenta mn sufficient quantity to endanger the
newborn The use of this drug 1n patients with myas-
thenia gravis 1s contramdicated Occasionally, broncho-
constriction can be caused by d tubocurarme 2
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polarized part of the cell membrane further serves to de
polarize the adjacent membrane and in this manner the
mpulse 15 propagated along the nerve or muscle fiber
Repolarization 15 accomplished by active expulsion of so-
dium 1on and restoration of the catiome concentration
gradient, accompanied by evolution of heat, mereased
uptale of oxygen, and glucose utithzation

A BRIEF ACCOUNT OF NLUROMUSCULAR
TRANSMISSION

The nerve impulses are conducted along the motor
nerve from the spmal cord as transient waves of depolars
zation Concurrent with its arrival at the nerve end plate
there 1s a discharge of acetylcholme A reacton occurs
mvolving acetylcholine and receptor substances located
m the end plate region of the muscle fiber As a result of
this reaction, a localized depolarization occurs n the end
plate region If this depolarzation 1s of sufficient mag
mtude there results a spreading, self sustamed depolanza-
tion of the muscle fiber, accompanied by excitation of the
contraction process of the myofibrils Acetylcholme 1s
removed from the end plate region almost as fast as 1t 1s
formed by cholimesterase and by resynthesis of acetylcho
line precursors Durmng the depolarized period the muscle
1s refractory to further stimulation

TYPES OF NEUROMUSCULAR BLOCKADE

The currently popular relaxant drugs fall mnto two
groups dependmg upon therr mode of action m produc
mg neuromuscular blockade One group of agents blochs
neuromuscular transmussion by mterfermg with normal
activity of the acetylcholine released at the motor nerve
endings These agents stabilize the motor end plate and
prevent depolarization The end plate potential 1s not al-
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be sudden Its effect 1s not cumulative and tachyphy-
laxis can occur to make the effect of repeated mjections
unpredictable The respiratory paralyzing effect 1s more
marhed than that of d-tubocurarine There 1s no evidence
of histamine release It does not cause bronchsolar spasm
and hypotension, nor does 1t cross the placental barmier ® 4

Succnylcholine Tt 1s a depolanzing agent The dura-
tion of its action 15 extremely short Followmng a single
mjection of 20 to 60 mgms (the average dose) the pa-
ralysis may last from 5 to 7 mmutes  For sustaned relaxa-
tion, 1t 15 gven as a contmuous nfusion m 01 to 02%
solution The degree of relaxation can be adjusted by
regulating the rate of mnfusion It 1s remarkably free from
side effects although hypertension can occasionally occur
The hypertension 1s probably due to its nicotime action
on the sympathetic gangha ?

Succimnylcholine 1s hydrolyzed 1n the body by pseudo
cholimesterase The dose and duration of paralysis have
a direct relationship There 1s neither cumulative effect
nor tachyphylaxis In patients with hepatic damage, 1n
whom the plasma pseudo cholinesterase level 1s low, the
duration of action can be greatly prolonged * Anticho-
linesterases markedly potentiate the effect of succinyl
choline 1

Relaxants usually require endotracheal methods In
any event, they must never be used without endotracheal
equipment, facilittes for artificial ventilation, and shall
sufficient to intubate and ventilate

Antagomsts to Relaxants
Prolonged paralysis and apnea can occur after the ad-
munstration of relaxants If there 15 spontaneous respira-

tion the ventilatory effort may be totally iadequate for
the gas exchange This comphcation 1s not related to any
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Dunethyl d tub arine, Metubimne® The paralyzing
dose for the average adult 1515 to 30 mgms  Its duration
of action 1s shghtly shorter than that of d tubocurarme
It has a higher coefficient of safety with regard to the
respiratory sparing effect as measured by the ratio of vital
capacity depression and grip strength depression® *

Tlavedil®, Gallamine The paralyzing dose for the
average adult 15 40 to 60 mgm Its potency 1s one fourth
that of d tubocurarme (mgms for mgms) The peak
actton 15 reached m 5 to 6 munutes and the duration of
its effect 1s shorter than that of d-tubocurarme Cumula
tive action has been demonstrated It does not hberate
Tistammne-like substances and with chnical paralyzing
doses 1f does not block ganghomie transmission How-
ever, 1t has a specific vagolytic action on the heart, re-
sulting 1n tachycardia which Jasts for 20 to 30 minutes
Because of these side actions it should not be used m
patients with sigmificant cardiovascular disturbances® ®

Mytolon® TIts action at the neuromuscular junction 1s
sumlar to that of d tubocuranine The paralyzmg dose for
the average adult 1s 6 mgms Its peak action oceurs 1n 6 to
8 mmutes The recovery from paralysis 1s gradual Its
action at the neuromuscular junction is similar to that
of d tubocurarme but 1t also has an antichohnesterase ac-
tvity It potenhates the vasodepressor response following
vagal stimulation and the action of acety Icholine Because
of the anticholinesterase activity excessive mucus secre
tion and smus bradycardia occur quite often Adequate
premedication with belladonna drugs prevent the occur-
rence of these side effects 7 #

Decamethomum, Syncurme® ‘The average inttial dose
15 1 to 4 mgms Its effects reach the maximum m 4 to 6
mmutes The duration of action 1s shorter than that of
the agents discussed above Recovery from paralysis can
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m two thirds of the patients who recewve this drug, and
broncholar spasm and bronchorrhea occur occasionally **

There 1s no antagonist to decamethonium nor succinyl-

cholme available for chmecal use

©
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particular relaxant nor 1s 1t more likely to occur wath one
anesthetic agent than another It 1s dangerous and may
be fatal 1f the condition 1s not treated Careful and jud-
cious use of the relaxants can help a great deal to avaid
these complications IF they occur the patient should be
kept under supervision and artifically ventilated until he
has completely recovered from the effects of relaxants
Antagomists to relaxants may be useful, but as the dura
tion of these drugs 1s relatively transient, 1ts action should
not be rehed upon for the management of prolonged pa-
ralysis

The “depolarizing bloching agents and depolarizing
agents are mutually antagomstic In experimental ant
mals d tubocurarme has an antagnostic action agamst
decamethomum and swtable doses of decamethontum also
restores the neuromuscular transmission bloched by d
tubocurarme However, this pharmacological phenom-
enon 1s not appheable chimeally

Anticholinesterases, such as Tensilon® and prostig
mue, are antagonistic to relaxants with depolanzation
blocking actrion The effect of prostigmme 1s transient
and side reactions, such as bronchorrhea and bronchiolar
spasm are common ** Belladonna drugs can be used to
mmimize these side effects

Tenstlon® a phenohe quarternary ammonium dernva-
tie 1s a more mportant antagomst for d tubocurarmne
and symtlar agents It has been shown to have anticholin-
esterase activity which 1s thought to be responsible for its
activity by some mvestigators* Others have demon-
strated that Tenslon® antagomzes curare at the myo
neural junction by 1ts direct effect on the motor end plate
and 1ts competitive action agamst curare ** In doses of
5 to 15 mgms s action appears within 1 minute and
lasts for about 15 minutes Transient bradycardia occurs
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COMPLICATIONS OF GENERAL
ANESTHESIA

Tie possmLe complications of general anesthesta are
many For convemence these will be discussed m four

cnibiques  resprratory, circulatory, neurological and mus-
cellaneous

I RESPIRATORY COMPLICATIONS

A Obstruction of the Airway Obstruction 1s defined
as mechanical mterference with the proper exchange of
gases (oxygen and CQ.) between the external environ-
ment and the alveoh It 1s the most frequent complica-
tion of general anesthesia Complete obstruction, if not
remedied within a few minutes, can be fatal Partial ob-
struction 1s also harmful especrally 1 a debiltated patient
or one with a poor cardivascular reserve The signs of
obstruction of the airway include increased effort of the
respiratory muscles associated with the movement of a
small amount of gas noisy respirations and cyanosis Al-
though noisy resprrations mdicate that some obstruction

15 present, not all types of obstruction need necessarily be
noisy

1 Lps may cause obstruction 1n edentulous patients

and m children with enlarged adenoids Therapy 15 the
msertion of an orophyngeal airway
2 ToNGUE AND PHARYWY relax and block the glottic
opening 1 the supme posttion When the tongue falls
[}
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the resprratory from the gastro mtestinal tracts General
anesthesia can then be mduced with hittle danger should
vomiting occur Separation of the arrwy and the gastro
intestinal tract can be achieved by mtubating rapwdly
during apnea mduced by 1 muscle relaxant Vomtmg
cannot occur and, if the serm recumbent posture 1s used,
regurgstation 1s unhkely Intubation by both methods 1s
for the experienced anestheswologist It should not be at-
tempted by the begmner without expert guidance Silent
regurgitation of stomach contents may occur durmg m-
duction or maintenance The only sign of this comphca-
tion may be the cessation of respiration at a time when
no ncrease 1n the concentration of an writating vapor nor
msertion of an awrway has taken place Attempts to mn
flate the chest are usually futile until the wrntatmg gastric
contents have been suctioned out of the oropharynx

Should vomiting or regurgitation occur, the patient 15
placed m Trendelenburg postion at once The oro- and
nasopharynx are suctioned as quickly as possible The
trachea 1s intubated 1if necessary nd sucked out Rarely,
bronchoscopy may be necessary No general anesthesia
should be begun without suction apparatus m working
condition and directly at hand

6 Tumons v THE OroPHARYNX—DEVIATED oR COM-
PRESSED TracrEA Endotracheal mtubation with topical
anesthesia 15 mdicated

7 Laryncosrasm  Parhal or complete adduction of
the vocal cords occurs frequently Partial laryngospasm
produces a high pitched crowing nose

Causes
a) foreign body at the vocal cords (blood, mucus,

vomitus improperly placed oropharyngeal arway)
b) Imntating gases and vapors
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back a suormg nosse 1s produced Therapy consists of pull
mg the mandible forward and the msertion of an oro-
pharyngeal asrway

3 Forucx Bops Chewmg gum, loose teeth, and
blood clots may obstruct the glotus To prevent this com-
pheation be sure all dentures are removed and the oro
pharynx 15 empty before proceedmg with anesthesia

4 FExcessive mucus can be prevented by adeguate
belladonna premedication and continuous mantenance
of unobstructed awrway Obstruction tends to produce
mucus and mucus produces further obstruction with pro
gressively mereasmg resprratory difficulty Suction aspwa~
tion of the mucus from the pharynx or trachea 1s neces
sary HBther frequently causes excessive mucus secretion
m light planes of anesthesia Deepenmng the anesthesia
may be an effective remedy

5 Vourrin 1s a serwous problem because of the pos
sibility of asprration of foreign material mto the arnay
Pneumnomtis atelectasss and total awway obstruction are
possible consequences of this acerdent Food may be
retamed m the stomach for many hours when there 18
pam or apprehension This sttuation is particularly pert:
nent m emergency surgery for trauma and mn obstetrics
Electve patrents should fast for 8 to 12 hours preopera-
tively A smooth induction and avordance of uneven hght
anesthesia dummsh the inodence of vomiting In emer-
gency surgery, food m the stomach 1s always suspected
Passage of a gastric tube and lavage help to empty the
stomach Thas procedure 1s not absolutely secure since a
part of the gastric contents can remam Inducing vomit
tmg before anesthesta also 1s not a sure way A safer
method, when general anesthesia 15 used 1s the perform-
ance of endotracheal mtubation with a cuffed tube with
topical anesthesia while the patient 15 awake to wolate
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due to the lgh negative mtrapulmonary pressure pro-
duced durng attempted mspiration This complication 1s
rare except m patients with diseased hearts and m mnfants
and children Obstruction must be reheved as part of the
therapy

B Anoxiwa or Hypoxia
CAuses

1 Respiratory obstruction (see above)

2 Decreased oxygen tension in the inspired air which
may be due to a wrong tank on the oxygen yoke, fatlure
to recogmze the emptying of the oxygen tank or an open
N_O or ethylene flush valve Always check the machine
to see that the tanks are not empty, are m thewr proper
place and that all valves are shut before starting anesthe-
s;a A good way to avoid placing a wrong tank on a yoke
1s never to change more than one tank at 2 time

3 Overdosage of depressant drugs so that the respy
ratory effort 1s msufficient to bring enough O, to the
alveol1 The extreme 15 respiratory arrest Therapy consists
of assistmg the resprration by squeezing the bag during
mspiration and hightening the anesthesia

4 Restrant of thoraco daphragmatic movement due
to surgical assistants leaning on the abdomen or chest,
due to too many packs i the abdomen, due to steep
Trendelenburg or lateral hidney position, due to gastro-
mtestinal distention Therapy consists of removing the
cause and assisting the patients respiration

C CO_ Excess

Causes

1 Respuratory obstruction (see above)
2 Soda lme exhausted 1n canister

3 Dead space out of proportion to tidal volume so
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c) Reflex laryngospasm caused by sudden visceral
traction or skin ncision before the establishment of ade
quate depths of anesthesia

Therapy

a) Remove the cause if possible, 1€, suction out blood,
vormitus, or mucus, lower concentration of wntatmg gas,
deepen anesthesia if due to reflexes

b) Pressure on breathing bag, especially during ex
piration with the chin pulled well forward

c) Muscle relaxant mjected intravenously m small
doses

d) Endotracheal mtubation

e) Tracheostomy if above measures fail and circula
tion 15 fallmg

8 BRONCHIOLAR Spasm Patients with asthma or
other allergic mamifestations are prone to develop this
complication The patient usually develops wheezes on
exprration and expiration occurs with mcreasmg diffi
culty

The causes are sumilar to those of laryngospasm

Therapy consists in removing the cause if possible,
changmng the agent—ether 15 especially good, succmylcho
line has been of real help and much safer than d tubo
curarme since bronchiolar spasm can be produced by
d tubocurarine 1itself Ammophylline 1s meffective and
may cause circulatory collapse and death 1 the anesthe
tized patient Hydrocortisone mtravenously offers the
possibility of effective therapy without side effects

A Consequences of Respiratory Obstruction

1 AspHYXIA A combmation of O, lack and CO;
excess This can lead to circulatory failure and cardiac

arrest
9 PuLMONARY EpEma which 1s usually a transudate
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3 Teeth
4 Sponges and pachs

Therapy consists of removal of foreign bodies, ade-
quate suction, use of the Trendelenburg position, endo
tracheal suction makmg the patient cough, and finally
bronchoscopy 1f necessary

SEQUELAE—ATELECTASIS

This 15 due to the pluggng of « bronchus and the ab
sorption of aur distally Incidence with upper abdomimal
and lidney operations 1s 1bout 6% Five tenths per cent
of all patients operated on show some partinl atelectasis
Twenty five per cent of patients with massive atelectasis
die This complication can lead to pneumonia or a Jung
abscess

Other causes of atelectasis besides aspiration durmg
and after anesthesta include

a) Depressed cihary activity and cough reflex so that
mucus can accumulate and form a plug mn a bronchus

b) Depressed respiration restricting pulmonary ven-
tilation

c) Too long an endotracheal tube will usually pass
mnto nght bronchus and cause atelectasis of left lung

d) External pressure, as m steep Trendelenburg or
kidney position

SIGNS AND SYMPTOMS

a) Assymetry of chest movement

b) Rib spaces narrowed on affected side

¢) Tracheal shift to side of collapse

d) Breath sounds dimimshed or absent

e) Dullness to percussion

£) Signs of ovygen want—fast pulse ncrease respira-

tory rate and fever The last sign 1s seen later in the post-
operative period
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that excessive rebreathing occurs An example 1s the use
of a large mask 1 a closed system for children
4 Exhalation valves on machine defective

D Apnea Burstem ! differentiates this from respira
tory arrest due to overdose In apnea there 15 a sudden
cessation of respiration

Causes

1 Complete respiratory obstruction

2 Breath holding durmng mduction

3 Reflex as seen in perosteal uritation, tugging on
the mesentery or uritation of the diaphragm

4 Carotrd body mechanism With a depressed med
ullary respiratory center, carbon dioxide cannot stimulate
respiration adequately The resulting hypoxia wall reflexly
cause respiratory actwity by stimulation of the chemo
receptors m the carotid and aortic bodies If such a pa
tient 1s then placed on an mspiratory miture contamng
2 high ovygen concentration so that the hypoua and
thereby the stimulus to the chemoreceptors 1s elmmated,
apnea will result Therapy consists of assisted or con
trolled resprration with adequate oxygen untl the de-
pressant drugs have been metabolized and the respiratory
center can function properly

5 Hyperventilation and excessive ehmination of CO;
due to removal of carbon dioxide stimulation to respira-
tion

6 Pressure on carotid smus or vagus nerve stimula
tion

7 Controlled resprration—artifcially inducing apnea
by hypen entilation

L Aspwration

1 Vomitus Most frequent cause

2 Blood clots and pus if operating 1n oropharynx
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A Tachycardia

Causes

1) Excitement in the second stage

2) Laght anesthesia with pamful stimult

3) Blood loss

4) Thyrotoxicosis

5) Use of epmephrine m surgreal field to control
bleeding

6) Intravenous atropme—seen especially m children

7) Asphyxia—early

8) Improper controlled respiration so that there 1s
mtereference with venous return to the nght heart and
with pulmonary circulation

9) Adrenal cortical msufficiency and pheochromo
cytoma

10) Myocardial mfarct

11) Hyperpyrexa

12) Paroxysmal auricular tachycardia

B Bradycarda

Causzs

1) Asphyxia—late

2) Vagal stunulation, e g nech operations with hy-

peractive carotid smus reflex, pressure on eye durmg hght
anesthesia

3) Cyclopropane anesthesia

4) Certain vasopressors (neosynephrmne or norepi-
nephrine)

5) Increased mtracramal pressure
C Hypertension
Cavuses

1) CO. excess, asphyxia
2) Excitement m second stage
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g) Cyanosts {depending on extent)

THeERAPY-—"Stir Up

a) Hypenentilate by rebreathing

°b) Turn frequently and encourage to cough

¢) Pounding side of chest affected

d) Intercostal block to permat cough without pam

°e) Intratracheal suchion

f) Bronchoscopy 1if needed

g) Oxygen for cyanosis or signs of oxv gen lack

h) Antibiotics

°1) Cough machine”~exsufflation with negative press
ure (Barach)

I' Tachypnea Fast respirations are usually shallow
and are fatiguing  Because of the small hidal volume, the
dead space assumes relatnely larger proportions and
therefore the actual gas exchange 1s poor

Causes

1) Light anesthesia

2) Inadeguate premedication

3) Effect of agent stimulation on respiration espect
ally ether

4) Anovia mcludmg shock

5) Hyperpyrexia

THERAPY

Depending on cause deepen anesthesia if too Iight,
assist resprration to ventilate patient better, control res-
pration 1ntravenous morphme or Demerol® if cause 15
not anoxia or finally change agent

II CIRCULATORY COMPLICATIONS

These are manifested by alterations in rate and char
acter of the pulse changes m blood pressure and rhythm
of the heart

® Stars indicate more h d
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blood and digitalization intrwvenously Positnve pressure
0_1s useful

E Arrhythmas

CAUSES

1) Asphyua

2) Epmephrine used 1n the presence of cyclopropane,
chloroform, or trichlorethylene

3) Effect of agent (cyclopropane)

4) Thyrotoacosis

5) Following endotracheal mtubation

6) Reflex from surgical field

F Cardwc Arrest

III NEUROLOGICAL COMPLICATIONS

A CGonvulsions

1) Anovia and excessive CO

2) Ether convulsions The cause 1s unknown Possi-
ble contributing factors are excessive CO., hypova
toxemua, hypertherrma dehydration and acidosis It 1s
usually seen m a touic dehydrated cluld with a ugh
temperature It can occur at any time and at all depths
of anesthesia Twenty per cent die from asphyxia and
circulatory falure Therapy should be directed towards
stopping the convulsions and supplymg oxygen m high
concentration Intravenous baubiturates and artificial res-
pration with 100% oxy gen are eficient therapy

B Emergence delirum 1s a stage of excitement dur-
ing recovery from anesthesia It 1s seen most frequently
followng the use of cyclopropane

Trherary

a) Sedation with mtravenous morphme or Demerol®
especially if there 15 pain
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3) Laght anesthesi1 with smulation
4) Epmephrine 1n surgical field

5) Excesstve 1asopressor use

6) Thyrotoxcosts

7) Pheochromocy toma

8) Hypertherma

9) Increased miracraml pressure

D Hypotension

Cavses

1) Blood loss

2) Effect of agent on heart muscle or vasomotor
center

3) Sudden change m posttion durmg general anes
thesia The compensatory circulatory reflexes are de-
pressed  Moving the patient suddenlv will frenquently
result m hypotension

4) Asphywa-late

5) Post cyclopropane especially if respirntion has be
come depressed and 1s not assisted to prevent an acctimu
Iation of CO, Treatment with a yasopressor 15 mdicated

6) Improper controlled respiraton

7) Reflex—secondary to pulling mesentery or working
on bone

8) Coebac plecus reflex During upper abdominal ex
plorition this reflex will produce 2 drop m systolie but
not diastohe blood pressure so that a very narrow pulse
pressure results There 1s usually httle change m pulse
rate

9) Adrenal cortical msufficiency

10} Myocardial mfwet or cudine decompensation
Overloading the cuculation with flwd or blood will cause
even a healthy heart to decompensate The first sign 15
that of pulmonary edema Therapy consists of removing
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SOME PRINCIPLES OF PEDIATRIC
ANESTHESIA

Tis reaLzzaTioN that infants and children cannot be
treated anesthetically as dunmutive adults has resulted
m the development of the subspecialty of pediatric anes
thesia Awareness of the differences between children
and adults m anatomy, physiology, and psychology, and
the special hazards and complications most frequently
encountered 1s 1mperative for proper intelligent manage-
ment of pediatric anesthesta and flurd replacement ther-
apy

Important Differentiating Features of Infants and
Cluldren (Infants can be considered those under 2 years
of age and cluldren from 2 to 12 years )

ANaTovicALLY the nech and chest have poor muscula-
ture the bony thorax 1s elastic and unstable and diaphrag
matic activity predommates Consequently, part of the
chest (especially the Iow er one third where the diaphragm
1s attached to the ribs) or all of the chest mn young mfants
will retract during mspiration Therefore, optimum res-
prratory exchange 1s dimmnished since anteroposterior lung
expansion 1s mimmized Inrapid or deep resprration when
adequate air cannot enter the small larynx and trachea
quickly enough this retraction of the ntercostal spaces
resembles respiratory obstruction and 1s confusimg 1n de-
termining the depth of anesthesia !

The abdomen of an nfant 1s frequently large and bulky

[111]
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b) Intravenous apomorphine, 1 to 2 mgms slowly
until delirium stops or patient retches

IV MISCELLANEOUS COMFPLICATIONS

A Frres and explosions

B Mask burns on face—most common on brdge of
nose This 1s due to strapping on the mask too tightly To
avord, massage areas of pressure frequently and place wet
cotton between mask and face

C Trauma to eyes from

1) Ether, which cruses a conjunctivitis If hquid ether
gets mto a patient s ey e, open the eye and blow to evapor
ate i, or imgate with salme

2) Open eyes during anesthesia The corner may be
directly traumatized or may develop an ulcer from drymg
If the eves are open pull the hid down and tape shut
Never test for corneal refleves

D Ether and chloroform burns to skin dunng open
drop admstration

E  Broken teeth and cut hips

F Hicough Treat with rebreathmng to mncrease the
CO, concentration, wmtravenous atropime, relaxant drugs
controlled respirations deepeming the anesthesia and
phrenic nerve block

G Trauma to larynx during endotracheal mtubation—
may produce a torn vocal cord laryngeal edema, grann
Toma of cord

REFERENCE
1 Burstein G L Fundamental Considerations in Anesthe
sta New York, Macmillan 1949
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Newbornto 1year ~ 0

1 year to 2 yews —1

2 years to 3 years — 2

3yearsto4dyears — 3

4yearsto 3 years — 4

5yeusto9years —5 (Note The size of the

9years to 10 years — 6 larynt changes little be-
10 years to 12 years — 7 tween these ages )

Cuffed tubes are usually not necessary

The alveolar surface of the mfant lung 1s relatively
small ind the dead space large This causes a large degree
of rebreathing which decreases the efficiency of alveolar
ventilation If one considers the small tidal volume of
these patients the importance of the dead space becomes
even more evident Shallow rapid respiration mfluences
this factor even further As a result of the relatively larger
anatomical dead space, any face prece that will increase
dead space significantly will further magmfy the effect
of rebreathing Adult shaped mashks are unsuitable Cur-
cuits with ugh resistance are unwise Recently the intro-
duction of a childrens circle filter with a very small face
mask and minmmal dead space has proved practical Van
ous techmques with nonrebreathing systems have also
proved satisfactory especially m comunction with endo
tracheal intubation to elimmate the dead space of the
oropharyny  Insufflation anesthesia using relatively large
flows of gases reduces rebrenthmg problems The use of
open drop anesthesia however, remams the most fre-
quently used and most practical mode of general anes-
thesia m pediatrics Taulconer * showed that the oxygen
content in the mspired atmosphere falls during the use of
this technique and that the flow of 500 cc or more of
oxvygen under the mask will eliminate the hypovia This
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and can mmpede motion of the duaphragm and further
depress respiritory exchange  Associated with this is the
pecuhiar ability of infants to swallow awr* On msprration a
negative pressure oceurs n the stomaeh and aw 15 drawn
m This mgestion 15 greater during obstruction to respira
tion and the stomach can become so distended that it
serously mterferes with respiratory exchange A bulge
m the left upper quadrant of the abdomen 1s usually vis1
ble nd ean be remedied by the msertion of a stomach
tube to allow the gas to escape

The lwynx of wfants and children deserves specsal
consideration It 15 more cephalad than m the adult, the
epiglothis 1 relatwvely longer, stffer, and more V shaped
The cricord ring 15 usually the narrowest portion of this
put of the upper respratory tract wnd the rima glotts 15
wider The result 15 1 funnel shaped Intynx  Relatnve to
the rate of gas flow through 1, 1t 1s narrower than that of
an adult This may also mterfere with proper alveolar
ventilation cspeeially during deep breathing With the
shape of the larynx m mind 1t 15 wiser to choose an cndo
tracheal tube a size smaller than that which will pass
through the glottis openmng to avord mmpingement at the
cricoid constriction  In cholce of swze of endotricheal
tubes three sizes are recommended for preparatton the
size the anesthesiologist expects to use and one each of
the next larger and the newt smaller sizes These should
be stertlized by heat and mtroduced without the use of
a stillete, and without the use of a lubricant The posst
bility of laryngeal trauma and mfection which can cause
glottic edema are thereby mmmmzed The use of a moist
atmosphere for 12 to 24 hours postoperitnely will also
aid m reducing the madence of laryngeal edema m
fants and chddren who have been intubated The size
tube recommended (Portex plastic) 1s
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Newborntolyerr — 0
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4yearsto5years — 4

Syearsto9yews —5 (Note The size of the
9 years to 10 years — 6 larynx changes litle be-
10 years to 12 years — 7 tween these ages )

Cuffed tubes are usually not necessary

The alveolar surface of the mfant lung 1s relatively
small and the dead space large This causes a large degree
of rebreathmg which decreases the efficiency of alveolar
ventilation If one considers the small tidal volume of
these patients, the importance of the dead space becomes
even more evident Shallow rapid respiration influences
this factor even further As a result of the relatnvely larger
anatomical dend space, any face piece that will increase
dead space sigmficantly will further magnify the effect
of rebreathing Adult shaped masks are unsuitable Cir
cuits with high resistance are unwise Recently the mtro
ductton of a cluldrens circle filter with a very small face
mask wnd minmal dead space has proved practical Vari-
ous techmques with nonrebreathing systems have also
proved satisfactory especially m conjunction with endo-
tracheal intubation to ehminate the dead space of the
oropharynx Insufflation anesthesia usmg relatively large
flows of gases reduces rebreathmg problems The use of
open drop anesthesia, however, remamns the most fre-
quently used and most practical mode of general anes-
thesia i pediatrics Faulconer ¢ showed that the oxygen
content in the wnspired atmosphere falls during the use of
this techmque and that the flow of 500 cc or more of
ovygen under the mask will elnmnate the hypoxia This
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and can mmpede motion of the diphragm and further
depress respiratory exchange Associated with this 1s the
peculiir ability of infants to swallow air * On msprration a
negative pressure occurs mn the stomach and ar 1s drawn
m This ingestion 1s greater during obstruction to respira
tion and the stomach can become so distended that it
seriously 1nterferes with resprratory exchange A bulge
1 the left upper quadrant of the abdomen 1s usually vist
ble and can be remedied by the msertion of a stomach
tube to allow the gas to escape

The lirynx of nfants and children deserves spectal
consideration It 1s more cephalad than 1n the adult, the
epiglottis 15 relatively longer, stiffer, and more V shaped
The cricord rmg 15 usually the narrowest portion of this
part of the upper resprratory tract and the rima glottis is
wider The result 1s 2 funnel shaped larynx Relative to
the rate of gas flow through 1t, 1t 1s narrower than that of
an adult This may nlso mterfere with proper alveolar
ventilation especially during deep breathing With the
shape of the larynx i mmd 1t 1s wiser to choose an endo
tracheal tube a size smaller than that which will pass
through the glottis opening to avord impingement t the
enicord constriction  In chowce of size of endotrachenl
tubes three sizes are recommended for preparation the
size the anesthesiologist expects to use and one each of
the next larger and the next smaller sizes These should
be sterthzed by heat and introduced without the use of
a stillete and without the use of a lubricant The posst
bility of laryngeal trauma and infection which can cause
glottic edema are thereby mimmized The use of a moist
atmosphere for 12 to 24 hours postoperatively will also
aid 1n reducing the mcidence of laryngeal edema m m
fonts and children who have been mtubated The size
tube recommended (Portex plastic) 1s
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of hypoxia 15 poorly tolerated Recognition of respiratory
obstruction 1s essential since immedaate correction 1s man-
datory

The heart rate of these patients also varies widely In
infants anesthetized with ether 1t may run at 180 beats
per mmute In children a rate of 140 to 160 1s not un-
usual > Apparently the vagal mfluence on the heart 1s
less pronounced mn mfants than mn adults A bradycardia
(under 80 per mmute) 15 a greater potential hazard than
tachycardia ?

The blood pressure of a newborn 1s about 80746 mm
Hg In two weeks it rses to 95/50 mm Hg and remains
at this level during childhood ® However, systohc blood
pressure of 60 or 70 mm Hg 1s not uncommon nor cause
for concern

Heat regulation by the infant 1s poor The temperature
can fall to 92 F m a cool room or mise to 105 F m an
overheated one or 1f too many drapes are used The tend
ency for hyperthermia 15 more common m wfants and
children over six months of age® If the temperature of
the room 15 kept optimum (65 to 70 F ), the drapes are
Kept at 2 mmmum and air 15 blown over the childs
body, the possibility of heat retention can be mmmized
It 15 probably better to mamntam the temperature 1 or
2 F below normal than above If in doubt as to tempera-
ture change, rectal or esophageal temperatures should be
taken to be certam

Prenepicatioy  Children tolerate relatively large
doses of premedicant drugs well In the past few years,
the psychological effect of hospitalization and anesthetic
mduction m children have been emphasized These factors
have encouraged the use of larger doses of premedicant
drugs so that the child will not remember bemng brought
to the operating room and the mduction of anesthesia To
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oxygen flow will also help remove accumulated carbon
dioxide

The small body mass of these subjects deserves men
tion The blood stream and tissues can become saturated
more rapidly with anesthetic agents® although this 15
compensated for, to an extent by the small tidal volume
Once tissue saturation has been attamned, overdose 1s very
easy The smaller the child, the more apparent this 1s

PrysioLocicALLY Changes m many functions m the
young are rapid, variable and extreme because of rela
tively high metabolic activity and mcomplete develop
ment of the central nervous system * Infants and children
are more liable to generalized convulsions The rate of res
pration can accelerate to 100 and abruptly slow to 20/mm
Irregular, gasping, or sobbing respirations are frequent
and difficult to control These are usual mn children who
have cred strenuously before mduction These types of
respiration do not seem to be 1mjurious though they may
be annoymg to the surgeon® Occasionally one side of the
chest will move more than the other during inspiration
In infants the respiratory rate averages 45 to 50 per mun
ue ® but vanations from 20 to 100 are not unusual The
tidal volume of a newborn 15 about 16 to 20 cc At 2 weeks
of age 1t rises to 25 cc and continues to increase gradually
thereafter It, therefore becomes obvious that very fast
resprratory rates especially 1n mfants are shallow with
efficient alveolar ventilaion Methods of therapy of these
fast rates are mtravenous morphme or mepenidine with
controlled or assisted respiration

High oxygen demands by the mfant and child require
an unmterrupted oxygen supply The oxygen consump-
tion of a newborn mfant 1s approxmately 7 cc per kg
per mmnute (adults 39 cc /hg /muin ) and at 1 to 3 years
of age may even be higher * Even a relatively short bout
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amount of each drug 1s given 1 to 2 hours before anes-
thesia

The problem of preanesthetic fasting arses frequently
1n these young patients Infants feed approtumately every
4 hours and smce they have a high rate of metabolism,
withholding the bottle longer not only makes them hun-
gry and writable, but also depletes therr stores of glyco-
gen? Therefore, about 4 hours before anesthesia, these
mfants should be given a bottle of orange juice or sweet-
ened water Within 2 hours the stomach will be com
pletely empty Older children need no food after supper,
but can be given clear fuids (tea, water, soda) untl
about six hours before anesthesia

Frum anp RepLacEMENT THERAPY Of all the phases
of pediatric anesthesia, this one 15 handled the poorest
Before 1t 1s presented a discussion of the principle of fluid
balance 1n the mfant and child 1s necessary

The unavoidable loss of fluid per day of an fant 1s
about 4% of his body weight, which 1s proportionally twice
that n an adult Itis greater because of increased metabo-
lism and because the infant kidney can only excrete a hy-
potome urme Therefore, the mfant can withstand water
deprivation poorly® On the other hand, the hidneys of
young patients have a very mited capacity of excreting
excess fluid or sodium chloride? If one adds to this the
fact that the Judneys will conserve salt if the intake 1s
low, then 1t 1s seen that 1t 1s difficult to give too hittle salt
The dangers of too much flud and salt are greater than
too little  Excessive salt can produce peripheral, pulmo
nary, and bramn edema It 15 so easy to gve mntravenous
flurds through a cut down that too much can be given It
must also be remembered that dunng anesthesia hidney
function 15 depressed

Most pediatric surgery 1s extra abdommal and extra-
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further assure a tranquil induction, pleasant techmques
(such as blowmg cyclopropane over the drowsy child
until he can tolerate the mash for open drop ether, or the
use of rectal Avertn® or thiopental) are indicated

The physiclogical age seems more important than the
chronological age mn determining dosage for premedica
tion? The average mfant weighmg 7 pounds at birth
will double that weight (14 pounds) at 5 months, triple
1t (21 pounds) at 1 year and approximately quadruple 1t
(30 pounds) at 2 years After that a weight gan of 5
pounds per year of age 1s average

Premedication can be satisfactorily preseribed m 2
vartety of ways Up to about 6 months of age, a drymng
agent such as scopolamme or atropmne 1s all that 15 re
quired A dose of 01 mgm wall block secretions A seda
five or narcotic 1s unnecessary in this young group In
older infants and children various sedatives (secobarbital,
pentobarbital)} and narcotics (morphine, Demerol®)} be
sides the belladonna drugs are needed Whether these
drugs are used singly or n combunation, they serve smmlar
purposes The mmportant factor 1s the dosage used

The usnal dose of belladonna drug 15 01 mgm unhl
one year of age 02 mgm from 2 to 3 years of 1ge, and
03 mgm for chuldren over 4 years If only a barbiturate
1s added the usual dose recommended 1s 15 mgms for
each year of age until about 4 or 5 years of age and about
10 mgms per year of age for 6 year olds or over If
morphme 15 prescribed, the age mmnus one m mgm 1S
given (1e a6 year old would get 5 mgms of morphme)
Meperidime can be used m doses 10 times that of morph
me Many anesthesiologists prefer to use both a bar
biturate and a narctoic When this 15 done the dosage 15
caleulated the same as above and then two thirds of this
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pound mfant, etc If sigle mtravenous nfusions are
given at mtervals, the amount should not exceed 10 ce
per pound and take 15 mmutes to 1 hour to drop 1n de-
pending on the size of the patent *

Brooo TransrusioN The blood volume of an imnfant
or child 15 approxmmately 10% of the body weight or 90
10 100 cc per kg of body weight An eshmated blood
loss m a 3 kg wfant of over 30 cc (equivalent to 500 cc
1 an adult) should be replaced on the table Ths 1s about
8% to 10% of the estimated blood volume If the blood
transfuston 15 for anema without any sigmficant blood
loss durtng operation an amount equivalent to 10% of the
estimated normal blood volume 1s an advisable and safe
volume to give If active blood loss 1s present, the esti-
mated blood loss should be replaced and can safely vary
from mmus 10% to plus 10% Smce these estimates can
vary by as much as 25% m either direction, 1t 15 safer to
underestimate and then give more blood postoperatively
if mdicated, than to overestimate and then have to treat
the comphcations associated with overtransfusion
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thoracic These patients do not usually need any supple
mental flnds simce nuld shifts and water deficits will be
tolerated and compensated for rapidly and safely This
leaves the senously il children and those who need ex
tensive mitra abdommal or trathoracic surgery to con
sider If dehydration 15 present preoperatively, attempts
should be made to remedy 1t before anesthesia 1s begun
The total amount of fluds required vanes from about
50 ce per pound of body weight per 24 hours m the new
bomn to 20 ce 1n the older child (Figure 12) OF this, no
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Figure 12 Flud Reguirements m Infancy and Chuddheod (From
Cross R Swrgery of Infancy and Chiddhood W B Saunders
Co 1953}
more than 15% should be salme, preferably of one half
1sotontc strength The best intravenous flurd 15 5% or 10%
glucose 1 water® If 1t 15 gven as a contmuous mfusion
about 05 ce (8 drops) per minute 15 recommended for a
5 pound wfant, 1 cc (16 drops} per munute for a 10-
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1t 15 because of this need to Liberate the base by the
normally alkthne tissue flusd that it 15 difficult to produce
local anesthesia m acutely nfected areas where the drug
encounters an acid reaction m the tissues

The duration of action of the local anesthetics 15 pro-
portional to the time during which they are m actual
contact with nervous tissue Consequently procedures
which localize the drug at the nerve greatly prolong the
period of anesthesia Cocame for istance constricts
blood vessels and therefore delays 1ts absorption  For this
reason the duration of cocamne anesthesia 1s greater than
that of many of the other anesthetics which do not cause
vasoconstriction The addition of a vasoconstrictor, the
best of which 15 epinephrme, to local anesthetics prolongs
and iotensifies thewr action A concentr tion of 1 200,000
1s sufficient for this purpose

Epmephrine performs a dual service By decreasing
the rate of absorption 1t not only localizes the anesthetic
at a deswred site, but miumzes the possibility of toxic
reaction due to absorption of large quantities of drug mnto
the general circulation

I DRUGS

Certam properties are desirable mn a good local anes
thetic agent

First, at should have a selective action which 1s con-
fined prmeipally to nerve tissue

Second, 1t should not be imtating to adjacent struc-
tures upon local apphecation

Third 1ts action should be reversible

Fourth the systemic tovicity of a local anesthetic
should be low because the componds are absorbed from
their site of local apphcation

Fifth the duration of action must be sufficiently long



XVI
LOCAL ANESTHESIA

Locar anestiETIC agents are drugs which are capable of
blocking nerve conduction when applied locally to nerve
tissue 1n effective concentration They exert this effect
on any portion of the nervous system and on every type of
nerve fiber The greater practical value of the local anes
thetie drugs 15 due to the fact that their action 1s reversible
and 15 followed by complete recovery of nerve function
without evidence of structural damage to nerve fibers or
cells

The intelligent and safe use of local anesthetic agents
requires a thorough knowledge of ther pharmacological
actions and the prevention 4nd control of toxic reactions

The local anesthetics are generally marketed m the
form of thewr water soluble salts, usually hydrochlorides
There 1s evidence to show, however, that 1t 1s the free
base which acts on nerve tissue, for 1t 1s m thewr basic
form that local anesthetics are lipoid soluble and hpoid
solubility appears to be a necessary prerequisite for ac
tivity of any anesthetic agent whether local or general

It has been demonstrated that the addition of alkah
1o local anesthetic solutions mereased to some extent their
anesthetic potency However, after alkalmization the
solution soon becomes turbid and the free base separates
out Therefore as a practical measure alkalmzation s
not employed Rather one rehes on the ability of the
slightly alkahne tissue to hiberate the active base

[120]
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of 1ts length of action It gives anesthesia for 1% to 2
hours and with epmephrime lasts for 5 hours It also mam-
tams analgesa for 9 or more hours mding 1n the estabhsh-
ment of a comfortable postoperative period for the patient
This length of action 1s an important feature mn anesthesia
for surgery of the toes and fingers where a digttal block
1s used and epmephrme may be contramndicated By using
this drug, long anesthesta without the use of epinephrine
may be obtamed

Xylocamne 15 a relatively new drug that was developed
m Sweden Smce 1ts mtroduction 1nto this country a few
years ago, it has become very popular Although 1ts
tovicity has been reported to be low, a high proportion
of reactions, especially with the 2% solution, have been
seen 1n some 1nstances Drowsiness may also be noted

Cyclame 1s the most recent local anesthetic drug It
has a low toxicity, quick onset, and lasts about 1% times as
long as procaine

II CONTRAINDICATIONS

The contraindications to local anesthesia are few It
15 not wise to mject an wfected area both because there
may be a mechamcal spread of the mfection and because
no anesthesta may be obtamed If an mfected area 1s to
be operated on, 1t 1s wiser to do a nerve block at a distance
from the wnfection, rather than mfiltrate locally The same
applies to the presence of 2 dermatiis where the possi-
bility of a secondary bacterial mfection 1s present

It has been suggested by some that the use of local
anesthetics should be avorded in patents with severe
Iiver or hidney damage since these organs are portant
n destroying and elunmating these drugs

Extreme care should be taken with patients who gve a
history of having had a previous untoward reaction to a
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to allow ample time for the performance of the contem
plated surgreal procedure

The time required for the onset of anesthesia 1s ke
wise mportant and should be as short as possible

Several of the more popular chemcals possessing
these quahfications wall be considered (Table IV) In
discussing toxrcity procamne will be designated as the
standard equal to one

TABLE IV

Length of Action

Drug Tonicty Concentration _ (man} _

(Procaine=1) Used (%) B

Epinephrine
Procamne (Novocaine) 1 05-2 3045 60-90
Mety came 2-3 05-2 30-45  60-90

Poniocane 12 01-015 | 00-120 3004
Xylocane (Ladocaine)] 134 0 5-~2 60-90 180-210
Cyclaine 1 05—1 45-90  75-120

Procame {Novocame®) 1s the most popular local an
esthetic It 1s the least tosic of all these drugs It 1s used
m concentrations of 05 to 2 0%, the lower concentration
15 adequate for mfiltration anesthesia Two per cent nsu
ally 1s needed to obtamn solid anesthesta when blocking
nerves Its length of action without epinephnne 1s 30
to 45 mnutes and with the vasopressor 60 to 90 mmutes

Metycame 1s somewhat more toxic than procame It
15 used 1 the same concentrations and has a duration of
action somewhat longer than procame This drug 1s widely
used for caudal anesthesia durmng obstetrical delwery
However, 1ts application to mfiltration and other forms of
conduction anesthesia 1s also very satisfactory

Pontocame® (tetracamne) 1s 12 times more tovie than
procame but only one tenth the concentration 1s used
This drug 15 a favorite 1n nerve block anesthesia because
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The local anesthetics may also act adversely on the
circulatory system Sometimes 2 rise n blood pressure 1s
noted, but usually a fall occurs If the fall in blood press
ure 1s marked 1t 15 wise to admimster a vasopressor intra-
venously Ephedrme sulphate m doses of 15 to 25 mgms
has proved effective Inhalation of 100% oxygen 1s ad-
visable

On rare occasions, there may be syncope and a com-
plete cardiovascular collapse followmg even the admm
istration of relatvely small amounts of the drug This
reaction has frequently been termed an 1diosynerasy, but
1s also seen followmg the nadvertent imjection of the
drug intravenously Instantaneous artificial respiration
with oxygen 1s imperative 1if the patient 1s to be saved,
and even with immediate attempts at resuscitation, the
collapse may be so sudden and so severe that death
quickly ensues

The mjection of these anesthetic agents 1s not the
harmless, safe procedure that many people so frequently
behieve 1t to be It should be approached with caution and
every precaution should be taken to avoid complications

After the needle has been mserted through the mtra-
dermal wheal and before drng 1s mjected any place be-
neath the cutaneous layer, aspiration should be attempted
m at least 2 planes to be sure that the needle tip 15 not
lymg within 2 blood vessel Aspiration m at least 2 planes
1s important because the bevel of the needle may be lymg
aganst the wall of a vessel and no blood will appear m
the syringe when the aspration 1s attempted smce the
vessel wall acts as a valve It 1s best to rotate the needle
a full 180 for the second attempt at asprration Thus pro-
cedure should be carried out every time the needle s
moved or the syringe changed

The solution employed should be doubly cheched to
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local mjection of an anesthetic, or who may give a pro
found allergic hustory Shun testing 1s not a reliable means
of preventing anaphylactic reactions

High blood pressure, hyperthyrowdism, heart disease,
arteriosclerosis and other peripheral vascular diseases
contramdicate the use of epmephrine

I COMPLICATIONS

The tovic reactions and complications of all the local
anesthetic drugs are referable to ether the central nerv
ous system or the cardiovascular system

The symptoms of nervous system dysfunction result
from central stunulation and consist chiefly of restless
ness, tremors, excitement, and sometunes nausea and
vomuting These can proceed to generalized clonie con
vulsions The stimulation 1s then followed by depression,
coma and death

The logical drugs to use m the treatment of poisoning
by local anesthetics are the hypnotics and of this group
the barbiturates are most valuable A fast acting barbitu-
rate 15 given mtravenously until the symptoms disappear
Very effective drugs are thiopental and pentobarbital

No mdtvidual should undertake the mjection of a local
anesthettc without having an intravenous barbiturate
readily available If convulsions or coma occur, artifictal
resprration with 100% ovygen 1s imperative m addition to
the barbiturate to combat the marked cerebral hypoxia
assocsated with these conditions

If a patient becomes apprehenstve ind trembles a
ttle during the mjection of a local anesthetic this should
not be discounted as bemg due to nervousness or hysterna
on the part of the patient It may be due to the drug and
1t 15 wiser to discontinue mjecting and admmster a small
dose of barbiturate before contmumg



XVII
SPINAL ANESTHESIA

Tz apvantaces of spmal anesthesia mclude profound
muscular relaxation, contraction of the gut, non explosive
technique, mmmal disturbance of acid base balance,
employment of simple portable equipment (syringes,
needles) and the relatively simple procedure of lumbar
puncture It 1s necessary to have at hand means for ven-
tilabon with oxygen and vasopressor agents for mira-
venous use to prevent and correct hypotenswn

The site of mjection 1s usually midline, between 1-2
and I-5 mterspaces If the interspinous ligaments are
caleified the paramedian approach 1s useful The lat-
eral paravertebral approach may also be employed

The level of spmal anesthesia 15 of mmportance and
varies with the operative procedure contemplated It 1s
destrable for the anesthesiologist to keep a level of anes-
thesia as low as possible and still suitable for the opera
tion proposed since the disturbances of circulatory and
respwratory physiology are of greater frequency and mag-
mtude as the level ascends Level depends on a number
of factors

1 The Volume of Solution Inected The greater the
volume, the higher the level of block

2 Position of the Patient Duning and Immediately
Followsng the Injection  Hyperbarie solutions ascend to
hugher levels by placing the patent m Trendelenburg
positon  Once the desired level 1s reached the table

[127]
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be sure 1t 15 the correct solutron  Unlabeled bottles should
not be used Antiseptic solutions must never be confused
with anesthetic solutions

The lowest concentration and smallest total dose of the
drug consistent with successful anesthesia should be used
A wise precaution 15 slow mjection so that if a reaction
does oceur a smaller dose will have been administered

IV HYALURONIDASE

Hyaluromdase (the so called spreading factor) 15 an
enzyme which promotes diffusion 1 the tissues If added
to the local anesthetic solution, 1t mcreases the shin area
anesthetized and causes a faster onset of anesthesia How
ever, due to this diffusion the duration of anesthesia 15
reduced It 1s not particularly useful as an aid to local
anesthesia
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pensatory vasoconstriction m the unanesthetized zone has
been demonstrated *

The heart rate will slow if ugh thoracic levels are
reached This 1s probably due to paralysis of the sympa-
thetic cardioaccelerator fibers permitting a greater vagal
effect on the heart

Respiratton  Respiratory depression 1s directly asso-
ciated with the height of motor block  As the spmal level
ascends the mtercostals are paralyzed IE cervical levels
are reached, phreme nerve paralysis will cause a cessation
of respratton Immediate therapy by artificial respira-
tion with 100% oxy gen 15 1mperative When a total spinal
bloch 1s produced the patient will lose consciousness even
though adequate blood pressure levels are mantamed and
artifical respiration has been mstituted A possible cause
of coma 15 a loss of all sensory mmpulses to the cortex which
mduces sleep

Gastro itestinal Tract Sympathetic paralysis causes
over-actwity of the parasympathetic nerves wath result-
ing contraction of the gut This 1s of advantage to the
surgeon

Nausea and vomiting occur frequently, especially with
hugh levels and low blood pressure Relef 1s frequent
with mhalation of 100% oxygen and Lght general nar-
€oS18

COMPLICATIONS

Neurological

1 Heapacue This is the most common postoperative
complication It occurs 1n 4 to 14% of patients® * The
cause 15 believed to be hypotension of the cerebrospmal
flurd secondary to lealage through the site of dural pune-
ture * The number of headaches has been remarkably
reduced by the use of a 22 gauge or smaller needle At-
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should be placed horizontally The anesthesia will usu
ally ascend further for one or two more segments It 15
adwvisable to heep the head well flexed at all times to pre
vent anesthesia of the cervical segments which will cause
resprratory paralysis For sacral anesthesta, the sitting
position may be used for the spinal tap and mantamed for
a few mnutes after the solution 1s mjected to confine the
anesthesia to the sacral nerve roots

3 Rate of Injection The faster the drug 1s injected the
igher the level

4 Vertebral Level of Injection This has mmnmal ef
fect on the height of anesthesia The higher the pomt of
mjection, the higher the block

5 The Amount of Drug Injected The larger the dose,
the higher the level, other factors remamning constant

PHYSIOLOGICAL CHANGES I'OLLOWING
SPINAL ANESTHESIA

Circulation  Arterial blood pressure will fall, espect
ally if the spinal anesthesia 1s relatively lngh A vaso-
pressor (ephedrine, methedrine, neosynephrine) should
be given mtramuscularly just prior to spmal tap to avord
this complication If hypotension occurs after the spmal
has been gwen, the vasopressor must be wmjected mtra
venously

The cause of the hypotension 1s a loss of vasomotor
tone m the arterioles and pooling of blood m the post
artertolar bed (capillaries and veins) proportionate to the
degree of sympathetic paralysis * This results not only 11 a
decreased peripheral resistance but also m a decreased
venous pressure, dimimshed return of blood to the right
heart and lowered diastohic volume which decreases the
stroke volume and cardiac output In lower level spmal
anesthesta sympathetic actnaty 1s partially intact, com-
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2 Injury To Nemvous Structumes If the lumbar
puncture 1s at or below the L2 3 mterspace, the cord will
not be damaged If a nerve root 1s hit, the needle should
be moved so that the paresthesia 1s gone before the anes-
thetic agent 1s mjected

3 Bueeome If a bloody tap 1s performed which does
not clear readily, another mterspace should be tapped
before introducmg the anesthetic agent

CONTRAINDICATIONS TO SPINAL ANESTHESIA

1 Any known central nervous system or nerve root
disease

2 Syphilss, especially if there 1s central nervous sys-
tem myolvement

3 Motor disturbances of the bladder or rectum

4 Anticoagulant therapy

5 A previous history of delayed restoration of motor
functions or severe paresthesias following a previous spmal
anesthesia

6 Hemorthagic or traumatic shock or serously re-
duced blood volumes

AGENTS—HYPERBARIC SOLUTIONS

1 Procame crystals, dissolved m spinal fluxd or normal
saline 3 to 5% concentration Dose 50 to 150 mgms

2 Pontocame, weighted with 50 to 75% dextrose
solution, 03 to 0 5% concentration, dose 5 to 15 mgms

3 Nupercaine, m 025% concentration with dextrose,
dose 25 t07 5 mgms

Hypobaric Solutions

1 Nupercame 1 1500 (067 mgm /cc ) in 05% salme
solution (Jones solution), dose 8 to 20 ce

2 Pontocamne 1 1000 (1 mgm /cc ) m distilled water,
dose 51015 ce
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tention should also be paid to the bevel of the needle,
msertmg 1t so that 1t faces laterally and will not cut the
longitudmal dural fibers Adequate hydration of the pa
tient will also help dummsh the ncrdence of headaches

Therapy consists of bed rest, hydration, and the mjec
tion of saline into the epidural space

2 ABDUCENS NERVE Pararysis wrra Dreroeia This
18 a rare complication and always clears up The cause 1s
probably the same as that for headache

3 Sepmic Menverris This 1s caused by a break m
sterile techmque or lumbar puncture through an mfected
area Prevention 1s obvious Spinal anesthesta 1s contra-
mdicated for patients with highly virulent infections
(bactererma), nephrostomy and colostomy, and skin m-
fection at the site of lumbar puncture

4 Aseptic MENINGITIS, ARACHNODDITIS, RADICULITIS
These more serious complications are rare They may re-
sult from the mjection of too concentrated a solution, -
jection of the wrong drug (alcohol), leakage mto the
anesthetic ampules of antiseptic solutions, or detergents
1 syringes These vary 1n intensity from menimngeal urita
tion to a cauda equina syndrome with paralysis and loss
of sensation of the lower extremities and urinary and rectal
mcontinence

Complications of Lumbar Puncture These occur after
lumbar puncture alone and are not necessarily due to the
anesthetic A number of structures must be pierced be
fore the subarachnoid space can be reached by the nee
dle If a sharp small gauge needle 1s introduced expertly
trauma will be mmmal If a dull large bore needle 15
used and if multiple explorations are required the extent
and degree of mjury are increased

1 BackacHe This 1s the most frequent complamnt
besides headaches
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2 Injury 1o Nemvous Structures If the lumbar
puncture 15 at or below the 1.2-3 interspace, the cord will
not be damaged If a nerve root 1s hut, the needle should
be moved so that the paresthesia 1s gone before the anes-
thetic agent 1s mjected

3 Breeomnc If a bloody tap 1s performed which does
not clear readily, another terspace should be tapped
before introducing the anesthetic agent

CONTRAINDICATIONS TO SPINAL ANESTHESIA

1 Any known central nervous system or nerve root
disease

2 Syphilis, especially 1if there 1s central nervous sys-
tem wvolvement

3 Motor disturbances of the bladder or rectum

4 Anticoagulant therapy

5 A previous history of delayed restoration of motor
functions or severe paresthesias followng a previous spmal
anesthesia

6 Hemorrhagic or traumatic shock or seriously re-
duced blood volumes

AGENTS—HYPERBARIC SOLUTIONS

1 Procane crystals, dissolved in spinal fud or normal
salme, 3 to 5% concentration Dose 50 to 150 mgms

2 Pontocame, weighted with 50 to 75% dextrose
solution, 03 to 0 5% concentration, dose 5 to 15 mgms

3 Nupercame m 0 25% concentration with dextrose,
dose 25 to 7 5 mgms

Hypobaric Solutions

1 Nupercane 1 1500 (067 mgm fcc ) 1 05% salme
solution (Jones solution), dose 8 to 20 cc

2 Pontocamne 1 1000 (1 mgm /cc ) m distilled water,
dose 5to 15 cc
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XVIII
CAUDAL AND EPIDURAL ANESTHESIA

"The spmurAL space extends from the foramen magnum
to the higament coverng the sacral hiatus It 1s hmited
antertorly by the dura and extends laterally to the verte-
brae and through the lateral mntervertebral spaces There
1s no epidural space mn the skull as the dura attaches to
the foramen magnum The “space” 1s the site of some de-
gree of negative pressure, related to the negative thoracic
pressures of mspiration This 1s not enough to be trans-
mitted to the sacrum

Anesthetic solutions can be depostted anywhere m
the epidural space and will cause anesthesia of the mixed
nerve roots which traverse the space Recent studies also
mdicate that some drug will reach the subarachnord space
and cause dorsal root ganglion blockade * The number
mvohed depends on the volume of solution injected, its
concentration and the site of puncture Since no spmal
flurd 15 present to dilute and diffuse the solutions, weaker
concentrations of greater volume than those used for
spmal anesthesia, will produce the desired results The
mjections should be made at those sites where the ep1-
dural space 15 the largest mudcervical, midthoracic, lum-
bar below L-2 and mto the sacral canal, to mummuze the
serious complication of puncturing the subarachnoid
space The sites of the cervical and lumbar enlargements
of the cord are accompanied by the smallest area of ept-
dural space

(i3]
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Advantages A nonexplosive method 15 available which
requures relatively mexpensive and simple equipment The
drugs used cause mmmal metabolie changes even m very
il patients Catheter methods are frequently used, allow-
1ng for prolonged admmustration of drugs

Techmque Dextenity with needles and catheters 15
necessary for success The epsdural space 15 recognized
m two ways One, by sensmng the resistance of the sub
flavian ligament as the needle traverses 1t, attaching a
small syringe with 1 to 2 cc of solution and notmg that
the plunger 1s difficult o advance, insertion of the needle
1 to 2 mm deeper allows the plunger to be depressed
easty Asprration with the plunger shows that no spinal
flwd can be withdrawn The conclusion can then be
reached that the epidural space has been entered The
drug can then be introduced or the catheter imserted
through the needle An alternative method utidizes the
negative pressure 1n the eprdural space The stylus of the
needle 1s removed when the subflavian ligament has been
reached and a drop of flud mserted mto the hub of the
needle It 15 then advanced slowly The drop disappears
mto the hub of the needle when the epidural space 15
reached The farlure to asprrate spmal find agam sigmfies
that the eprdural space has been entered

Caudal (a special form of peridural) block 1s accom
plhshed by the msertion of a needle mto the hgament
covering the sacral hiatus, and advancing 1t between the
outer layer of the sacrum formed by the lammae and spr-
nous processes, and the mner layer formed by the bodies
of the sacral vertebrae In most patents, the dura tapers
to a pomt ending at the S 2 segment, and spinal fnd may
oceasionally be obtamned from this site, especially m short
patients It 15 necessary to recogmze dura puncture for
if the larger volume of dilute drug usually used for epr-
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dural anesthesia 1s madvertently njected wnto the sub-
arachnoid space 2 ligh spinal block and death may ensue

The resultant circulatory collapse and respatory pa
ralysis must be treated promptly with artificial respiration
with oxygen and circulatory support For this reason, a
test dose of a small volume of anesthetic solution 1s always
admmustered before the usual dose 1s given

It 1s apparent that the techmque 1s more time con-
suming than spmal anesthesia and the anesthesia has a
slower onset which 1s often a disadvantage On the other
hand, headaches and other neurological sequelae are m-
frequent of spinal puncture 15 avoided

Drugs and solutions m common usage are 1 to 2% pro
came, 15% metycame, 0 15% pontocaine and 0 75% to 2 0%
xylocame Epmephrine m concentration of 1 200,000
added to any of these will prolong the duration of anes-
thesia The usual single dose 15 20 to 30 cc With the con-
tinuous catheter techmque increments of 10 cc are added
as needed

REFERENCE
1 Frumm, M J etal The appearance of procame mn the
spmal lmd duning pendural block 1n man J Pharmacol
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XIX
OBSTETRICAL ANESTHESIA

"Tir ands of obstetrical anesthesia are pain relief to the
mother with no added rish to the mother or baby, and
with no mterference with the course of labor These 1deals
are not completely achieved m actual practice

All forms of pam relief apparently diminish the force
of uterine contractions to some extent However, the
transformation of a restless unmanageable patient mto a
wilhing cooperative subject able to exert abdomnal pres-
sure at the correct time (by a successful regional bloch)
more than makes up for the loss of power of uterine con-
tractions

If the block methods are performed properly, and ma-
ternal hypotension and convulsive mamfestations of drug
overdosage are avoided, the nisk to the mfant 1s shght, as
compared with the usual general anesthesia preceded by
narcotic drugs for the first stage of labor However, cau-
dal epidural and spmnal anesthesia are somewhat more
difficult to admister 1 the full term obstetrical patient
than the surgical one Sacral edema and pelvic congestion
are frequent and good spinal flexion 1s not easy to obtamn
1n the full term pregnant woman For these reasons many
types of general anesthesia are still i use

In general, regional anesthesia 1s favored if the infant
1s premature, if 1t has fetal distress, 1f moderate maternal
bleeding has occurred, or if operative obstetrics s mdi-
cated The use of regional anesthesia mcreases the need

[136]



Obstetrical Anesthesia 137

for forceps extractions by mcreasing the incidence of per-
sistent posterior positions  Regtonal anesthesia 1s not mdr-
cated 1 cases of uterme mertia or cephalopelvic dispro-
portion for maximum uterme power 15 desirable There 15
no good evidence that cervical dystocia 15 aided by re-
gonal anesthetic methods though they are often used
an attempt to relax the cervix Cesarean section during
spmal anesthesia 15 favored because of the relative lack
of effect on the mnfant A dose of vasopressor drug and an
mtravenous infusion started before the lumbar puncture
15 performed are mandatory to reduce the mcidence of
hypotension and to msure an easy quick route of treat-
ment of hypotensive episodes When general anesthesia 1s
used for Cesarean sections an attempt 1s made to produce
as DLittle respiratory depression m the infant as possible
Accordingly the patient 1s prepared and draped and the
surgeon ready to make the incision before the anesthetic
admimstration 1s begun Induction with a fast acting
agent such as cyclopropane followed by quick surgery
will frequently result in delvery of an mnfant breathing
spontaneously

Two very important obstetrical complications are
handled primanly by the anesthesiologist, hemorrhage
and aspiration of vomitus Obstetrical hemorrhage can be
sudden, dramatic, and fatal It 1s the responsibility of the
anesthesiologist to start mtravenous fluids through large
bore needles, use plasma expanders until blood 15 avail-
able, and Leep ahead of the blood loss 1f at all possible

The full stomach of the multipara who 1s admtted 10
rapid labor has been the chief cause of maternal mortalty,
but 1t 15 now relegated to third place Presersation of the
patient s own laryngeal and pharyngeal reflexes 1s impor-
tant so that pudendal block saddle spmal or caudal anes-
thesua are often used 1 this group
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Every patient m labor should be considered individ
ually by the anesthesiologist 1n his selection of pam re
heving drugs, 1n consultation with the obstetrician who
will mnform him as to obstetrical problems A plan of pam
refief can then be formulated, which may be subject to
change at very short notice depending upon the progress
of labor and the condition of the mfant

NI'WBORN INFANT RESUSCITATION

Newborn mfant resuscitation frequently becomes the
responsibility of the anesthesiologist, especilly at times
when the obstetrician 15 properly busy with maternal ob
stetrical problems, and the pediatrician has not yet been
summoned The situations of respiratory obstruction, ap
nea and ventilation are famthar to the anestheswologst,
and 1f the maternal problems are under control he may
assume direction of mfant resuscitation Al three groups
anesthesiologists, obstetricians, and pediatricians should
be famihar with such problems

The estabhshment of a free arway 15 fundamental
any resuscitative problem The cth of an oxygenated -
fant can easily remove ammotic flud which 1s always
present 1n the tracheobronchial tree Meconium and blood
from the birth canal are more difficult to remave Rapid,
gentle pharyngeal aspiration will remove these materials
grossly It 15 unlikely that either bronchoscopy or pul-
monary lavage will remove enough from the deeper
broncht to justify their use

All mfants are cvanotic at birth, since the saturation
of arterial blood 1s between 50 and 707 However, ade
guate spontaneous respirabon within the first 2 mmutes
after birth, usually brings this saturation up to 95% If
the mfant breathes actively but minute volume exchange
1s poor 1t 1s desirable to add an oxygen enriched atmos-
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phere for cerebral damage can be prevented 1f oxygena-
tion 15 mamtamed, even if hypopnea persists for many
munutes If no respiratory efforts are present (apnea) 1t
1s desirable to mflate the infant’s lungs for bnef perods
to some degree of positive pressure Inflations with a face
mask are mdicated although distension of the stomach m
preference to the lungs may occur However, 1if improve-
ment of the slow heart rate does not occur m a few sec-
onds, direct mspection of the mfants larynx 1s ndicated
and foreign materal aspurated 1f present followed by the
msertion of an endotracheal tube which 15 sumple m a
flaccid, apneic patient and msures direct mflation of the
Iungs with oxygen One or two brief mflations msure the
best expansion with the least damage

Several operable anomalies may be diagnosed at birth
The stomach of all mfants should be entered with a rub
ber catheter mtroduced nto the pharynx in the midhine
If 1t cannot be advanced easily, blnd esophageal pouch
should be suspected, and the diagnoss of tracheoesopha-
geal fistula 1s made until ruled out The history of hy-
dramnios m the mother suggests other anomalies as well
such as duodenal atresia and especially draphragmatic
hernia, which 15 a frequent cause of persistent or ncreas-
mng cyanosis and 15 usually fatal unless corrected surgr-
cally 1 a few hours

Pulmonary expansion 1s effected better if the lver
pulls the diaphragm downward, the head up posttion 15
desirable and preferable to the head down position as
soon as a free airway has been established

Heated blankets and cribs have been m vogue for
many years, but 1t 1s probable that cooling of the mfant 1s
more phystological and will reduce his need for oygen,
especially if some interference with oxy genation 1s present

A system of “scormg of newborn infants 1s 1 use at
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present and includes observations of respiratory effort,
heart rate, muscle tone, reflex writability and color sixty
seconds after the cord 1s clamped (Table V)

TABLE V
Seore [ 1 2
Heart rate None <100 >100
Muscular tone None Poor Good
Respiratory effort None Inadequate Crymng
Reflex irntablity
(Response to nasal
catheter) None Grimaces Sneezes or
cougl
Color All cyanotic Hands and All pink

feet cyanotic
Anesthetic and resuscitative efforts may be evaluated from this sys
tem Scores of 8 9 or 10 are excellent
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RESUSCITATION

ResuscrraTio refers to the restoration of respiration and
circulation m those subjects 1 whom one or both of these
vital functions has become markedly depressed or ceased

If one considers that 1t 1s only a matter of mnutes be-
fore wreparable damage occurs to the bram cells durmg
total anoxia which ensues followmg cessation of respira-
tion or cardiac arrest, it will become obvious that only
prompt mtervention according to a pre set plan can pre-
vent fataliies

Respiratory and crreulatory resuscitation wall be dis-
cussed separately but 1t must be stressed that these must

be carned out simultaneously espercally when cardiac
arrest occurs

RESPIRATORY RESUSCITATION

If a patient has stopped breathing or respiratory move-
ments are msufficient, artificial respiration must be mst-
tuted immediately Artificial respiration refers to a
method of mamtaming normal physiological tensions of
oxygen and carbon dioude m the alveolt

Before resuscitation 1s begun the operator must be
certain that there 1s no obstruction to the passage of gases
to and from the alveol Vomutus, mucus, and foreign
bodies must be removed If the tongue obstructs the arr-
way, the jaw should be held forward and an oropharyn-
geal or nasopharyngeal awrway mserted The latter may
be mdicated 1f the mouth cannot be opened

[1411
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Resprratory resuscitation of varying degrees of effec-
tiveness can be accomplished 1 one of two ways

1) Movement of gases can be produced by a force
applied to the exterior of the thorax Examples of this
are

1 Manual Methods

a ScHarrrER METHOD ! The patient 15 placed prone
with the head turned to the side and resting on one arm
The operator straddles the patient and everts pressure
with hus palms placed below the last rb to compress the
thorax Quuch release will allow the tissues to recoil and
produce nspiration  Only about 200 cc of exchange can
be accomplshed by this method This method 1s mnefficient
and 15 no longer recommended

b Eve Mernop? The patient 1s secured on a board
m the prone position The board 15 placed on a fulerum
and seesawed head up then head down about 30 degrees
m each direction This method allows about 250 cc ex-
change so that 1t 1s about 50% efficient

¢ Smvester METHOD ! The patient 1s placed m 2 su
pme position and the operator kneels at the head The
arms of the patient are then raised over the head to pro
duce nspiration and then lowered to the side and com-
pressed across the chest to cause expiration About 500 cc
of air are moved by this method

d HorceEr-NrELsEN METHOD® The patient 15 placed
prone with arms overhead The head 15 turned to one side
and rests on a hand The operator Lneels on one knee
above the head of the patient and places the foot of the
other leg near the patients elbow The hands are placed
on the subject’s back on a line with the axillae Pressure
15 exerted on the chest until the operator s arms are ver-
tical Pressure 1s then released slowly, the subject s arms
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are grasped above the elbows and rused until resistance
1s felt at the subjects shoulders The arms are then
dropped and chest pressure resumed Ths 15 one of the
most efficient methods and causes an exchange of about
580 cc of arr

2 Mechamcal Methods The Drinker respirator (won
lung) where the body of the patient 1s placed within 2
chamber while the head remams outside A motor drives
a diaphragm which mcreases and decreases the pressure
about the chest to cause expiration and inspiration re-
spechively

II Expansion of the thorax can be produced by m
flating gases under pressure imnto the lungs intermittently
Examples of this are

1 Mouth to mouth breathing

2 Rubber mash and breathing bag such as that avail-
able on the usual anesthetic machine This 1s the method
of choice m the operating room It 15 not only convenient
but 100% oxygen can be used An endotracheal tube will
greatly facilitate this form of resuscitation but 1t 1s not
necessarily essential if time 15 wasted 1n obtamning and 1n
serting the tube Artificral ventilation must be mantamed
without the tube until a convement period for mtubation
presents atself Intermuttent positive pressure on the bag
produces the desired result It 1s important to remember
that at least as much time must be allowed for exprration
as mspiration  An absorbing system for the removal of
CO 15 also necessary

3 Mechanical Devices The Kreiselman resuscitator,
the Rrerselman hand bellow s,* the Rand respirator, the
Jefferson ventilator and others

As stated earlier all these methods presuppose an
unobstructed awway If the upper respiratory tract 1s ob
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structed, however, a tracheostomy may be necessary to
allow the oxygen to reach the alveolt

The rate of artificial respiration should be about 16
to 20 times per minute for all methods

CARDIAC RESUSCITATION

Cardiac arrest refers to two condttions of the heart
which will bring the circulation to a halt

1 Cardise Standstill The heart has stopped beating
entirely

2 Ventricular Fibrillation The ventricles are quiver-
g so fast and weally that complete circulatory arrest 15
present

The diagnoss of cardiac arrest 15 made if no pulse 15
palpable nor blood pressure recordable Usually the pa
tient also has ceased breathing  No time should be wasted
m hstening to the chest for heart sounds It 1s better to
open the chest and find the heart beating than to lose 2
patient by hesitating too long Three minutes 15 the limt
for survival of the cerebral cortex without damage

An meision 15 made m the 4th or 5th mtercostal space
on the Ieft and the thoracic cage entered The heart 1
then massaged at the rate of about 60 to 70 times a mnute
Cardhac massage properly done consists of squeezing the
heart from the apex toward the base mn a ‘mmlling action

In cases of cardiac standstill where massage has been
mstituted promptly, the heart will frequently beat spon
taneously and produce adequate blood pressures If after
a few minutes of massage the heart does not start, remains
soft and flabby, or begins to beat very weally, certamn
drugs are given Caleium chloride (10%) in doses of 3 to
5 cc or epmephrme (1 10,000) 3to 5 cc directly into the
nght ventricle of the heart are recommended

In cases of ventnicular fibrillation cardiac resuscita-
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tion 15 begun as above, with massage However, the
fibrillation must be stopped before the heart can be ex-
pected to work efficiently agan This can be accomplhished
by defibrillation with 100 to 110 volt alternating (60
cycle) electrical current having 10 to 15 amperes The
current 1s passed through the myocardium by means of
two electrodes placed directly on the heart About 05
second shocks are used three to five times, allowing about
2 seconds between each shack This will result in asystale
which 15 treated agamn by massage and caleium chloride
until the heart regamns a forceful regular beat Defibrilla-
tion should not be started until the myocardium appears
well oxygenated Epmephrine 1s avoided m cases of myo
cardial anovia The mjection of procame 1nto a ventricle
has been recommended for treatment of this condition
but 1ts value 1s questronable
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ANESTHETIC CONSIDERATIONS IN
SURGICAL EMERGENCIES

In surcicar, emergencies preoperative preparation 1s fre
quently mcomplete through force of circumstances Fol
lowing 15 a discussion of the mam factors or problems
which must be considered for emergency cases

1 Flud Therapy Extracellular flid deficit 15 com
mon m these cases and should be replaced by appropriate
mtravenous solutions Acute blood loss should be re
placed by blood If blood 1s not rapidly available, shock
can be temporanly alleviated by plasma expanders (Dex-
tran 500 to 1500 cc ) given intravenously

2 Premedication The full effect of premedication 18
obtamned by the mtramuscular route an about 30 mnutes
If a more rapid effect 1s required the premedication 18
admmstered intravenously with about one half to two
thirds of the mtramuscular dose The presence of pamn
suggests larger premedicant doses whereas shock, tox-
city, and debilitation may indicate the use of smaller
doses or omission of premedication  Inquirv should always
be made whether an mjured patient has already receved
some narcotic for pam and the tume of its administration
so that overdosage will not oecur

3 The Full Stomach and Intestinal Obstruction His-
tory of a recent meal means that solids or hguds may be
present m the stomach This 1s almost certan to be the
case withm four hours and possibly up to twelve hours

[146]
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Vomiting 15 Iikely during mduction of general anesthesia
Fatal arway obstruction or subsequent aspiration bron-
chopneumonia are the potential consequences Emptymg
of the stomach through a gastric tube or by mduced vomit-
mg may leave an unevacuated residue behind In such
circumstances relatvely safe anesthesia may be provided
by regional methods with light premedication—spmal,
caudal epidural, or local field block If these are unsuit-
able, the patient 1s mtubated awahe with a cuffed endo-
tracheal tube after topical anesthesia to the pharynx
larynx and trachea The cuff s mflated before the induc-
tion of general anesthesia  An alternative 1s the production
of respiratory paralysis with a muscle relaxant and rapid
mtubation m the sem: recumbent position  Both methods
require some shill and experience

4 Acute Alcoholism These patients frequently have
full stomachs If the patient 1s too uncooperative for re-
gional methods 1t 1s essential if at all possible to perform
intubation before mduction If this proves mmpossible, a
quick mnduction with mtravenous thiopental and a muscle
relaxant drug followed by intubation with the patient m
the Fowler position 1s the best alternative despite the risk
of regurgitation This method 1s not recommended for the
novice because dexterity and speed m performing the
intubation are absolutely essential

SPECIFIC TECHNIQUES FOR SPECIFIC
EMERGENCIES

1 Bleeding Tonsillar Fossa Children with this com-
plication can be quichly mduced with cyclopropane and
mtubated Swallowed blood ncreases the risk of vomitng
so that suction should be readily avalable

2 Fractured Mandible The problem 1n these cases 1s
the inaccessibihty of the mouth for awrway purposes
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Therefore nasotracheal mtubation 1n the conscious state
1s advisable The nostnls are sprayed with cocame (4 10%)
m sufficient volume to allow 1t to reach the pharynx A
well lubricated nasotracheal tube 15 introduced and ad
vanced by stages, spraying through the tube at each step,
until the cords have been passed and the trachea entered
before general anesthesia 1s admimstered If the nose 15
also mjured, prelimmary tracheostomy may be necessary

3 Ludwg’s Angina, Markedly Deviated Trachea,
Trismus, and Ankylosis of the Jaw In all these conditions
the arway must be assured with an endotracheal tube,
either oral or nasal, mserted with topical anesthesia be
fore the patient can be safely anesthetized with general
narcosis

4 Bronchoscopy for aspirated foreign bodies mn chul
dren Deaths have occurred when bronchoscopy has been
attempted during general anesthesia Therefore 1t 15 re
commended that this procedure be performed with heavy
medication and topical anesthesia while contimuously m
sufflating oxygen through the bronchoscope
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FIRES AND EXPLOSION HAZARDS

Tins costeLicATION 15 very mfrequent It occurs about
once m every 250,000 anesthesias However, it 15 one of
the most dreaded of all disasters and always secures a
promment place i the daily press

Of the common anesthetics used the followmng are
flammable

Ether
Cyclopropane
Ethylene
Vinethene
Ethyl chloride

Nitrous oxide, chloroform and trichlorethylene are non
flammable

Sources of 1gmtion include chiefly
1 Flames cigarettes, ete
2 Electrical equipment which 1s not spark proof
3 Percussion sparks
°4 Static sparhs—which are probably the greatest
danger as a source of igmtion Electrostatic charges can
set up dangerous potential differences m the presence of
electrically nonconducting materials which act as barriers
to the free movement of such charges and hence prevent
equalization of potential differences A sparl discharge
can tale place only when there 15 no other path of greater
conductvaty avalable by which this equalization may be
effected
* Stor idacates most important source
[149]
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The measures taken to prevent this hazard mclude

1 Conduchive flooring m the operating and anesthesia
mduction rooms, which provides a path of moderate elec-
trical conductivity between all persons and equipment
makling contact with the floor to prevent the accumula-
10n of dangerous electrostatic charges Maxmmum resist
ance of the floor must be less than 500,000 ohms as meas
ured between two electrodes (5 pounds i weight and 2%
mches mn diameter) pliced 3 feet apart at any pomt on
the floor The resistance must furthermore be over 25,000
ohms to protect agamst electrical shock

2 Conductive equipment properly grounded to the
floor This mcludes machines, electrical equipment, and
furmture 1 the operatmg room

3 Al persons entering the anesthetic area must

a Wear conductive shoes Resistance between the
mside and the soles must not be over 250,000 chms Shoes
should be tested before entering a room where explosive
anesthetic agents are bemg used

b Not wear as part of their outer garment any material
made of erther wool, silk, nylon, sharkskin, or rayon No
woolen blankets should be present

4 Electrical equipment and wall sockets are spark
proof Non explosion proof electrical wirmg and fixed
equipment must be nstalled at least 5 feet above the
floor m rooms used as anesthetizmg locations

5 Relative hurmdity 1s mamtamed at an optimum of
55 to 60

6 When cautery 1s necessary for the operative proced
ure no explosive agent 1s used Illummating equipment
which contacts patients {proctoscope and bronchoscope)
15 safe with flammable agents if an EM F of 8 volts or
Iess 15 used for this equipment

7 When an anesthetic 1s given at a site where no con-
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ductive precautions are present, a nonflammable tech-
mque must be used

8 Residual ether i vaponizers should be disposed of
and never left overnight because ether peroxides formed
by the oudation of the ether over a period of time may
cause an explosion 1n the anesthetic machine

9 Cylnders with flammable gases and cans of flam-
mable hquids are stored away from cylmders of oxdizmg
gases (O_ N_O) m separate rooms

It 15 the responstbility of the anesthesiologist to help
prevent anesthetic fires or explosions by seeing to it that
all the rules are followed not only by himself but by all
other personnel present

LIMITS OF FLAMMABILITY OF GASES AND VAPORS

In Air In 100% O,

L |
Ethyl chloride 2197 Ethylens 79 97
28 67 Ethylene 2 487 Cyclopropane 607

247 1037| Cyclopropane 217 Ether 827

187 TEher 487 [L1 87 Vinethons _s51|

:
177 277 Vinethene
| ————— |

Figure 13

REFERENCE

1 National Fire Protection Association Recommended Safe
Practice for Hospitdl Operating Rooms Boston, 1953
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TABLES OF NORMAL VALUES

CIRCULATION
Folse Rete Blaod Fressure

Arge {perezn)  Aze S..stolic Dicstaln
Newborn 140-1S0  Newhom 70-83 3-8
1 week 174130 1 week 5390 405
3-5 months 150140 312 mozths 5395 £555
6-12 monds 110150 -5 vezrs 92100 505
1-5 vears 100-120 12 vems 100120 $2-50
3-8 vears 93-100  Adoh 110-140 083
B-12 vears 80-90

Adalt 60-50

Blood  alume—S835 ce. per Kloprem of body weaght
Pl2sms Volema—s35 co. per Klogram of boav weght,
Red Cell Vo'mme——40 co. per Klogram of body wenght,

Correchon Factors for Blood ¥ olume

Sex—subtract 5% for femsles
Age—a. Subtract 10% f 50-65
b. Subtract 15% of over 65
3. Obesh—Add 13 of the difference between the 1dez] werght end
the obese weacht,
4. Weaht Joss—
a If 3t hes orewr=d wihuo the last 2 momths, vse the omgmel

b

cht,
b ¥ xt occrmred 2 to 6 momths previonsdr wse the present weght
plos 2 of the weirh* ost

c If »* ocoxmred 6 to 12 mmmbs agp, mse the present waght
plos 1z of the weaght lost,

4 If r* ocormred over 12 months ago, vse preset wepht

[1s2]
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Concentrations of Clectrolytes i the Plasma

Sodmm — 142 meq/L Bicwbonate — 27 meq/L
Potassum — 5 meq/L Chlondes — 102 meg/L
Caletum — 5 meq/L Phosphates 2 meq/L
Magnesom — 3 meq/L Sulfates —- 1 meq/L
Organic aclds — 6 meq/L
Proteins — 16 meq/L

Other Plasma Constituents

Glucose — 70 100 mgms /100 cc
Non protein nitrogen — 25-35 mgms /100 ce
Urea mirogen — 10 15 mgms /100 ce
Cholesterol — 150 190 mgms /100 cc

Contents of Blood Bottles (ACD—Solution)

(Total volume == 120 cc ) Total for 120 cc
Dextrose 140 gm % 168 Gm
Sodwm citrate 132 gm % 158 Gm
Citnie aad 048 gm % 058 Gm
RESPIRATION
Respiratory Rate Tidal Volume

Age (per min } (cc)
Newbom premature 58 12
Full term 40 50 20

3 months 45 25

6 months 40 35

1 year 35 60

3 years 30 100

6 years 27 150

11 years 24 200
14 years 23 250

Adult 16 450 500
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TABLES OF NORMAL VALUES

CIRCULATION
Pulse Rate Blood Pressuse

Age {permin) Age Systohic Diastolic
Newhorn 140 180  Newbom 70 80 30-40
1 week 124 130 1 week 80 90 40 50
3 6 months 130 140 3 12 months 8595 45 55
6 12 months 110 130 1 8 years 90 100 50 60
15 years 100 120 8 12 years 100 120 60 80
5 8 years 90 100 Adult 110 140 70 80
8 12 years 80 90

Adult 60 80

Blood Volume—=85 ¢c per kilogram of body weight
Plasma Volume—45 cc per kilogram of hody weight
Red Cell Volume—40 cc per Mlogram of body weight

Correction Factors for Blood Volume

1 Sex~subtract 5% for females
2 Age—a Subtract 10% if 50 65
b Subtract 15% if over 65
3 Obesity—Add % of the difference between the 1deal weight and
the obese weight
4 Weght loss—
a If 1t has occwrred wathun the last 2 months use the ongmal
weight
b If 1t occurred 2 to 6 months previously use the present weight
plus ¥% of the weight lost
¢ If 1t occurred 6 to 12 months ago use the present weight
plus % of the weight lost
d If 1t oceurred over 12 months ago use present weight

{1523
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Abdomen i 1afants and chuldren
p3N1
Abducens merve paralysis 130
Acetylcholne 48 49 65 66 67
63 70 82 94
Acidosis 109
Adams apple 75
Adrenal
cortical wsuficieney 107 108
medulla 65
medullary hormones 59
Adrenergic bloclng agents 69
Afferent wnpulses 56 57
Age 17
Ar
complemental 31
expired composttion of 43
wspiced composition of 43
passages obstruchion of 36
supplemental 81
Arway cbstruchon an  general
apesthessa 98 102
causes 101 102
signs of 89
therapy 102
types of 99 161
Alcoholism 17
anesthesia i 147
Alveolar
capillary membrane 34 37
u(}égen diffusing capacity of
7
Tesprratory Function 34
veotilaon 32 38 39
deternunation of effective 36
m wfants 113
Alveolr funchonal 34

Amine oxydase 68
Amunophyline 102
Amylene hydrate 88

Anatomical  distances  average
154

Anatomy 1n pediatnic anesthesia
111 114

of upper resptratory tract 72 79
Anesthesia
arwway 1  upper
tract 7279
cardiovascular reflexes dunng
55 62
depth of 10 55
m chuldren 111
disturbances of pulmonary func
tion 3740
exatement stage of 12
hemodynamic changes durag
55 60
light 106 197 108
masks volume of 39
premedicatien 16 23
record 39
signs of 1015
stages of 10 15
surgical 12 13
emergencies 146 148
Anesthetics
depressant achons of 61
flammabity of 149 151
preventive measures for 150
151

respuatory

sources of 1gmbon 149
physies of gases and wvapors
50-85

records 7
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ANATOMICAL DISTANCES (AVERAGE)

Lips to Length of Length of
Carina Larynx Trachea
Age (cm) (cm) {cm)
Birth 12 17 40
1 year 14 45
2 years 15 20 50
5 years 17 24 55
10 years 18 25 65
15 years 23 30 75
Adult 28 29 4050 10 15

Age (mm)
Burth 56
1 year 67
2 years 78
5 years 89
10 years 910
15 years 10 11

Adult 11 14
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carbon dioxide transport in 43
pressure 10 60
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m spmal anesthesia 128
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recording 4
table of normal values 152
thiopental and 88
transfustons  m imfancy and
childhood 119
venous gas content 43
volume
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measurement 55 56 152
Body bwld 17
Bolling pont, 81
Bourne J G 98
Boyles law 80
Bradley S E 132
Bradycardia 57 62 84 94 96
107 115
causes 107
Bram edema 117
Brash J ¢ 79
Breathung
capacity
maximal 32
ratio 35
re erve 32 35
raho 35
Brodie B B 90
Bronchuolar spasm 88 97 102
therapy 102
Broncho constnchon 88 93
Bronchodilation 89
Bronchorthea 96 97
Bronchoscopy anesthesia for 148
Bronchus obstruction of 37 39
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Buller, A ], 97
Burstein C L 104, 110

Calclum 49
chloride, 144, 145
hydroxide 40
Cannon W B 71
Capillary blood perfusion 35
Carbamino-hemoglobin com
pounds 45
Carbon dioude 26 28 99 102
absorption 40
in artenal and venous blood 43
effect on heart 49
excess 103 109
causes 103
1 mspired and expiured air 43
normal artenal tension 28
reversal 29
tension 42 141
transport 45
vasomotor center and 58
Carbomc anhydrase 46
Cardiac
arrest, 48 49 51 102 100 144
anesthetic agents and 50
diagnosis of 144
asystole 62
contracton 48 49
decompensation 108
massage 144
output 60 &8
m anesthesia 61
plexus 48
resusaitation 144 145
standstll 144
Cardiovascular reflexes dunng an
esthesta 55.56 62 63
Carohd
baroreceptors 56 57
smus 49 104
reflex 62 107
body reflex 29 49 59 104
Catllo J ¢ 98
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nsk recordmg 4 5 6
vapors and gases available 82

Anowa 48 60 61 103 106 109
141
causes 103
Antichohnesterase 70 93 94 96
Aortic arch 49 79
baroroceptors 56
Apnea 268 63 87 95 101 139
causes 104
Apneusis 25
Apneustic center 25
Apomoerphine 110
Arachnoidibs 130
Arfonad, 66
Arthythmias 5354 83 109
causes 109
common 53
cyclopropane 53 54
treatment 69
ventnicular 62
Artenal
pressure 55
tone regulaton of 56-63
hormonal influence 59 60
neural mpulses 56
Arterio venous shunt, 37
Artusio J F 98
Aryepiglottic 78
Arytenoid cartilages 75 77 78
Asphyma 102 107 109
early 107
late 107 108
Asprration 104 105
atelectasts and 105
therapy 105
Asthmatics anesthesia i 21 83
88 89 102
Atelectasis 37 39 100 105
causes 103
incidence 105
signs and symptoms 105 106
therapy “stir up " 103
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Atropme 22 69 70 71 107 110
118
Auncle nght 57 58
Autonomc nervous system 6471
chemical mediation of 6571
functions of 64
penpheral 64
pharmacology of 6571
Avertn® 88 90
crculatory effects 89
contramndications to 90
detoufication of 89
dosage 88
rectal 116
respiratory effects 89
Avogadros law 81

Backache lumbar puncture and
130

Bambndge F A 63
Bamnbnidge reflex 58
Barach 108
Baralyme 40
Barbiturates 21 86 109 124
Banum hydronde octahydrate 40
Baroreceptors 62
Basal metabohe rate 16 17
deBeer E J 98
Belladonna 62 94 96 100 116
denvatives 22 70
dosage, 1n children 116
Belton M K 119
Benzodioxanes 69 70
Bernsteir E 90
Best, C H 43
Bleeding tonsillar fossa anesthesia
in 147

gas content of 43

1n infants at birth 138

oxygen in 43

resprratory gas tensions in 49
bottles (ACD Solution) con
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DFP See Di 1sopropyl fluoro
phosphate
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93, 96 102
dosage 93
Dead space 103 106
1 ifants and children 113
Decamethonum 71 93 94 96
97
Defibnllation 145
Dehydration 109
Demerol® See Mependne
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Depressant drugs overdosage 103
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Di-chlor acetylene 84
Du ethyl ether 82 See also Ether
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D 1sopropyl fluoro phosph
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ma 153
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102 110 143 147
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space 133
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E;
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Duastole 50 51 54

Dibenamme 69 70

Diffusion 81

Digitals 50 53

Diplopra 130

Dorsal root ganghon blockade 133

Drinker respirator 143

Dnpps R D 132

Drugs

effect on coronary crculation
52

heart control and 50-51

local anesthetic 121

po1soning 124
Dyspunea, 35

E receptors, 67

tartrate 60 69
Esophagus 75 79
Ether 11 14 50 54 93 102 110
convulsions 109
flammability of 149 151
mduction of 82-83
mucus secretion and 100
open drop 116
recovery from 83
Ethmaid 72
Ethyl
chlonde 50 82 84
flammability of 149 151
properties of 85
ether properties of 85
Ethylene 82 83
flammability of 149 151
potency of 84
properties of 85
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Caudal anesthesia 133-135 137
advantages 134
drugs in 135
techmque, 134
Celiac plesus reflex 62 108
Cell membrane 91
Central synaptic transmussion de-
pression of, 28
Cesarean section 137
Charles law 80
Charting See Records and chart

ng
Chemoreceptors 29 49 59 104
Chest, 1 infants and children 11
Children
anesthesia in 111 119
blood transfustons 1 119
fim
balance in 117
requirements m 118
Chlonde shift, 46
Chloroform, 50 68 82 84 109
110 149
nduction 84
properties of 85
Chlorpromazine 23
Choanae 73
Cholnergic
agents 69
blocking 70
Cholinesterase 668 92
Circulation
spinal anesthesia and 128 129
table of normal values 152
Curculatory
compheations 1n general anes
thesia 106 108
depression 86
system local anesthesia and 125
Cocaine 50 121 148
Colher H O T 98
Complemental air 31
Congo Red 89
Copjunctviis 110
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Controlled  respiraton”  28-30
107 108 110 1M
Converse, ] G 97
Convulsions 109
clome 124
ether 109
therapy 109
1 mfants and children 114
Cormculate cartilages 76
Coronary
curculaton 51 52
artenal blood pressure 51
effect of drugs on 52
myocardial tonus and contrac
tion 51
neural mfuences 51
oxygen temsion and metabo-
Iites 51
asufBeiency 51
Cortical impulses 56
Cough machme” 106
Cncoarytenord
lateral 78
posterior, 77
Cricord carhlage 75 77, 78
Creothyroid 78 79
Lgament, 75
Cnitical
pressure 81
temperature 81
Cunerform carhilages 78
Curare See d Tubocuranne
Cyanosis 99 106
Cydae 122 123
concentratton used 122
length of action 122
toxicity 122
Cvclopropane 14 50 53 68 82
83 107 108 109 116 137,
147
advantages of 83
flammabibty of, 149 151
properties of 83
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Guedel s classification 14
Guy Lussacs law 81
Gynergen® 60 69

H 10n concentration 26 28
Habif D V 63
Habitus recordmng 4
Harmel M H 97
Hams T A B 14 15
Hamson T R 63
Hamson W G 63
Harnson reflex 58
Headache
spimal anesthesra and 129 130
cause 129 130
medence 129
therapy 130
Heart, 48
block potassium and 49
chemical control of 49 50
epmephnne and acetylcho
Iine 49
10ns 49
respiratory gas tensions in ar
teral blood 49
drugs 1n control of 50 51
falure 52-53
neural control 48-49
parasympathetics 48
sympathetics 48
rate 68
effect on blood pressure 56
mn mfants and children 115
spwal anesthesia and 129
Heat, regulation mn infants 115
Helum properties of 85
Hemodynamic changes dunng an
esthesia 55568 60
Hemorthage 17 55 61 83
obstetrical 137
Hemoglobmn 42
ovygen transport capacity 44
Ted blood count recording and
4
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Henng Breuer reflex 25 30
Hexamethonum {Cy), 66 69, 70
Hiccough 25
in general anesthesra 110
Hoppe ] O 97
Hormones influence on peripheral
cireulation 59 60
adrenal medullary 59
mtressin 60
thyroun 60
Hyaluromdase 126
Hydration 130
Hydergeme® 60 69 70
Hydrobromic acid 89
Hydrochlondes 120
Hydrocortisone 102
Hyoglossus 73
Hyod bone 73 75
Hyperbaric solutions 131
Hypercapnea 48 62
Hypernea 25 63
Hyperpyrenia 1068 107
Hypertenston 60 67 95 107 108
causes 107
Hyperthermia 108 109 115
Hyperventilahon 84 104
Hypnosis 88 89
Hypnoties 20 124
Hypobanc solutions 131
Hypocapnea 26
Hypopnea 139
Hypotension 62 66 67 83 88
108 127 128 137
causes 108
Hypothalamic centers 25 56
Hypoventlaton 14 54 61 83
6 87
Hypoua 54 59 62 84 103 104
109 113 115 124
causes 103

1 receptors 67
Inmudazolne 69
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Ethylene-orygen 86
Eustachian tubes 72
Eve F C 145
Excitement, 12 107
emergence delnum 109
Expiratory reserve volume 31
Explosions 110
hazards 149 151
Eyeball 62
Eyelash reflex 13
Eyeld reflex 13
Eyes trauma, in general anes
thesia 110

Faulconer A. Jr 113 119
Feldberg W 71

Fever 17

Fires 110 149 151
Flaxedd® 93 94

Flud
requrements 1n inofancy and
childhood 118
therapy

m pediatne anesthessa 117
m surgical emergencies 146
Foldes F F 97
Fforamen magoum 133
Foster A D 132
Frumin M J 63 135

Gadum T H 71
Gallamme 54
Gangha 64
Ganglion nodosum 78
Gangliome transmussion, 66-67
drugs affecting
acetylcholine 67
arfonad 66
d Tubocurarme 67
1 1sopropyl Ruoro-phosphate
(DFP) 67
hevamethontm (C) 66
nicotine 66
oct methy! pyro-phosphor
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amide (AMPA) 67
pentamethomum (Cs} 66
succmylcholine 67
tetraethylammonium chlonde

(TEA) 66
tetra-ethyl pyro-phosphate

{TEPF} 67

Gas
defimtion 80
density 81
diffusion rate, 34 35
Gastro intestinal tract, spinal anes
thesia and, 129
General anesthesta
comphications of 99 110
crrculatory  106-107
mscellaneous 110
neurofogrcal 109 110
respuratory 99 106
m obstetnes 136 137
signs and stages of 1015
blood pressure 10
depth of anesthesia, 10
eyeballs 10 11
eyelash reflex 13
eyeld reflex 13
excitement 12
Guedel s classification of 14
Ioss of reflex 11
pulse 10
pupllary size 13
resprrabon 10 11 14
surgical anesthesia 12 13
swallowing 11
tomuting 11 13
Gemoglossus 73
Glossopharyngeal nerve 57 62
Glotts average diameter of 154
Glucose 118
Gordon A § 145
Grahams law 81
Granulomata 37
Gross R 118 119
Guedel A E 11 15 18
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Mark L.C 90
Marsh J P 63
Mask burns 110
McCubbin J W 71
McDowall reflex 58
McDowall R J S 63
Meatus 1nfenor 72
Medications  recording of 8
Medulla, 56
mfluence on heart, 48 49
Medullary
mspiratory center 25
Tespuratory center 25 104
Menmgihs
aseptic 130
sephie 130
Mependine 21 86 87 106 109
114
dosage 1 children 116
Metabolites 52 60
Methednne 128
Metubin® 94
Metycamme 122 135
concentrations used 122
length of achon 122
toxicaty of 122
Morphine 20 87 106 109 114
118
dosage 1z children 116
Mouth, anatomy of 7375
Mucus arway obstruchon and
00

Muscle relaxants 102 110
antagonists to 95 97
Muscular relaxation  thiopental
end, 88
Myocardial
anoma 145
hypertrophy 53
wfarct, 107 108
tonus 51
Myocardum 48 49 145
anesthetic agents and 50
carbon dionde and 50
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contractility of, 49
digitalis and 50
Myofibrils 92
Mytolon® 70 93 94
Nalorphine (n allyl hine),
20 21 22
Narcoties 20 118
Nares 72
Nasal
fossa 72
septum 72
tube 1nsertion 72
Nasopharynx 72
Nasotracheal intubation 148
Natwonal Fie Protection Assocta
tion 151
Neosynephrine 68 107 128
Nerve
conduction drugs blocking 120
impulses 92
tissue  anesthehc achon and
120 121
Nervous system dysfunction local
anesthesia and 124
Neuman C 132
Neural
control
of heart 48-49
of respiration 24-30
apneusis 25
apnuestic center 25
Henng Breuer reflex 25
hypothalamic centers 25
medullary
mspiratory center 25
respiratory center 25
pneumotoxic center 25
pontile respiratory cen
ter 25
pulmonary stretch recep
tors 25
impulses arterial tone and 58
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Infants
anesthesia 1 111 119
blood transfusions 1 119
flmd
balance 1 117
requirements w118
Infections local anesthes:a and
121 123
Ynspiratory
capaaty 31
reserve volume 381
Interarytenoid 78
Intestimal obstruction n surgeal
emergences 147
Intracramal  pressure
107 108
Intravenous anesthesia B6 90
thiopental sodsum §6 88
Yons 1n chemical control of heart

creased

49
Yron Jung {Drnker respirator)
143

Ysopropy! norepinephnne 50 68
Tsopryl 68

Jamieson E B 78
Jaw ankylous of 148
Jefferson vestidator 143
Jones solution 131

Kieselguhr 40
Kresselman J 145
Kresselman
hand bellows 143
resuscitator 143
Kwaatkowskd H 71
Ryphoscohess 38

Landmesser C M 87
Laryngeal

edema 112

nenve superior 78

Laryogopbatynx 75
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Laryngospasm 77 83 101
veflex 102
Larynx 7579
i fnfants and children 112
wjury m endotracheal mhibs
tion 110
laryngoscopic view of 78
fength of average 154
muscles of 7778
abductors 77
adductors 78
sntansie 77
nerve supply of 78
Latterell X E 118
Lesgh M D 119
Lingual tons! 75
Lips
auwway obstruction and 99
distance to canna 154
Lassek X 71
Liver Avertn® and 8%
Local anesthes:a 120 126
complicatons 124 126
drugs 10 poysoming 124
contramdications 123 124
drugs 121 123
desirable properties of 121
duration of acton 121
hyaluronidase and 128
mjection of 125
solutons 120
Loews O 71
Ludwng s angina 148
Lumbar puncture  complications
of 130
Lung
abscess 105
aw cysts m 38
nubary infijtrations of 37
total capacsty 31

Mandible 73
fractured anes&xesia in 147 148
Matbury B E
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Paton W D M 71

Pediatric anesthesta 111 119
anatomy 1 111 114
fud and repl

Pneumoncctomy 38
Pneumonitis, 100
interstitial 37

therapy
m 117
physiology 1n 114
preanesthetic fasting 117
premedication n 115
psychology n 115
Pelikan 97
Pentamethonum (C;) 66 70
Pentobarbital  (sodium  Nembu
tal®) 86 116 124
Penpheral
cureulation 55 63
hemodynamic changes 55
mtegnty of 55
regulation of artenal tone 56
edema 117
Pharmacology
of autonomic nervous system 63
1 1

P h 36
Pncumatouc center 25
Pontle respiratory centers 25
Pontocamne® 122 131 135
concentrations used 122
length of action 122
touaty 122
Postganghome fibers 614 65
Postoperative status recording 8 9
Postures pulmonary dysfunctions
and 38
Potassium 49 91
Preganglionic fibers 64 65
Premedicahon 16 23
drugs used for 20 23
atropine 22
belladonna dernaties 22
chlorpromazine 23

sympathetic medhators 67
Pharynx

airway obstruchion and 99
anatomy of 7375
Phentolamine 69
Pheochromocytomas 69 107 108
Phrenic nerve

block 110

22

Thorazime® 23
factors mfluencing 17 18

age 17
alcoholism 17
body buld 17
emotional disturbances 18
endocrine disturbances 17

fever 17
paralysis 129 hemorthage 17
Physics of vapors and gases 80 85 pam 17
Physiological status recording 6 7 shock 17
Physostigmime 70 toverma 17
Pitoern 52 heat retention from 22
Pitressin 52 60 hypotension from 23
Plasma narcotics and hypnotics 20
of el lytes in bart 21
153 Demerol® 21
conshtuents 153 mependme 21
Pleura] morphine 20
effusion 36 1n pediatnic anesthesta 115
thickenmng 36 dosage 116
Pocumonia, 105

purposes of 18
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Neurological complications gen
eral anesthesi2 and 109
convulsions 109

blockade 9198
depolarization 91 92
types of 92.95

traosoussion. 92

Newborn

operable anomalies 1n 139

resuscitation, 138

“sconng” of 139

Ngar, S H 63

Nicotme 66

Nitnites 52

Nitrous oxde 82, 83 89 149

oxygen, 86 87

potency of 841

properties of 85

Norepmephrine 50 59 60 65
67 70 107

Nose anatomy of 72-73

Norvocame® 122, See also Pro-
caie

Nupercae 131

OMPA See Oct methy] pyro-
phosphor amide
Obstetncal anesthesta, 136-140
complications 137
pan rehef 1, 136 138
Qculo-vagal refleres 62
Oct methy] pyro-phosphor armde
{OMPA) 67 T0
Open drop anesthesi2, 1n pediat
ncs ll
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content m mspired and expired
ar 43
demand 1n fants and children,
114
diffusion capaaaty 32, 33 37
of alieolar capillany mem
brane 37
reductron 1, 37
reduction 1n operahon and
anesthesta 39
dissocaation cunes, 44
dissoh ed, 44
lack, 49 59 102, 105
normal artenal, tension, 26
pressure of 42
properties of 85
requrement, 16
tension 42, 44 52,
m alveoly, 42
decreased 103
transport, 42
dissolved oxygen 44
hemoglobin, 42
Oxyhemoglobn 42

141

pH
artenal, 58
effect on heart, 50
Page T H 71
Pam 17
Palatoglossal arch, 73
Palatoglossus 74
Palate 74
Palabne aponeurosis 74
Papavanne 352
Papper E \{ 63 119 132
Paralysus fullm\-mg relaxants 95
drat 69

Op y disturk
dunng 37
Orophanynx, 75 100 104
tumors 1, 101
Orxygen, 26 99
apoea 29
1 arterial and senous blood, 43

parasympatholyte agents 70
parasympathomumetic  {cholin
ergic) agents, 69
Parasympathetics, 48 65
Parasympatholytic agents 70
Parasympathomimetic agents 69
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cardiovascular dunng anesthe-
sna 55 62
carotid body 29 49 59 104
sinus 49 62 104 107
cehac plesus 62 108
corneal 11 110
eye 13 162
Harrison 58
Henng Breuer 25 80
laryngeal 11 101, 102
loss of 11
oculovagal 58
swallowing 11
vago pressor 58
vago-vagal 62
vomitmg 11 100
Begonal anesthesia
m obstetries 136 137
1 surgical emergencies 147
Regitme® 69
Repolanzation 91
Residual
arr funchonal 31
capacity functional 31
volume 31
Resprration 10
anatomical locahization of 25
artificial 141
rate of 144
Avertn® 89
chemucal control of See Neural
control of respiration
in fnfants and children 111
neural control of See Neural
control of respiration
physiological functons of 25
spinal anesthesia and 129
table of normal values 153
Respiratory
arrest, 103
center
complex 27
thiopental and 87
Vasomotor centers and 59

complications 10 general anes
thesia 99 106
airway obstruction 99 102
gas exchange 34
gases
mechanism of transport 4247
carbon diodde transport
45
otygen transport 42
tensions 1o artenal blood 49
muscles
paralysis of 36 38
weakness of 36 38
obstruction consequences of

rate 87
1 wfants and children 114
table of normal values 153
regulation  28-30
for apnea 29
carbon dioxide reversal in 29
controlled respiration in
29-30
effect of barbrturates on 28
effect of cyclopropane on 28
effect of narcotics on 28
forceful inflabon of lungs 1
30
over ventillaton 1 29
oxygen apnea i 29
paralysis of resprratory mus
cles n 30
Tesuscitation 141 144
breathing bag 143
manual methods 142 143
Eve method 142
Holger Nielsen method
142
Schaeffer method 142
Silvester method 142
mechantcal devices 143
mechanical methods 143
mouth to mouth breathing
143
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m surgical emergencies 146
sweating from, 22
tachycardia from 22
Preoperative medication
g 4
Pressman J J 77
Pressure defimtion 80
Priscol, 69
Procamme 50 54 122 135 145
amide 54
concentration used 129
crystals 131
length of action 122
toxicity 122
Proctiis 89 90
Proshigmme 70 93 96
Pseudocholinesterase 95
Pudendal block 137
Pulmonary
blood flow, 35
contraction Testniction 1 36
dysfunctions 35-37
edema 37 39 102 108 117
embolism multiple 36
emphysema 36
expansion restriction in 38
fibrosis 368 37
function 31-41
alveolar resprratory function

record

carbon dioxide absorp 40
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values table 32
reduction m oxygen diffusing
capacity of alveolar cap
allary membrane 37
respiratory gas exchange 34
venhlation 34
ventlatory capacity reducton
35

resecton 39
stretch receptors 23
ventilation 34
chemical regulation of 26 28
Pulse 10 55 59 63
rate table of normal values, 152
Pynform fossae 75

Quimdine 50 51 54

Radiculirs 130
Rand respirator, 143
Records and charting 3 9
agents used 7
blood pressure 4
evaluation, 4
habitus 4
hemoglobin and red blood
count 4
maintepance 8
medications 8
necessity for 3
physiol ] status 6-7

ecommon dysfunctions i, 35
37
disturbances duning anesthe
s12 and operation 37
excessive dead space ven
tilation 36 38
evcessive venous admxture
in 38 37 39
oxygen diffusion capacity
in 39
reduced ventilatory capac
ity 37
pormal 34-35

postoperative status 8 9
preoperative medication 4
preparation of 3
recovery room form 9
nsk 4 56
sample 3 5 8 7
teeth 4
Recovery room form 9
Rectal anesthesia 88 90
Avertin® 83
sodium thiopental 88
Reflex
Bainbridge 58
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Sympatholytic agents 69
Sympathomimelic agents 67
cardiovascular effects 68

Syncope 125

Syncurme® 71 94

Syphidis 131

Systole 51

TEPP See Tetra ethyl pyro phos
phate

Tachycardia 54 57 60 66 84
94 107 115

causes 107

paroxysmal auncular 54 107
smus 54
Tachyphylaxis 95
Tachypnea 25 84 106
causes 106
therapy 106
Taylor N B 43
Teeth recording 4
Tenstlon® 70 93 96
Tetracame See Pontocaine®
Tetraethyl ammonum 10n 70
Tetracthylammomum chlonde
(TEA) 66
Tetra-ethyl pyro phosphate
(TEFP) 67 70
Theslef § 71 97
Thiobarbiturates 14 §6-88
Th (sodium thal®
50 8688 124 147
cardiovascalar effects 88
dosage 86 87
hazards of 86
wduction of 87
muscular relaxation and 88
rectal 88 116
respiratory effects 87
Thiosecobarbital {sodmum Sun
tal®) 86
Thomas G 76
‘Thoracic movements Limtation of
8 103
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Thorax 142
Thorazine® 23
Thorsen G 132
Thyroarytenoid 78
Thyrohyord membrane 75
Thyroid
carhlage 75
storm ” 69
Thyrotouicosts 107 108 109
Thyroxm 60
Tidal volume 31 38, 41 103 106
m mfants and chuldren 113
ratio of dead space venulation
to 36
table of normal values 153
Tongue
awrway obstruction by 99
muscles of 7374
Tonsils 75
Toxerma 17 109
Trachea 76 79
deviated 101 148
length of average 154
Tracheostomy 102 144 148
Tribromacetaldehyde 89
Tnbromethanol 50 88
Trchlorethylene (Trlene) 68 82
84 109 149
properties of 85
Trlene See Tnchlorethylene
Trsmus 148
Turbmate nfenor 72

Unna kK R 97

Vagal
actvaton 48 49
stimulation 107
Vagopressor reflex 58
Vago-vagal reflexes 69
Vagus nerves 48 51 57 78 104
Vallecula 75
Vandam L D 132
Vapor 81



168

tract, upper anatomy of, 72-7'
laryns, 7579
mouth and pharynx, 73-75
nose 72-73
Resting ventilahion, 32
Resuscitation, 141-145

respiratory  141-144
Riclets 36
Riler W F,, 98
Robertazz, R. W 97
Rosenstine, E A, 132

Sacral hiatus, 133
Saldad, M O., 9
Swpalam.me 22,70 71 116
Seaol 1 (sodmm S
&6 116

Septal cartilages 72
Shock, 17 61

treatment, 62
Silicosss, 38
Sputh, C. A. 119
Smmth, C. M., 98

12)
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ahducens penve paralysis, 130
aseptic memngihs 130
neurological, 129 130
headache 129
septic menmngihs 130
contramdications 131
hugh, 48
hyperbanc solutionps 131
hypobanc solutions, 131
Ievel of, 127
dosage 2nd 128
posithon of patient and, 127
rate of imjection and 128
vertebral Jevel wyjected, 128
volume of imjection and, 127
1 ebstetnics, 136 137
phystologreal changes following
128-129
saddle 137
site of imjection, 127
Static sparls, 149
Stephen, C R., 119
Styloglossus 74
Subarachnoid space, 133
Subfavian higament, 134

Soda lmpe 40 103 Sucemylchobne, 67 71 93 95
dry 40 97 102
wet, 40 Supplemental air 31
Sodium, 49 91 Supratrochlear nerve 62
carbonate, 86 Surgical
chlonde, 117 apesthesia 12-13 60
hydronde 40 plage 1 12
Aembutal® (pentobarbital) 86 plane 2, 12
Pentothal® (thiopental) 86 plane 3 13
Secopal® (secobarbital) 86 plane 4 13
Sunmw (th barbital) 86 hetic consid
], rectal ad erations m, 146-148
of 88 Sympathetic mediators 67-69

Somatic nerve reflexes from, 63

Somers, G F 93

Specific granty 81

Spinal anesthesta, 127 132
advantages, 127
compbeations, 129-131

sympatholytic agents 69
sympathommehc agents, 67

Sympatheties 48 64
paralysis 129

Sympathin E 67

Sympathun I 67
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Vartiainen, A., 71

Vasoconstnchon, 57 58 60 61,
68 121

Vasodilatation, 57 59, 60 61 68
88

Vasomotor centers 56
Vasopressor drugs, 52 62 83 107,
108 125 137
excessive use 108
Venze cavae, 57
Venous adnuxture excessne 36
37 39

excessne 36 38
resting 32
walkimg 32
Ventrteular
arthythmias 49 50 See alsa
Arthythmias

bands, 76
fbrllation, 49 54 84 144
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Vinethene See D vinyl ether
Vatal capacity 31
Vocal cords, 76 77, 78 101
paralyzed, 79
Vomer 72
Vombng
awrway obstruction and 100

1n obstetncal anesthesia 137

Walking venhlation 32
Wang § C 63
Water of blood 44
Wescoe W C 88
Wrght, §, 56 57

Xanthmes 52

Xylocame 122, 123 135
concentration used, 122
length of acthon, 122
toxieaty 122

Young J 97

Zams E §J 71
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