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PREFACE

This book 15 not for those interested 1n the techmaque of admmistening
anesthetics It 15 intended for individunls who wish to become familiar with
the principles and methods of 1nesthesiology Lmphasis 1s placed upon the
pharmacology of the drugs used 1nd the critert for selecting anesthesia
The book 1s written for physiciwns who are called upon to evaluate operative
nisks It 15 ntended to be of mterest to physicians n the surgical specialties
who are responsible for prescribing 1nesthetic drugs and dictating methods
of anesthesia but who do not themselves admimister anesthetics It mav be
of nterest to consultants who are called upon to diagnose and advisc n the
management of postoperative compheations The fundamental principles
presented, though elementary, may also be of interest to physiaans and
nurses ¢ g trainng in 1nesthesiology Certain parts of the book may
be of interest to medical students

The book 1s divided 1nto three parts The first part considers the phar-
macology and climical application of ndividual drugs m current use The
pharmacologic data 1s largely chnical and embodies observations on surgical
patients In instances 1 which data concerned with the effects of anesthetic
drugs on man are not available laboratory data are cited The second part
deals with various diseases complicating the surgical condition, their relation
ship to anesthesia and the manner i which phystologie disturbances caused
by anesthetics affect these diseases The third part deals with the choce of
anesthesia in relationship to the operation to be performed The interrelation
ships between anesthesia and the surgical disease, the physical status of the
patient and the technical requirements of surgery are considered
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INTRODUCTION

Although the number of physicians spectahizing 1n ancsthesiology in the
United States 1s increasing rapidly, the majonity of anesthetics are still
admimstered by persons other than physicans With few exceptions, the
non medical anesthetists are graduate nurses who have been instructed
in the techmieal aspects of the adminmistration of mnhalation and ntravenous
anesthesta Under this system the surgeon 1s responsible for the selection
and conduct of anesthessa In theory he selects the drug and directs 1ts
admimstration  Actually, 1n most mstances, the nurse does 1t all, because
she appears to be better versed than the surgeon m the technical as well as
the pharmacologsc aspects of the subject As a result, the nurse 1s allowed
to proceed n whatever manner she chooses or sees fit Adoption of routines
1 the selection of anesthesia 1s thus encouraged by this situation The same
anesthetic technique 1s employed for all procedures of a given hind with Iittle
regard to individual vanations, indications and contraindications When the
patient’s physical state 1s excellent, the choice of one drug or method over
another may not nfluence seriously the course of events for the more simple
standardized surgical procedures such as herniaplasties, appendectomies,
and hysterectomies The surgeon 15 satisfied as long as anesthesia appears
satisfactory As long as the airway remains unobstructed and overdosage 1s
avoided, the general course of events apparently 1s uneventful, and the out-
come of the operation 15 successful However, the situation m surgery 1s
now changmg Modern surgery 1s no longer limited to simple, standardized
procedures In recent years surgeons and anesthetists have been faced
with problems of increasing complexity Methods of diagnosis, of pre
operative and postoperatrve management of patients, and of techmiques
m anesthesia and surgery have undergone striking 1mprovements
Greater shill on the part of all members of the surgical team 1s
necessary In the past, surgery was pnmarily anatomic and emphasis was
placed on structure Today physiology 15 stressed and the emphasis
has shifted to function As a consequence, the present day surgeon must
be well versed m both physwology and anatomy The unportance of flutd
balance, hemodynamics, hormonal effects, and the role of the autonomic
nervous system on the outcome of surgical operations, are being given greater
cognizance Surgeons are no longer timid in performing intrathoracic or
mediastinal explorations, pulmonary resections, operations upon the heart
and great vessels, and combmed abdomino thoracic procedures Likewise,
:i\:n;ae‘sl n th;ra[ieutlcs have umproved the prognosis of surgical patients
e ea ;:i\es :‘.:;n c((;mpl\cauons such as cardiac disease, hypertension,
3 ertain so called poor nisk patients, who were termed
3






PART 1

PHARMACOLOGICAL BASIS FOR THE
SELECTION OF ANESTHESIA

tev



4 SELECTION OF ANFSTHESIA

wnoperable and demed the benefits of surgery, are now operable Attention
15 also directed towards the manner in which discase alters hoth body struc
ture and function, and towards the effects of surgery and anesthesia upon
these pathologic changes

Last but not least, consideration of the efiects of anesthesia upon normal
body function 1s emphasized It 15 well recogmzed that an anesthetic does
more than merely cause unconsciousness and provide muscle relavation The
pharmacologst, the physiologist, and the experimental surgeon have demon
strated clearly that anesthetic drugs cause far reaching physwlogic dis
turbances, even without surgery Furthermore, techmcal difficulties of
anesthesta superimpose additional effects

Thus, the mndividual upon whose shoulders the responsibibty rests for the
selection of anesthesia can no longer afford to ignote the fundamental prin
ciples of the science of anesthesiology
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I

BASIC CONSIDERATIONS IN SELECTING
ANESTHESIA

FACTORS IN SELECTION OF ANESTHESIA

There 15 no such thing as the formulation of a routine m the selection of
anesthessa VMlost indiniduals seek information concerning the selection of
anestheaa, with the pro pects of obtaimng a simple, general formula which
1s appheable to all situations arsing 1n chimeal practice Howener, as 1s the
case with other problems encountered tn medicine, selection of anesthesia
cannot be empine, but requires mndiidualization Various factors are in
volved, some of which are vanable, and are altered from one situation to
the next In general, fine factors must be considered 1 selection of anes
thesta (1) The nature of the operation (2) The shill of the surgeon (3)
‘The <Lili of the anesthetist (4) The status of the patient (3) The phar
macologic effects of the drugs used

Nature of the Operation

Furst, and the most obvious, 1s the nature and extent of the contemplated
operation  Certam questions must be answered concerning the procedure
Vall 1t be prolonged or will 1t be brief? Will 1t be accompanted by un
avoidable trauma or blood loss® Will there be stimulation which mitiates
various reflexes? Will it merely necessttate pain relief or 1s muscle relaxation
an additronal requirement? If the former 1s the case, 1t 1s possible for ex
ample, that ethylene or mtrous oude with a basal narcotic, or ¢yclopropane
alone, mav sufnce If the latter, ether, spinal anesthesia or a2 combination of
drugs capable of yielding muscle relaxation besides the pain rehef must be
used The site of operation 1s of considerable importance from the stand
pomt of anesthesta Operations about the head and neck or upper extremities
usually necessitate the use of and are best performed with general anesthesia
Surgical procedures on the lower extremuties may be performed with sprnal
or other forms of regional block Certain operations require the prane, lateral
or other awhward positions In these, intratracheal anesthesia 1s necessary
to insure adequate control of the awrway In mtrapleural and mediastinal
operations and 1n other instances i which posttise pressure s required,
wntratracheal anesthesia 15 mandatory The use of intratracheal anesthesia

limuts the number of drugs from which to choose, because not all are satrs
factory for itubation
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Status of the Patient

The second factor to be considered 15 the status of the patient The
presence or absence of pathologic states other than the disease for which
the operation 1s bemng performed, together with the possible bearmng of
these disease states upon the progress and outcome of the operation, are
important considerations The presence of diabetes, for mnstance, makes the
chmean mindful of acidosis Drugs and techniques of admimstration must
be selected which least disturb metabolism, flwd, and electrolyte balance,
and which fulfill the requirements of anesthesia necessary for the operation
The question 15 often not so much what s best, but what will harm the patient
least

Skill of the Surgeon

The third factor, one of extreme vanahbty, 1s the shiil of the surgeon
The difference between surgeons who work quichly and unhesitatmgly
and those who are slow, hesitant, and indecisive can onlv be fully appreciated
by surgical assistants and other operating room personnel Some operators
perform surgery deftly under conditions of moderate rclaxation provided
by the average depth of ether anesthesia Others are handicapped unless the
patient 1s n a cadaver like state Inasmuch as the anesthetic 15 merely an
adjunct to the operation, 1t 1s selected primanly from the standpoint of
permitting the operator to utihze his utmost shill without handicap Too
frequently consultants are unfamiiar with the surgeon’s capabilities They
are thus at a disadvantage in attempling to suggest choices of drugs and
techmques of admmustration The anesthesiologist has an advantage over
fus cofleagues mn this respect because he devotes his attention exclustvely to
anesthesiology and 1s 1n constant association with the surgeon He s famihar
with the surgeon's habits and whims as well as is techmeal shill Heasan
2 position to select and administer an anesthetic which provides operating
conditions best swted for a particular surgeon

Shill of the Anesthutist

The fourth factor to be considered 1s the shill of the anesthetist As m
the case of knowing the surgeon, agan the consultant 1s at a disadvantage
because he rarely 15 familiar with the anesthetist and m many cases does not
even know who he will be The shall of the anesthetist, particularly 1n formz
dable operations and m poor nisk patients, 1s of such importance that 1t 18
often the difference between success and failure Fatalities in the operating
room are almost lways laid at the doorstep of either the surgeon or the
anesthetist The results of a surgeons error usually appear in the post
operative pertiod Perntomtis from an accidental perforation of the bowel,
slough or gangrene from impairment of the blood supply to an organ and
other sequelae of technical errors do not mamfest themselves immediately
‘Uncontroliable hemorrhage and irreversible shock are errors which may be
responsible for an unexpected fatality on the operating table The anesthe
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tist’s errors are almost always immediately apparent Oserdosage of an
anesthetic drug, <pmal shock, asphyxa from obstruction, aspiration of
vomitus, pus or blood, and other techmeal errors are <o often responsible
for “eudden death” The effects of technical mikmanagement of anesthesia
mav become supenimposed upon the effects of surgery and contnbute to a
stormy, postoperatis ¢ course nith a possible fatal outcome Atelectasis, shock,
and other postaperatn e comphications may be due 1n part or entirely to the
effects of anesthesta Here again the consultant 15 at a disadvantage, unless
he 1s aware of the anesthetist’s capabilities and 1s famihar with the technical
problems and difficulties involved m a contemplated anesthetic The patient
who has heart disease, for evample, fares better, theoretically, from the
standpomt of the myocardium when ether 1s selected, rather than spinal
anesthesia or cvclapropane Although ether 15 depressant to the myocardium
and conducting tissues, 1t disturbs the cardiovascular system less than other
major anesthetics Still, the induction of ether anesthesia 1s not simple and
1t requires con<iderable shall to make 1t atraumatic When attempted by a
novice, the induction consumes considerable time Undue trauma may be
mflicted by coughing, straiming and anovia from the partial obstruction which
mvanably occurs Certainly these may be detrimental even to patients with
minmimal cardiac lesions An unesentful induction with 2 non trntating, rapid
acting drug such as c) clopropane, followed by ether, would impose less hard-
ship upon the patient, even though 1t 1s recogmzed that ¢y clopropane affects
cardiac automaticity and should on theoretical grounds be excluded

Pharmacologic Action of the Drugs

The Iast but not least mmportant factor 1s the pharmacologic action of
the selected drug and its effect upon the patient One must consider the
effects both during the operation and 1n the postoperative period

Obviously then, the problem of selecting the anesthetic for a contemplated
procedure cannot be dismissed by simply nvohing a rule If the consultant
assumes that both the surgeon and the anesthetist possess maximum shall
and judgment, the problem of making a chosce 1s purely on a pharmacologic
basis

‘The drugs used by anesthesiologists fall into three categories {1) Nervous
system depressants—these comprise the majority of drugs used (2) Nervous
system stimulants—these are used to antagomze the depressants (3) Ad
juncts to anesthesta—these are used to counteract undesirable side effects
caused by anesthetics Procaine amide, for example, counteracts an enhance
ment of cardiac irritability  Atropine inhibuts secretions of mucous and vagal
acuvity Ephedrine osercomes hypotension, and o on Each of these three
groups of drugs are described subsequently
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CHEMICAL NATURE OF DLEPRESSANT DRUGS
Taen though chmans seldom refer to drugs according to therr chemical

groupngs, some understanding of thewr chemical nature 15 essential for
intelligent nd proper utihzation Wath the exception of the magnesium salts,
the bromsdes, and mtrous ouide central nersous system depressants are
organic compounds contaming carbon, hydrogen, oxygen, mtrogen and, in
some cases, sulphur

Volattle drugs ate, with few exceptions, alphatic, straight chuned hydro
carbons or ethers Non volatile, drugs are aliphatic, heterocyclic or tromatic
dernaties The aliphatic dervatives are usually alcohols, aldehydes or
Letones The distinction between volatile drugs and non volatile drugs 15 em
phasized, because a pharmacalogic difference eusts between the two types

./The volatile drugs possess marked powers of analgesia and cause anesthesia

The non volatile drugs are sedatives, hypnotics, basal nareotics, and nar
cotics They possess hittle or no analgesic power and, are as a rule, not satis
factary when used alone for obtaining anesthesia

The majonty of currently employed local anesthetics are complex, hetero
cychic, and aromatic mtrogen contammng bases Certain substances used mn
conjunction with anesthesia are obtawned from plants The majornty of these
are vegetable bases or athalods The chemical nature of the currently vsed
drugs will be elucidated 1 more detail under the discussions of each md)
vidual drug or groups of drugs (Table I)

CONTROLLABLE AND NON CONTROLLAELE
ANESTHETICS

Inhalation anesthetics are often termed “controllable anesthetics,” be
cause depth may be varied at will by altering the nspired concentration
This in turn alters the alveolar and bloed concentration upon which the
cellufar concentration depends The blood concentration of a volatde drug
15 a reflection of the cellular content of the drug, and an mdex of the depth
of anesthesia The non volatile central nervous system depressants by con
trast are “non controllable,” because they are admmmstered m a single pre
judged dose orally, rectally, mtr larly or intr Yy The blood
concentration s not easily varied once the drug has been admimstered and
absorbed One must depend entwely upon mechamsms for detoxification
and elmunation for altering cellular content The bleod level 1s not neces
sanly an index of the depth of narcosis or the concentration m th
Certain non volatile drugs are promptly removed from the blood stream and
stored 1n the fat, muscle and other tissucs and are gradually released and
elimmated or detoxified The blood level 1s vanable It may be high i

diatelv after ad ration when the state of depression 15 mld and 3t
may be barely detectable later even though marked depression exists

e body




14 SELECTION OF ANESTHESTA

REFERENCES

Apriany 1 The Pharmacology of Anesthetic Drugs 3td Fd Springfield Thomas 1950
p 3.7

Goupssas L and Gruseas A The Pharmacologieal Basts of Therapeutics Dew York
Macmillan 1941 p 27

Sanrtap ¥ Grading patients for surpeal procedures Anesthessology 2 2185 1943

Sgrvers M H and Wartess R M Pharmarology of ane thetie gases Physiol Rer
18 447 1938



3t
VOLATILE ANESTHLTICS

In order to be eftectine and useful for mhalition anesthest 1 drug must
be 1 gas of a hgwd shich volatihizes ea v 1iquids possessing anesthetic
properties, which boit 1t 1 point over 68 € are not switable 1~ a rule, for
whalitten because the \apor pre sure 1t room temperature 15 usualhy ap
<ufucient to mamntan the necessany depth of anesthesia Chioroform which
boils a1 61 € vaporizes wath dificulty at room temperatures {t1s eftective
because the concentranion nece <ary for surgical mesthesia 18 low Chioro
form 15 the most potent of the nhalition anesthetics Its potency ofiets the
diadh antage of poor volatiity Lithvl ether boils between 36 and 36 C de
pending upon the alcohol content Vimyl ether boils 1t 28 C and etind
chlonde at 12 C A threc volahze eastly and arc switable for nhalation
anesthesia

Essential Requirements of an Anesthetic

The chief requintes of any anesthetic are (1) That it affords complete
pan relief (2) that 1t abohishes superficial reflexes, and decreases or
abolishes mu-cle tone anrd (3) that 1t causes hyvpnosts or unconsciowsness
The first two are absolute requirements  Amne»1a or hypnos:s 15 an additional
desirable feature from a pw chic standpoint but 1t 15 not absolutely essennal
to pawless surgerv and satsfactory operating conditions

All anesthetics exert some deletenous effects upon the organism and nter
fere wath or byt many physwlogic functions As the amount admimstered
1s ncreased ultimately a concentration 15 reached which causes death In
other words anestheucs are protoplasmic posons  The term ideal anesthetic
frequently used by chmecians refers to certamn desirable features which 1
volatite drug should possess (1) Tt should be pleasant and easils inhaled
(2) It should be chemucally stable and should not decompose wmathun the
body (3) It <hould be easily ehmunated, preferably unchanged (4) Its
action should be reversible After it has been ebminated the cellular func
tians should revert to their former status without mnpatrment (3) It shonld
possess sufficient narcotic potency to yield all depths of anesthesty (6) 1t
should allow adequate oxygenation None of the currently available anes

thetics possesses all these requisites The 1deal anesthetic remarns 10 be dis
covered

Mode of Action of Depressant Drugs

Central nervous system depressants act as follows (1) They have a
special predilectson for nervous bissue (2) they depress all types of cells

1
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1n sufficient concentration, and (3) there 1s a reversal to normal actnaty
when the drug 1s withdrawn Possibly the affimty for nerve tissue 1s explained
by the ipophilic nature of these drugs Nervous tissue has a high lipoid con

tent compared to other tissues In addition, the nervous system has a rich
blood supply Both factors favor saturation of the brain prior to saturation
of other tissues Consequently concentrations, which depress the nervous
system, are not necessarily present In non nervous tissues 1n suffictent
amounts to mhibit the functions of organs so composed The evact mech

amsm by which anesthetic drugs cause depression of cellular activity 1s not
known Indeed, one 1s not certamn that any one single mechanism causes the
change 1n function For a discussion of the theortes of narcosts, one 1s referred
elsewhere to the numerous reviews and discussions on the subject
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ABSORPTION AND ELIMINATION OF VOLATILE DRUGS

Fate of Volatile Drugs in the Body

With few exceptions, most volatile drugs used for inhalation anesthesia
are mert and undergo no changes in the body Ehmnation 1s entirely through
the lungs, except for a relatnely small portion which passes mnto the urine,
feces, vomutus, saliva and perspiration The absorption, distribution and
elimination are the same as, and follow the physical laws pertaiming to the
behavior of, non anesthetic mnert gases in the body The vapors of a volatile
drug behave 1n the same manner as a gas In these respects Gases and vapors
exert a pressure or tension 1n an jnhaled mixture 1n the alveolt, the blood,
and 1n the interstitial and intracellular flud All drugs must possess some
degree of water solubility in order to reach and pass into the cells

Pressure Gradient

Duning induction a pressure gradient 1s estabhished from the anspired
mixture to the alveol: then to the blood and next to the cells (Fig 1) Dur
ing mamtenance theoretically 1n equibrium 1s est1blished between the
cells, blood alveolar air, and inhaled mixture Actually, an equilibrium 1
never attained due esther to losses through excretory channels or to 1n1d
equate absorption  t the conclusion of anesthesia, when the subject breathes
room air, the tension of the anesthetic gas or vapor n the mnspired e 1
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Fic 1 (a) The pressure gradh
ent during induction of anesthe r ~.
sia with a volatle anesthetic I~
The gas pas.es from the pharsnt
10 the alseolt where the pressure
s less to the arterial blood
where the tension 15 stil less and
into the lissues where it 1s 2ero
at the onset Theoretically dunng
mainterance an equilibrium 15
established between the artenal E

TENSION
»

ARTERIAL
BLOOD

blood the tissues and the venous
blood Vhen anesthesia 1s dis

continued the pressure gradient ~-
15 resersed (b) It becomes zeto
at the hps upon removal of the
mask The gas then passes from
the nis.ues to the venous blood
to the alveol: to the hps Then
tensions 1n the artenal blood and
m the alveol at the end of 1n

smiration are nearly the same

[(VENOUS BLOOD

TENSION

ARTERIAL BLOOD DT\SSUES
-

t

zero Then the pressure gradient 15 reversed, from the tissues, where the
tension 1s the ighest, to the blood, to the alveols, and to the lips where 1t 15
zero The drug 1s then elmimated

TISSUES MASK
|vENDUSBLO0D ] ‘ALVEOU

ALVEOLI

0
7

I ATMOSPHERE

Factors mn Absorption and Elimination

The factors which influence the absorption and elmmation of volatile
anesthetics are (1) The tension or concentration 1o the mspired misture,
(2) the tidal exchange, (3) the minute volume exchange, (4) the functional
residual air volume, (5) the solubility coefficient of the drug mn blood and
tissue fluds, (6) the diffusibility through the alveol, (7) the blood flow
through the lungs, (8) the blood flow through the tissues, and (9) the sol
ubility 1n the tissues Obwviously the higher the gas tension which exists m the
blood, the greater will be the pressure gradient which 1s estabhished, and the
more rapid will be the saturation An adequate tidal exchange 1s necessary
to allow proper mixing of the drug with the functional restdual air The
functional residual air volume 1s an important factor because this represents
the total gas volume which comes 1nto contact with the alveoli When the
functional residual air volume 1s low and approaches the tidal volume, more
abrupt changes occur 1n the alveolar concentration with each respiration
This situation 15 encountered n children Any momentary increase or de
crease in concentration 1s immediately reflected in the blood level and anes
thessa lightens or deepens When the functional residual air volume 1s
increased 1 relation to the tidal exchange, adequate and rapid mixing 15
impaired The desired alveolar tension 15 attained slowly Elmination of the
drug 15 slower also Increasing the minute volume exchange increases the

total amount of drug carred to the lungs and facitates blood and tissue
saturation
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Effects on the Alvech

Volatie anesthetics pass with ease through the alveolar membrane 1n the
same wav as do oxygen, mirogen, hehum or other gases The membrane 5s
not altered wmn any way whatever A drug which perchance would evert a
deletertous effect would not be chimcally useful Reference 1s occasionally
made to a volatie anesthetic bemng “irntating,” the inference bewng that the
aheplar membrane 15 1 some wav altered or damaged Vapors of ether and
other volatile drugs stimulate the vagal nerve endings i the alveoh causing
exaggerated breathing The mucous and calnary glands in the mouth,
pharynx, and trachea are stimulated to increased secretory activity These
vesponses are mterpreted rmstakenly as “srmtation ¥

Solubihty in Tissues

The coeffictent of solubihity of the drug n blood 15 smportant The more
soluble the anesthetic 1s i the blood, particularly when 1t 15 of low potency,
the more the quantity which will be necessary to saturate the blood to mam
tain anesthesta Ta be useful a drug must possess sufhcient solubility m
water to be carnied in adequate amounts for aresthesia to the cells

Blood flow through the tissues and arculation time through the lungs
play a role in absorption and ehmnation, but are ummportant relatively
spealing Even though the perspheral blood flow 1s slowed, as m cardiac
fasjure blood passes through the lungs with sufhcient speed to absorb volatile
drugs The blood flow through the bramn and other tissues 1» a more impor
tant factor howeser The saturation and desaturation of adipose tissue occuts
slowly, despite the fact that anesthetic drugs are hpophilic, because these
tissues possess a poor blood supply Minute amounts of cyclopropane may
be detected 1 the blood for many hours after the termmation of anesthesia
This comes from the hpoid tissues shich are releasing the anesthetic, which
has been abeorbed The release 15 slow due to the poor blood supply All the
cvelopropane 15 ehminated from the blood and watery tissues within ten
minutes because of its low water solubihty ‘The bram, when compared to
adipose tissue pos<esses an evcellent blood supply, although the hipord con
tent 15 less, relatnely spealing Brawn tissue becomes saturated and desat
urated more rapidly than adipose tissue Brain absorbs more drug than
muscle for example because of the differences in ipard content of the two
ussues On the other hand ether 1s relatinely more soluble 1n water than
ciclopropane As a result both the hpoid tissues and the watery tissues
abvorb cansiderable amounts

Equlibrium Between Blood the Cells and Alveolar Air
An equilibnum s olumately established between the cells of the body
the biood and the alveolar air if the anesthetic 15 admmsstered grer 2 dung,
period of time The bran comes to equihbrium wath the blood first and con
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sciousness 15 lost Ultimately the other tissues come to equbbnum In the
meantime, s the anesthetic 1s being 1bsorbed by the tissues, more must be
2dded 1o the whaled misture to mahe up for that bewng withdrwn from
the blood Unless this 15 done, equilibrium between the brun and the blood
15 disturbed, the concentration 1n the brun cells 1s reduced and anesthesia
hightens ‘The equilibrium ratio between the alveolar air and the blood (ur-
blood ratio) varies with each drug, the body temperature, partial pressure,
and other factors Tor ether the o 1s 1 i blood to 15 wn awr That 1s,
when equilibrium 15 established between alyeolar air and blood, alveolar air
contans one umit of ether, blood 15 In the case of cyclopropane the figure
1s reversed 1 to 04 That s, when equilibrium s established alsveolar air con

tamns 1 umt, blood 04 During recovery the partition 1s on this basis In
other words the venous blood returning to the lungs imparts to the alveolar
air one umt of 1ts ether and retains 15 On the other hand cyclopropane im

parts one umt and retains 04 umt It can be seen that the elimunation of
cyclopropane will be more rapid than that of ether
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METHODS OF ADMINISTRATION OF VOLATILE DRUGS

Dewvices Used for Adminstration of Volatile Drugs

Special desices hnown as inhalers are necessary for the admmmstration of
drugs by inbalation All imhalers have three features of importance (0]
A source of oxygen (2) a means of ehmnating carbon dioxide, and (3)
some means of supplying the proper concentration of drugs at the hps and
nostrils The methods of administration are classed as open or closed In the
open methods, the gases or vapors are conducted wnta the naso and oro
pharynx or to the nostnils and hips by catheters In the closed methods the
gases and vapors are confined 1n a device which permits therr mhalation
through a mask In the open methods the gases and vapors mix with and
escape mto the atmosphenc air In the closed method there 15 no mixng
with atmospheric air  Anesthetists refer to the methods of admimstrating
volatile drugs as (1) open cone, (2) sem: open with a cone  (3) msufla
tion, (4) sem closed and (3) closed with total rebreathing

Open Methods

The open cone techmque 15 appheable to volatile hquds (Fig 2) 'The
liquid 1s vaponzed on gauze supported by a metal frameworh. It 35 mixed
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Fic 2 The Open Cone tech of ad volatile hetic drues

with air which serves as vehicle, a diluent, and a source of otygen Carbon
diouide escapes through the mesh of the gauze The sem open methad differs
Dhttle from the open An enclosure, usually a towcl wrapped around the mask,
prevents escape of the vapors and provides some rebreathing (Fig 3) In
sufflation 15 suitable for both gases and vapors The gases are conducted,
miced with oxygen, nto the nasopharyn< and oropharynt by means of
catheters or other tubes Liquids are vaporized and the vapor 15 mixed with

t - F —

Fie v Semi-Open Techmque of Anesthesia by the Open Drop Method for Yolatle Liqud
Note that a towel 15 3rran ed in a chimnes hke fa hion about & wire frame over which |
draped gauze upon which the drug is dropped The towel provides a panial enclosure for the
vapors of the drug Some reduction 1n oxygen tension and retention of carbon dotide occurs
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Fic + The dugram uinstrates the osal wsuffisbon of vapors of volatile hguds (A} The
souree of compressed £as u wally 2z or otygen (B) Contminer for the volatile drug (C) Trap
mterposed between apparatus and pharynt to prevent hquwd from acoidentally pasang over
ima the respiratory pass2 es (D) Cannula for delivenng the vapor nto the pharyny (F) A
blade or tomrue depressor to support the tongue and provide an arway when surgery 15 beng
performed m the mouth ‘This techrique 15 u od for oral and nasal surgery

air oxygen or other gases and conducted to the upper respiratory passages
m the same manner (Fig 4)

Fic 5 Fhe s m closed wmha'er 1 composed of & Qosed mask (A} and a bresthing bay (B)
The bag acts 25 a reservorr for wsprred gases A contsauous flow of gases 15 admitted into the
apparatus from the souree of supp'y into the inlet tube (C} The exhalations excess gases and
vapors escape throu R the adjustable vatve (D) A vacahle aroust of t¢ breathsng otcurs
this type unless an additional vahe 15 placed at the snlet from the breathing bag intn the mask
<A} Most whalers are equipped with an obturator (E) or valve which allaws the mash to be
clos d from the ba and be hlled with gas untt appacatss « ready for wse The patient may

breathe room air through the vents (F) provided for the purpase which are opened when the
abturater 1y closed off from the mask
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Semu Closed Method

The semu closed device consists of a mash and a rescryorr, usually a 5 hter
rubber bag contaming the desired mixture Wath each mspiration the patient
dr1ws an amount of mmixture equal to his tidal volume from the reservorr
The exhaled gaces are ejected to the outside aur through a vaive on the mash
(g 3) Semi closed devices may be 1rranged as non rebreatning ty pes by
mnterposing a \ah e between the mask and the reservorr The valve permits a
unidirectional flow from the bag mto the mask but not i the reverse direc
tion Omission of the valve permits rebreathmg Unless 1 flow of gas equivy

3

Fie 6 121 Tte to and f o inbaler 13 composed of a ma % (3) & cam ter (I which 13 chargerd
with w0z e $€ and 2 breathine ha (1N Dunn  expiration the pases pass over the soda ime
o the breathin b3 Durnin. sn purals 1 the direction 1 resersed The reeqired gates are thus fasced
over the abw tbent twice Tte Lpy ot (Fr and (€) all w the inhaler to be & mantled ant
the can ter 1o be removed <o that rebreatting of catbon dionde 13 pos ible f desired The inlet

s 12 0rs and gaws {rom } wme ers
”:\ :r}l?e‘ tn and fro inhales hown 1o use cn a gatient The t3an ! fra inha'er & more diff eult ¢t

us tectmcaly than the arcle filter
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fent to the tidat valume of the subject 15 supphed w the rebreathing type,
ctbon diosde accumulites in the apparatus and the oxyren 1s depleted <o
that subowy genition occars Some semn closed deviees oper ite on the ‘de
mand prmaple ’ The negitive pressure cused by inspiration in the mish
retivates 1 valve which {(from 4 reservorr mr winch the £1s 1 stored under
pressure) relerses an amount of £1s equinalent to the patient s tdad exchange
senucloced deviees e used for the adnunsstrition of osygen carbon dioxide
mntures and for the ‘wshing out of ntrogen from the tissues Dunng
the mduction of mitrous ode or ethy lene anesthesi, the sem closed method
1s mandatory to permit  washing out 1nd replicement of the mtrogen m
the 2lveoh by the pas Both gases require 1 partiad prossure of over 575 mm
Hy 1n the abieolt to be effectne Unless mitrogen 1s ehnunated the tension
necessary for anesthest cannot be rdmumstered The open and semm open
methads are wasteful, are not entirely physiologic, and create fire hazards

A

Fic 7 The arcle filter Dur

ing expiuation the pas pa o3

i B {rom the ma K (A) mtoa cor

rucated tubinz approumately

3 feet long then throw h a

vahve (B) over the aiworbent

m the cam tes (C} When

piration takes phce the ga o5

are dsawn Jrom the bag (D)

theou b valse (1) thron b the

second ot tnspiratory coTry

grated tubing back to the ma k
Thu a arcust 1s completed

-

.

‘Two cannsters are provaded
n order that one may be re
filled dunng the operation or
that one be aumlable »f one
beeomes exhausted Thus type
apparatus 18 used by approxy
mtely 95 ¢ of the anesthets ts
n the United States,
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when flammable mixtures are used Devices known as flowmetcrs are neces
sary to measure and v gases i proper proportion Ilowmeters are not
necessary for volatile hquids admumstered by the open methods

Closed Methods With Rebreathung

The closed methods permit enclosure of gases by means of a tight fitting
face prece or a connection from the mnhaler fo trachea] catheters Carbon
dioxide 15 absorbed by chemicals, usually soda hime, oxygen 1s suppled to
meet the metabolic requirements of the subject, usually at a rate of 300 cc
per minute This type of closed nhaler does not commumnicate with the out
side air Two types of closed inhalers are used—the “¢o and fro” type (Iig
6) and the “csrele” type (Fig 7) The latter 1s used by approvumately 90
per cent of the anesthetists in the Umited States Each type has its advantages
and disadvantiges The closed system permits inhalation of warm gases,
enclosure of flammable gases use of positive pressure, mantenance of a
constant level of anesthesia, satisfactory control of both oxygen and carbon
dioxide tensions in the inspired gases, and economy of volatle drugs More
shill 15 required n the management of the closed systems than the open
A misconcepbion which seems to be accepted as an established fact 1s that
the open drop method, notably open drop ether, 15 the best type of anes
thesia, particularly 1n poor 1<}, patients The closed methods, when used by
experienced indwiduals are far supenor to the open The open drop method
may be safer when used by the novice but 1s certainly far from the best and
15 the least desirable
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STAGES OF ANESTHESIA

Effects of Volatle Drugs on the Nervous System

When anesthesia 15 induced with currently available inhalation anesthe
tics, four stages are rccognized in the transition from conscrausness to com
plete abolinion of refies actiaty The impression that these four stages are
well demarcated and delineated 1s incorrect One stage gradually merges
1nto the nest In establishing surgical anesthesia, the anesthetist 15 guided
by changes i three systems, the central nerions system, the respiratory
system and the erculators system Other physiotogic units are snvolved also
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but the attention of the anesthetist 1s focused upon these three systems
The disappearance and reappearince of certan superfictal and deep reflexes
are gmdes to vanations in depth of anesthesia Some of the most rehable signs
of depth of anesthesia may be noted in the eye Tortunately the anesthetist
1s at the patient’s head and 1s in 1 position to observe these reflexes The
disappearance of the hid reflex, the variations in activity of ocular movements
and the actnvity of the pupniiary and corneal reflexes are constantly observed
during 1nhalation anesthesia The character of respiration is a valuable guide
to the degree of central nervous system depression Small muscles lose their
actiity before large muscles The intercostals are small by companson to
other muscles Loss of intercostal activity plices the burden of pulmonary
ventilation upon the diaphragm The piston like action of the draphragm
causes an abrupt change in intrathoracic pressure A quickened inspiration
and 2 prolonged gradual expiration are mamfestations of this loss of inter
costal activity The gradual expanston of the thoracic cage causes changes
n intrathoracic pressure to be less abrupt Inspiration and expiration are
nearly equal in amplitude and duration when the intercostal muscles are
active Resprration simulates that observed in normal sleep Loss of inter
costal actiity indicates a decrease 1n tone of the larger muscles, particularly
by the rect: and those of the extremities Circulatory changes caused by
anesthesia per se are not apparent until the level of anesthesia 15 profound
The pulse rate, systolic and diastolic pressures are observed at frequent
intervals by the anesthetist throughout the operation

Stage I-——Analgesia

The first stage (designated by Roman numerals) 1s termed the stage of
anglgessa The subject 15 unable to percesve pamn, cold, warmth, and Lght
touch Special senses may be partly obtunded and a sensation of numbness
15 described Superficial and deep reflexes remam active ‘The sensorium re
mains clear Consciousness 15 impaired only to a shght degree, 1f at all
These changes may be d rated by allowing the subject to mhale equal
parts of oxygen and mitrous oxide for several mmutes and then stimulating
the shin with a sharp mstrument There 1s a quick withdrawal from the
stimulus However the stimulus 1s not interpreted as panful Tt does evohe
a reflex and the subject 13 aware of being stimulated Pam relief of this sort
without abolition of reflexes 1s inadequate for any but the most minor sur
gery

Stage II—Delinum
As the concentration of mtrous oxide 15 increased further depression of
the central nervous system occurs and the subject then merges into the sec
ond stage This stage 15 often termed mmproperly the excitement stage or the
stage of delirium No abrupt transition or well delineated separation occurs
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between stage I and stage II The sensonium 1s clouded and consciousness
L gradually Jo_t Muscle tone 1s increased, probabh due to release of corts
cal mhibitions, nhich allov s the subcortical centers to hase full sway The
superficial reflexes are exaggerated Inhbitions are lost and extraneous
stimuli mav anitiate siclent mosements, strug ling and straming Injury
mat occur 1 this stage, so restramnts and other precautions to safeguard the
patient are nece~sary Re.tramming straps for the arms and legs are mandatory
and not objectionable to properly sedated patients An attendant should be
o1 hand to a.s1st the anethetist 1 the event such strugghng occurs The
second <tage mav be rapidly transcended and rendered uneventful by pre

anesthetic admmistration of sedatnses, hypnotics or_narcotics The second
sta,e 1s unduls prolonged 1n unsedated, apprehensn e, highly emotional sub-
sects and 1 chromc alcohol addicts A second stage, vhich could be unevent

ful and of brief duration, 15 frequentlt converted to one which 1, prolonged
and stormy because the subiect 1> stimulated and mmproperly managed be-
{ore stage 111 15 attamed

The importance of adequate and properls timed pre anesthetic sedation

and the asoidance of all sumul whether 11cual anditory or tactile duning the
induction period cannot be stressed too strongly  Adjustment of belts straps,
mtroduction of cannulze, catheters, phy.ical examnations, m short, any

thing which requires shmulating the patient imtiates excitement A pro-
longed second stage 15 often charactenized by incoherent mumbling, crying
or talhing <nallos mg, and the secretion of thich mucus Due to the exate

ment svmpathetic stimalation occurs, the pupil are widelv didated the
blood pres-ure nise__ a tachvcardia ensues Respiration 1s stertorous, jerhy
and 1rregular due to release of cortical mmhbitions Breathholding or bref
penods of apnea are not uncommon The latter 1s due to hvpocapma from
hvpen entlation, vwhich 1s not uncommon Such periods of apnea are often
r1taken for overdosage and alarm the ummitiated anesthetist The olfactory

and sisual semses are mactiated earh 1n the second stage The auditory

senses are aboli_hed after the visual earhy 1n the second stage It 15 not un

common for patients to recount comments of bi-standers who have made
them durmg the induction period on the a sumption that third stage bas
been attained. Conments concerning the patient should be withheld until
one 15 certain that the patient has lo_t consciousness and 1s arresponsie

Stage III—Surgical Anesthesid

The third or surgical stage of anesthesia 1~ charactenized by loss of super
fical reflexes The subject 15 no longer capable of soluntars motements
SI1. bt tapping o7 the evelid no Jonger evoles the so-called “ hd reflex” The
11d reflex” 15 not to be confused with the comneal reflex commonh employed
by pinsiologists and pharmacologists as a guide to depth of anesthesia 1n
laborators antmals The corneal refler al-o 1s present 1 man and, as mn the
case of amrmals percists for some time as stage 11T 1s transcended 1t 15 not
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NITROUS OXIDE
ETHYLENE

STAGE
l l ALCOHOL ADDICT

l l ALCOHOL

113 b
A I

Fic 8 The vanations 1 depth of the taves of ancsthesia with different drus With ether
anesthesia the zone transcended i the third sta e 15 comparatively wide allowing considerable
lattude Vith alcohol the zone of third stare 1s narrow and passa ¢ {rom second stage 1s abrupt

Second stage 15 a broad zone with alcohol With mitrous oude and ethylene without gnoxia the

upper strata of the third stage 1s rarely transcended Chromie alcohol addicts marufect a narrow
zone of third sta ¢

a practical gmde for depth of anesthesm:)ecause corneal ulcers often result
from repeated touching of the cornea”Respiration 1s rhythmical and re
sembles that noted m normal sleep Pulse and blood pressure, 1f elevated
dunng stage I, return to pre anestheticlevels The third stage 1s broad and
therefore 15 subdiided into substages referred to as planes Planes of anes
thesia are designated by arabic numerals Depth of antsthesia 1s usually m
dicated as stage III plane 1, stage IIT plane 2, or stage I and stage IT and
S0 on

The first plane 1s characterized by a loss of superficial reflexes but little
or no loss of muscle tone Occular movements continue The eyeballs oscil
late rhythmically in a horizontal plane, when the lids are retracted and light
enters the pupil As plane 2 1s traversed, occular movements cease, because
the smaller muscles throughout the body including the oculo motor group
lose their tone The pupils ippeat centrally fixed and constricted, but they
continue to react to hght The chuaracter of respiration 1s altered hittle in the
first and second planes using most anesthetics, because the intercostal mus
cles and the diaphragm remain active Respiration remains rhythmeal,
changing hittle from plane 1 Inspiration and expiration are of equal dura
tion Operations requining pan relief only may be performed using first
plane anesthesia Surgery requiring a moderate loss of muscle tone may be
performed with <econd plane anesthesia As plane 3 1s transcended, a loss
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of intercostal activity occurs Respiration becomes diaphragmatic m quality
—anspiration 1s quickened and expiration 1s prolonged Muscle tone 15 con

siderably dimmshed Moderate dilatation of the pupils may occur The
corneal reflexes are obtunded or abolished and secretion of tears ceases A
quichenng of the pulse rate and a shght fall in blood pressure are noted,
but as a rule the circulatory changes are not remarhable at this pomt Sur

gery necessitating loss of tone of the larger muscles 1s performed with ease

Relaxation of large muscles and loss of refleses gradually appear as planc 4
15 reached Dhaphragmatic actraty 1s diminished, the pupils become widely
dilated, and respiration 1s entirely diaphragmatic Inspiration 1s quchened
and )erky, expiration 1s prolonged, and minute volume exchange 15 markedh
dimmished

Stage of Medullary Depression

As stage IV 15 reached the medullary centers become depressed and ulta
mately mactive The re_pirators center 1s the first of the medullary centers
to become mactinated Respiratory efforts cease and unless artificial respira
twon 1> nstituted prompth the patient dies The vasomotor center usually
fails after the respiratory center The blood pressure falls the pulse mav
be quichened or slowed depending upon the drugs used and the status of
the patient The heart continues to beat after respiratory efforts ceace until
the depressant effects of anotia ensue Other drugs, chloroform for example,
depress the circulatory and respiratory system simultaneously

A number of other important reflexes dicappear as anesthesia 1s deepened
The cough reflex disappears at the transition between stage IT and IXl The
vomting and “gag” reflex disappear at the same time Tracheal and bronchtal
reflexes disappear in plane 2 or 3 Reflexes mitiated by traction on the
mesentery of an abdominal organ or upon the thoracic viscera disappear 1
plane 3 but may persist eveninto plane 4

Recovery

When the anesthetic 1s discontinued recoserv occurs in the reverse order
After a long ether anesthetic the order of return of reflexes 15 vanable

The signs of anesthes:a enumerated 1n the fore,0ing paragraphs appls
to ether Except for mmor varatiens to be described under the discussion
of indiniduai drugs these signs are afso applicable to the other currently
employed volatile anesthetics Anowia carbon diowde excess heawvy <eda
tion basal narco~ls with non volatile drugs modify and invalidate these
signs These signs tend to vary with the extremes of age Thes are not satis
factors, gmdes for determumng the depth of hvpnosi> or basal narcosis with
barbiturates and other non \olatile drugs The signs are nullified 1f mhala
tion anesthewa 15 combmed with basal narcous with barbiturates or other

non yvolatile drugs
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of ntercostal activity occurs Respiration becomes diaphragmatic in quahty
—mspiration 1s quickened and expiration 1s prolonged Muscle tone 1s con
siderably dimmished Moderate dilatation of the pupils may eccur The
corneal reflexes are obtunded or abolished and secretion of tears ceases A
quichening of the pulse rate and a shght fall n blood pressure are noted,
but as a rule the circulatory changes are not remarkable at this point Sur
gery necessitating loss of tone of the larger muscles 1s performed with ease
Relaxation of large muscles and loss of reflexes gradually appear as planc 4
1s reached Diaphragmatic activity 1s dimimished, the pupils become widely
dilated, and respiration 1s entirely diaphragmatic Inspiration 15 quickened
and jerky, expiration 1s prolonged, and minute volume exchange 1s markedly
dimmished

Stage of Medullary Depression

As stage IV 1s reached the medullary centers become depressed and ult1
mately nactive The respiratory center 1s the first of the medullary centers
to become mactivated Respiratory efforts cease and unless artificial respira
tion 1s mstituted promptly the patient die. The vasomotor center usually
fails after the resptratory center The blood pressure falls, the pulse may
be quickened or slowed depending upon the drugs used and the status of
the patient The heart continues to beat after respiratory efforts cease until
the depressant effects of anoxia ensue Other drugs, chloroform for example,
depress the circulatory and respiratory system simultaneously

A number of other important reflexes disappear as anesthesia 1s deepened
The cough reflex disappears at the transition between stage II and IIT The
vomiting and “gag” reflex disappear at the same time Tracheal and bronchial
reflexes disappear in plane 2 or 3 Reflexes imtiated by traction on the
mesentery of an abdominal organ or upon the thoracic viscera disappear m
plane 3 but may persist even nto plane 4

Recovery

When the anesthetic 15 discontinued recovery occurs 1n the reverse order
After a long ether anesthetic, the order of return of reflexes 1s vanable

The signs of anesthesia enumerated 1n the foregomng paragraphs apply
to ether Except for minor varations to be described under the discussion
of individual drugs these signs are also applicable to the other currently
employed volatile anesthetics Anoxia, carbon dioxide excess, heavy seda
tton, basal narcosis with non volatile drugs meodify and invaldate these
signs These signs tend to vary with the extremes of age They are not satis
factory guides for determimng the depth of hypnosis or basal narcosis with
barbiturates and other non volatile drugs The signs are nullified 1f inhala
tion anesthesia 15 combined with basal narcosis with barbiturates or other

non volatile drugs
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NITROUS OXIDE

Descenption

N\atrous osde or rutrogen monoide, 153115 catled 151 stable, sweet smell
ng norgamc gas possessing 4 mld mreotic potency When chncians speah
of gas” as an ‘nesthetic, reference s being made to nitrous oude \itrous
oude 15 non rntiting nd easily whaled Induction ss rapid (two to three
minites), unesentful, and without struggling There s httle or no wrritation
of the salnary and mucous ghnds of the upper and lower respiratory tracts
Anesthesin 1s therefore devord of troublesome secretions

Patency

Ntrous evde 15 % potent 1nalgeste but 1 weak nesthetic Inhalation of
a 20 per cent myvture with oxvgen or ur nduces amalgesia comparable to
that obtawed with 15 mgm of morphine Inhalation of wn approvimately 60
per cent nuxture ciuses unconscsousness Surgical anesthesia 1s obtamed
with difnculty, unless alveolar concentrations of 80 per cent or upward are
attamed Heremn hes the hazard of nitraus oxide for surgical mesthesia The
physiologic timit of oxy genition 15 often exceeded 1 attempting to obtamn
surgical anesthessa (Fig 9) Surgical tnesthesia below first plane is rarely

< - N20-B0%

~0215% - 0, 10%
T COz5% €0a-5%
HO 5% " -Hp0 5%

Fie O {3 The pescentace composition of the ases in the alveoh at rest at ordinary at
nlage com
Quies an 80 alveolar concentraty composition of the alicolar gases of @ paient who re

even under s
otrurs Dhiunan of the nitraus owd et Qrcumstantes a reducton in oxygen tension
further enhances the aleeady eusting sub oxy;

e
induce mirous oTde anesthesia in order to s\i;sh ‘;Z? ;I"‘léenf::{’-:’]’aszd Hatem must be wed to
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The gases are morgmc or organc substances Organic gases hnown to
possess ancsthetic qualities are hydrocarbons, halogenated hydrocarbons
or cthers \enon, mtrous oxuide and carbon dioxide are the only morganic
gises possessing any notable 1nesthetic properties Nitrous oude 1s still
widely used m chinical medicine Carbon dioxide 1s merely of academic and
historical interest Its use 1n anesthesia 1n most cases constitutes abuse
Nitrogen 1s mldly parcotic under several 1tmospheres of pressure and 1s
therefore of no importance Xenon 1s, 1t the present time, a pharmacologic
curiosity and has been used in man to a hmited extent The only suitable
organic gases are either aliphatic or cyclic hydrocarbons None of the sat
urited hydrocarbons such as methane, cthane, propane 1nd so on 1s suitable
Unsaturation of aliphitic hydrocarbons enhances narcotic potency Lthane,
for example, 1s practically devord of anesthetic properties, whereas its un
saturated counterpart, ethylene, 1s 14 most switable anesthetic

Increasing the molecular weight of 1 hydrocarbon ncreises 1ts narcotic
potency Seventy to 80 per cent ethylene yields satisfactory surgical anes
thesia, compared to 40 per cent for propylene and 20 per cent for butylene
The depth of anesthesia obtaned with propylene 1s greater than that
of ethylene Increising the degree of unsaturation also influences narcotic
potency Acetylene, which possesses a triple bond, 1s more potent than ethyl
ene which has a double bond The cychc arrangement of carbon atoms also in
fluences potency Cyclopropane which has 1 cyclic configuration 1s 1 potent
anesthetic 1n contrast to propane, the straight chained counterpart which 1
almost desoid of 1nesthetic properties

Propylene 1nd acetylene enjoyed hnuted periods of populnty as anes
thetics, but soon yielded thetr plices to cyclopropane Ethylene, 1 most
suitable anesthetic, 15 still used, except sn communities where hospital au
thonities forbid the medical profession to do so because they re fearful of
the fire hazard imvolved Cyclobutane has been mvestigated by Rrantz and
other workers It appears to possess pharmacologic and anesthetic properties
similar to cyclopropane, but 1t 15 used little, 1f at all Three gses, then, are
used 1n present day anesthesia practice nitrous owide, ethylene, and cyclo
propane These will be discussed 1n detail subsequently
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attained 1n healthy, vigorous subjects without some sub oxygenation The
muscle relaxation 1s adequate for most surgical procedures The fas 13
useful for procedures requiring abolition of superficial reflexes wathout mus
cle relaxation

Systemic Effects

Pharmaclogically mtrous oxide 15 an innocuous substance Few, 1if any,
physiologic disturbances occur when mtrous oxide 15 admimstered without
anoxia The respiratory system, the circulatory system including the heart,
conductive fissues and blood vessels, the hwer, the hidneys, the gastro
intestinal tract, and other organs are not sigmficantly affected However,
instances m which anesthesia 1s obtained without some anoxia are infrequent
Ordmarily the anesthetist 15 compelled to employ mixtures m which oxygen
concentrations are too low for safety The majonty of central nervous sys
tem depressants when given to excess cause death by asphyxia following
paralysts of the respiratory center Overdosage causing medullary paralysis
{with adequate oxygenation) 1s a remote possibiity with mtrous owmide
A muxture of 80 per cent mtrous oxide and 20 per cent oxygen at 3 atmos
pheres pressure 1s lethal to mice A lethal concentration 1n blood can only
be attamed admmnistering the gas under a pressure of several atmospheres
At atmospheric pressure the amount 15 far below the lethal dose The notion
that mtrous oxide possesses no narcottc action, and that its effect 1s the
result of anowia, 1s not correct Tatalities during mtrous oxide anesthesta
are the result of anosia (anoxic anoxia) I'atalities are more frequent than
15 realized, despite the oft made statement that mtrous oxide 1s “safe ”’

Nitrous oxide anesthesia admiistered with adequate concentrations of
axygen differs physiologically and pharmacologically from that accompamed
by anoxia The signs, symptoms, and effects of anoxia accompanying mtrous
oxide anesthesia are no different than those noted with anoxia from other
anesthetics It appears worthwhile, therefore, to briefly outline the symptoms
and sequelae of anoxia during mtrous oxide anesthesia

Anoxia During Anesthesia

Three phases of anoxa are recognized during mtrous oxide anesthesia—
a precrisis, a crsis, and a terminal The precrists phase 1s entered as the
oxygen content 15 reduced below normal, and persists until the blood oxygen
content 1s 12 volumes per cent A quickening of the pulse and an elevation
1 blood pressure characterizes this phase Respiration 1s stimulated, the
rate bemng affected more than depth Presumably this 1s caused by reflex
effects originating mn the smno aortic chemo receptors The crisss phuase 18
entered as the blood oxygen content falls below 12 volumes per cent, and
persists untif the reduction 1s 9 volumes per cent The elevation in blood
pressure, due to stmulation of the vasomotor center via the smo aortic
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mechamsn, 15 pronounced The pulse, due to vagal sumulation slows to 60,
50 or cven less Sectioning the vagi or the admimstration of anticholinergic
drugs or barbiturates, which depress the cardiac portion of the vagus,
abolishes or prevents the bradycardia The quichening of the pulse during
the precrisis phase 1s the result of sympathetic stimulation The pupils dilate,
cyanosis of a dark, inky, blue blach hue appears Respiration becomes gasp
ng and sterterous Twitchings of the small muscles first appear, these are
followed by hypertoma, and a merging nto convulsive movements Two
factors are probably responsible for these neuromuscular responses (1)
The effect of anoua on the cortical and sub cortical cells, and (2) the tetany
due to an alkalenna resulting from hypersentilation, which depletes alveolar
carbon dionide The neuromuscular phenomena are more pronounced when
anoxia 1s induced with nitrogen than with depressant drugs Anesthetics
“soften” and often completely prevent the convulsions

The chmax or the third or terminal stage 1s reached, when the oxygen
content falls below 9 volumes per cent to approximately 4 volumes per cent
or less The medullary centers are depressed by the anoxia Respiration
ceases, the blood pressure falls, and asystole then follows from direct depres-
sion of the myocardium Asystole occurs more frequently than ventricular
fibnllation, although either may occur A marhedly slow pulse occurs before
asystole Obviously bradycardia during mtrous oxtde anesthesia 1s an 1l
cmen As a matter of fact any bradycardia during anesthesia, irrespective
of the drug used, ments investigation

Pathologic Effects of Anoxia During Anesthesia

The sequelae of even brief periods of anoxia may be disastrous The cere
brospinal axis, particularly the phylogenetically newer portions, undergo
irreparable damage when subjected to even brief periods of anoxia Few 1f
any gross changes are found on post mortem examnation when death occurs
during a bout of asphyxia Petechial hemorrhages over the bran and serous
surfaces are the only notable changes found Patients may survive
resuscitation only to succumb after several hours The symptoms before
death vary, depending upon the duration of anoxta Usually the patient re
mains comatose after the mishap Dilated, sometimes unequal, pupils with
or without nystagmus may be present Signs of cortical irntation, manifested
by spasticity and convulsions, may be present The breathing becomes ster
torous and the pulse bounding Later signs of upper motor neuron mjury
appear such as posttive Babinshis The coma deepens, circulation fails, and
a hyperthernua develops The temperature may rise to 107 108°F b;fore
death Post mortem examination of the brain reveals widening of the pericel
lular and perivascular spaces due to edema If the survival penod extends
over several days, more specific changes develop Areas of necrosis, distrib
uted through various portions of the brain, are common The cerei)ral cor
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tex 1s most frequently the site of such changes, but the basal gangha and
the cerebellum may also be mvolved Once a neuron 1s devitalized, it neves
regenerates A transient swelling of the cytoplasm, with dissofution of the
nuclear elements, occurs m the neurons This may be followed by a restitu
tron to normal rather than by necrosis The fact that some patients mamfest
signs of severe central nervous system damage, but recover completely m
due time, 1s explained by this fact Others are permanently afficted because
the cells become necrotic and die The necrotic areas are repliced by scar
tissue The response or tolerance to anosa 1s vanable

Some patients who are anoxtc following respiratory failure for considerable
time have been none the worse for their experience In these instances respira
torv farlure without circulatory failure occurs The blood continues to circt
late through the brasn and despite its low oxygen content, some degree of oxy
genation 15 mamtamed In other patients, a brief episode causes death In
taese instances, circulatory collapse promptly follows or accompantes resptra
tory failure It cannot be emphasized too strongly that successful resuscita
tion following combmed circulatory and respiratory faiure s snvanably
followed by serious and usually permanent damage to the nervous system
1f the cerebral eirculation 1s interrupted for more than two or three mnutes
the patient dies from cerebral damage or, 1f he survives, be has permanent
neurologic changes Thi> commonly occurs after successful cardiac resuscita
tion

The neurologic sequelae following recovery fram anoxia are varied They
range from munor ympasrment of mental faculties to almost complete deterio
ration Inaddition bhindness deafness, palsies Parkinsonism, and spasticity
of vanous muscle groups remain as restdual findings The types of neurologic
complications which follow depend upon the stte of the damage to the central
nervous system Despite enthusiastic reports concerning cardiac resuscita
tion, which have appeared 1n the current medical hterature the results are
disappointing unless asystole 1s promptly recogmized and cardiac massage 15
nstituted drately Cerebral damage 1s the rule rather than the eaception

Systermic Changes Caused by Anoxia During Anesthesia

A thick, glary mucus scant but sufficient mn amount to cause vexsome
obstruction and laryngeal spasm 1s often secreted duning anox:a The in
tracramal pressure 1s marhedly elevated a pomnt of importance durmng intra
cramal surgery Senious metabolic disturbances accompany even mild degrees
of anoxsa Imtially an alhalemia develops as a result of forced ventilation
accompanying the anoxia The hyperventilation causes a reduction 1n carbon
droxide tension After a brief pertod acidosis ensues due to the accumulation
of fixed acids, particularly lactic and phosphoric which accumulate due to
the suboxygenation Carbohydrate metabolism 15 disturbed Sympathetic
stymulation causes depletion of epinephrine in the adrenal gland Liver glyco
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gen 1s mobilized as a result of the sympathetic stimulation, causing an eleva
tion 1 blood sugar, the degree of which depends upon the seventy of the
anoua and the glycogen content of the hiser Vanous functions of the Iner
are disturbed by anoua Bromsulfalein excretion, the most widely studied
function during anesthesia, 1s impaired for 24 hours or more following brief
penods of mild degrees of anovia Sccretion of bile, the formation of bile
salts, and various synthetic processes undertaken by the liver may be rc
tarded during and following anova Elevation n blood pressure, depression
of cardiac muscle, constriction of the spleen, and an ncrease n capillary
permeability are other derangements of importance caused by anowa

Non Asphywial Nitrous Oxide Anesthesia

Rarely can mitrous oude be adnunistered without anovia, 1f used alone
with oxygen By combimng mtrous oxide with another inhalation anesthetic
such as viny! ether, ethyl ether, chloroform or trichlorethylene, an additne
effect 1s <ecured An additive effect 1s also obtained by combining the gas
with non volatile basal parcotics Tribromethanol, morphine, mependine,
and ultra short acting barbiturates are switable for this purpose Combiming
the drugs pernuts reduction of the mtrous ouide tension necessary for sur
gical anesthesia ‘The ovy gen tension may then be increased to the physiologic
level and the hazard of anowa 1s thereby lessened Muscle relaxants may be
added when muscle relaxation 15 desired The combmation of thopental,
nitrous oxide, and curare 1s currently popular The curare 1s non analgesic
but provides relasation which neither the barbiturate nor the mtrous ouide

can provide The mitrous ouide provides analgesia which nerther the thio-
pental nor the curare can provide

Contramndications to Nitrous Oxide

Obviously then, unless admunistered 1n non asphywual concentrations,
mitrous oxide 1s contraindicated whenever the shightest degree of suboxygena
tion would be a hazard Its use n the presence of cardiovascular disease,
shock, liver di~ease, pulmonary insufficiency, anenua, and so on 1s not with
out hazard unless adequate oxygenation 1s assured When adequate ovygena
tion 15 assured there 1s no contramndication to mitrous oude

Use 1n Negroes and Heawvily Pigmented Patients
The belief that negroes do not tolerate mtrous oude has no scientific basis
Anesthetists who rely entirely upon cyanosis as a gwde to the degree of
ovygenation during anesthesia msite disaster Cyanosis does not appear
until 3 severe degree of anowa 1s present 1n anemic subjects In fact it may
not appear at all Likewise 1n thick shinned individuals or those who are
heavily pigmented cyanosis 1s difficult to discern Oby tously, the hazard of

asphyxia 15 greater in negroes or other heavily pigmented per-ons unless one
1s unduly cautious
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tex 1s most frequently the site of such changes, but the basal ganghia and
the cerebellum may also be involved Once a neuron 1s devitalized, 1t never
regenerates A transient swelling of the cytoplasm, with dissolution of the
nuclear elements, occurs mn the neurons This may be followed by a restitu
tion to normal rather than by necrosis The fact that some patients mamfest
sigus ot severe central nervous system damage, but recover completely
due time, 1s explamned by this fact Others are permanently afficted because
the cells become necrotic and die The necrotic areas are teplaced by scar
tissue The response or tolerance to anoxia 1s vanable

Some patients who are anoxic {ollowing respiratory farlure for considerable
time have been none the worse for their expenience In these mnstances respira
tory farlure without circulatory failure occurs The blood continues to circu
late through the brain and, despite 1ts low oxygen content some degree of 0xy
genation 15 mamtamed In other patients, a brief episode causes death In
tnese mstances, circulatory collapse promptly follows or accompanies respira
tory fmilure It cannot be emphasized too strongly that successful resuscita
tion following combined circulatory and respiratory falure 1s mvarably
followed by serious and usually permanent damage to the nervous svstem
If the cerebral circulation 1s mterrupted for more than two or three minutes
the patient dies from cerebral damage or, if he survives, he has permanent
neurologic changes This commonly accurs after successful cardiac resuscita
tion

The neurclogic sequelae following recovery from anoxia are vaned They
range from minor impairment of mental faculties to almost complete deterio
ration In addition blindness deafness, palsies, Parhinsonism, and spasticity
of various muscle groups remain as residual findings The types of neurologic
complications which follow depend upon the site of the damage to the central
nervous system Despite enthusiastic reports concermng cardiac resuscita
tion, which have appeared 1n the current medical literature, the results are
disappointing unless asystole 1s promptly recogmzed and cardiac massage 15
mstituted immediately Cerebral damage 1s the rule rather than the exception

Systemic Changes Caused by Anoxia During Anesthesia

A thich glary mucus, scant but sufficient i amount to cause vexsome
obstruction and laryngeal spasm, 1s often secreted durmg anoxia The mn
tracramal pressure 15 marhedly elevated, a pomnt of importance during intra
cranial surgery Serious metabolic disturbances accompany even mild degrees
of 1noxia Initrally an alkalerma develops, as a result of forced ventilation
accompanying the anoxia The hyperventilation causes a reductton mn carbon
diowide tensien After a brief penod acidosis ensues due to the accumulation
of fined acids, partrcularly lactic and phosphonic, which accumulate due to
the subomygenation Carbohydrate metabohsm 1s disturbed Sympathetic
stimulation causes depletion of epinephrie m the adrenil gland Liver glyco
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concentrations of 50 60 per cent greater degrees of analgesia are obtained

pproumately 60 per cent 1n the inhaled nuxture causes unconsciousness
In most instances 75 to SO per cent 1n the 1lveoh 15 sufticient to establish
and mantamn surgical anesthesta Induction, as in the case of mtrous oxide,
1s rapid requinng two to three nunutes Recovery, lihewise, 1s rapid Almost
complete climnation occurs within three to four minutes Nausea and vorut-
ing more frequently follow ethylene than mitrous oxide The depth of anes
thesia 15 somewhat mote profound with ethylene than with nitrous oxide
In elderly, less resistant, and well premedicated subjects, lower second plane
anesthesia, with some degree of muscle relaxation, may be attained Ordi
nanly lower first plane anesthesia 1s obtained without anouia Less difficulty
1s expenenced by beginners in anesthetizing patients with ethylene than
with nitrous oxide because of this somewhat greater patency

Systemuc Effects

Ethylene, like mtrous oxide, causes no noteworthy systemic disturbances
Respiratory paralysis from averdosage does not occur when oxygenation 1s
adequate As 1s the case with mtrous oxide, only under increased pressure
of several atmospheres may lethal amounts be dissolved n the tissues
Obviously this cannot happen climcally Fatalities, as n the case of mtrous
oude, result from anoxia when the oxygen tension 1s reduced below safe
lmits Ethylene possesses a wider margin of safety than mtrous oxide,
because the alveolar oxygen tension during surgical anesthesia can be main
tamned within normal phy siologic umits

Anoxia Duning Ethylene Anesthesia

The immediate, delayed, and remote effects of anovia induced by nhaling
asphyxal concentrations of ethylene are exactly the same as those of anoxia
dunng nitrous oxide anesthesia The 1nky, black cyanosis charactenstic of
anowa during mitrous oude anesthesia 1s not seen during ethylene anesthesia
A gray cyanosis appears nstead Presumably there 15 difference 1n the calibre
of the cutaneous vessels being greater duning mtrous oude anesthesia than
ethylene

Flammability
The flammabiity of ethylene muts its usefulness as an anesthetic, par
ticularly 1n Tocaliies where hurmdsty 1s los and static electricity 1s a prablem
The Lmits of flammability 1n oxygen at ordinary room temperature and
atmospheric pressure 15 3 85 per cent One 1s, therefore, dealing with
explosive mixtures when the gas 15 used for either analgesia or anesthesia

Uses

Etlhylene may be used for the same purposes as mtrous oude Ethylene 1s
excellent as a preliminary to ether and 15 largely used for that purpose
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Uses of Nitrous Oxide

Nitrous oxide 15 used chiefly for mduction of ether anesthesia, as a sole
anesthetic for minor surgical procedures not requiring relaxation, for opera
tions 1 which a fire hazard exists, and for analgesia n obstetrics and den
ustry Natrous oxide combined with oxygen 1s not flammable Untl a more
potent, safe, non flammable, mhalation anesthetic 15 discovered, mitrous
oxde will continue to be used 1n combination with non volatile drugs, when
a fire hazard exists Nitrous oxide supports combustion Mixtures of mtrous
oxide and ether, vinyl ether, cyclopropane, or other flammable anesthetics
1gnute and continue to burn because nitrous oxide readily yields its oxygen
atom to support combustion

Concentrations of 50 or 60 per ctnt mtrous oxtde with oxygen, inhaled
itermuttently, provides excellent analgesia Its pleasant odor, its non irntat
ing effects, and 1ts freedom from postoperative nausea and vomiting mahe
1t an deal drug for this purpose
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ETHYLENE

Properties

Although pharmacologically ethylene and mtrous oxide are sumilar, sigmifi
cant dufferences do exist between them Chemucally ethylene 1s an unsat
urated stable hydrocarbon possessing an ethereal odor It 1s the simplest
member of the olefin senies The odor 15 unpleasant to many patients but the
sense of smell 1s soon obtunded and since 1t does not possess any Irrtating
properties, patients cease to resist 1t after the first or second breath Ethylene
1s somewhat more potent than mtrous oxide Usually 20 to 25 per cent with
oxygen mduces analgesia of simular ntensity to that of mtrous oxide In
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dose 15 wide Unhike the siuition with mtrous omde nd cthylene, 1t
15 not necessry 1o “wash out” the mitrogon from the whaler to induce wd
waiptam anesthesa (Lig 10) Lhercfore, the closed system with rebreathing
may be used at the outset Anoast 33 not 2 factor 1s m the cise of nitrous
onde and ethylene

Cyclopropane 1s considered @ “magor’ amcsthetic drug Anesthesia may
descend through stage 111 nd mto stage IV Respiration fails before circula
tory collapse occurs The heart continues to beat for sometime 1fter respira
tory faslure from overdosage The chances of resuscitation are good 1n the
event of overdosage, provided the nesthetist ss afert Muscle relaxation 1s
adequate for major surgery 1 approumately 99 per cent of cases m the
hands of epericnced adnmstritors Where 1t 1s not adequate, muscle
relavants are used as adjuncts in heu of deep anesthesit

Induction and Recovery

Induction of anesthena 1s rapid, consunnng two to three munutes Recovery
Iihewise 15 rapid The bulk of the gas 1s chininated unchanged through the
lungs within 10 munutes Minute traces continue to circulate i the blood
for several hours after anesthesia has been discontinued This 1s due to the
<low release of the Las, which has been absorbed by the hpoid tissue

Effects on Respiration

Cyclopropane bhe nitrous oxide and ethylene, causes few derangements
of physiolopic functions Irntation of the respiratory tract 15 uncommon,
unless mwhaled concentrations exceed 50 per cent Salivation and secretion
of mucus, hhewise, are uncommon Depression of resprration, particularly
m the lower planes, 1s frequent but does not occur mn all cases There 15
a decrease 1n both depth and rate of respiration The minute volume exchange
1s reduced but not ta the point of affecting oaygenation of the blood Arterinl
blood oxygen content remains unchanged or 1s shghtly elevated The venous
bload oxygen 1s increased, the blood becomes “artenialized * Whether or not
this 15 the result of wncreased blaod flow or decreased utihization by the
tssues, or both 1s undeternuned The bright red appearance of the blood
has gien nise to the misconception that eyclopropane permits better oxygena
tion than other anestheties Less oxygen s present m the nhaled mixture
when cyclopropane is used than wath ether Tour per cent ether 1s necessary
for surgical anesthesia Thus as much as 96 per cent oxygen may be adminis
tered with ether Twenty per cent cyclopropane 1s necessary for anesthesia
Thus only 80 per cent oxygen s the allowable average

Respiratory Aadosis and Shock

The dimimshed ventlation results s a respasatory acides:s Both alveolar
carbon diosde and blood carbon dionide tensions are elevated At the con
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Satwsfactory anesthesia 15 obtained if combined with 4 basal drug such as
avertin, ultra _hort acting barbiturates, or a combination of morphine and
scopolamine It 15 possible to use cthylenc alonce for major surgery 1 old
patients, but as a rule the drug must be fortified with cther or, be supple
mented with an adjunct, such as curare, to obtan muscle rddaxation
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CYCLOPROPANE

Description

The dicovery of the anesthctic properties of ethylene, by Luchhart n
1923, prompted the snvestiation of the next higher molccular waght, un
saturated hydrocarbon in the olifin _cnies, propylene Studies of propylent
led to the mvestigation of sts 1somer, cyclopropane, which occurred as an
impurity 1n propylene Cyclopropanc 1s a saturated, cyche hydrocarbon It
15 a colorless, flammable zas pos-
sessing 4 sweet, rather pleasant
odor The gas 1s heasier than asr,
hquefies at 75 pounds pressure at
room temperature, and 15 stable
undcr ordimary conditions of stor
Bpt

Potency
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proved when anona exssts No lustologic changes are caused by cyclopropane
and no persistant functionat disturbances remun after semovaj of the drug
This wrstabshity of conducting tissues by cyclopropane is enhanced by the

1 3 ration of sympatt ic ammes Lpinephnne 18
the most dangerous of this group of anunes, giving nise o sertous arrhyth
suas, patticularly ventneular tachyeardia and ventncular fibnillation Other
pharmacologically and chemucally related amuines behave siilarly, but the
disturbances are nat as serious nor as frequent Procane and procaine anmude
{pronestyl) have been suggested as prophylactic agents to prevent or
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clusion of anesthesia, a hypotension 1s occasionally noted which has been
referred to as “cyclopropane shock ” Carbon diouide retention 1s believed
to be the causative factor Locally, carbon dioxide causes a vasodilatation
while centrally 1t stimulates the vasomotor center At the conclusion of
anesthesia the central effects disappear as the carbon dioxade 15 elumnated,
but the local effects persist This may be the cause for the hypotension

Effects on Broncht and Larynx

Laryngeal and bronchial spasm are more frequent during c clopropane
anesthesia than with other inhalation anesthetics Some believe these effects
to be due to a parasympathetic sumulation caused by the drug This 1s the
basis for the contention that cyclopropane should not be used for patients
who have bronchial asthma

Effects Upon the Circulatory System

Circulatory disturbances duning cyclopropane anesthesia are of constder
able concern, and often preclude 1ts use m patients with heart disease The
effects of cyclopropane upon the myocardium and cardiac output have not
been studied 1 any great detail in man In ammals, hittle or no depression
of the myocardium occurs until the deeper planes of anesthesa are attamed
Clhinical expenience suggests that the heart muscle 1s depressed little, if at
all, 1n the lighter planes of anesthesia and that there 1s no sigmficant reduc
tion 1 cardiac output

The most profound effects are on the automatic or conducting tissues
Increased 1rntability occurs, giving nise to arrhy thnuas The effects of cycle
propane on cardiac rhythm have been the subject of considerable research
i both man and ammals A slowing of the pulse mvanably occurs The
rhythm remains regular This bradycardia 1s usually vagal 1n ongin How
ever, more senous changes in cardiac rhythm occasionally occur Esidence
exists that the sympathetic nervous system receptors 1 the splanchmic area
are stimulated by cyclopropane These impulses are then relayed to the
hypothalamic centers via the sympathetic pathways and thence to the heart
via the cervical sympathetics The conducting tissues are sensitized reflexly
and therr wntability 1s enhanced greatly Arrhythmras are not pecuhar to
cyclopropane alone Arrhythmuas may anse during anesthesia with any
anesthetic drug under many circumstances In most cases, they are supra
ventricular m origin  During cyclopropane anesthesta, however the pace
maker shifts even below the auricle Arrhythmias of ventricular ongin are
possible A V nodal thythm ventricular premature beats, and ventricular
tachycardia are observed Ventricular fibnillation can occur 1if wntability
1s marked Arrhythmias are seen most frequently during deep anesthesia,
when ventilation 15 poor, and 1n patients with heart disease The cardiac

effects of cyclopropane are purely functional Arrhythmias disappear as
anesthesia 15 lightened, 1f the drug 1s withdrawn, and 1f oxygenation 1s 1m
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the anti diuretic hormone of the pituitary during anesthesia An increase in
tubular reabsorption occurs Other factors contnibuting to this change arc
alterations 1n blood volume, changes mn blood flow through the kidney,
decreased absorption of flurd and fwd loss by®swe ating, and so on

Effects on Smooth Muscle

Gastro mtestinal motility and tone 1s decreased even in the Light planes
of anesthesia Penstalsis 15 decreased progressively as anesthesia deepens
Uterine motihity, lihewise, 15 decreased as nesthesia deepens The gas passes
into the fetal cireulation After 15 munutes, maternal artenal blood and
fetal artersal blood contan approuimately the same amounts of cyclopropane
The new born 15 narcotized as with other anesthetics Recovery time, how
ever, 15 shorter when cyclopropane has been used for delisery than when
ether or nmon volatile drugs are used, and longer than when ethylene or
nitrous oude are used It 15 not uncommeon for laryngeal spasm to develop,
when resuscitation 15 attempted after delivery with cyclopropane This occurs
particularly when instrumentation with catheters, laryngoscopes, and suction
tubes 15 attempted The tracheal reflex appears more active than usual The
spleen does not constrict but often dilates during cyclopropane anesthesia

Appearance During Anesthesia

The shin assumes a ruddy red color Sweating 15 uncommon during cyclo
propane anesthesia It differs from ether in this respect The shin tempera
ture nises due to dilatation of the peripheral vessels The temperature regu
lating center 15 depressed Body temperature usually falls but varies with
environmental temperature If the room 1s hot, the temperature may nse
above normal

Uses

Cyclopropane 1s suitable for minor and major surgery Muscle relaxation
satisfactory for major surgery cannot be always obtaned without resorting
to depths of anesthesia which cause disturbances in cardiac rhythm The
muscle relaxants are used as 1djuncts or ether 1s added to fortify the nuxture
to avoud deep anesthesia

Cyclopropane 1s preferred to other forms of general anesthesia because
of the ease and pleasantness of nduction, the rapid return of reflexes during
recovery, and the controllability of depth during the mmntenance phase
A ‘ quet abdomen” and thorax 15 necessary to perform intra abdominal and
intrathoracic surgery The rate and depth of respiration are mvanably de
creased dunng cyclopropane anesthesta The quiet breathing affords 1deal
operating conditions At times respiration 15 so shallow that it must be
augmented by inflating the lungs intermuttently by compressing the breath
mng bag This 1s referred to as assisted respiration Apnea, particularly when
marphine 15 used, 1s common, necessitatng artificial or controlled respiratign
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reduce the frequency of cardiac disturbances These substances depress the
heart There 15 no agreement concerning their efficacy in overcoming ar
rhythmias, and their routine use during cyclopropane anesthesia 1s not ad
vised The policy of adding a second dangerous drug to make one which 1s
potentially dangerous, safer, does not appear rational Invanably, the add
tion of ether to the mnhaled mixture causes these arrhythmias to disappear in
man, provided the airway 1s unobstructed

An elevation 1 blood pressure 1s not uncommon during cyclopropane
anesthesia Exactly how 1t comes about 15 undetermined Some feel that 1t
15 due to the respiratory acidosis and to the increase 1n blood carbon dioxide
tension It occurs more frequently in normotensive subjects who manifest
a respiratory depression (Fig 11) The mise in the systohic phase may be
as much as 60 or 70 mm Hg The rise in blood pressure m hypertensive
subjects may not be as pronounced, but does cause concern when severe
hypertension exists \When a notable nise occurs, 1t 1s advisable to discontinue
the drug m hypertensive subjects The hypertension does not persist after
anesthesia 1s discontinued Assisted respiration often causes a reduction m
blood pressure, but does not prevent or ehmmate the hypertension com
pletelv At times the pressure returns to normal and then falls to sub normal
levels passing nto the state referred to, erroneously, as “cyclopropane
shock ”

A reduction 1n blood and plasma volumes, together with an mcrease
hematocrit values, 1s observed but 1s not as sigmficant or as pronounced
as 1t 1s with ether or chloroform Bleeding appears to be mcreased during
cyclopropane anesthesia more so than when other agents are employed
This 1s apparently due to a capillary or arteriolar cozing which results from
a combination of two factors an increase m blood pressure, and dilatation
of the peripheral vessels, particularly the capillaries No sigmificant alteration
n bleeding or clotting time occurs The oozing ceases upon closure of the
wound Although 1t 1s more frequent and pronounced during cyclopropane
anesthesia, this phenomenon 1s not limited to cyclopropane alone Increased
bleeding also occurs during ether or ethylene anesthesta, and during narcosis
with thiopental

Metabolic Effects

No metabolic disturbances of any consequence are noted during cyclo
propane anesthesia Alterations 1n total base, plasma carbon dioxide com
bining power, and blood glucose are not clintcally sigmficant Liver func
t1on measured by the bromsulfalemn excretion, 15 not affected

A suppression of urinary output, characteristic of most forms of anesthesia
and basal narcosis, also occurs during cyclopropane anesthesia The nitrog
enous elements of the blood nise during anesthesia A compensatory polyuria
follows in the recovery period A return of the urea mtrogen to normal fol
lows conclusion of anesthesia The ohguria 1s due m part to a hiberation of
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Apnea 15 dehiberately wmnduced at times to facilitate certamn mntra thoracic
or intra abdommal manipulations

Controlled Respiration

Apnea for controlled respiration 1s more easily induced with cyclopropane
than with ether The apnea results from a combination of three factors
(1) Depression of resprration Morphine (used for premedication) decreases
the sensitivity of the respiratory center to carbon dioxide Cyclopropane
also depresses the respiratory mechanism (2) Hyperventilation removes
carbon dioxide and decreases the tension necessary to stmulate the respira
tory center (3) Over distention of the alveoh (by inflating the lungs with
the gas mixture) stimulates the Herning Breuer reflex and hibits mspiration
The anesthetist then breathes at will for the patient This he may do at a
time cony entent to him from the standpoint of surgery

Advantages of Cyclopropane

The 2bsence of metabolic disturbances and the wide margm of safety
are desirable factors The cardiac effects and its lighly flammable nature
are the two objectionable features of the gas Technically, cyclopropane 1s
more difficult to admimister than other anestbetics All patients anesthetized
with cyclopropane do not follow sumilar patterns of behavior Half may
follow a given general pattern, the remainder a bizzare pattern of reactions
The admmstration of cyclopropane by individuals not farmbar with its
pharmacologic effects, or by those who do not possess the techmcal shill
to admnister the drug, has resulted i preventable deaths and unsatisfactory
performances of the drug as an anesthetic All concentrations of cyclopropant
used for analgesia and anesthesia are within the flammable range Cyclo
propane must never be admmnistered when a cautery, an electro surgical unit,
or any other source of igmtion 1s used during the operation
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VOLATILE LIQUIDS

The currently used volatile hquids sustable for nhalation anesthesia are
ethers or halogenated hydrovarbons Ethy! ether remams the rehable standby
of wnhalation anesthesia ¥yl ether (Vinethene), the unsaturated counter
part to ethyl ether 15 also currently used Numerous abiphatic ethers have
been studied for anesthetic propertes, but only ethy} ether and viny) ether
appear to have withstood the test of ttme Among those studied have been
cyclopropyl mcthyl ether (Cryprome), cyclopropyl ethy? ether (Cypreth),
and methyl propyl ether (Metopryly, an 1somer of ethyl ether These have
not been adopted because they have few or no advantages aver ethyl or
viayl ether

Halogenation of a hydrocarbon ncreases the narcotic potency, decreases
the valatihty and reduces the flammabulity The cardiotoxic and hepatotouic
effects are enhanced Thus methane, which exlubits hittle or no narcotic
potency, acqures anesthetic properties when chlormne 1s substituted for ane
hydrogen atom te form methyl chloride Che potency 1s further mncreased
when two hydrogen atoms are replaced to forms methylene dichlonide, and
stll more, when three by drogen atoms are replaced to form tricklormethane
(Chloroform) Replacement of the hydrogen atoms by four chlonine atonns
yields carbon tetrachloride whose potency surpasces that of chloroform,
but whose touoity limuts ats chical usefulness Replacement of a hydrogen
atom of ethane by chlormne forms cthyl chloride

Chioroform and ethyl chlonde are the most important drugs m the halo
genated hydrocarbon group “Methy! chlonde and ethy} bromide have been
but are no longer used chmcally Trichlorethylene (tnlene) 1s popular as an
anesthetic and as an analgesic The halogenated dervatives which yield
chmcally useful compounds are dernved from chionne and bromme Suntable
10dhne or fluorme dernvatives are unhnown

The sapors of solatile hquids are effective at lower alveolar tenssons than
are the gases The effective alveolar tension of chloroforms 4 to 5 mm Hg,
that of ether 30 to 5> mm Hg, that of viny} ether 30 to 40 mm Hg, and
that of ethyl chloride 40 to 30 mm Hg These tensions are low compared
1o those of cyclopropane {190 mm Hg ) nitrous ovide (600 mm Hg }, and
ethylene (375 mm Hg) Apparatus for the adnunistration of gases 15 more
complex than that used for hquds The req for ad ra
tion of vapars are an open mash and arr as a vehucle and source of oxygen
The v pars of volatile drugs cause more pronounced effects on the respiratory
tract than do the gases The term ‘irntation” 1s often used to describe the
effects af the whalants on the lung Actually, there 1s no damage whatever

16




VOLATILL LIQUIDS 4

to the lung parenchyma What is referred to as rnttion 18 sumulaton of
the mucous glands and the vagy receptors i the Jung The latter causes
exaggerated respiratory movenments

ETHER

Properties

In <pite of numerous attempts to supplant ethyl ether, the drug remains
an old standby 1nd 15 the chowce 1n cases of doubt The pungent, character
stic odor of ethy! ether ss fanuliar to all charcians and students of medicne
and requires no description here

Ethy ! ether 15 a clear, mobnle flammable hiquid which boils close to body
temperature (36 C) Anesthetc ether 1s made by mteracting alcohol with
sulphunic acid Ethyl aleohol, present tm amounts up to 2 per cent, 15 actually
a contarunant of manufacture The alcohol does no harm Removal of the
alcohol entals considerable effort and accomplishes hittle more than to rase
the cost of manufacture The alcohol 1s not a preservative as 1s erroneously
beheyed by many students

Effects of Impurities

Considerable nonsense has been wiitten contermng the effects of impunties
found m ether on the patient Fatahties due to thoughtlessness, improper
technique, overdosage, and other causes have been blamed upon contasu
nants and impurities rather than faulty techmique Ether 1s subject to slow
oudation n the presence of air or oxygen Peroxides form first Later, aided
by the peroxides, the alcohol 1s converted to acetaldehyde Traces of alde
hydes or peroxides bave no apparent effect upon the safety and conduct of
anesthesia Prolonged mduchon periods have been noted in dogs, when these
impurities have been debberately added to ether Ether peroxides are un
stable and readily decompese They thus may contnbute to the explosion
hazard Ether may be stabilized by escluding oxygen from the sealed
pachage or providing some method for its remosal after the pachage 1s
sealed Copper, iron, and other metals are preferentsally oxsdized when
coated over the intertor of the container The oxygen in the air which 13
sealed 1n the container, combines with the metal to form an oxide The ether
remarns unaltered for a tong pentod of time 1n the oxygen free environment

Potency and Safety
Surgical anesthessa 15 established when appr tely 4 per cent {30
mm Hy tension) 1s present m the alveoh Approxmnately % per cent or
(50 mm Hg tension ) causes paralysis of the respiratory center Ether,
therefore, possesses a wide wargin of safety There 15 a progressive depres
sion of the cerebrospinal axs from above downward Respratory fature,
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VOLATILE LIQUIDS

The currently used volatile hiquids swtable for mhalation anesthesia are
ethers or halogenated hydrocarbons Etkhy! ether remains the reliable standby
of mhalation anesthesia Vinyl ethscr (Vinethene), the unsaturated counter
part to ethyl ether 1s also currently used Numerous aliphatic ethers have
been studied for anesthetic properties, but only ethyl ether and vinyl ether
appear to have withstood the test of tune Among those studied have been
cyclopropyl methyl cther (Cryprome), cyclopropsyl ethsl ether (Cypreth),
and methyl propyl ether (Metopryl), an 1somer of ethyl ether These have
not been adopted because thev have few or no advantages over ethyl or
vinyl ether

Halogenation of a hydrocarbon mcreases the narcotic potency, decreases
the volatilitv, and reduces the lammabihty The cardiotosic and hepatotovic
effects are enhanced Thus methane, which exhibits Iittle or no narcotic
potency, acquires anesthetic properties when chlorine 1s substituted for one
hydrogen atom to form meth3! chlorde The potency 1s further ncreased
when two hydrogen atoms are replaced to form methylene dichlonde, and
still more, when three hydrogen atoms are replaced to form trachlormethane
(Chloroform) Replacement of the hydrogen atoms by four chlorine atoms
wields carbon tetrachlonide whose potency surpasses that of chloroform,
but whose toxicity limuts its climeal usefulness Replacement of a hydrogen
atom of ethane by chlorine forms eth3l chloride

Chloroform and ethyl chloride are the most important drugs mn the halo
genated hydrocarbon group Methyl chloride and ethyl bromude have been
but are no longer used chimcally Trichlorethylene (trilene) 1s popular as an
anesthetic and as an analgesic The halogenated denvatives which yield
clinicaily useful compounds are dertved from chlorne and bromme Sustable
10dine or fluorine derivatives are unknown

The vapors of volatile liquids are effective at lower alveolar tensions than
are the gases The effective alveolar tension of chloroform s 4 to 5 mm Hg,
that of ether 20 to 3> mm Hg, that of vinyl ether 30 to 40 mm , Hg and
that of ethyl chlonde 40 to 50 mm Hg These tensions are low compared
to those of cyclopropane (190 mm Hg ), mtrous oxide (600 mm H, ), and
ethylene (57> mm Hg) Apparatus for the admmnistration of gases 1s more
complex than that used for hiquds The nummum requisites for admmstra
tion of vapors are an open mash and air, as a vehicle and source of oxygen
The vapors of volatile drugs cause more pronounced effects on the respiratory
tract than do the gases The term “urmitation” 1s often used to describe the

effects of the mhalants on the lung Actually, there 15 no damage whatever
46
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¢y clopropane, are absorbed by the “» tery” tissues than s ether The wr
Blood ratio (solubility coeftcient) for ether 1s Tugh compared, for wstince,
to cyclopropane (1 15 for blood) \ hugh aiveolar partial pressure 15 re
quired for rapid saturation of blood ‘1he ussues are saturated slowly Once
saturated and anesthesih 1s discontinued, desaturition is stow Each eircunt
of venous blood coming, to the lungs from the tissues releases to the alveolar
asr 1 unit of ether for exery 161t holds The remaining 1> return once s
to the peripheral capillaries With the neat cucunt the partition 1s agan an
the ratio of 1 13 and continues so with each succeeding circwit The circwit
must be repeated many tmes before the bulk of the drug 1s ehnunated In
the case of cyclopropane, the ratio 15 reversed bewg 04 1 The amount
retamed 15 considerably less than that passing into the alveolt Fewer circunts
are requued for complete el ton The lugh coeft of solubslity of
ether m blood and water favers a gradual slow saturation and desaturation
of all ussues The longer the pertod of anesthesia, the greater 15 the amount
of ether absorbed Recovery time 15 dependent upon duration and depth of
anesthesta The uissues absorb ether 11 a sponge Hihe manner, so to speak,
but release it stowly Recovery following long operations performed with
deep ether anesthesia, such as gasirectomies and colectonues for example,
may requite hours

Effect on Respiratory System

Ether exerts a notable effect upon the respiratory system The mucous
glands are stimulated and copious secretions develop, even though ant:
chehinergic drugs are used as mnhubitors The salnary glands are sumulated
during nduction but they are depressed during the mamtenance phase
of anesthesta The <ecretions are mostly m the upper resprratery tract,
where the mucous and salnary glands are most abundant Bronchorrhea 1s
less pronounced Secretions are objectionable from three standpomts (1)
They cause obstructton and mpair ventdation  (2) they help disseminate
mfection and (3) they cause blochage of the bronchi predisposing to atel
ectasis An increase w depth of respiration occurs n the upper planes of
the third stage It 1s believed this increase m nunute 1olume exchange 18
caused reflexly by a local effect upon the vagal nenve endings in the aheoh
There 1s no direct stimulation of the respiratory center by the drug The
respiratory center 15 not depressed until the fourth plane or fourth stuge
is reached As the mtercostal muscles become wnactive the diaphramatic
excursions are augmented to compensate for the mactivity Diaphramatic
activity 1s reduced in fousth plane

Altusion 1s frequently made to the wriating affects of ether upon the lungs
o histologic changes can be demonstrated m the mucous membranes of
the bronchioles or alveoh duning or after ether anesthesia Ether as well as
other inhalation anesthetics do not cause pul y edema P 15




48 SELECTION OI' ANESTHESIA

almost without exception, ensues before circulatory failure The blood con
centration causing respiratory arrest 1s several times that which causes
myocardial depression The possibibty of resuscitation 1s greater after
resprratory fmlure due to ether than it 1s with any other of the currently
used volatile drugs Induction 1s prolonged and difficult It 1s more so with
ether than with other inhalation anesthetics A number of factors are e
sponsible for this The vapor 1s pungent The patient must become ac
chmatized to 1t by 1 gradual increase in concentration Abrupt increases in
concentration imtiate coughing and strugghng This may be considered a
safety factor because the patient, n a way, has something to say concermng
the induction The drug cannot be administered faster than tolerated Fatah
ties from overdosage during induction are more frequent with rapid acting,
non irntating drugs, such as cyclopropane, thiopental, and ethy! chlonide,
than with ether

Induction of Anesthesia

Induction time, even when experts adnunister ether “straight,” may be
fifteen minutes or more The second stage 1s longer and more eventful than
that of other anesthetics The unpleasantness of a “straight ether” induction
lingers for a long time in the memory of many patients To avoid the un
pleasantness and to shorten this stage, a rapid acting, nomrntating anes
thetic, called the primary or induction agent, 1s used first When anesthesia
1s established with the pnmary agent, the ether 1s adnumstered as rapidly
and m as great a concentration as tolerated until the tension necessary to
mamtain surgical anesthesia 1s attawned Then the primary agent 1s with
drawn Higher concentrations are tolerated at the outset using this techmque
Induction time 1s ¥ to Y3 that of “straight ether ” Even though induction
agents are used, the ether must be added gradually, otherwise coughing
ensues Ethylene or nittous oxtde are used for induction 1n closed nhalers,
vinyl ether 1s used for the “open drop” techmque Chloroform and ethyl
chloride may be used, but are avoided for the obvious reason that they
disturb cardiac function Cyclopropane, avertin, and the short acting barbt
turates are used, but are not wholly satisfactory because 1t 1s not always
possible to avoid laryngeal spasm, coughing, or depressed respiration The
discrete anesthetist prefers the gases or vinyl ether

Absorption and Elmmnation
Ether undergoes no change mn the body Ehnunation s largely by exhala
tion (90%) Some 1s ehmmated mn the unne sweat, tears, and gastro
intestinal contents Ether 1s, comparatively speaking, soluble 1o water (6
parts per hundred, chloroform one part m 250) Tissues, regardless of
lLipoid content, absorb more ether than they do other volatile drugs Less of
the hpophilic anesthetics of low water solubihty, such as chloroform and
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power Metabolic acidosts results The importance of the acidosis of ether
anesthesia 15 open to question The acdosts 1s more pronounced and of
greater severity 1n laboratory animals than i man The seventy vares with
conditions of surgery and wnesthesia, notably depth, duration, and the
presence or absence of hypoventilation A gradual return to the pre anesthetic
state occurs during recovery, as the fised acids are elimmated Although of
no particular significance m the so called normal mdvidual, this acidosis
cannot be disregarded 1 patients with dehydration, nephritis, diabetes, and
other situations accompanied by disturbances i acid base balance The
relationship of 2cidosis to ctler convulsions 1s discussed under the section
on vinyl ether Total base and concentrations of varous cations n blood
are ordinarily not significantly altered by ether

Effects on the Liver and Kidney

Certain Iiver functions are disturbed by ether anesthesia Bromsulfalemn
excretion and hippuric acid synthesis are impaired for a petiod varying from
hours to days, depending upon the depth and duration of anesthesia Con
conutant anoxia suppresses dye escretion still more Although urinary output
15 suppressed temporanly, no specific mstologic changes can be demonstrated
in the hadney Reduction in hidney function is transient Vasoconstriction of
the efferent arterioles occurs, which mfluences renal function Evidence that
ether damages or ‘“irrtates” the hidney of man 1s lacking The effect 1s
purely functional Asin the case of other anesthetics, the reduction 1n unnary
output 1s due 1n part to release of the anti dwretic hormone from the pitws-
tary gland

The Effects on Smooth Muscle

Ether depresses smooth muscle of the gastro intestinal and genito urmary
tracts Gastro intestinal tone, motility, and secretory actiity are decreased
or completely mhibited Uterine activity likewise 1s decreased The uterus
1s refaxed by deep ether anesthesia Labor 15 inhibited and halts completely
as anesthesia deepens Ether passes through the placenta to the fetus
Ethenized mothers give birth to etherized babies As soon as the new born
breathes, the ether 1s elimmnated by exhalation The longer the anesthetic
1s admimstered prior to delivery, the more ether the fetus absorbs and the
longer 15 the recovery period In this respect ether differs from ethylene and
nitrous oxide, which are eliminated within several minutes

Uses and Advantages
Ether provides adequate muscle relaxation for all types of major surgerv
When used with curare, a potentiating effect 15 noted The dose of curare
must be reduced by approumately 3 mn most instances Lther possesses a
wide margin of safety, does not disturb the cardio vascular system, and may
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1 the postoperative period 1s not due to a direct effect of ether The role
of ether 1n enh and d ting infections, and 1n activating latent
tuberculosis, 15 controversial Secretions favor the dissemination of infection
from one part of the respiratory tract to another The mmtiation of an in
fectious process by ether 1s not hkely Cilary activity 1s decreased by all
anesthetics, cluding ether This favors the inter minghing of the flora of
the upper and lower respiratory tract Laryngeal spasm 1s not common 1n
well conducted ether anesthesia, but 1s a frequent occurrence when mexpert
enced individuals attempt to admnster ether Ether 1s a bronchodilator
The dilatation 15 due to a direct depression of smooth muscle and to sym
pathetic nerve stimulation

The Effects on the Circulatory System

Unhke cyclopropane, the cardiac effects of ether are not significant In
perfusion experiments 1n vitro, the concentration necessary to depress the
myocardium s approximately three times that which depresses the medullary
centers Cardiac output 1s not decreased, more often, 1t 15 increased The
pulse rate may be accelerated five to ten beats if 1t changes at all Arrythmias
due to sensitization of the conducting tissues to epmephrine and related
anunes, charactenstic of cyclopropane and chloroform, do not occur, or 1f
they do occur, they are of httle chmcal significance Spontaneous arryth
mias are uncommon durning ether anesthesia When they occur, they are
superventricular in ongin, transient, and not serious Venous pressure 18
unchanged unless stage II 1s accompamed by excitement, at which time 1t
1s elevated The blood pressure varies httle from the pre anesthetic level
Contrary to the view expressed years ago, ether 1s not contraindicated in
patients with cardiovascular disease As a matter of fact, 1t 15 the anesthetic
of chowce for major surgery mn most mnstances Capillary permeability 1s
increased by most anesthetic drugs, but more so by ether than by cyclo
propane Both blood’and plasma volumes are reduced, a hemoconcentration
variably occurs, mndicating the loss 1s due to a decrease 1n plasma volume
This hemoconcentration 1s due mn part to the splenic constriction caused by
ether, thus releasing additional erythrocytes nto the systemic circulation
Bleeding time, clotting time, and prothrombin time are not affected by ether

Metabolic Effects

Ether disturbs metabolic processes more than the gases do Carbohydrate
metabolism particularly 1s affected Blood sugar rises, often as much as
100 per cent due to glycogenolysis Presumably this results from sympathetic
stimulation, the release of epmephrine, the hberation of sympathin, or pos
sibly a combmation of all three factors Reconversion of lactic acid to glucose
15 mhibited Lactic, phosphonc, and other fixed acids increase in the blood
causing a decrease In serum bicarbonates and carbon dioxide combining
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power Metabolc acidosis results The importance of the acidosis of ether
anesthesia 15 open to question The acidosis 15 more pronounced and of
greater seventy 1n laboratory ammals than in man The seventy vanes with
conditions of surgery and anesthesit, notably depth, duration, and the
presence or absence of hypoventilation A gradual return to the pre anesthetic
state occurs durmg recovery, as the fixed acids are ehmmated Although of
no particular sigmficance n the so called normal individual, this acidosis
cannot be distegarded 1 patients with dehydration, nephntis, diabetes, and
other situations accompamed by disturbances in acid base balance The
relationship of acidosis to ether convulsions 1s discussed under the section
on winyl ether Total base and concentrations of various cations i blood
are ordinanly not significantly altered by ether

Effects on the Liver and Kidney

Certain Iner functions are disturbed by ether anesthesia Bromsulfalen
excretion and hippuric acid synthesis are impatred for a period varying from
hours to days, depending upon the depth and duration of anesthesia Con
comitant anoxia suppresses dye excretion still more Although urinary output
1s suppressed temporarily, no specific histologic changes can be demonstrated
1 the lidney Reduction in hidney function 1s transient Vasoconstriction of
the efferent arteroles occurs, which influences renal function Evidence that
ether damages or “imntates” the lidney of man 1s laching The effect 1s
purely functional Asin the case of other anesthetics, the reduction 1n unnary
output 15 due mn part to release of the ant: dretic hormone from the pitu1
tary gland

The Effects on Smooth Muscle

Ether depresses smooth muscle of the gastro-intestinal and gemto urinary
tracts Gastro intestinal tone, motility, and secretory activity are decreased
or completely inhibited Uterine activity likewise 1s decreased The uterus
1s relaxed by deep ether anesthesia Labor 1s inhubited and halts completely
as anesthesia deepens Ether passes through the placenta to the fetus
Ethenized mothers give birth to ethenzed babies As soon as the new born
breathes, the ether 1s elimmated by exhalation The longer the anesthetic
1s admimstered prior to delnery, the more ether the fetus absorbs and the
longer 1s the recovery period In this respect ether differs from ethylene and
mitrous oxde, which are ehminated within several minutes

Uses and Advantages
wi-:ther provides adequate muscle relaxation for all types of major surgery
W etnbuseddwnh curare, a potentiating effect 1s noted The dose of curare
mv.:ise e re uc:.d by approxumately %5 m most instances Ether possesses a
margin of safety, does not disturb the cardio vascular system, and may
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be gnen with 2 munimum of equipment The objictionable features to ether
are the difficult, prolonged induction, flamnbihity, excessive secretions, the
somnolence fter long operations, the disturbances of metabohsm, and the
post anesthetsic nausea and vomuting A fire hazard exists with ether alone
or when 1t 1s combined with any of the gaces Cauteries and other devices
which may be sources of 1gnition must not be used
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VINYL ETHER

Properties
Following the mtroduction and 1cceptance of ethylene as an anesthetic
a number of unsaturated ethers were investigited i order to find a volatile
drug which rmght be superior to ethyi ether From the structural formula
1t was presumed vinyl ether should possess both the advantages of ethylene
and ether and possibly be devord of the disadvantages of each Vinyl ether
is the unsaturated countespart of ethyl ether The compound 15 often referred
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to as 1 hybird of ther 1nd ethyline, since 1t 15 chenueally sular to both
Dnam ether s a clear colorless hquid, whuse vipors are not entting wdd
possess  etheraal odor Divimyl ether boils close to room temperuture
(25 C) nd therefore solatihizes ctaly Unsaturated ethers are not s
Jable as saturated ethurs Vimd ether polymenzes to 1 gelatmous resin
when allowed ta stand for 2 peniod of several months, unless 2 stabihzer 13
added \ads, heat, and hight hasten the deterioraton An athaline, orgime
ctabihzer (alpha phenylmaphthylamine) msures 2 pure product for @ miar
mum of two vears after the date of manuficture  lhe contents remun
<table for three or four days, once the pickage 1 opened  ‘Vinethene ' 1s
a propnictary name for a muxture of vinyl ether, 3 > per cent alcohol nd
the anuno chemmical stabilizer ( 05 per cent) The alcohol 15 1dded to raise
the bothng, pomt and to prevent the exhald water vapor {rom freezing on
the mask in the ¢ open-drop” techmque

Potency

The alveolar concentration for surgicl anesthesia 1s 4 per cent, for
respiratory failure, 8 per cent The drug possesses 1 wide margin of safety
s 1n the case of ethy] ether, respiratory failure precedes arculatory faulure
When respiratory failure occurs, the chances for successful resuscitation
are yood but not 1s pood as for ethyl ether Satisfactory analgesia s obtuned
with concentrations of 1 per cent or less

Induction, hke that of the gases, 1 bnef, plensant, and without struggling
or excitement The water and ussue solubulity 1s lihe that of the gases
Recovery s rapid without any delinum or excitement The drug 1s tnert
and 1s ehnunated unchanged by exhalation within three or four nunutes The
mmediate post anesthetic penod 1s free from nausea, vonuting prolonged
drowsiness atania, and residunl narcotic effects—notable fiatures when
anesthe 13 15 desired for nunor surgery 1 ambultory patients Duping m
duction stimulation of the salivary and mucous glands often causes trouble
some secretions particularly when anticholinergic drugs have been onutted

Effects on Respiration

The vapors of vinyl ether are neither pungent nor ‘“rnitating” when n
hated The mouth of the contamer may be placed agunst the nostnl and
a deep in<piration may be taken without any disagreeable sensation Violent
coughn,, ensues when a sinular attempt 15 made using ¢thyl ether No
duction agent thercfore, 13 necessiry as i the case of cther Indeed vinyl
ether 15 widely used as the pnimary drug, to facihtite induction of “opun
drop ether

Pharmacologically vinyl ether may be considered ¢ intermedinte” between
the gases and ethyl ether The “sumulating ¢ ffects upon respirition e kss
pronounced than those of ethyl ether Resprratory munute volume exchange
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to as 1 hybird of cther nd cthylene, since 1t 15 chenucally similar to both
Divinyl ether s a clear, colotless hqud, whose vapors are not irntatng and
possess an ethereal odor Divinyl ether boils close to room temperature
(28°C), and therefore volatihzes easily Unsaturated ethers are not as
stable as saturated cthers Vinyl ether polymerizes to a gelatinous resin
when allowed 1o stand for a period of several months, unless 1 stabihzer 13
added Acids, heat, and hght hasten the detersoration An alkaline, orginic
stabilizer (alpha phenylnaphthylanune) insures a pure product for a mini
mum of two years after the date of manufacture The contents remain
stable for three or four days, once the pachage 1s opencd “Vinethene” 1s
a proprietary name for a mrxture of vinyl ether, 3 § per cent alcohol, nd
the anuno chemucal stabilizer ( 05 per cent) The aleohol 1s added to raise
the bothng point and to prevent the exhaled water vapor from freezing on
the mash i the ‘ open drop” techmque

Potency

The alveolar concentration for surgical anesthesia 1s 4 per cent, for
respiratory failure, 8 per cent The drug possesses a wide margin of safety
As 1n the case of ethy] ether respiratory failure precedes arculatory failure
When respiratory failure occurs, the chances for successful resuscitation
are good but not as good as for ethyl ether Satisfactory analgesi1 s obtamned
with concentrations of 1 per cent or less

Induction, hhe that of the gases, 1s brief, pleasant, and without strugghng
or excitement The water and tissue solubihity 1s hhe that of the gases
Recovery 15 rapid without any delinum or excitement The drug 1s mert
and 1s elminated unchanged by exhalation within three or four minutes The
immediate post anesthetic period 15 free from nausea, vomuting, prolonged
drowginess atamia and residual narcotic effects—notable features when
anesthesia 15 desired for minor surgery i ambulatory patients During n
duction, stimulation of the salivary and mucous glands often causes trouble
somc secretions, particularly when anticholinergic drugs have been omitted

Effects on Respiration

The vapors of vinyl ether are neither pungent nor “irntating” when n
haled The mouth of the contaner may be placed agamst the nostral and
a deep inspiration may be tahen without any disagreeable sensation Violent
coughing ensues when a similar attempt 15 made using ethyl ether No in
duction agent therefore 1s necessary as 1n the case of ether Indeed vinyl
cther 15 widely used as the primary drug to faciltate induction of “open
drop” ether

Pharmacologically, vinyl ether may be considered “intermediate” between
the gases and ethy! ether The “stimulating” effects upon respiration are less
pronounced than those of ethyl ether Respiratory minute volume exchange
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1s increased, but not to the extent 1t 1s with ethyl ether Vinyl ether 1s a
bronchodilator
Effects on Circulation
Myocardial depression and arrhythmias are infrequent Blood pressure,
venous pressure, and pulse rate remain unaltered Sensitization of the con
ducting tissues to epinephrine does not occur

Metabolic Effects

Blood chemical changes, hhewise, are clmcally msigmficant Some dis
agreement exists concerming the effects of vinyl ether upon Inver and hidney
function In dogs anesthesia complicated by anoxia 1s followed by cloudy
swelling, central necrosis, and other histologic changes of the hver paren
chyma In addition, impairment of hepatic and renal function after repeated

d rations, has been d rated 1n dogs Blood sugar, acid base
balance, and blood mitrogen are not altered

Effects on Smooth Muscle

Smooth muscle 15 progressively depressed as anesthesia deepens Intestinal
mothty and tone are depressed 1n the deeper planes of anesthesia Uterine
activity 15 not depressed 1n ight anesthessa, but 1t 15 1n deep anesthesia The
drug, therefore, 1s suitable as an anesthetic, and as an analgesic n the term!
nal stages of labor

Convulsions Due to Ethers

Dogs anesthetized with vinyl ether manifest so called runmng movements
These appear even though consciousness is absent and superficial reflexes
are obtunded Such neuro muscular phenomena are due to stimulation of
the sub cortical and spinal motor centers by the vinyl ether Occasionally,
generalized convulsions occur during vinyl ether anesthesia in man They,
too, are believed to have the same etiology Preliminary medication, using
morphine, barbiturates, and other non volatile central nervous depressants,
prevents thewr appearance or minimizes their sevenity The convulsions are
common when vinyl ether 1s admimstered with nitrous oxide

The convulsions differ both n etiology and behavior from “ether con
vulsions,” which appear duning anesthesia with ethyl ether They are less
sertous and the prognosis 1s excellent Convulsions due to vinyl ether appear
shortly after the admimstration of the drug 15 commenced They do not
persist 1f the drug 1s discontinued immediately They are more frequent
when anesthesia 1s deep They appear 1n the presence of adequate oxygena
tion and are not related to anonia Lther convulsions, on the other hand,
appear when anesthesia 15 well established, rarely before 15 or 20 munutes
Yave elapsed They are aggravated by deepening anesthesia Infants, chil
dren, and youthful adults seem to be more susceptible Sepsis, fever, meta
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bohe acidosis, dehydration, and disturbances of electrolyte balance are
imarably present They ate associated with hypovenulation, with the ad

munistration of carbon dioxide oxygen mixtures, and with rebrething of
carbon doxde, 1 short, anything which predisposes to carbon dioxide re
tention Lther convulsions are accompanied by hyperthernua Whether 1t
15 the cause or the result of the convulsions is not hnown Convuisions oceur
more frequently 1n patients who have fever It1s not uncommon for tempera

tures to nse above 106°F When the tnad of ancsthesia, respiratory acidosts,
and metabolic acidosis are superimposed upon a septic state m a youthful
subject with pyreua, the stage 1s set for convulsions Convulsions due 1o
vinyl ether are treated by merely discontinmng the anesthetic #Etlier con

vulsions” are controlled with intravenous barbiturates Any device which
permits rebreathing or catbon diovide retention 1s to be discarded Turther
measures n therapy include efforts to reduce the body temperature, readjust

ment of the aaid base balance, and correction of disturbances in electrolyte
balance Differentiation must be made between convulsions due to anoxia to
stimulating drugs, or to neurological lesions

Clinical Uses of Vinyl Ether

Vinyl ether 15 used to facilitate induction of ethyl ether anesthesia by
the ‘open drop” techmque Minor surgical procedures requiring a few
minutes anesthesia, such as myringotomy, incision and drainage of abscesses,
removal of dressings and the lihe, may be performed with vinvl ether anes
thesia  Vinyl ether 1s used to fortify mtrous oxide or ethylene, when used
by the semi closed method for dental or other surgery of simlar magnitude
Vinyl ether 1s flammable when mixed with air, oxvgen, and nitrous oxide The
usual precautions must be exercised to prevent fires and explosions
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CHLOROFORM

Properties

Chiloroform 15 a colorless, heavy iqud Possessing a sweet, pungent odor
The drug volatihzes with difficulty (B P 61°C ) at room temperature The
vapor 15 approxumately four times heavier than air, and 1s not flammable The

compound easily oxidizes to ph i the presence of heat or hght, or
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when exposed to a flame or cautery Phosgene 15 converted to hydrochlonc
acid and carbon diovide when 1t comes into contact with mosture i the
alveolt Appreciable amounts cause pulmonary edema The afcobol which
15 added as a preservative combines with phosgene to form the relatively
harmless ethyl carbonate

Potency

Inhaled concentrations of chloroform which yield surgieal anesthesia are
approvimiately 1Y% per cent 2 per cent concentrations cause respiratory
fmhire A narrow margin evists between the therapeutic dose and the Jethal
dose “More oxygen may be mhaled with chloroform than with any other
anesthetic, 98 5 per cent, if one desires The vapor 15 not unpleasant to
whale at first, but becomes pungent and objectionable as anesthetic con
centrations are approached Inasmuch as the wduction 1s rapid and not
unpleasant, chioroform may be used as a pnimary drug for inductton prelimy
nary to cther Recovery time waries After brief penods of anesthesia,
recovery 15 rapid  after long periods recovery 15 delayed Chloroform s a
hpophilic anesthetic drug Its water solubthty s poor compared to ether
Destturation 55 slow, however being more hihe that of ether than the gases
Chloroform, hike ether, s mnert and undergoes no sigmficant change i the
body It 1s ehnunated almost entirely by the lungs

Chloroform 15 the most potent whalation anesthetic avaslable Depth m
all planes 15 obtamned with ease Muscle relasation 1s excellent

Effects on Resprration

In many respects the pharmacologic effects of chioroform resemble those
of ether The effects on the resprratory system are sumlar to, but less pro
nounced than those of ether Secretions are less coptous or absent if the
belladonna alhalods are used As wn the ease of ether respiration 1s v
aggerated but less so The causatne mechamsm is the same—effects of
the drug on vagal nerve endings

Circulatory Effects

The deletertous effects of chloroform on the cardiovascular system are
well recognized Durmg induction of anesthesia with chloroform vagal
stumulation occurs Bradycardia and other ureguianties appear Anti
cholinergie drugs ad i prior to anesthesia prevent the response
Chloroform sensitizes the automatsc tissues to epwmephnne and refated amines
10 the same manner as ¢y clopropane does but to a lesser eatent Ventricular
tachycarda, ventncular nodat thythm and even ventricufar fibnilation may
occur usng the combmation Spontaneous arrhythmias appear as anesthesia
deepens Asis the case with cyclopropane procamne or procaine amide mtra
venously present thewr appearance The chief objectson to chloroform 1s




VOLAIILE LIQUIDS 5S¢

the depressant effect 1t exerts on the myocirdivm Carditc output is reduced
as anesthean deepens  Ulumately, 1systole resulls Ordinanly respiritory
farlure, due to medullary paralvsis, ppears before asystole However, both
may occur simultancously of 1systole m1y even precede respiritory fulure
The blood concentr ition necessary for medulliry depression also depresses
the myocardium W hen overdosage occurs, the anesthetist 1s faced with two
emergencies, respiritory fulure, wiich must be overcome by artificinl
respiration, and arculatory fulure, which can only be overcome by prompt
cardiac massage Unless the thorax 1s opened mmmediately, efforts 1t cardiac
resuscitation are usually fruntless Changes i the myocardum may be such
that even massage 15 of no aval The most shiilful and scasoned ancsthetist
1s unable to foretell the eventual occurrence of arculatory collapse, because
of the inherent cardiotonic effect of the drug He may be powerless to over-
come i, once 1t occurs The safety factor in chloroform anesthesia 1s beyond
the shill and judgment of the anesthetist The use of chloroform 1s a surgical
anesthetic 15 considered malpractice in certain areas of the Umted States
The vasomotor center 1s depressed dunng deep, prolonged chloroform
anesthesta, contributing further to circulatory collapse Venous pressure
nises as anesthesia deepens, due to the cardiac dilatation which accompames
myocardial depression Capillary permeability 1s increased more by chloro
form than by any other nhalation anesthetic Blood and plasma volumes
are decreased and a hemoconcentration occurs Chloroform constricts the
normal spleen, causing release of erythrocytes into the circulatory stream

Metabohe Effects

Blood chemieal and metabolic changes differ little from those caused by
ether but are more pronounced Acid base balance 1s disturbed, blood
sugar nises, and liver glycogen 1s depleted as mn the case of ether, but to a
greater degree Liver function 1s disturbed Dye excretion may be impared
for several days depending upon the depth and duration of anesthesia and
upon the degree of oxygenation Chloroform s the only inhalation anesthetic
which significantly prolongs prothrombin time

Effects on the Laiver

Halogenated hydrocarbons are hepatotoxie, and chloroform 1s no excep
tion The drug 15 used so little in the Umited States that statistical data
concerming the meidence of hepatiuis are not avalable Hepatitis which 1s
characterized and followed by acute yellow atrophy, fever, jaundice, and
manifestations of extreme hepatic nsufficiency 1s a possible, and disastrous
sequela of chloroform anesthesia The hepatitis appears several days after
the administration of the anesthetic Pathologic findings are sumilar ta those
following carbon tetrachlonde porsoming  Central necrosis 1s the most com
mon histologie change noted The possibility of hepatitis 1s enhanced by
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starvation Preoperative feeding or intravenous admimstration of carbo
hydrates, anuno acids, and mtravenous <anthines decreases the mcidence,
as does adnunistening the drug wath oxy gen

Effects on Smooth Muscle

As 1n the case of ether, chloroform depresses smooth muscle in the gastro
mtestinal and gemto uninary tracts Decreased motility and loss of tone
occurs n the stomach, bowel, and uterus Labor 1s inhibited during hght
anesthesia, the uterus becomes atome during deep anesthesia Practitioners
m some areas of the United States favor chloroform for analgesia i ob
stetrics because its action 15 prompt, 1t 1s not disagreeable to the patient, and
1t 1s simple to administer When marked relaxation of the uterus for version
or other operative obstetrics 1s desired, some obstetricians use chloroform
The successful use of chloroform in obstetrics may be explained by the fact
that 1t 15 used for analgesia and not for anesthesia More sertous aspects of
the chloroform problem would be encountered were the drug used for sur
gical anesthesia in the same manner as ether Chloroform 1s not flammable
and 15 occasionally used for major surgical procedures when a fire hazard
exsts It may be used to fortify mtrous ouide The muscle relaxation ob
tained with chloroform 1s not equaled by any other nhalation anesthetic,
except deep ether
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ETHYL CHLORIDE

Descniption

Ethyl chlonide (monochlorethane) at room temperature, 1s a gas which
easily compresses to a colorless, highly volatile hqud (B P 12°C) The
drug 1> dispensed 1n glass ampules equipped with a nozzle for dropping or
spraying The vapor 1s heavier than air and flammable differing from chloro
form 1n this latter respect Hal 10n 15 not sufh to render 1t non
flammable The vapor 1s less objectionable than that of ether or chloreform,
and 1t 15 inhaled without difhculty The alveolar concentration necessary for
surgical anesthesia 1s 6 per cent The concentration which causes respiratory
failure has not been established

Tnduction 1s rapid pleasant and without excitement, a feature which ac
counts for its sustamed populanty Recovery, hhewse, 15 rapid Within
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three munutes, complete recovery occurs without nausea or the somnolence
charactenistic of cther or chloroform

Systerm¢ Effects

Ethyl chlonide 1s simlar to chloroform from a pharmacologic pomnt of
view Its cardiac effects are stmular to chloroform Vagal simulation occuts
during wduction  Anti cholmergic drugs admimstered prior to anesthesia
prevent 1t Spontaneous arrhythouas may occur during surgical anesthesia
It enhances irntability of the automatic tissues Sensitization to epinephrine
occurs as mn the case of chloroform Ventricular fibrillation 1s a possibility
when the drug 1s combmed with epinephrine Myocardial depression occurs
and cardiac output 15 decreased as anesthesia deepens Overdosage causes
respuratory failure, but as m the case of chloroform, circulatory fatlure may
precede respiratory failure Herein lies the chief objection to the drug as an
inhalation anesthetic

Effects on Respiration
The vapors are non irntating, easily inhaled and cause httle or no secre
tions An ncrease in depth and rate of respiration occurs, as third stage
anesthesia 15 established As in the case of chloroform and ether, the exag
geration of respiration 13 due to stimulation of the vagal nerve endings of the
alveol
Metabolic Effects

The metabolic effects of ethyl chloride have not been studied m detail,
because 1ts use has been restricted to surgical procedures of a few minutes
duration or for induction of “open drop” ether anesthesia It 15 assumed by
most workers that they differ Little from those of chloroform

Uses

Ethyl chlonde effectiely abolishes superficial reflexes The “eye signs”
are not whally reliable The eyeballs continue to oscillate mto deep third
stage Ethyl chlonide 15 not switable for procedures necessitating muscle re
laxation In fact, an increase m muscle tone occurs duning light anesthesia
and at times this gives rise to laryngeal spasm and to opisthotones Ordi
nanly ethyl chlonde 15 administered by the “open drop” techmque Its use
as an mbalation anesthetic 15 not Justified because of its cardiac effects The

chances of resusatation are poor in the event respiratory or circulatory
failure occurs from overdosage

Local Anesthetic Lffects
Ethyl chloride may be used for local anesthest
a The anesthetic effec
obtained by refngeration of the tissues by allowing the iqud to evapor!a:z
as 1t 1s sprayed over the operative site The temperature under such ctreum
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starvation Preoperative feeding or intravenous admistration of carbo
hydrates, amino acids, and intravenous xanthines decreases the incidence,
as does admimstering the drug with oxygen

Effects on Smooth Muscle

As 1n the case of ether, chloroform depresses smooth muscle in the gastro
intestinal and genito urmary tracts Decreased motility and loss of tone
occurs 1 the stomach, bowel, and uterus Labor 1s snhubited during light
anesthesia, the uterus becomes atonic during deep anesthesia Practitioners
in some areas of the Umted States favor chloroform for analgesia m ob
stetrics because 1ts action 1s prompt, 1t 1s not disagreeable to the patsent, and
1t 1s simple to admimster When marked relaxation of the uterus for version
or other operative obstetrics 1s destred, some obstetricians use chloroform
The successful use of chloroform in obstetrics may be explamned by the fact
that 1t 15 used for analgesia and not for anesthesia More serious aspects of
the chloroform problem would be encountered were the drug used for sur
gical anesthesia in the same manner as ether Chloroform 1s not flammable
and 1s occastonally used for major surgical procedures when a fire hazard
exists It may be used to fortify mitrous oxide The muscle relaxation ob
tained with chloroform 1s not equaled by any other inhalation anesthetic,
except deep ether
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ETHYL CHLORIDE

Description

Ethyl chloride (monochlorethane), at room temperature, 15 a gas which
eastly compresses to a colorless, highly volatile iquid (B P 12°C) The
drug 15 dispensed m glass ampules equipped with a nozzle for dropping or
spraying The vapor 1s heavier than air and flammable, differing from chloro
form 1n this latter respect Halogenation is not sufficient to render 1t non
flammable The vapor 1s less objectionable than that of ether or chloroform,
and 1t 15 mhaled without difficulty The alveolar concentration necessary for
surgical anesthesia 1s 6 per cent The concentration which ciuses respiratory
failure has not been established

Induction 1s rapid pleasant and without escitement, a feature which ac
counts for its sustamed populanty Recovery, hhewise, 15 rapid Within
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and dificult Anesthetic concentrations are pungent and not well tolerated
Analgesic concentrations are not objectionable to most patients Salivation
and excess mucous during anesthesia re troublesome Both factors are re
sponsible for the slow mduction which characterizes inception of anesthesia
with the drug Effects upon respiration are sumlar to those of ether and
chloroform Instead of exaggerated brenthing however, a tachypnea occurs
Sometimes the respiratory rate 1s 60 or more per minute Presumably this
results from vagal stumulation and mdicates a dangerous state of physiologic
disturbance

Spontaneous arrhythnuas occur dunng anesthesia, which ndicate an in
crease 1 cardiac irntabiity When trichlorethylene 1s used for analgesia,
the arrhythnmas are absent or occur less frequently Evidence of a hepatoxic
effect eatsts, particularly 1f the drug1s not pure Smooth muscle 1s relaxed in
concentrations causing surgical anesthesia Effects on smooth muscle 1n con
centrations causing analgesta are not hnown Analgesia does not interfere
with the progress of labor

Re'aration of sheletal muscle satisfactory for major surgery may be se
cured, but only after administration of the drug for a considerable period
of tume There 1s httle reason to use trnichlorethylene for inhalation anes
thesta Its use as an analgesic 1s an entirely different matter, however

The pharmacologic properties of trichlorethylene were nvestigated in
both man and ammals by Denms Jachson and his assoctates in 1936 The
Counail on Pharmacy and Chemstry of the American Medical Association,
after reviewing the data submutted, felt that its use as a general anesthetic
was not justified

Toxicity

Prior to that study of the drug by Jackson, trichlorethylene was used for
pamful afflictions mnvolving the area supplied by the fifth cramal nerve, on
the basis that the drug was specific for that nerve This contention has been
disproved It was dispensed i ampules sumlar to “pearls” used for amyl
mtrite Neuntis, palsies areas of anesthesia, and other neurologic comphca
tions occastonally occur postoperatively The cranial nerves, particularly the
fifth appear to be the most susceptible These complications have occurred
following 1ts use as an inhalation anesthetic rather than after brief periods
of analgesia Recent evidence casts suspicion upon mpunties m the drug,
notably dichloracetylene, as the cause of these complications

Uses
Trichlorethylene 15 not recommended for surgical anesthesia It 15 impor
tant to differentiate between analgesia and anesthesia Great enthusiasm
has been aroused concerning 1its analgesic effects Several whalers for self
admimistration by patients for analgesia during labor and other procedures
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stances may be as low as —20°C Destruction of healthy tissue by freezmng
under such circumstances 1> common The anesthetic effect 1s not satisfactory
as a rule Puin 1s often cxpenienced 1s the frozen issue 15 incised
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TRICHLORETHYLENE

Properties

Trichlorethylene or trilene, as the British have named 1t, has been used
as a degreasing agent for dry cleamng purposes Jor many years Itisa
colorless, heavy hiquid muscible with lipowds but poorly soluble i water
It 1s an unsaturated halogenated hydrocarbon, being ethylene with three
hydrogen atoms replaced by chlonne Its odor so closely resembles that of
chloroform that it 1s colared with waxolme blue (in Great Britam) to avord
confusion Many of its physical properties resemble those of chloraform
However 1t boils at 2 somenhat higher temperature (87°C )

Trichlorethylene 1s not entirely stable Onidation converts it to phosgene
Thymol 15 added as a stabthzer Contact with wirm soda lime decomposes
1t to dichloracctylene 1he epen or sem: closed technigues are used for its
admimstration  the closed method utihzing alkaline substances for carbon
dioaide cannot be emploved Certam muxtures of trichlorethy lene and pure
oxvgen are combustible but the concentrations used clinseally are not flam
mable

Potency

The concentration necessary for surgical wmesthesia 1s approuimately 4
per cent somewhat greater than that of chloroform The concentrition nece»
sary for respiratory fulure in man has not been estabhshed Respuatory
fatlure precedes cwculatory falure when overdo age occurs Analgesia 18
obtamed with concentratims of 1 per cent or less Most of the drug 15
ehiminated unchanged theough the lungs However some may be transformed
to tnichloracetic acid by the Iner The trichloracetic actd 1s excreted nto
the urme

Systemsc Effects

The drug does not yreld satisfaclory anesthessa The mduction pertod

resembles that of ether more than that of the gases Vaporization 1s slow
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Differences Between Volatile and Non Volatile Drugs

Anesthetists no longer rely upon volatile drugs as the sole agents for anes
thesin Instead, combinations of inhalation anesthetics ind non volatile
drugs are used Most non volatle drugs are not sustable, when used as the
sole agents, for surgical anesthesia because they possess httle or no analgesic
potency The pathways transmutting pamn impulses from the periphery o
the brain are not bloched completely by mast of these substances Reflexes
are only partly obtunded, unless large doses are used Supplemental anal
gesie drugs are required The volatile drugs are inert i the body, the non
volatile drugs are not In many instances the non volatile drugs ave detosified
entieely 10 the body, 1n others, they are ehminated partly by detoxification
and partly by excretion, in an unchanged form, through the hidneys, sweat
glands or gastro mntestinal tract ‘The blood concentration may be no index
of the amount present 1n the cells because they are often removed rapidly
from the blood and stored in various tissues Thiopental, for example, 15
stored 1n the hpoid tissues of the body from which it 15 gradually withdrawn
and detoxified by the liver

Non volatile drugs depress the nervous system from above downward
The degree of depression varies from a nuld state known as sedat:on to a
moderate state hnown as hypnosis, to a profound state known as basal
narcosis, to a total state with loss of reflexes referred to as anesthesia Doses
which abolish reflexes and responses to pamnful stimuli completely inactivate
the medullary centers and cause respiratory and eirculatory depression (hy
potenston) There1s a well defined distinction between hypnosts, basal narco
sts, and narcosts Hjprosis 1s a state of depression which causes sleep from
which the subject may be aroused There 15 no amnesia or disorientation
Basal narcosis 1s a more profound state of depression, from which the patient
cannot be aroused or 1s aroused with difficulty 1t 15 accompanied by amnesia
Narcosts 1s a general physiologic term 1mplying depression of cellular activ-
ity without necessanily alluding to the central nervous system

Depth of narcosis cannot be judged by Guedels signs of anesthesia when
a non volatile drug 15 admmstered as a sole agent or when one 15 adminis
tered i combination with volatile anesthetics The orderly disappearance
and reappearance of reflexes and other critenia of depth noted during the
admumstration of volatile anesthetics 15 absent when non volagile drugs are
employed Certain non volatile drugs possess some analgesic properties The
narcotics such as morphine, mepersdine, and similar drugs abolish percep
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requinng analgesta hayve been mtroduced (f1g 12) Procedures such as re
maval of dressmgs, cystoscome cxammations and so ov, formerly performed
with no analgesia, may now be purformed with tnchlosethylene I'richlor
cthylene may be used i combination with mitrous oside The comparative
analgesie potency between this and other antlpesie drugs remams to be
estabhished Thu test of time wall dutermme 1ts worth Any statement made
at the present e would be premature

H l\ \
A “
“ .

Fsu 12 Inhaler for wdunag analyes 2 with trichlorethylene The device may be hd and uced
lar s 2dounisteate o by the patient Aie s drawn an throu,b the bottom cver 8 gauze wik and
mized with the vaposs of the dru. The mature passes through 2 valve mto the ma & This valve
closes duriog exhalation and a second vahe which 13 set on top of the mask opens The vaparized
drus and 37 enter the mask on inspiration The exhaled gases and vapars pass oulsidz and are not
redbreathed
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Differences Between Volatile and Non Volatle Drugs

Aaesthetssts no langer rely upon volatle drugs as the sole agents for anes
thesta Instead, combinations of inhalation anesthetics and non volatile
drugs are used Most non volatile drugs are not suitable, when used as the
sole agents, for surgical anesthesia because they possess little or no analgesic
potency  The pathways transnutting pan impulses from the peniphery to
the brain are not bloched completely by most of these substances Reflexes
are only partly obtunded, unless large doses are used Supplemental anal
gesic drugs are required The volatile drugs are mert in the body, the non
volatile drugs are not In many instances the non vo'atile drugs are detoufied
entirely 1n the body, m others, they are ehminated partly by detoufication
and partly by excretion, i an unchanged form, through the hidneys, sweat
glands or gastro mntestinal tract The blood concentration may be no index
of the amount present n the cells because they are often removed rapidly
from the blood and stored in varous tissues Thiopental, for example, 1>
stored n the lipoid tissues of the body from which it 1s gradually withdrawn
and detoxified by the liver

Non volatile drugs depress the nervous system from above downward
The degree of depression vanes from a mild state hnown as sedafion to a
moderate state hnown as hypnosis, to a profound state hnown as basal
narcosts to a total state with loss of reflexes referred to as anesthesia Doses
which abohsh reflexes and responses to painful stmuli completely iactivate
the medullary centers and cause respiratory and circulatory depression (hy
potension) There s a well defined distinction betw een hypnosts, basal narco
st1s, and narcosis Hypnosis 1s a state of depression which causes sleep from
which the subject may be aroused There 1s no amnesia or di-onentation
Basal narcosts 1s a more profound state of depression, from which the patient
cannot be aroused or 1s aroused with difhculty It 1s accompanied by 1mnesia
Narcosis 1s a general phystologic term umplymng depression of cellular activ
1ty without necessanly alluding to the central nervous system

Depth of narcosis cannot be judged by Guedel s signs of anesthesia when
a non volatile drug 1s admimistered as a sole agent or when one 1s 1dminis-
tered m combination with volatile anesthetics The orderly disappearance
and reappearance of reflexes and other cntersa of depth noted during the
adnmunistration of volatile anesthetics 1s absent when non volatile drugs are
employed Certam non volatile drugs possess some analgesic properties The
parcotics such as morphine, mependine, and sumilar drugs abolish percep
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tion to pun The sharp pun experienced during surgical procedures, how
ever, 1s not abolished by narcotics the perception to dull pain 1s obtunded
Narcotics, therefore, are not sustable as sole agents for surgical anesthesia

Methods of Admunistration

Most non volatile drugs used for surgical anesthesta are administered
mtrvenously or rectally No wholly satisfactory substances for basal narco
sis are nwailable for admimistration by the subcutaneous, intramuscular, or
oral routes The majonty of these substances are water soluble hquids pos
sessing, high boiling points, or they are solids In some instances, oils, such
as polyethylene glycol or propylenc glycol, are used as vehicles to prepare
solutions for injection

Chemustry of Non Volatile Drugs

Chenucally the non volatile drugs are vther aliphatic alcohols, aldehy des,
Ketones esters, sulphonmethanes, substituted anudes, carbamates, ureides,
and compley heterocy clic mitrogen contaiming substances Most of the hetero
cyche mtrogen contammng compounds are alkaloids The most useful alcohols
are ethyl alcohol, amylenc hydrate, and pentynol Paraldchyde, a polymer of
acetaldehy de, does not possess a free aldehyde group Tribromocthanol and
trichlorethanol are the most smtable halogenated alcohols Chloral 1s the
most suitable halogenated aliphatic aldehyde The sulphonmethanes include
sulfonal, trional and tetronal None of these are used in present day practice
Although numerous substituted anndes and ureas are available they are not
widely used n present day practice The most important of the ureas are
bromural and carbromal Various cirbamates such as ethyl wrcthane, hed
anol and aponal have had their day and passed into disuse The barbuturates
are the most widely used non volatile hypnotics and basal narcotics They
are ureides of the cychc type The narcotics are non volatile substances, the
majonty of which are 1lhaloids or synthetic substances chemically surilar
to the alkaloids

Of all the non volatile drugs 1n current use the most important chenical
types 1re the halogenated alcohols, the cychc ureides (barbiturates), and
the narcotics

ETHYL ALCOHOL

It 15 not the scope of this book to discuss n detail the pharmacology of
alcohol Ethyl alcohol has a inuted value as a basal narcotic and as an anes
thetic The margin between the theripeutic or anesthetic dose and the dose
causing medullary depression 1s narrow Ethyl alcohol 1s occasionally used
intravenously for 1nalgesta and sedation

The blood level of ethyl alcohol commonly associated with intouication
15 approximately 200 mgm or more per 100 cc A blood concentration of 50
to 100 mgm per cent suftices for sedation and analgesia when administered
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by the mtrasenous route A sedatnve effect on the higher centers 1s obtaned
with tis concentrition This sedative effect 18 characterized by 1 dulling
of the sencorum and the dmunution of the power of concentrition The
cuphoria nd bosterousness winch are usunlly wdicatne of the second stage
of anesthesta, are <bsent 1he respiratory system and yvascular system are
not affected 4t this level “Moderate vasodilatation occurs A solution com

posed of 5 per cent alcohol with 3 per cent destrose i distilled water 15
used for ntrasenous adnumstration No fived dose e be established The
rate of admumstration 1s adjusted to the clinienl response of the patsent An
mitial dose of 30 to 200 c¢ within the first 10 to 1S minutes causes an ade

quate response m most wdults The miravenous dnp s then adjusted to a
rate of 3 te 8 cc (40 to 80 drops) per minute, the exact rate being deter

nuned by the response of the patient Intravenous alcohol has been suggested
as a sedatine for pre anesthetic medication for pitients who are alcohol
addicts for patients who have delinum tremens, and for patients who do
not tolerate opium alhalowds for analgesia Intoxicated mdividuals are not
difiscult to anesthetize contrary to the erroneous impression of many physt

cans There 15 an additive cffect between the alcohol and whatever other
central_perous system depressant 15 used {or analgesia

REFERENCES
Aprant § The Pharmacology of Anesthetic Drugs 3td Ed Springfield Thomas 1953

P>
Goopxsan L and Guouan A The Phy I i Basis of Th

,, New York
Macmilian 1941 p 108

METHYL PENTYNOL

Methyl pentynol alse hnown as methyl parafino! (Dornuson) 1s a trple
bonded unsaturated aliphatic alcohol This drug has been recently wtro
duced as a hypnotic and sedative It 1s a hgud with a hydrocarbon hhe
odor which bals at 200°C When admumistered orally 1n doses from 250--500
mgm 1t causes hypnosis It 1s rapudly absorbed from the gastromtestinal
tract and escreted into the unine The alcohol 15 a mild hypnstic, somewhat
more potent than amylene hydrate It 13 swtable for hypnosts for pre anes
thetic medicauion Large deses cause resptratory depression and a fall i
blood pressure The usual hypnotic doses are safe Repeated admmstration
does not cause undesirable side effects Liver function renal function the
concentration of blood constituents and so on are not altered during hy pno
<1y The drug 1s dispensed in capsules contamng 250 mgm or in the form
of an elrur The onset of action after oral admimistration 15 mamiested

within 30 minutes and lasts several hours Patients may be aroused without
disonentation or amnesia
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AMYLENE HYDRATE

Amylene hydrate 1s known more for beng the solvent for tnbromoethano!
than as a hypnotic and sedative Like other amyl aleohols, 1t possesses a
mild hypnotic effect It 15 tertiary amyl alcobol In general, tertary abiphatic
alcohols are more potent than secondary alcohols, and the secondary ones
more potent than primary Iour cc of amylene hydrate intrasenously induce
@ muld hypnotic state Amylene hydrate 1s not used as a hypnotic in present
day practice Inasmuch as it 1s a solvent for tribromoethanol, its pharma
cologic behavior 1s discussed under that heading
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PARALDEHYDE

Description

Paraldehyde 1s prepared by allowing acetaldehyde to polymenzc n the
presence of concenteated sulphunc acid Paraldehyde daes not possess a
free aldehyde group The substance 1s a clear, colorless, mobile hquid with
a pungent odor, which appears to ching to the surrounding objects for days
1t 13 modcrately soluble n water

Uses

Paraldehyde has beun used extensively for hypnosis and basal narcosis
Orally 5 to 10 cc cause a dreamless hypnotic state which lasts several hours
For deep hypnosis 15 to 30 cc 1n an equal volume of normal saline or ohve
otl are instilled rectally One ce of benzyl alcobol 15 added to alleviate local
wrntating effects Larger doses yield basal narcosis When adminstered
intravenously, hynosis or basal narcosis results, depending upon the dose
and rate of admimistration Responses are varable and the safety 1s not as
great by the intravenous route

Paraldehyde 15 used very httle 1 present day practice because 1ts action
1s variable and 1t has a disagreeable odor and taste 1requently, the state
ment 15 made that paraldehyde 1s one of the safest hynotics The expert
ences of those who have used the drug consistcntly do not bear out this
contention Its action 1s variable and the dose 15 difficult to estimate

Systermic Effects
When used for basal narcosis, respiratory depression 1s common Over
dosage results 1n respiratory failure Masstve doses depress the myocardium
Paraldehyde 15 not analgesic and restlessness follows its admustration in the
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presence of pamn Large doses are required to obtund the superficial reflexes
Such a state of narcoss 1s usually 1ccompumed by respiratory depression
Sedatw e doses do not have any notable effects on the vasomotor or respirt
tory centers The medulla 1s depressed i decp hypnosis, however The
respiratory rate 1s ncreased during hypnosis and decreased in basal narcosis
Ten to twenty per cent 15 exhaled from the lung unchanged, the remainder
beng detowified by the Iver The epithelium of the respiratory tract 18
¢arntated” by the exhaled drug

Dunng basal narcosis, ohiguna occurs Diurests follows 1n the recovery
period Some of the drug 1s excreted unchanged into the urine, the concen
tration parallels the plasma levd]

Duning basal narcosts, the salivary and mucous glands pour out copious
secretions unless an ant1 cholinergic drug 15 admumstered previously Duning
basal narcosis smooth muscle 1s mhibited The drug passes through the
placental membranes into the fetus causing depression of respiration at
birth A cumulative action follows repeated use \When admimstered intra
svenously, bemoly sis, presumably due to its effect on the bloed cells has been
reported

Disadvantages

Except m unusual circumstances paraldehyde 1s not recommended as a
hypnotic, basal narcotic, or anesthetic The unpleasant odor, vanability of
action, lack of analgesic power, the narrow margn of safety in large doses,
the rrritating effect on the mucous membranes of the stomach, mouth, and
rectum, and the metabolic disturbances that i1t induces duning basal narcosis
are the chief disadvantages
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TRIBROMOETHANOL (AVERTIN)

Properties

Tribromoethanol or tribromethy! alcohol 1s a halogenated ethyl alcohol
Three bromine atoms replace the hydrogen atoms opposite the bydrovyl
bearing carbon of ethyl alcohol Halogenation of ethyl alcobol increases 1ts
narcotic potency considerably The substance 1s a white powder which 15
poorly soluble i water It forms a 3 per cent solution The compound 15
unstable when heated decomposing to various aldehydes and aads, most
probably debromacetaldehyde and hydrobromic acid '

Proctiis and cohtis may follow the use of decomposed solutions Congo
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red 15 added to solutions of avertn to detect the presence of acids which
mdicates that decomposition has occured Proctitis and colitis have also
been reported following repeated admunistration over a pertod of several
days Trnbromoethanol melts at 80°C with decomposstion The substance
sublimes 1f allowed to stand in the open air In order to facilitate handling
and storage 1t 1s dispensed as a solution 1n amylene hydrate One gram of
the drug dissolved in one half gram of amylene hydrate, results in 1 cc of
solution This solution 1s known by the proprietary name of Avertm

Amylene Hydrate

The amylene hydrate possesses mild hypnotic properties, but m this case
1t merely serves as a vehicle for tnbromoethano! The additive or potentiat
g effect of amylene bydrate which may oceur with tnbromoethanel 1s
negligible

Amylene hydrate 1s a stable, colorless quid which boils at 100°C In
man, amylene hydrate 15 elminated unchanged in the urine At body tem
perature, the vapor pressure 15 so low that the exhaled fraction s of no
practical significance as far as the effects on lung parenchyma are concerned
The general systemic effects of amylene hydrate are of ne consequence
when one considers the amount present n the volume of avertmn fluid ord
narily employed

Admunistration

Trnibromoethanol may be administered tntravenously but its action by
this route 1s variable The response 1s at times flecting, lasting a few mun
utes, only to be followed, after a latent interval, by severe depression When
admuustered orally, it undergoes decomposition as 1t passes through the
gastro intestinal tract The best results are obtamned when 1t 1s admumstered
by the rectal route A 3 per cent solution 1n distilled water, warmed to body
temperature, 1s mstilled into the rectum three quarters of an hour prior to
the anticipated time of surgery A dose 30 to 40 mgm per pound of body
weight 15 sufficient for adults Better results are obtaned 1if the colon 1s
cleansed with warm saline three or four hours prior to mstillation The drug
1s rapidly absorbed from the entire colon When the 1leocecal valve 1s patent,
1t passes wmto the small bowel from which absorption 1s even more rapid
than 1n the large In the colon approaimately 90 per cent 1s absorbed within
the first 30 minutes Within 15 munutes, narcosis 1s established A peak
effect occurs within 30 to 60 nunutes followed by a gradual recession to the
conscious state during the next hour The average duration of the basal
narcosis 1s approsimately two hours The patient, 1f undisturbed, remans
well relaxed 1in a deep hypnotic state The superficial reflexes may be re
activated by panful stunuli The patient, however 1s aroused but 15 1n a
disoriented state Amnesia lasts approximately three hours Fatalities fol
lowing the use of tribromoethanol are due to asphyaa from respiratory
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obstruction or resprratory fatlure from overdosage Patients narcotized from
tnbromocthano! must not be Jeft unattended 1he asrway 15 maint wned by
supporting the chin and jaw Narcotized patients do not tolerite pharyngeal
airnays or endotracheal tubes Respiration, pulse, and blood pressure should
be carefully followed

Surgery cannot be performed using tribromocthanol alone A supple
mental anesthetic must also be used to supply analgesia Cyclopropane,
mtrous oude, cthylene, ether, vinyl ether, or trichlorcthylene may be used
Regional anesthesta properly performed may also be used as 1 supplement

Detoxification

Tnbromoethanol 1s conjugated with glycuromc aad by the hver A dose
ordinanty employed for basal narcosts 15 detoufied withim four hours when
hepatic function 15 ummpaired Prolonged narcosis 1s not uncommon in the
aged, and 1 chronically 1ll patients When hiver or hidney functions are 1m
paired, the ebimination requires a longer period of time—sometimes days
A cumulative action follows repeated adnumstration

Systemic Effects

Tribromoethano! depresses the medullary centers Respiratory depression
15 the rule rather than the exception Minute volume exchange 1s reduced
15 per cent Depression of the vasomotor center causes a transient hype
tension 1n patients with a normal cardiovascular system The hypotension
1s more pronounced, of longer duration, and more serious in subjects with
cardiovascular disease Unlike the halogenated hydrocarbons, basal narcotic
doses of tnibromoethanol have no effect on the heart Neither the cardiac
output nor the conduction mechamsm are adversely affected Any deletent
ous action on the arculation 1s secondary to the depression of the vaso
motor and respiratory centers The pharyngeal, laryngeal, tracheal, and
bronchial reflexes are only partly obtunded and are reactivated by mecham
cal stimulation or instrumentation

The drug 1s not suited for endoscopic work 1n the trachea, bronchi, and
esophagus unless topical ancsthesia 1s employed Motility and tone of
smooth muscle are decreased The bronchi are dilated, gastro intestinal and
uterine activity are inhibited The relaxing effect on the bronchs has been
the basis for 1ts use for tractable asthma The wisdom of using any drug
which depresses respiration as much as tnbromoethanol does, in the face
of obstructive dyspnea 15 questioned The acid base balance 15 disturbed
The hypoventilation causes a respiratory acidosis which 1s reflected 1n the
general acid base balance pattern There 1s some reduction in carbon dioxide
combiming power and a shght lowerng of serum pH In individuals whose
electrolyte balance 1s not disturbed, this 1s of no special sigmficance The
drug 15 not swited for patients in acidos:s or on the verge of acidosis Excre
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tion of bromsulfalem 1s impaired The glycogen content of the liver 1s de
creased, the output of bile salts 1s reduced Unlike chloroform and other
halogenated hydrocarbons, hepatitis 15 uncommon following the admims
tration of tribromoethanol As 1s the case with other hypnotics and basal
narcotics, ohiguria occurs during narcosis which 1s followed by a compen
satory polyuna during recovery The non protein mtrogen and blood urea
nse during narcosis, but return to normal afterward Plasma volume 1s
reduced and some degree of hemoconcentration occurs The total blood
carbon diovide content rises shghtly due to the depressed respiration

Uses

Trbromoethanol 1s used as a basal narcotic for apprehensive, psychotic,
disoriented, and uncooperative patients prelimmary to surgery The basal
narcosts 1t affords 1s useful for calming patients undergoing thyroidectomy
for thyrotozicosis, masmuch as these are unusually apprehensive subjects
Tribromoethanol has been widely used for neurosurgical procedures be
cause 1t was believed that 1t lowered ntracramal pressure This impression
15 not correct If a decrease n intracramal pressure occurs, 1t 1s the result
of the hypotension which the drug may cause It certainly 1s not advised as
the sole agent for neurosurgery, because 1t does not abolish panful 1m
pulses Furthermore, even when combined with local anesthesia, the opera
tton mvariably outlasts the period of narcosis, and some other form of
anesthesia must be supplemented before the operation 1s completed Usually
this 1s done to the disadvantage of the anesthetist and to the detriment of
the patient There 1s no objection to 1ts use, mn conjunction with inhalation
anesthesia endotracheally, for neurosurgical procedures

Tribromoethanol has been advocated as the sole agent also, for surgery
of the eye because 1t decreases intra ocular tension Its disadvantages, ad
mmstered 1n this manner for this type of surgery far outweigh any advan
tages gamned by this supposed effect The same objectionable features are
present for this type of surgery as in the case of neurosurgery Tribromo
ethanol 1s also useful to control the convulsive phase of tetanus, rabies, and
toxic reactions to drugs Although popular fifteen or twenty years ago for
basal narcosis, tribromoethanol has been supplanted by mtravenous ultra
short acting barbiturates These are sunpler to admmister and require no
elaborate preparations, such as cleansing enemas, rectal mnstallations and
guessing the dosage

Contramndications

Contramdications to the use of tribromoethanol are hepatic or renal
disease, sepsts or “toxemna ’ from any cause, hypotension, acidoss, dehydra
tion, reduced metabolic rate, pulmonary 1nsuffictency of any type, and m
flammatory diseases and neoplasms of the intestinal tract
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TRICHLORETHANOL

Tuchlorethanol 1s sinular to tribromoethanel It 15 a hqud which boils
at 155°C with decomposition It 15 somewhat less potent 1nd more varable
n 1ts action than tnibromoethanol Larger doses m1y be necessary, but
qualitatively, 1ts responses are 1dentical to those of tnbromoethanol The
uses, mode of admmmstration, general pharmacological responses, detoxifi
cation, ehnunation, advantages, and disadvantages are similar to tribromo
ethanol The usual therapeutic dose 1s between 70 to 80 nuligrams per pound
of body weight ‘Trichlorethanol 1s little used 1 present day practice Unhihe
tnibromoethanol, trichlorethanol 1s not a propietory preparation It was onigt
nally ntroduced n an attempt to supplant tribromoethanol, which 1s pat
ented and only available through a single manufacturer
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CHLORAL HYDRATE

Chloral 1s tnchloracetaldehyde A hydrate forms by adding one molecule
of water The former 1s a hquid, the latter a solid Chloral 1s derived from
acetaldehyde Acetaldehyde possesses mild hypnotic properties, but it 1s 1rn
tating and 15 not cliscally switable Chlorination of the aldehyde markedly
Increases its narcotic potency and reduces its unitating effect The drug has
a pungent odor and a sharp disagreeable taste Pharmacologically, chloral
hydrate differs httle from tnibromoethanol Small doses cause a sedative and
hypnotic effect Large doses cause basal narcosis It possesses no analgesic
properties, and therefore must be combined with an analgesic when used for
surgery Lihe trichlorethanol and tribromoethanol, its action ntravenously
1s vanable Although effective, 1f given orally, rectal adnimstration 1s pre
ferred for basal narcosis Lahe the halogenated alcohols, 1t 15 conjugated by
the liver with glycuromec acid, and the urochloralic acid thus formed 1s
excreted nto the urme Medullary depression, hypoventilation, and hypo
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tension occur when large doses are used, as 1s the case with tribromethanol
when large doses are used Although useful as a sedative and hypnotie,
chloral and chloral hydrate have little to offer over tribromoethanol as basal
narcotics
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VII

NON-VOLATILE DRUGS
(CONTINUED)

BARBITURATES

Chemustry and Denivation

Many hypnotic substances are derved from urea One group of denva
tives of urea m particular, the uredes, give rise to some of the most chnt
cally useful hypnotics and basal narcotics Ureides are formed when urea
mteracts with a carboayhc aad Ureides are esther ahiphatic or cychic Few
of the aliphatic dernvatives are of chimcal value The cychic ureides are 1m
portant, however Two types of cychc ureides are recogmzed as chmcally
important, those derived from malonyl urea (barbiturates), and those de
rved from glycocolic acid (hydantons) Malonyl urea, also hnown as bar
bituric actd 1s made by condensing urea with malomc acid The hydantoins
are made by condensing urea with glycocolic actd The former ytelds a six
membered ring the latter a five membered nng The hydantomns are cor-
tical depressants The most important of these are nrvanol (ethyl phenyl
hydanton) and ddantin (diphenyl hydantoin) These are used to reduce

motor hyperactivity of cortical onigin principally and are, therefore, of httle
nterest to anesthetists

Potency of Barbiturates and Relationship to Chemucal Structure

The barbiturates are widely used and are the most important hypnotics
m chinical medicine Barbitunic acid 1s not hypnotic Derivatives of barhi
tunic acd made by substituting alkyl, aromatic, and cyclic groups on the
carbon mn position 5 yield sedatives and important hypnotics The nng i
malonyl urea 1s 1dentical to the pyrimdine ring which forms the bases
cytosine, uracil and thymine which are found m nucleic acids When malonsc
acid 15 condensed with thiourea, thiobarbiturates form The thiouracil
nucleus from which the anti thyroid drugs are derived possesses essentially
the same nucleus as the thiobarbiturates

From a chemical standpomnt four types of barbiturates are recogmzed
(1) The ordnary barbeturates denived from barbituric acid, (2) the N
substituted barbiturates m which an alkyl radical 1s substituted for one of
the hydrogen atoms on one of the nitrogen atoms, (3) the sprrodarbiturates
m which the substituted radicals on position 5 are closed to form a Ting,
and (4) the thiobarbiturates m which a sulphur atom 1s placed, mstead of
the oxygen atom, on the urea restdue in barbituric acid It 1s possible to
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synthetize over a thousand barbiturates of various types Scveral hundred
have been prepared, but of these only several dozen are n current use

Pharmacological Grouping of Barbiturates

Trom a pharmacological standpoint, barbiturates may be placed nto four
proups the long acting, the mtcrmedte acting, the short acting, and the
ultra short actmg, Barbiturates as a class hive certam features in common

ULTRA SHORT ACTING (THIOPENTAL)

SHORT ACTING {LECOBARBITAL)

INTERMEDIATE ACTING (DIAL}

7
LONG ACTING (BARBITAL) /

SEDATION HYPNOSIS- BASAL NARCOSIS ANESTHESIA

| | 4 | ===t ] 1
15 30 a5 [7) 75 %0 105
MINUTES

Fic 13 Cunve showing the relation.hip of itensity or depth of depression and tume using the
vanous types of barbiturates The effect depicted 18 one obtained by using comparable doses in
travenously Lach type has a latent penod and a pamnt of maximum intensity or peak effect “ote
the latent period 15 shortest with the ultra short actin,, barbiturates 1s lon.er with the short and
still lon.er with the intermediate and long acting types The peak effect 15 mamfest soonest and
15 most 1ntense with the wlira short acting barlnturates comes on later and less intense with the
hort and later stilt and less 1ntense with the intermediate and lon, actin, respectively

They cause sedation or cortical depression 1n small doses, hypnosts in larger
doses, deep hypnosis or basal narcosis with still larger doses and anesthesia
with complete abolition of reflexes with massive doscs Basal narcosis 1s often
accompanted by respiratory and arculatory depression and 1s followed by
prolonged somnolence All barbituratcs mantfest a latcnt period extending
from the moment of mnjection untl the peak effcct 1s attamed (Fig 13)
The latent period 1s longest with long acting barbiturates, and shortest with
the ultra short acting Potency, duration of action, and pharmacologic
groupmg depend upon the chemical configuration of the molecule In order
to use barbiturates judictously, 1t 1s necessary to be familiar with therr
chemistry Familianty with the chemo morphology of barbiturates mahes
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1t possible to predict the potency wnd pharmcologie propertics of 1w un
fnown compound by plrcg 1t its structural fornul Substitution of two
methy] groups m position § of malomy] wrey results w1 (Jow potency)
adatne When two etly) groups oo substtuted, bardatal 1s formd Bar
bita 1 4 muld sedative 1w the st chmelly uscful bashitunte (mtro
duced 1 1905 by Fiscler and Dudthey ) Jacro g the number of cirbon
atoms m erch ksl group mcreases potncy nd shortens the ftent puoisd
Hrbiturates possess a wide Mg of safety Potency and tonaity merest
as the metecutar wapht wcreases Both potency nd tovaity partllel cach
other When the tor} number of carbon 1oms 10 both substituemts cceeds
epht (MW 230) the tonaty meridses w preider digree than potency
Potency and tovicity wo Yonger parlel each other wd the margin of
safuty 15 narrowed Substitution of bromue for hydrogen on wther radictd
mereases potengy  Subsbtution of alhy} rdicals domved from primary
alcohols yield compounds of lesser potency than radicals dernved from
secondary alcohols Iso amylethyl barbitune acd (amybarbital) 1s Jess
potent than methylbuty lethy! barbitunc acid (pentobarbital} The radicals
m the former are deened from a primay alcohel, the litter from a sec
ondary  Thicharbiturates vre mere potent tnd rapd wcting thin the “orde
nary types Branching i the side chaw, unsateration w the sule chun

and cyche and aromatic substitutions result m mors polent dersalngs
(Table II)

THIOBARBITURATES

Chenustry

Thie barbiturates are of exceptional importance because they e widedy
used an chinical anesthesia The prefix  thio’ indicates that a structure con
tams a sulphur atom Thio dervatives are avarlible which e counterparts
of the ‘ordinary * barbiturates Thus pentobithuat with the owygen om
on the urea resdue replaccd by 1 swiphur atom gives thiopenfobarbiiul
(thiopental) Secobarbual {seconal} gives nse to throsecobarbital (surital)
Amybarbital (amytil) gwes rise to Hrrocthamy!l Dhese thobarbiturates are
more potent and shorter aching than thar ovygen counterpiets  \unother
thwbarbiturite which 1s httle used in the United States but used more ex
tensively s Crest Brtin s henuthal Although thuopental s the most
widely used ultra short acting, barbiturate and s vegarded as 4 druy, A unto
ttsell ot must be remembered that 1t 1s merely one m the sroup of many
barbiturates It possesses nothing which ments its bumy, placed wpart from

the others from a pharmacologic viewpamt, oxeept it 1t s extensively
used

Chemical and Physical Properties of Barbuturates
Barbiturates are weah acds whieh form salts Barbiturates cuinbut the
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phenomenon hnown as heto enol 1somerism The OH radical which results
1s capable of dissociating into the barbiturate radical and hydrogen 1on
Salts form by replacement of this hydrogen by sodium or some other metallic
1on Sodwm salts form alkaline solutions having a pH ranging between 9
and 10 Calcum salts are known also These are used for preparing tablets
because they are not hygroscopic Salts are more soluble in water than the
acid form The acid form 1s less soluble 1n water, but more soluble 1n most
organic solvents Therefore salts are more suitable for parenteral admims
tration Intramuscular and subcutaneous injection of some barhiturate solu
tions may cause slough, because they precipitate mn tissues This 1s due to
the alhalimty of the drugs Thrombosis 1s not uncommon after mtravenous
admunistration of concentrated solutions Inadvertent ntra artenal injec
tion causes spasm of the artery with subsequent development of gangrene
m the part supplied by the vessel Most barbiturates are whate powders The
thiobarbiturates possess a yellowish tint and a pecular sulphurous odor

Stability

Aqueous solutions of barbiturates are not stable They readily decompose
when allowed to stand 1n air or when sterilized by heat Consequently, the
sterile powder 15 dispensed for parenteral admimstration The powder 1s
dissolved m stenile distilled water or normal saline immediately before use
Iins polcy 1s apphed particularly to ultra short acting barbiturates Some
of the short acting and long acting barbiturates are dispensed 1n specially
prepared solutions 1n sealed ampules for parenteral use A preparation of
secobarbutal dissolved 1n polyethylene glycol (MW 300) which 1s relatively
non 1rrtating to tissues and stable 1s available for intravenous and mtra
muscular use

Uses of Barbiturates

The long acting barbiturates are prescribed when mild depression of the
central nervous system over a long period of time 1s desired This type of
barbiturate 1s particularly useful for sedation, for apprehenston, and for
psychic disturbances The intermediate acting barbiturates are useful for
“heavier” sedation or for the msomma of early morning hours Sleep 15
induced with a combination of an intermediate and a short acting barbt
turate The short acting barbiturate acts first and the intermediate acts
later and sustains the effect The short acting barbiturates are indicated for
hypnosis, for sleeplessness, and for pre anesthetic medication The ultra
short acting barbiturates have been used intravenously for surgical anes
thes1a, because of the rapidly obtamed intense effect In present day practice
they are widely used m combination with volatile anesthetics

Mode of Action of Barbiturates

The manner m which these four types of barbiturates behave 1s due to
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2 number of facters (1) Thewr mode of climmation 1he ultra short acting
barbiturates are detoatfied by the haer The long acting are elimnated un

changed by the hidney Duration of action s closcly alhed to rate of ehm

mation and hepatic disfunction (2) \ renal threshold easts for barbiturates
Therapeutic doses of long acting barbiturates are excreted almost entirely
(over 9050 ) 1 the urme without change The mtermediate acting barbrturates
are partly detoufied and partly cimunated unchanged into the unne The
short acting barbiturates do not appear 1n the unine except when massive
doses are admumstered ‘The ultra short acting barbiturates do not appear
10 the urine even when large doses are used Most long acting denvatives
possess a low renal threshold They are stored n the tissues and slowly ex

creted A therapeutic dose of phenobarbital 1s normally excreted within
24 hours Short acting drugs possess a ligher renal threshold, and for this
reason they do not pass into the urine unless admimstered m large doses

In over dosage or following the ingestion of large amounts for suscidial intent,
short acting barhiturates such as secobarbital or pentobarbital may be
recovered 1n the unine 1f large doses of long acting barbiturates are ad

mumstered, the percentage of the total which appears in the urine unchanged
15 decreased even though the absalute quantity s increased This mdicates
that the long acting drugs may be detoxified 1n part by the liver when large
amounts are wngested

Analgesic Properties

Barbiturates possess little or no analgesic action Admunustration in the
presence of pain may cause restlessness, disonientation, and excitement par
ticularly 1f larger than usual doscs are employed A progressive depression
of the cerebrospinal axig occurs from above downward The mtial sites
of action are the cerebral cortex and sub cortical structures Response to
pam may be abolished by doses which are considered unsafe Doses which
depress the cortex do not necessanly abolish superficial reflexes The pain
pathways from the periphery to the cortex reman intact External stimuli
pass to the thalamus and thence to the cortex The short and ultra short
acting derivatives, because of their greater potency, have a more pronounced
effect than the long acting derivatives Doses necessary to abolish reflexes
and responses to paful sttmul: depress the medullary centers Resprratory
and circulatory depression mvanably occur Analgesic drugs must be com
bined with barbiturates when admimstered 1n the presence of pain to avert
this difficulty Ongmally thiopental, evipal, and other ultra short acting
barbnturates were used as the sole agents for anesthesia The total dose neces
sary to complete long operations 1s far 1n excess of the dose considered safe
In present day practice ultra short acting barbiturates are used only for basal
narcosis Combinations with mitrous oxide, ethylene, cyclopropane, trichlor
ethylene, and other anesthetic and analgesic substances must be, used for
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surgery Nitrous oxide and thiopental 1s the most widely used combination
The efficiency of the volatile drug 1s increased and the amount of barbiturate
necessary 1s reduced to a mmmmum Combinations may be used over longer
periods of time before respiratory and circulatory depression develops

When used for hypnosis mn pamnful conditions, barbiturates must be com
bined with analgesics such as demerol, codeme, acetylsahicylic acd, and so
on to avoid disonentation

Onset of Action

The onset of action of a barbiturate varies with the route of adnmumstration
The onset 15 slowest by the oral route, then the rectal, then the intramuscular,
the mtra pentoneal, and 1s most rapid by the intravenous route Absorption
from the gastro intestinal tract 1s variable Onset and duration are influenced
by such factors as motility of the stomach and intestine, the relationship
to meals (orally), evacuation of the colon (rectally), to dosage and to type
drug Ultra short acting barbiturates may undergo partial destruction
when admimstered orally or rectally One gram of evipal adnumstered orally
merely causes hypnosis, while one fourth of this dose mtravenously mduces
basal narcosis When given rectally, appromimately three times the intra
venous dose 15 required for basal narcosis Short and long acting barbiturates
are more stable when used orally or rectally The oral dose approximates
the ntravenous

Irrespective of the route used, there 1s a latent period from the moment of

admimstration until the peal effect appears The latent period 1s shortened
1n the following order for each route for a given drug oral, intramuscular,
rectal, intraperitoneal, and ntravenous The intensity or peak effect 1s
greatest and of briefest duration when admimistration 1s by the intravenous
route The latent period 15 briefest for ultra short acting denvatives and
mcreases as follows short acting, mntermediate acting, and long acting Basal
narcosis with mntravenous thropental 1s established within 40 to 50 seconds,
with secobarbital 1 two to five minutes, with pentobarbital 1n four to exght
munutes with amobarbital i seven to 10 minutes and with phenobarbital
15 to 20 mumutes Giving the drug intravenously does not radically alter its
pharmacologic behavior The importance of the latent pertod cannot be
emphasized too strongly Overdosage has resulted from rapid repeated ad
mumstration of short acting and long acting barbiturates, because sufficient
time was not allowed for the effects to appear before repeating the dose

Signs of Barbiturate Narcosts
A progressive depression of the central nervous system 1s observed when
barbiturates are slowly admumstered mtravenously The phylogenetically
newer portions of the cerebrospinal axis are affected first, giving nise to
phenomena akm to planes and stages of narcosis observed n the case of
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aliphatic general ancsthetics In the first stage consciousness s clouded This
1s due to shght or moderate depression of the cortex In the second stage
the cortex 1s completely depressed Hypersensitivity to external stimuh ap
pears There 15 shght depression of the sub cortical structures, particularly
the subthalamuc and motor nucler Motor activity and excitement are absent,
but there 15 increased sensitivity to external stimult which mitiate exagger
ated movements

The third stage 1s that of basal narcosis When the cortical and dience
phalic structures (thalamus, hypo thalamus and basal ganghia) are depressed,
sensitivity to esternal stimuh 1s decreased and the response to pamn 1s
dimimshed In stage four the medulla 1s depressed Respiratory depression
and arculatory collapse follow, the muscles are relaxed Rapid admimstra
tion of short and ultra short acting barbiturates causes a telescoping and
non appearance of these signs These signs are absent after sizable quantities
of barbiturates have been given These stages can 1n no way be likened to
those described for volatile anesthetics There 1s no such thing as a plane
or a stage of “pentothal anesthesia

Systemuic Effects

Hypnotic and sedative doses of barbiturates cause Iittle, 1f any, notable
systemic effects The progressive depression of the various phylogenetical
layers of the brain gives mnise to various states of depression encroaching
upon deep hypnosis, basal narcosis, and ultimately anesthesia During basal
narcosis if the bramn stem 1s depressed, blood pressure falls The decrease
1 blood pressure 15 due to the effect on the vasomotor center The fall in
blood pressure occurs more frequently 1n subjects with hypertension Ultra
short acting barbiturates have been used 1n diagnostic tests to attempt to
determimne the possible therapeutic value of contemplated sympathectomy
Increases mn pulse rate occur, most likely a mamfestation of compensatory
readjustments of the circulatory system Therapeutic doses have little or
no sigmficant effect on the myocardium or conducting mechanisms Spon
taneous arrhythmas are uncommon 1n man Unlike cyclopropane, sensitiza
tion of the conductive tissues to epmephrine and other sympathommetic
amunes does not occur As a matter of fact, barbiturates may afford a protec
tive action under these circumstances

Total blood and plasma volume are more often expanded than decreased,
but this depends on the barbiturate and the depth of depression As a rule
the spleen dilates Red blood cells are withdrawn from the carculation, the
hemoglobin and hematocnit values are reduced Bleeding time, clotting time
and cellular morphology are not altered ’

The respiratory depression imtiates undesirable effects 1f anowa occurs
These differ little from the general effects of anoxa (see mitrous oxide)
anoxia also causes constriction of the spleen and hemoconcentration Inas,
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much as there 15 respiratory depresston followed by hypoventilation durmg
basal narcosis with the ultra short acting barbiturates, respiratory acidosis
1s mnvariably present

Gastro intestinal tone and utenme activity are depressed durmg basal
narcosis In hypnosis, the depression of smooth muscle 1s neglhgible Barb:
turates all pass through the placental barrier to the fetus Fetal respiration
may be depressed unless the quantity used 1s hmted

Barbiturates do not disturb hiver functions to a degree of clinical sigmfi
cance If basal narcosis 1s accompanied by anoata, serious derangements may
occur Long acting barbiturates are not necessanly contraindicated when
hepatic nsufficiency 1s present because the Iiver does not detoify them
The short and ultra short acting barbiturates are best avoided, however,
smnce this organ does detoxify them Long acting barbiturates are best
omitted when renal insufficiency 1s present, because they are elimmnated by
the hidney

Like the other central nervous system depressants, barbiturates tempo
ranly hibit urinary output There 15 a transient and functional derange
ment which persists during the period of depression The cause 15 not
completely understood but 1t 1s believed to be partly due to intrarenal
vasoconstriction and increased tubular reabsorption A transient ohguria
occurs, the seventy of which depends upon the degree of depression A
compensatory polyuria follows in the recovery phase

Barbiturates do not cause any pathologic change 1 hidney, liver, heart
or any other tissue of the body

Barbiturates cause httle loss of muscle tone Relaxation occurs when
dangerously large doses are adnmstered in attempts to secure anesthesia
In present day practice barbiturates are combmed with muscle relaxants
such as curare, decamethonium, and succinyl choline to obtain relaxation

Detoxification

The hver detoxifies barbiturates, almost exclustvely Liver function 1s
not altered A drug which 1s detoxified by the liver does not necessarily
damage or impair function of the organ When hepatic insuffictency 1s pres
ent, detoxification 1s retarded resulting in sustamned depression for many
hours Detoxification 15 also retarded when metabolism 15 reduced below
normal In shock mamition, hypothyrordism, sepss, acidosts, and cachexia
the effects of barbiturates are prolonged There are variations in response
from one individual to the next Duration and ntensity of action may vary
from one time to the next 1n the same individual with the same dose depend
1ing upon the metabolic state at the time of admimstration

The exact fate of each barbiturate 1s not known Presumably a degradation
with a disruption of the malonyl urea ring occurs because the barbiturate
cannot be recovered as such 1n the urine By products however have been
1dentified Thiopental 1s quickly withdrawn from the blood stream and
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stored i the fat depots m the shin, omentum and around the hdney The
barbiturate 1s then transported to the hiver where 1t 1s detoxified Itis first
onidized to a di carboxylic acid The carboxyl groups replice both radicals
on the carbion in posiion 5 1 rom then on dismemberment of the ring occurs
Distuption of the ring also occurs when amy tal and certain other barhaturates
are detouified Thiopental 1s not destroyed by the plasma or serum

Tolerance and Addiction

Repeated administration of a barbiturate gives nise to tolerance Pro
gressively larger doses must be used to obtain a desired cffect Habstuation
or physic dependence also follows daily adnumistrition of a barbiturate over
a long period of time  Although physical dependence or addiction does not
occur as frequently or as readily as it does after repeated use of a narcotic,
1t 1s observed occasionally after prolonged admimstration of barbiturates
Cross tolerance to barbiturates 1s a well recogmzed phenomenon A patient
acquiring tolerance to one barbiturate after repeated use will also be tolerant
to another which might be substituted for it at a later time

A phenomenon known as smtolcrance also occurs Small doses which
ordmanly have no effect on the average individual induce an overwhelming
depression 1 susceptible persons Intolerance may explain the fatahities from
administration of comparatively small doses of thiopental and other barby
turates wmtrasenously

Fortunately intolerance 1s not common When admimistering barbiturates
mtravenously, 1t 15 advisable to use a fractional test dose before proceeding
with the admmmstration of the estimated therapeutic dose On rare occasions
a patient may exhubit the phenomenon hnown as 1diosyncrasy In such a case
the usual anticipated response of central neryous system depression does not
occur Instead, bronchial spasm, dyspnea, excitement, convulsions, and
response not charactenstic of the drug are encountered Mamifestations of
allergy are noted occasionally 1n some individuals but these are rare Shin

rashes and other cutaneous lesions are nfrequent but may occur following
the use of bariturates

Spasmogeme Activity

Barbiturates do not obtund or abolish reflexes mn the pharyny, trachea
and bronchi In many instances they may be rendered more active, par,
ticularly when ultra short and short acting barbiturates are used Severe
laryngeal and bronchial spasm may result from the shghtest amount of
secrctions or mucus vaised from the lower respiratory tract Such spasms
are frequent when basbiturates are used for patients who have suppurative
disease of the lung Although charactenstic of all barbiturates, this spasmo
genic effect 1s most intense with thiobarbiturates Blood resultm’g fromnstru
mentation with nasal, pharyngeal, and tracheal airways,

laryngosco
bronchoscopes, and that which passes 1nto the pharynx d Tyngoscopes,

uning oral and
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nasal surgery often imtiates severe laryngeal spasm In order of decreasing
spasmogenic activity are first, the ultra short acting thiobarbiturates, short
acting, intermediate acting, and lastly, the long acting barbiturates Theo
retically, the spasmogenic response should be counteracted by anti cholin
ergic drugs (atropine, scopolamine) because 1t 1s presumed to be of vagal
origm Chnical esperience does not bear out this contention, however No
drug 1s entirely satisfactory in averting or overcoming laryngeal and bron
chial spasm once 1t occurs Topical anesthesia 1s advised :f instrumentation
1n the upper respiratory passages 1s contemplated Whenever possible, stimuh
to these structures 1s to be avorded

Ant: Convulsive Properties of Barbiturates

Barbiturates are excellent anti convulsants, particularly when convulsions
are due to central nervous system stimulation from drugs The ultra short
acting and short acting barbiturates are more effective than the longer acting
ones 1n the acute episodes Phenobarbital, which possesses a selective prefer
ence for the motor cortex, 15 the most suitable for sustamned convulsive states

Various neuro muscular phenomena are occasionally observed duning and
after narcosis from the ultra short acting barbiturates Convulsions are
hnown to occur after the administration of evipal Durning basal narcosis
with evipal, fibnillary twitchings are often noted There 1s no adequate ex
planation for thewr occurrence It may be that the cortex 1s depressed and
that sub cortical centers are active and give rise to these neuromuscular
phenomena At the conclusion of surgical anesthesia i which thiopental has
been used as a basal narcotic for a long period, twitchings and convulsive
movements may occur Whether or not this 1s the result of carbon dioude
accumulation and respiratory acidosis which occurs during thiopental nar
cosis 18 not known, but 1t 15 definitely presumed by some to be so

During basal narcosts with the barbiturates, particularly i the ultra short
acting derivatives, a progressive loss of sensittvity of the respiratory center
to carbon dioside occurs The carotid body remauns active When the respirt
tory center no longer responds to carben dionide stimulation, anoxia occurs
and the carotid body takes over and sustans respiration Oxygen admims
tered under these circumstances results i apne1 Turther accumulation of
carbon diouide follows the apnea, due to the removal of the anoic stimulus
This excess carbon dioade may imtiate these so called convulstve mam

festations
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VIII

NON-VOLATILE DRUGS
(CONTINUED)

THE NARCOTICS

Narcotics are non volatile drugs which possess both analgesic and hypnotic
actvity They act by raising the threshold of and altering the psychic
response to pain The dull aching types of pamn are relieved more effec
tively than the sharp lancinating types Unless large doses are used, reflex
activity 1s not abolished to an extent which permits surgery The narcotics,
therefore, are suitable for relieving pam preoperatively, postoperatis ely, after
trauma and so on, but not for surgical anesthesia Vany narcotics induce a
psychuc effect often termed, “a sense of well being” or euphona and an air
of indifference toward circumstances existing at the moment Such a state
of mental tranquility 1s desirable preoperatively Barbiturates and other
hypnotics do not as a rule mduce this response and are therefore nferior
to the narcotics for physic sedation

Until recent years all the useful narcotics were derived from opium The
opum alkaloids may be placed mnto two groups, those derived from so
qunoline and those dersved from pkenanthrene The most important of the
former group 1s papa 'erine, a non narcotic anti spasmodic The phenanthrene
group Includes the narcotics most 1mportant of which 1s morphme Altera
tions of the morphine molecule result in vanations i potency (Table III)
\lethylation yields codeme, acetylation yields heron, oxidation and hydro
genation dihydromorphimone (dilaudid) and so on

All these dernatives of morphine ultimately are derived from opiuni,
masmuch as morphine cannot be synthestzed Synthetic substances are now
available which possess both analgesic and hypnotic activity Their mode
of action 15 qualitatisely sinular to narcotics derived from oprum although
quantitatively they differ VMost important of these are mepenidne {demerol),
methadon dromoran (methy! morphinan) and msentii None of these 1s
derived from phenanthrene or 1s chemically related to morphine Their
responses pharmacologically are simlar to the opium alkaloids The simt
larities and differences are summarized in Table IV

When narcotics are administered repeatedly over a period of time, tolerance
results The sense of well being leads to psychic dependence or habituation
1n susceptible individuals After several weeks of repeated admumstration,
physical dependence or addiction develops In this state, 1t appears that the
drug 15 necessary to maimntain the necessary cellular functions Withdrawal

results 1n symptoms and manifestation of orgamic disease, often called the
86
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‘abstinence syndrome * It 1s doubtful that several do es of a narcatic ad
mumstered for some painful syndrome will cause 1ddiction or start 1 strong
willed individual on the path to addiction

TABLE 1II

The simlanty and differences in the chemical structure of opium alkalowds and related syn
thetic substances denved fron phenanthrene In general all have the same nucleus The
column oa the left shous the effect of altenng the phenolic hydruxyl of morphine which
15 responsible for narcotsc potency The ethereal oxy gen remains unaltered 10 all compounds
e column on the nght indicates the sarations 1 the degree of
unsaturation of ning 111
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TABLE IV

CoxparisoN of THE GENERAL T HARMACOLOGIC 1 201 ERTIES OF MORPHINE AND
Tig VARIOLS Sy THETIC NARCOTICS

i Morphine Mependine Methadon
Action on smooth muscle i Sy 1 S
int tusave action Suppresses cough | None Like morphine
Action on respiratory center | Depresses Depresses Depresses
Farasympathetic effect Sumulates Atropine like acion | Tike morphune
Analgesic effect [ Good Between codemneand | Like morphine

| morg hine
Hvpaouc effect l Good T ess than morphine | Less than morphine
Addicting properties [ 1adcung Less than morphine | Le s than morphine
Action on puptl ; Constncts Dilates Constncts

PREANESTHETIC MEDICATION

Purpose of Premedication

The type of preanesthetic medication selected depends upon the anes
thetic procedure to be employed Preanesthetic medication 1s a part of the
anesthetic procedure As such, it should be prescribed and admmistered
at a time deternmuned by the anesthetist, since he knows the type of anesthetic
which will be used, the technical problems involved and the possible diin
culties which might be encountered during the procedure Preanesthetic
medication 1s admunistered solely for the patient’s safety and comfort Cor
rect selection and timing faciitates the induction and maintenance of
anesthesta Premedication accomplishes four purposes (1) It 13 necessary
for psychic sedation to allay apprehension Psychic sedation 1s necessary
1f 1nduction 1s to be uneventful When the patient 1s propetly sedated, the
second stage of anesthesia 15 quickly traversed Excitement and delerium
and 1ts attendant undesirable sequela are avoided (2) Premedication 1s
used to obtain an additive effect between the anesthetic drug and the pre
medicating agent Anesthetics of muld potency such as mitrous oxide or
ethylene are difficult to adoumster without decreasing the oxygen tension
to less than physiolegic levels When combined or fortified with other depres
sant drugs, less gas 15 needed and more oxygen may be used The margun
of safety 15 thereby increased Drugs used for basal narcosis and the nar-
cotics, morphine, dilaudid, mepenidine or methadon, and so on reduce the
metabolic rate and therefore reduce oxygen conswmption This further adds
to the margmn of safety of mtrous oxide or ethylene Induction and mamn
tenance of anesthesia using mtrous oxide or ethylene are thus facilitated



NOY VOL\TILL DRUGS 89

Emphasis has been placed by Guedel upon the ymportance of the reduction
m metabolic rate by morphmne In most cises, it 1s doubtful that the use

fulness of premedication 1s due to 1ts effect on metabolic rate (3) Pre

medication 15 necessary to mummize secretons i the upper respiratory
tract Duning nhalation anesthesia, particularly when vapars of ethers and
halogenated hydrocarbons are used, secretions in the upper respiratory
passages cause obstruction to ventilation Anti cholinergic drugs are used
to “dry up” secretions (4) Premedication 1s necessary for prophylactic
reasons Anticpated untoward reactions occurrnng during anesthesia may
be avoided by use of counteracting drugs Anticholinergic drugs, for ex

ample, may be adnnmistered m anticipation of laryngeal spasm durnng thy

opental narcosts or cyclopropane anesthesta, and vagal reflexes with chloro

form Batbiturates are admimstered prior to the use of sizable quantities
of local anesthetics Stimulation and convulsions 1n the event of rapid absorp

tion are partially counteracted Procawne amide, procaine, and quumdine are
admimistered to avord cardiac arrhythnuas Barbiturates are frequently 1d

mmstered to avoid nausea n the postoperative period

Type of Drugs Used

The selection of proper premedication depends upon the anesthetic drug
selected, the method of admimstration, the age and physical status of the
patient The narcotics are the most suitable and most frequently used drugs
for sedation and for securing an additive effect Morphine, despite the
numerous available substitutes, remans the drug of choice It possesses the
hypnotic action necessary for psychic sedation and the analgesic action to
combat pam 1n the event 1t 15 present The euphoria and sense of well being
mduced by narcotics instill i patients that sense of indifference and mental
tranquility which 1s so essential for psychic sedation The dose of morphine
1s estimated i proportion to the metabolic rate As a rule the higher the
metabolic rate, the larger the quantity of morphine per pound of body
weight which 1s tolerated by the subject The lower the metabolic rate, the
less the quantity of morphine which 1s tolerated

Some physicians, notably those who are not anesthetists, are opposed
to the use of morphine for premedication They have no adequate basis for
their dishhe except that they do not “believe 1n or lthe morphine” Pre
medication, however, 1s not a doctrne to be accepted or rejected on the
basis of belef or personal likes or dishkes Anyone well versed 1n the tech
mque of adnumstering inhalation anesthesia 1s familar with the difficulties
encountered when one admimsters inhalation anesthesia without a premed:
cating agent Omission of or madequate premedication both makes the ad
mumstration of anesthetics difficult and Jeopardizes the patient Among
anesthetists, Beecher has opposed the use of narcotics for premedication, but
he stands almost alone in his belief '

Dilaudid 15 as effective as morphine 1 proportionate doses Pantopon,
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a purified aqueous extract of opium, contains approximately 13 mgm of
morphine per 20 mgm of drug It 1s equally as satisfactory as morphine
Codeine possesses insufficient hypnotic action to be suitable for adults Sva
thetic analgesics such as mepenidine (demerol), methadon {levo 1someth
adon), and morphinan (dromoran) are effective analgesics They do not
possess as much hypnotic activity as does morphine, and therefore are not
as satisfactory for psychic sedation They may be combined with hypnotic
drugs, for example, the short acting barbiturates They are used when the
opium alkaloids are contraindicated Chnrcal expertence has demonstrated
that the barbiturates used alone for premedication are not as swmtable as the
narcotics One would expect them to be, on theoretical grounds, but chimcal
pracfice has demonstrated that they are nferior to narcotics Barbiturates,
and other non volatile drugs, non narcotic drugs are effective when used
m amounts which induce basl narcosis

The best and most popular combination for inhalation anesthesia 15 a mix
ture of morphine or other narcotic 1nd scopolanine Scopolamne possesses
a dual action—one on the central nervous system and one peripherally on the
chelinergic postgangliome autononuc nerve fibers This latter action will be
described later Centrally, scopolamine depresses the cortex and causes hyp
nosis Combned with mosphine and other narcotics, 1t causes further cortt
cal depression Sedation and amnesia lasting several hours are obtained using
the combination The bramn stem 1s not depressed, n fact, m most mstances
1t 1s stimulated The respiratory depression caused by morphine 1s antago
nized by scopolamine Atropine not only does not enhance the hypnotic and
amnesic action of morphine, but even tends to antagomze 1t Waters suggests
the effective ratio to be 25 parts of morphine to 1 of scopolammne (74 gr
morphine and Yo gr scopolamine) The optimal effects are obtuned when
the drug 1s admumstered subcutaneously one to one and one half hours priot
to anesthesta If admimstered too far in advance of the time of operation,
the effects gradually recede and a supplementary dose 1s required The error
of not allowing sufficient time to elapse before the eifect of the drug can be
established 1s unpardonable The purpose for which the premedication 1s
prescribed 1s not fulfilled Over premedication creates a number of dificul
ties When halation anesthesia 15 used, the respiratory depression caused
by overpremedscation decreases ventilation which makes inductron of anes
thesia difficult When some form of regional anesthesia 1s selected such as
spinal, or epidural or a nerve block, the sedation prevents the pa
tient from complaining of pain duning establishment of the block TIn emer
gency surgery where time 1s a factor, the combmation of narcotic and antt
cholmergic drug may be adsmistered mtravenously, allowing three to four
mumnutes for the mjection Usually the effect 15 established wathin five to ten
mumutes When uscd itravenously, approximately two thirds of the dose
should be used and suppl ted further 1f necessary
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Variation 1in Dosage

Dosage 15 based upon the age and metabolic rate of the patient 1he re
<ponse 1s more varable and less predictable at the eatremes of age Chil
dren tolerate larger doses per pound of body weight than adults Patients
m the older age groups have lower metabolic rates The dose 1s reduced 1n
proportion T'emales, because of difference mn size, usually require less than
males The metabahc rate 1s increased by fever approumately 7 per cent per
degrec Fahrenheit Patients with fever theoretically should tolerate larger
doses than those who are afebrile In actual practice this 1s not so, however
Febrile patients are usually acutely 1il from mnfectious diseases or other
causes The response more often 15 onc of greater depression than usual It
1s advisable, then, to use less than the usual dose in these cases and to sup
plement the dose with an additional amount later 3f more 15 indicated Pa
tients who are n shock, who have acidosis, dyspnea due to dimimished pul
monary reserve, respiratory obstruction of any sort, dehydration, or liver
msufticiency should be given narcotics cautiously, if at all Narcotics are
ordinanily omitted when increased intracramal pressure exists from any
cause Although central nervous system depressants may not cause an appre
ciable 1ncrease n intracramal pressure in themselves they may cause this
response by interfering with ventilation An ncrease 1n carbon dioxide ten
swon or oxygen lack or both cause dilatation of the cerebral vessels which
turn causes an elevation 1n intracramal pressure Narcotics are omitted
obstetrics for the obvious reasons that they may interfere with labor and
cause respiratory depression n the new born

Basal Narcosis Prior to Anesthesia

The induction of basal narcosis prior to anesthesia with non volatile, non
narcotic, central nervous system depressants 1s a common and mvaluable
practice, particularly when patients are uncooperative or extremely appre
hensive The basal narcosis 1s usually induced in the patient’s room Thio
pental, thiosecobarbital, and evipal ntravenously or rectally are suitable
and are extensively used For adults the intravenous route 1s preferred The
drug 15 discontinued when the operating room 1s readied and anesthesia 15
induced The rectal route 15 used for infants and children, because attempting
intrasenous injection 1n these subjects 1s difficult at times One gram of thio
pental or thiosecobarbital or evipal per 50 pounds of body weight 1s the
usual dose for rectal admmstration Secobarbital or pentobarbital intra
venously (100 to 250 mg ) has the advantage over thiopental i that only a
single injection 15 required Continous ntravenous administration of the
thiopental 15 thus obviated This 1s an advantage when the patient 1s bemng
transported from the room to the surgical umt The hypnoss obtamed when

short acting drugs are used 1s not as intense as 1t 15 with thiopental, but 1t
15 longer lasting ’
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Tribromoethanol rectally 1s satisfactory also, but 1t entails more elaborate
preparations and has been supplanted by the intravenous thiobarbiturates
Paraldehyde 1 o1l or 1n saline admimstered rectally 1s used on occasions,
but 1t 15 not desirable because of 1ts disagreeable odor, irntating effects, and
vanability of action Ethyl alcohol intravenously has been recommended,
but 15 used only 1n exceptional circumstances such as pre medicating a chronic
alcoholic or narcotic addicts Contrary to popular belief, the acute alco-
holic patient 15 not difticult to anesthetize because he 15 already pre medi
cated It 1s the un premedicated chronic alcohohc patient who 1s difncult
The narcotic should be onutted when prescribing narcotics for addicts who
are cured An addict who 1s not cured obviously requires larger doses of a
parcotic than a non addict Usually the dose to which the addict has been
accustomed 1s the one that 1s to be selected for premedication
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IX
ANTI-CHOLINERGIC DRUGS

Nature of Belladonna Alkaloids

The most satisfactory drugs for inibiting secretion of mucus and salna
1 the mouth and upper respiratory tract are the belladonna alkaloids Three
alkaloids are avalable atropine, hyoscyamine, and scopolamine (hyoscine)
"These are all related chemucally, being esters of tropic acid All three possess
both a central and a peripheral action Atropine stimulates all components
of the cerebral spinal axis nuldly, but equally The corticaj stimulation tends
to antagomze the sedatne effects of morphing, and other narcotics, when
the combnation 15 used for premedication However, the effects on the me
qulla are desirable because they tend to overcome the depressant action of
the marcotics on the respiratory center Atropine and hyoscyamine are tro-
pme tropate Tropine tropate ss optically active Hyoscyamune 1s the levo
1somer Atropme 1s the racemic denvative containg both the dextro and
levo components Therefore, 1t 1s optically inactive As a general rule the levo
dervatives are the ones which occur naturally As a rule they are more active,
phystologically, than the racemic or the dextro compounds This appears to
be the case with hyoscyamme It 1s more active and more potent than atro
pine Scopolamune 1s levo scopmne tropate Unlike atropine, scopolamine 15
optically active The racemic and the dextro forms are beheved to cause
side actions and are not used

Action of Belladonna Alkaloids

Of the three alkaloids, atropsne appears te have the least “drymng” effect
and the most side actions Flushing of the skin and tachycardia are common
with atropine In children particularly, the anti secretory action of atropine
during anesthesia appears vanable and feeble Both scopolamine and hyo
scyamine are superior The tachycardia and the flushing do not occur when
scopolamune or hyoscyamine are used Many physicians who practice ped:
atrics are opposed to the use of atropie in infants and children undergoing
surgery on the supposition that 1t causes thermal reactions postoperatively
Elevations 1n temperature are unusual when single doses of belladonna alha
loids are admumistered for pre anesthetic medication to infants or children
They do occur frequently from a cumulative action when the belladonna
alkaloids are used in repeated doses for the relief of pylonic spasm and other
chinical syndromes accompanied by vagal oy eractivity

In pediatnc anesthesia, excessive secretions not only are vexsome to the
anesthetist but jeopardize the patient Obstruction and hypoventilation
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mvanably oceur if secretions are excessive Asphywa 1s responsible for the
majonty of fatalities during general anesthesia on the operating table Ob
struction due to excessive secretions accounts for 2 large proportion
of these fatahties Mushaps from asphyua dunng anesthesia are more fre
quent than fatalities {rom over dose of atropme \s a matter of fact, author
1ties on pharmacology and toucology agree that fatahties due to overdosage
of atropmne are rare Therefore, one has to choose between the possibihty of
death from a. phyia or a possible elevation 1n temperature from an untoward
reaction to atropme The latter 15 much casier to combat than an obstructed
arway duning nhalation anesthesia There 15 no doubt in the munds of most
anesthetists as to whether or not an ant:1 cholinergic drug should or should
not beused Anesthetists ‘ beheve” mmatropine

The newer anti-cholnergic drugs such as antrenyl and banthine possess
some ‘drving effect” as far as secretions are concerned They have little
to ofter over hyoscyanune, <copolamine, 1nd atropine and certanly do not
provide the sedatne eftect which 1s so desirable and charactenstic of scopol
amine In adults, theretore, they are of kittle value There 1s hittle justification
for prescubing them In pediatric anesthesta banthine has caused hyper-
thernma, marked tachy cardia, and other side actions Unless the drug 1s care-
tully uced, mde reactions are dificult to ehminate Its use for pediatric
1nesthesa 1s not advised

REFERENCES
Apxiant J  The PRarmacology of Inesthetic Drugs ord Ed Spongneld Thomas 1920
pp 100-10s pp. 119-121
GoopMAN L. and Guuman A The Phurmacologicud Basis of Therupeulies \ew York
WMacmullan 1941 p 460
Griees T Aprrant J and Berson W Auds to Pediatnic Anecthe 10 dnesth & Analg
22 540 1933



X
LOCAL ANESTHETICS

CHILMISTRY OF LOCAL ANESTHETICS

Lrom a chemical standpomt, Jocil wiesthetics my be pliced nte two
proups The first and most importint group mcludes the mnyonty of drugs in
current use ‘Tlis group 15 composcd of comples mtrogen contunmg com
pounds Their structures all conform to 1 general configurition  Lhree
groups and linkages re recopmzed m thar molecules (1) \n aromatic
nucleus, (2) a mtrogen ntom or mtrogen contaunng 1 heterocy clic nucleus,
and (3) 10 mtenvening side chan which sepirates these two One or two
atoms of mitrogen uswilly i the form of 1 1mume group 1s alw 1ys presunt
m the molecule In some compounds, 1 procame for cxumple, W wuno
group 1s 1lso found on both the aromatic nucleus and the ternunal cirbon
of the stde chain The 1o groups, which are usually tertary or sccondary,
confer basic properties of these dernvatives

The second group of local anesthetics, one whichis rlatively untruportant,
consists of hydrovy compounds TChese are aromatic, ahiphatic, or hetcro
cychic dernatves Chloretone, phenol, benzyl alcohol, broms thzol, saligemn,
and menthol are typical examples n this group They act by causing localirnt
tation or nerve destruction rather than by cusing a physiologic blochade
They are used for surface anesthesia and rarely for nfiltration Inasmuch s
the nitrogen contaiming compounds are the most import it they will be con
sidered 1n detasl

The mayority of local anesthetics of importance are csters, that 15 they
are composed of an orgamic acid and an aleohol The 1lcohol usunlly has the
nitrogen 1tom Others are wmdes 1 which the mtervemng side chun re
places a hydrogen atom Others such as hidocamne are analides, that 1s they
are analine or other wromatic amines with one hydrogen atom replaced by
the intervening side chain to which 1s attached the mitrogen atom

Chemical Properties
Wath the eaception of cocune, the currently used local nesthetic drugs
are synthetic substances Since they are basic compounds, they react with
2cids such as hydrochlonie, sulphuric, Ictie, boracic, acetic and others to
form salts The reaction 1s sinular to the formation of 1 salt by ammoma nd
anaad
NH: -- HCl- NH,Cl
RNH; 4 HCl -» RNH.C]
R:NH - HC! »R NH,CI
RsN - HCl - R,NHCL
9
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The salts for the most part are solid, crystalline substances soluble in
water Aqueous solutions of salts are acid 1n reaction The addition of alkals
to solutions of salts causes precipitation of the free base The basic forms are
usually lugh boihng pomt hquids or amorphous solids The bases are less
soluble in water and less stable than the salts The bases readily dissohe
lipoids and hipoid solvents, a fact of importance 1n the preparation of omt
ments and oily solutions Salts do not dissolve as readily 1n lipords and oils
and are therefore not suitable 1n many instances for preparation of omt
ments Local anesthetics duffer little from alkaloids m chemical nature and
behavior They possess many chenucal and physical properties charactenstic
of alkaloids They respond to the same color tests and precipitation reactions
as do alkaloids when treated with alkaloidal reagents

Para AMINo BENzorc Acip DERIVATIVES

Amiong the esters, the most important local anesthetics are derrved from
paranuno benzoic acid When this acid 15 estenfied with ethyl alcohol,
ethyl paramino benzoate forms, with buty! alcohol, butyl paramino benzoate
ot butesin forms The ethyl paramino benzoate derivative 1s known as benzo
caine (anesthesin) These substances are poorly soluble in water and possess
a low toucity and potency They are used esclusively in omntments for
surface anesthesia Procamne (novocaine), the best known drug of this senes,
forms when paranuno benzoic acid 15 estenified with di ethyl amino ethanol
This compound 15 the same as benzocamne except that 1t has added to the
ternunal carbon of the alcohol, an ammo group which has the two hydrogen
atoms replaced by ethyl groups Itis, therefore, an ester of para aminobenzoic
acid and diethyl amino ethanol This modification results 1n a compound
which 15 water soluble and 1s more potent and more tosic Tetracate (ponto
caine), monocaine, amylcaine, butyn, larocamne, and tutocaine are also esters
of parammobenzoic acid and some anuno alcohol (Table V)

BrNzoic Acid DERIVATIVES

Another important series of esters 15 derived from benzoic acid Cocame
and piperocaine (metycane) are two currently used drugs in this series
(Table VI) Cocame 15 a benzoic acid ester of methyl ecgomne A number
of less tonic compounds have been prepared from cocamne by modifying the
ecgonne portion of the cocane molecule The alpha and beta eucames, the
tropacocaines and piperocame are notable examples of derivatives m this
group Of these piperocaine 1s the only one which 1s currently employed
Stovaine and alypin are benzoates of aliphatic anuno alcohols

OtHER ESTERS

Another group of esters 1s formed from cinnamic acid, the most important
drug of which 1s apothesine Another series 1s formed by estenfying para
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cthoay benzoic acid with ammo alcobols ‘hus acid merely replices the amino
group of amno benzoic acid with the para ethoxy (O~—CiHa) group The
homologue to procatne sn this series has recently been marheted as mtracamne

TABLE V

Local anesthetic drugs derived from ammnobenzoic acid Dreugs marked with an astensk are
denved from theortho acid The der from para ); acd Allareesters Drugs
above the dotted line ate simple esters denived from alcohals contaning

no mitregen {tnsoluble group)

Amina Aad | Aleohol Amino
Group ) ] Group
l,{ 1 1 i
) ' 1 —
?—'u\ﬁ-"—"?“”“'\ i
! ! !
. 6 iy [ {
Benzocaine H —CH,—CH; No NHy | No NH;
Ethyl
Propaesn H —CHy—CH:—CH, No NH;: [ No NH,
Propyl
Butesin l H —CHy—CH,—CH —CH;, No NH: | No NH,
Butyl
Orthoform OH NH; on post CH, No NH: | No NH
tion 3 Methvl
NoNH:on4
Orthoform OH OH on post CH, N
tholor L on ] Me:}u[ o NH; | No NH,
] |
1 rocaine H | ~CH;~CH:— ~—C:H, | —CH;,
Butyn | H —CH;—CH—~CH— —CHy | ~CiHs
Pontocaine CHy ~CHy—CHy— —CH; | —CH.
CH,
Larocain H <
alne ~—CH —C~—CH — —CH; | —GH,s
CH;,
[ o
Tutocawe | H ~Ch—Ci—c— | ~CH; | —CH,
_ ( iad i
Isocame | H —CHy—~CHy— j CH, | GH,
! Isa Iso
Monocaine H —CH,CH — CiH,y H
T — ] (Iso)
sl —
Mleame | H lI —CH:Cl— CHy |H

T
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TABLL VI
Tocal anesthetic drugs which are esters of benzoic acid
aWs
20
N

CH, CH,

|
i
|
Stovaine C——-—CH—N\
N
GH; CH,

CH;
CH,—N

/ \CH,
|

Cl:
7

Alypin

C—CH~—~N
N
CHL (815

H; Hy

Metycaine H—~C—C—C—N CH;

H,
C—C=(CH,),
Tucaine (B) (—H N—H

C—CH—CH,
H

flix H
|
c——C

CH:

|
Cocaine —C—H N—CH;
CH:OOC(E——C———CH:
H
Non Lsrrr Type Drucs

In the non ester type drug debucame which 15 derived from quinolne 1s a
substituted amide Lucupine, somewhat similar 1n structure to quinine, 1s a
cupreme Lidocaine (xylocane) 1s an analide type of compound Holocaine
1s prepared from para cthosy amhine (phenetidin) which forms a basis of
phenacetin and other ant: pyretic drugs As m the case of the esters these
compounds are basic and form salts
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Overlapping of drug actions is common n pharmacology Many ant1
stammc drugs mamfest local anesthetic, nticholnergic nd sedative
effects The local anesthetic cffects of most antilustammucs are of 1ca
demuc nterest rather than chmical smportance Anticholnergic drugs such
as atropine, syntropan, and hyoscyanune possess a mild local anesthetic
action Certam sympathomimetic anunes (ephednne) also have weah local
anesthetic effects Mephanesin and certain steroid hormones are also local
anesthetics As i the case of the antilustaminics, none of these 1s of chnical
importance

PHARMACOLOGY OF LOCAL ANLSTHETICS

Mode of Action

Local anesthetics, n contra distinction to general anesthetics, exert their
effects at the site of application of the drug The mechanisms by which they
cause a blochade are still topics of speculation Conduction of impulses
through the segment affected by the drug ceases entirely The nerve fiber
on exther side of the narcotized area 1s active however The drug alters per
meability of the cellular membrane which 1n turn disturbs the concentration
of vanous 1ons, particularly potassium, n the surface layers of the cell The
concentration of potasstum m the surrounding medium 1s increased durng
the blochade The addibion of potassium 1on to solutions of local anesthetics
potentiates the blochade Presumably the potassium 1on alters the electrical
polanity of the neural membrane and interferes with the transmission of the
excitation wave It has been postulated that local anesthetic drugs cause
an ultra mucroscopic coagulation of the colloids 1n the nerve cells which
results 1n a reduction of activity The basic forms of local anesthetic drugs
are lipophilic, that 15, they are soluble in lipoids In this respect they are
similay to general anesthetics An affinity exists between these drugs and cells
of high hipoid content such as those of the nervous system

The usefulness of a local anesthetic drug depends upon three factors, its
solubiltty 1ts potency, and its toxrcity Obviously, local anesthetic drugs must
be water soluble to some degree to be carried mto the cells Benzocame,
butesin, and propasn are relatively ineffective, because they are poorly solu-

ble m water Numerous local anesthetics have been prepared whose usefulness
1s himited because of poor water solubihity

Potency
The potency of local anesthetic drugs depends upon the configuration of
the molecules The chemical structure nfluences certain physical factors
particularly the diffusibility through the membrane of nerve tissue Tht;
longer lasting drugs diffuse at a slower rate than the shorter acting In addi
tion, the longer lasting drugs are not as easily washed from the surface of
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nerves after contact Tetracane 1s washed off with more difnculty than
procaine

Shght modifications and alterations of the molecular structure modify the
pharmacologic action of a compound For example, substituting a methyl
group for the ethyl on the mtrogen atom of ethanolamine in procamne and
a butyl radical for a hydrogen atom on the amino group on the aromatic
nucleus results in tetracame (Table VI) The potency 1s mcreased ten fold
by this structural modification On the other hand, merely removing the
methy1 group from ecgonine 1n cocaine nulbfies the anesthetic acuvity

Toxaty

Toxicity, hike potency, 1s a function of and vanes with chemucal structure
Two types of toxicity are recogmized General or systemic foxscsty and 2
local or tissue toxicity Systemic toxicity 15 discussed subsequently Local
toxiaity 15 of extreme importance from a chnical standpownt The action of
chimeally useful drugs 1s reversible The function and structure of cells ex
posed to these drugs revert to normal upon removal Drugs which do not
possess this reversibility of action cause damage to both the nerve and
the surrounding tissues Dibucaine, quinine, and 1ts dermvatives have been
reported to be locally toxic Neurolysis and slough of tissues surrounding a
nerve have occurred Evidence exists that continuous apphcation of a drug
to a nerve mduces changes which are slowly reversed or are irreversible.
Local toxicaty increases as the concentration of a drug increases Local tox
icity vanes with the mode of admunistration of the drug and the nature of the
cells 1nto which 1t 1s injected The so-called long lasting local anesthetscs act
by neurolysis rather than by physiologic hlockade Alcohol, phenol and oily
solutions of bromsalizol or procaine, and other drugs are called long lasting
local anesthetics, actually they are not local anesthetics in the sense in which
the term 1s used

TYPES OF BLOCKS

‘The duration of action depends upon a number of factors Among the
most 1mportant are the concentration of the drug, the nature of the tissues
1nto which the mjection 1s made, the blood supply of the injected tissues, and
the size of the nen e fibers comng into contact with the drug To be effective,
a local anesthetic drug must come 1mto direct contact with nerve tissue All
types of nerve tissue are susceptible The drug acts by preventing conduction
1n 2 nerve umt Whether applied to the cell body or to the nerve axones or
dendnites the phy siologic response 1s the same

Chnically, a local anesthetic drug 1s applied at one of the following sites
In the subarachnoid space (spmal block), 1n the epidural space (eprdura’
block), on a <pnal nerve, paravertebrally (para.ertebral block), along the
course of a perpheral nerve before it branches (nere block), to several
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branches as it 1s divading (ficld block), and to the nerve endings themselves
The apphication to nerve endmgs 1s either by njection over a wide area
(nfiltration) or by appheation on a mucous membrane 1n which the nerve
endings are distributed (foprcal) Local anesthetics are without effect when
applied to the unbroken shin, because of their mability to penetrate the
horny layers

Diffusibility

The number of fibers i z nerve bundle which are blocked by a drug varies
with the techmque of apphcation Several factors combine to cause this
vatiation, the chief one 1s the power of penetration In the epidural space,
the <pmal nerves are sheathed with a covering which 1s continuous with the
dura The concentration of procaine necessary to cause a complete blockade
of all fibers must be approximately ten times that necessary to bloch the
naked roots 1n the subarachnoid space Half per cent solutions of procame
are adequate for the endings of the periphetal nerve for wiich nfiltration
techmgques are used This concentration, however, 1s too dilute to penetrate
the larger peripheral nerves and nerve trunks These are thicker and have
asheath A 15 or 2 per cent solution must be used to interrupt conduction
1 these Once the blochade 15 established 1t remains 1n effect until there 1s
restitution of the fiber to normal As the drug action disappears and restitu
tion progresses to the pomt where conduction 15 resumed, the mmpulse
passes through the affected area without decrement There 1s no depth of
anesthesia 1n conduction anesthesia A fiber either conducts or does not con
duct

Certain drugs readily penetrate mucous membranes and are excellent for
topical anesthesia Others either penetrate slowly or are carried away so
rapidly from the mucous surfaces that they are meffective Procame, unless
used 1 exceptionally high concentrations, 15 not satisfactory for topical
anesthesta  Cocamne, tetracamne, piperocaine, dibucame, hexylcaine, and
hdocame serve well for this purpose however

Effect of Fiber Size and Drug Concentration on Blockade

Along with penetrating pawer, size of nerve fibers 1s an important factor
It 15 well estabhished that sensory and autonomic fibers of a nuxed nerve
are affected before the motor fibers This behavior formerly was attributed
to a supposed difference 1n structure and m composition of nerve fibers
Now 1t 15 recognized that the difference 1s due to fiber size

Sensory and autonomic fibers are smaller than motor They are more
susceptible to and are affected first by the drug because they are smaller Non
myelinated fibers are affected before myelinated ones, and myehinated nerves
without sheaths before those with sheaths Drug concentrations ordinaril
used chimeally effect all three types of fibers, but not simultaneously Ther};

e



102 SELECTION OF A\ESTHESIA

1s 2 latent or lag period from the moment the drug 1s applied until the full
efiect 1s obtained During this time the blochade 1s being established How
ever 1f solutions are sufciently dilute, the majonty of sensory fibers may
be blocked without wnvolving the motor fibers In difterential spmal blok
a dilute solution of procame ( 02 per cent) 15 infused continuously 1nto the
subarachnoid <pace at a slow rate (1 cc per minute) through a catheter
Blockade of sensory and autonomic fibers 15 obtained Perception of light
touch pain and temperature 1s lost Perception of deep touch, pressure,
posltion sense, vibration sense, and moter pawer remain mntact

In the conientional type of spinal anesthesia using mimmal do.es, all of
the fibers 1n the merve roots in the viamity of the needle puncture are
affected—motor sensory, and autonomic The greatest concentration of
drug 15 mn the lumbar area and the drug 1s sutnciently concentrated to block
all tvpes of nbers In the thoracic region the solution 1> more dilute and the
larger fibers are not afiected Little if any motor blochade 15 present The
sensory anesthesia and autenomuc blochade, however are well established
When larger than nunimal doses are mjected, there 1s an ncrease mn con
centration of drug in the areas removed from the puncture site and an
mcrease in the number of tibers blocked Al fibers are then mvolved Motor
blockade then 1s established If a nenve 1s subjected to a graded increase 1n
concentration of a solution, an optimal concentration will be attained which
1> capable of bloching all instead of certain groups of ibers 1n a nused nerve.
Ths concentration 1s the therapeutic concentration Increase in the concen
tration bevond this pont has httle if any effect on the blochade Ewidence
exists that irreversible changes may occur when so-called therapeutic con
centrations are exceeded The possibility of svstemic reactions 1s also m
creased The autonomuc blockade and the motor paralysis are re_ponsible
for the phyvsiolomcal disturbances, particularly those of the cardiovascular
svstem, which occur during spinal and epidural anesthesia. The toxaty and
potency of the drug have hittle to do m imtiating these changes, if the usual
anesthetic concentrations are used

Intensity of Anesthesia

Relatnely less potent drugs such as procaine or piperocaine employed
for block anesthesa allow greater leeway in the estimation of do<es than
drugs of high potency An error of 1 mgm 1n eshmating the do e of tetra
camne 1> comparable to one of 10 mgm of procame The phy siologic disturb-
ances cau.ed by conduction anesthes1a depend upon mtensity of anesthesta
‘The intensity of anesthesia refers to the number and types of fibers 1n 2
yused nene which are blocked 1e to the completeness of the block. The
maximum intensity 1> obtaned when there 1s complete sensory motor and
autonomue blockade Intensity depends upon dosage and dosage m turn
depends upon potency
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Phystcal agents, such 1s cold and pressure, mduce the same effects 1s
chenueals and cause a blockade 1lso Prolonged use of such physical agents
results in permanent damage to the nerve

Duration of Action

Duration of action, as his been mentioned previously, depends upon
chemieal structure Vanable factors, such as the mode of admimistration,
concentration, and duration of contict with the nerve, further miluences
duration of action In man procame mtrathecally blochs conduction for 40
to 60 minutes The same drug injected intradermally 1n 1dentical concentra
tions causes anesthesia for an average of 15 nunutes The addition of vaso-
constrictors prolongs the action and reduces the tostcity by retarding absorp
tion of the procame from the mjection site Procaine 1s the standard of com
panson for drugs used for nfiltration, nerve blochs, wnd spinal anesthesia
Cocmne 1s the standard for comparing drugs used for topical anesthesia

Potent drugs such as tetracaine, dibucaine, and eucupine are character
1zed by prolonged action Estabhishment of a blochade using longer acting
drugs requires more time than the shorter acting drugs Procatne intra
thetically causes a blochade of all fibers in the posterior and anterior roots
within two or three minutes Under comparable circumstances, tetracamne
blocks completely within five to seven minutes, dibucaine in approsimately
seven to 10 minutes Hypalgesia appears first, then n the following order
there 1s loss of perception of light touch, pan, temperature, vibratory sense,
position sense, and deep pressure Sensory anesthesia m turn 1s followed by
motor paralysis With all drugs there 15 a latent period from the moment of
mjection until a blochade 1s established The latent period 1s shortest for the
shorter acting drugs As long as ten minutes may elapse before anesthesia
1s established when using a long lasting drug such as tetracaine This latent
period 1s shortened as the concentration of drug 1s increased When spinal
anesthesia 15 induced using dibucame or tetracaine, hypalgesia 1s established
promptly but complete insensibility 1s delayed several minutes Therefore,
i order to establish the desired level using long lasting drugs one seehs the
areas of hypalgesia rather than anesthesia during the sensory examation

Potentiation of Action

Substances may be combined with local anesthetics to potentiate their
action Potassum salts (the k) enhance the effect of procame However
wfiltration of tissues with solutions containing potassium salts causes patn
edema, and redness 1 the post anesthetic period Protemns alsa potentlaté
local anesthetic action Ghadmn, human plasma, and serum albumen added
to procane prolong 1ts effect The increase in duration 1s not remarhable
from a chinieal standpont and the benefits derived are not worth the trouble
entailed in preparing the solutions Alkalinization of solutions of anesthetic
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drugs has been recommended to enhance the local anesthetic effects, but the
procedure 1s of doubtful value The free base 15 the agent which penctrates
mto the cell and causes the physiologic change and not the salt Regardless
of the pH a solution may have before m)ection, 1t becomes adjusted to the
pH of the tissues after mjection by virtue of the buffer action of the electro
lytes 1n the tissue fluids Most solutions used climcally are acid 1n reaction
because they are prepared from the salts Their pH 1s raised to that of the
tissues, hikewise the pH of alkaline solutions 1s Jowered to that of the tissues
Potentiation by alkahmzation occurs when a drug 1s apphed topically, but in
present day practice the procedure 1s only rarely used

Use of Vasoconstrictors with Local Anesthetics

Vasoconstrictors are incorrectly classed as potentiating agents They de
crease the toxicity and prolong the action by causing local 1schemia The
most efficient drug 1n the entire group of vasoconstrictors 1s epinephrine
Ephedrine, neosynephrine, and related amines are nowhere near as effective
Norepinephrine (arterenol) 1s almost as effective as epmephrine, but its
use 1s not advised because the extreme vasoconstriction has caused gangrene
Vasoconstrictors are used n highly vascular areas such as the scalp Their
use 1s not advised for nerve blocks performed on the digits, particularly
when peripheral vascular diseases are present The usual effective concentra
tion of epiephrine varies between 1 10,000 and 1 200,000 Most clhinicians
use more than 1s necessary Tachycardia, hypertension, tremor, pallor, and
other distressing symptoms of sympathetic stimulation mvariably appear,
particularly when an excess of epmephrine 1s used These symptoms are
often confused with those of a reaction to the anesthetic drug It 1s needless
to say that epmephrine should be omutted when regional anesthesia 15 used
for patients who have cardiovascular disease, hypertension, hyperthyroidism,
and similar chimeal conditions 1n which sympathetic stimulation nught be
undesirable

Methods of Assay and Testing

There are a number of methods for testing the potency and efficiency of
local anesthetic drugs The drug may be applied topically to the cornea or
on mucous membranes of ammals or man It may be injected intradermally
mnto the skin of ammals and man or 1t may be applied directly to nerves
in the spinal cord of ammals These are some of the techmques which have
been used to mnvestigate the efficacy of these drugs The results of such
studies cannot be compared unless the eaperimental data are obtamned under
1dentical conditions

Systemic Toxicity of Local Anesthetics
In the last analysis the value of a local anesthetic drug 1s determined
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by 1its toxicity Irrespective of the manner of adnumstration, 7 local anes
thetic ultimately gains access to the blood stream Toxic mamifestations do
not appear until a certain blood level has been attained and exceeded This
value differs for each drug and depends upon its diffusibility in tissues,
potency, touiaity and ease of ehimination Only minute traces of certain hughly
touc drugs need be present n the blood to cause untoward symptoms The
blood level 1s dependent upon the rate of absorption from the site of njec
tion, and the rate of disappearance from the blood The latter depends upon
the rate of detoxification or ehmination and the capacity of tissues to store
the drug There 1s evidence that procamne 1s stored to a mited extent in the
muscles

The rate of absorption from the mjection site depends largely upon the
\asculanty of the tissues and the concentration employed Absorption 1s
rapid from tissues and areas abundantly supplied with blood vessels as, for
example, the scalp Absorption 15 rapid from all mucous membranes, but par-
ticularly those of the respiratory tract, the lungs, urethra, vagina, and stom
ach Minute amounts of the drug circulate i the blood for some time after
injection nto the tissues During imfiltration anesthesia with procaine, an
ncrease 1n the pain threshold of the shin over the forehead has been demon
strated Presumably this effect 1s due to the absorption of the drug from the
mjection site and the widespread distribution to nerve endings m the tissues
by the blood Certain drugs are unfit for clinical use because the amount
absorbed from the injection site, even though munute, 1s sufficient to cause
systemic reactions as 1t circulates m the blood stream The potency of a
local anesthetic drug and the toxiaty do not necessanly parallel each other
The toxicity of a drug in comparison to 1ts potency 1s an important value,
but unfortunately 1t 1s a difficult one to establish n man The lethal dose
15 established by mjecting the drug intravenously at a given rate and con
centration into ammals and making comparnsons with a standard Such
data, though not directly applicable to man do, however, serve as a guide to
the possible behavior n man Unlike other central nervous system depres
sants, species dufferences are not as great or as variable m studies of local
anesthetics The chinical usefulness and safety of a new local anesthetic drug
can be established only by 1ts cautious repeated use by careful observers

Absolute Toxiaity and Relative Toxicity

Two terms which are frequently encountered mn medical writings are
“absolute toxicity” and “relative toxicity ” Under comparable circumstances
1 mgm of tetracamne 1s as lethal as 10 mgm of procaine The absolute tox,
1ty of tetracame compared to procamne 1s 10 However, the potency of
tetracaine 1s 10 times that of procaine One tenth the amount 1s necessary to
establish anesthesia Relatively, then, the toxicity of tetracane equals that
of procame Duration of action 15 not taken mto consideration 1n expressing
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this value Relative toxicity 1s a comparative value which takes mto account
the potency along with the intravenous toxicity on a mitligram for milligram
basis

Central Nervous System Type of Toxic Reaction

Two types of systemic reactions to local anesthetic drugs are recogmized,
the central nervous system type and the cardiovascular type Such terms as
“sensitvity,” “idiosyncracy,” and “hypersensitivity”’ are frequently used to
describe reactions but they are meanmngless Almost without exception reac
tions due to overdosage result from injection of an excess, or from the use
of concentrated solutions, or rapid intravascular injection The symptoms
in all types of reactions are referable to three physiologic systems, the
nervous system, the respiratory system, and the circulatory system

When the drug affects the central nervous system primarily, two phases
may be recogmzed i a toxic reaction—one of stimulatron, which usually
appears first, and one of depression or paralysis If the dose 15 overwhelming
for the individual, the phase of stimulation may be unnoticed or does not
appear Most local anesthetic drugs stimulate the central system from above
downward Small doses intravenously mcrease the sensitivity of the cerebral
cortex to electrical shimulation Convulsions occur more consistently 1n spe
cies having higher degrees of cortical development Increased mental keenness,
talking excitement, and vomiting are the prodromal signs of such stimulation
m man These are usually passed off as “hysterra” or apprehension by un
umtiated physicians Convulsions then appear If the drug continues to be
absorbed depression or paralysis of the central nervous system follows
When the medulla 1s stimulated, variations 1n blood pressure and 1 the
respiratory pattern occur Respiration may increase in both rate and depth
A nise 1n blood pressure 1s first observed due to stimulation of the vasomotor
center As absorption proceeds depression of the medullary centers follows
characterized by respiratory failure and circulatory collapse The tramn of
symptoms, the severity, and the order 1 which they appear varies with the
drug and the rate of increase in the blood level Rapudly developing medul
lary paralysis causes respiratory failure Reactions characterized by syncope,
often termed tdtosyncrasy are believed to be due to sudden respiratory
fallure Durning the convulsive phase the muscle spasm may nterfere with
pulmonary ventilation

The following sequence of events occurs mm ammals when the central
nervous system 1s stimulated by towic doses of drugs mjected intravenously
Resprratory stimulation, elevation 1n blood pressure followed by a depression
below the control level, slowing of the heart probably due to myocardial
depression, then an improvement of the heart beat with an increase in
blood pressure, then respiratory paralysis followed by convulsions In man
the sequence of events 15 different Usually the central nervous system stimu
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lation accompanics or even precedus the arculatory and respiratory effects
Excitement and apprehension following the application and 1njection of a
Jocal anesthetic drug i an otherwise calm patient should be view ed with
suspicion Excess procane ciuses convulsions, excess tetracaine more ire
quently causes sudden syncope due to cardiac failure and respiratory paraly
sis rather than convulsions, cocame causes excitement and convulsions most
frequently , hdocame mduces a drowsy sleepy state with some disorentation
or amnesia when an excess 15 absorbed slowly, convulsions when 1t 15 ab
sorbed rapidly However, the type syndrome which develops depends upon
the rate of absorption, the amount absorbed, and the status of the patient

Vascular Type of Reactions

The vascular type of reactions are due to cardiac depression A decrease
n cardiac output may follow In addition, 3 local vasodilatation may occur
particluarly when large amounts are used Hypotension results Combined
vasodilatation and myocardial depression may occur giving rise to hypoten
sion Sudden deaths following the mjection of munute amounts of local
anesthetics which have been ascnibed to :drosyncrasy are probably due to
arculatory collapse A few drugs cause vasoconstriction locally Cocame and
to a lesser extent monocane have this action Bradycardia may be noted
when the vagus center 1s stimulated in the central nervous system type of
reaction Stimulation of the vasomotor center may cause an elevation of
blood pressure

Allergic Reactions

Allergic responses to local anesthetic drugs are uncommon although many
reactions due to overdosage are called allergic The possibihity of an allergic
reaction 1s more remote 1f the patient has never been exposed to or recerved
a local anesthetic drug previously Interaction between a local anesthetic and
the tissue protemns may form antigens which give nise to antibodies Subse-
quent exposures result in manfestations of allergy Allergic mamifestations
to local anesthetic drugs follow repeated use of the drug rather than single
exposures The responses are seldom immediate Usually they are delayed,
somtimes for hours Seborrhea, eczema, and other cutaneous manifestations
are the most common responses Systemic reactions such as bronchral spasm,
urticarta and dyspnea may occur and have been reported It 1s doubtful
that deaths occurring unespectedly during local anesthesia can be classed as
being due to anaphylactic reactions or due to allergic responses Allergy to

local anesthetics 15 more often an occupational disease Dentists and physi
clans are commonly afficted

Intolerance

Intolerance to local anesthetics 1s an uncommon finding Patients respond
i 2 normal fashion to smaller than the usual quantities of a given drug
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Symptoms of a severe reaction ensue when ordinary doses are injected m
these subjects Such behavior 1s erroneously termed “1diosyncrasy” or “senst
tivity ” Actually 1t 1s due to overdosage pure and simple

Testing for ‘Sensitivity”

Shin tests to deternune “sensitivity” 1n order to avord toxic mamfestations
of local anesthetic drugs are of httle or no value In spite of this many
clinicians rely upon them and perform them routinely Two intradermal
wheals are raised using the solution mn question for one and normal sahne
for the other The latter serves as a control Areas of erythema or pseudopod
formation are presumed to be evidence of “sensitivity” whatever that might
be Convulsions, syncope, and other manifestations of toxcity have been
Lnown to develop when the test was judged “negative ”

One test which 1s of more value and has a more logical basis 1s the
miranasal test This 1s actually a test for tolerance Control readings of
pulse and blood pressure are tahen with the patient 1n the suptne position
until a base line 15 estabhished One drop of the drug to be tested 1s mstilled
nto one nostrl and pulse and blood pressure are noted several times during
the next several minutes If no untoward reactions are noted two additional
drops are instilled After three minutes, four drops, then eight, then 16, then
32 If no changes n pulse, blood pressure or excitement appears, mntolerance
may be presumed not to be present

Relattonship of Toxicity to Detoxification

Toxicity bears a direct relationship to ease of elimination Local anesthetic
drugs are either ehminated unchanged 1n the unne, detoxified by the hver,
or are detoufied partly and partly elmnated unchanged As a rule drugs
which are slowly destroyed or are ehmimated unchanged are more toxic than
those which are easily and rapidly detoxified The exact fate of many of the
numerous available drugs has not been determined as yet It 1s more than
likely that, since they are esters, they are hydrolyzed mto their respective
acids and alcohols More 15 known concerning the fate of procamne than
any of the other drugs

Procane 1s first hydrolyzed to parammobenzoic acid and drethylamimo
ethanol The paraminobenzoic acid 1s erther conjugated with glycine to form
benzoyl glycine or 1t 15 methylated to form methylparammobenzoic acid Co
catne 1s partly detoxified Ecgomne and benzoic acid are the detoxification
products Some cocamne 15 recovered unchanged m the unne The rate of
detoxification of a local anesthetic drug may be retarded 1f liver msufficiency 1s
present Intolerance may be explamed by thus fact Less concentrated solu
tions should be used for subjects m the older age groups because they may
detoxify the drug at a slower rate than younger subjects
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Antagomsm to the Stimulating Action

The sumulation of the cerebrum and sub cortical structures 1s antagomzed
by central nervous system depressants Non volatile substances such as
chloral, paraldehyde, tnbromocthanol, and the barbiturates are more cffec
twve and preferred to the volatle drugs The barbiturates are superior to
other depressants in this respect Barbiturates are suitable only for overcom
ing comvulsions They are of no value in treating the paralytic phase of a
local anesthetic reaction In fact the situation 1s made more serious 1f they
are used m the depressed phase Likewise, they are of no value m the cardio
vascular type of reaction Short acting barbiturates are preferred to the long
or itermediate, masmuch as the latent peniod 15 shorter and they are more
potent In the order of decreasing cfhiciency are thiopental, secobarbital,
pentobarbital, amobarbutal, dial, phenobarbital and barbstal Ultra short act
ng barbiturates arc preferred above all others but are used less frequently
because they are not always available 1n solution for immediate use Short
acting barhiturates are used more frequently for ofice anesthesia because
they are available for immediate use 1n solution in stenile ampules Pro
phylactic use of a barbiturate does not nsure aganst a reaction, but does
mmimize or modify one, should 1t occur

Prevention of Reactions

One should observe the following precautions in using local anesthetic
drugs (1) Use the least possible quantity of the most dilute effective solu
tion (2) Use the least toxic drug for the purpose (3) Attempt aspiration
before each 1njection and ascertain that the needle 1s not in a vessel to avord
mtravascular mjection (4) Add epmephenne to the solution, particularly
when nfiltrating ighly vascular areas (5) Allow sufficent time to elapse

between sprays when using drugs topically (6) Use a barbiturate for pre
anesthetic medication

Management of Reactions

The treatment of toxic reactions 15 largely symptomatic For excitement
without convulsions, sedation with a barbiturate mtravenously 1s ndicated
and 1s usually sufficient treatment If convulsions are present, an ultra short
acting barbiturate mtravenously in amounts sufficient to control them 1s the
best choice If an ultra short acting barbiturate 1s not available, a short acting
denvative may be used, beaning m mind that a latent period of several
minutes exists from the moment of injection until the depressant action 15
established If the paralytic phase of a reaction has occurred, artificial
respiration 15 1mmediately instituted by whatever method 1s available (Do
not mnject a barbiturate ) Hypotension, regardless of 1its etiology, 1n a reac
ton 1s overcome by the use of a vasoconstrictor drug Ephedrine 25 mgm
desoxyephednne 5 to 10 mgm s ot neosynepherme 0 5 mgm mtially fo]lowezi
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by additional amounts as required are given intravenously Tluids are n
effective for combating this type of response If cardiac arrest 15 suspected or
has occurred, massage of the heart together with artificial respiration must
be mstituted 1immediately Lpinepherine njected into the right auricle may
be necessary under such circumstances If the patient has lapsed 1nto a coma
tose state without circulatory collapse or respiratory failure, nothing but
‘“watchful waiting” 15 necessary The use of stimulants 1s not advised be
cause they behave like Jocal anesthetics—stimulate first and depress after
ward They would therefore contribute further to any existing depression
Analeptics such as metrazol, coramine, and picrotoxin have no place m the
treatment or management of reactions due to local anesthetic drugs
In local anesthesia prevention of reactions 1s simpler than cure
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LOCAL ANESTHETICS (CONTINUED)

CLINICAL USES

Intravenous Procaine

A recent medical fad wiich 1s rapidly fosing 1ts popularity 1s the intra
venous use of procmmne Extremely dilute solutions of Jocal anesthetics may
be mfused slowly sntravenously The less tovic drugs are withdrawn from
the blood stream and are stored 1n the tissues or detoufied The blood level
15 thus hept at a numimum and a “reaction” does not accur Acceleration of
the rate of adnumstration causes a rapid nise i blpod levels and symptoms
of toxicity then appear Procame may be infused by continuous dop (0 155)
at the rate of 1 gram per hour without any untoward mamfestations The
practice 15 not without hazards, however Circulatory collap.e from myo
cardial depression and penpheral vasodilatation may occur when excessive
quantitses are used Intravenous procane has been suggested as a therapeutic
measure for a multitude of chintcal conditions and pamniu} syndromes Sup
posedly its effects are two fold (1) 1t acts as an analgesic, (2) 1t causes
vasodilatation and improves the blood supply to a diseased structure It has
also been advocated as a cardiac depressant 1 certam ssritable states induced
by cyclopropane, vagal reflexes, or mampulation of certamn viscera The con
sensus among discreet, careful abservers 1s that mtravenous pracawne {and
also other local anesthetics) 1s of doubtful value The situations i which 1t
18 incheated and 1s of benefit are few and far between

Spinal Anesthesia

PRINCIPLES OF SPINAL ANESTHESIA

Spinal anesthesia 1s induced by injecting a solution of a local anesthetic drug
of proper strength mto the subarachnaid space The antertor and posterior
roots of the spinal nerves are blocked as they emanate from the cord There
15 ittle effect on the cord itself The neurons and tracts at the surface may be
affected by the drug, but the ascending and descending tracts m the substance
are not bloched If a small volume of a dilute solution of a local anesthetic
is depossted at the thoracic segments by a techmque Anown as segmental
spinal block the lower extremities remam active The areas served by the
thoracic nerves are blocked The extent of the blech, often referred to
as beight” or “level” depends upon the number of spmal roats bathed by the
solution When the sacral segments only are involved, the perineat arca (or

111
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a

F16 14 a Continuous spinal anesthesia Special spinal needle through which a fine catheter 15
introduced 1nto the subarachnoid pace After the catheter 15 placed at the desired spinal seg

ment the needle 15 withdrawn The catheter remauns behind the skin unsupported b Photograph
of the catheter ord used for hesia together with 2 Tuohy needle

nal
Plastic catheters may be used i place of the ﬁne gauge ureteral catheters shown The needle has
a special tip known as the Huber point
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saddle area) 15 anesthetized The block 1s called saddle block When both the
sacral and lower lumbar segments are mvolved, the lower extremuties are
anesthetized The block 1s referred to as low spmal block When the sacral,
lumbar, and lower thoracic segments are bloched, the block 1s referred to as
medwm spnal block or simply spmal block If the drug 1s forced upward
and bathes the upper thoracic segments the block 1s called a high spmal
block The spinal cord ends between the second and third lumbar vertebrae
Lumbar puncture 1s performed below this site, whether a “high” or “low
spinal” 1s desired, to avoid trauma to the cord

Site of puncture, as a rule, has no sigmificant relationship to the extent
of anesthesia The distribution of anesthesta depends upon the number of
spinal roots with which a given concentration of drug comes mto contact
The mtensity depends upon the concentration bathing a nerve root Both
extent and wntensity depend upon the amount used Duration depends upon
potency of the drug, 1t 1s dependent upon dosage only to a limited extent
Anesthesta using procame, intracaine, and piperocame lasts an hour 1n most
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mstances, tetracame and hexylcame two hours, dibucane, approumately
three hours Duration 1s controlled by selection of drugs and not by varymg
the dose The extent or level 1s controlled by dosage and vanations m tech
mgque Epinephrine added to solutions of spmal anesthetic drugs mereases
the duration of spinal anesthesia approximately 60 per cent Spinal anes
thesia of long duration may be obtamed by using a long lasting drug such as
ibucame combined with epinephrine by the single mgection method

The scraal or contiuons spinal technigue must be used if procawe or a
drug of sumlar duration is selected In the latter techmque, a catheter of
small diameter 1s mtroduced intrathecally and the procaine is snjected at
repeated mtervals as often as necessary (Fig 14) Ongmally the continuous
spinal techmque was eaecuted by using a special mattress approximately 6
thich designed with a recess m the lumbar area A malleable needle was
wmtroduced into the subarchnoid space and was left i situ A rubber tube and
a synnge were connected to the needle and the drug was mjected at necessary
mtervals (Fig 13)

A techmque called differential spinal block 1s useful for diagnostic pur
poses 1t 1s based upon the fact that a sufficiently dilute solution of a local
anesthetic drug will block certan sensory fibers and not others A 02 per
cent solution of procane ntroduced through a catheter by the continuous

Fic 15 (a) The contiuous spinal techrque devised by Lemmon utilizes the special elavated
mattress and malleable needie

() The assembiy for contmuous spinal anesthesta A 15 2 soft malleable sher needle B is a
tock for the needle € a thick walled rubber whing D 2 twa wav stop tock E a 10 cc synnge
far stoning the soluton F the top and side views of the introducer which 15 necessary to place
{he needle 1o keep 3t from bending as 1t passes through the tissues because 3¢ 15 malleable
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dup method guees the differential blockade Ability to percerve ight touch,
pam, and temperature, are abolished Autonomic fibers likewise are bloched
Pressure, \ibratory sense, and motor functions are nat affected unless the
concentration of drug in the subarachnoid space 1s mereased above 2 per cent

CONTROL OF LATENT OF ANLSTHESIA

Control of the extent of anesthesia 1s accomplished by using solutions
which are heavier or lighter than spinal flud A solution which 1s heavier
than spinal flund 15 referred to as kyperbaric A solution which 1s lighter than
<pnal flwd 1s termed Aypobaric, one having a specific grawity equal to that
of spinal fluid 15 called tsobarsc

There are s»v extninsic factors mnvolved i controlling the extent and
ntensity of spinal anesthesta These are (1) The dose of the drug, (2) the
volume of solution used, (3) the site of injection, (4) the rate of mjection,
() the specific gravity of the solution, and (6) the position of the patient
For consistent results when a certan level of anesthesta 1» required all
factors are fixed For example, for low spinal anesthesia using tetracame,
5 mgm of the drug are dissolved n 1 cc of 10 per cent dextrose This solu
tion which 1s heavier than spinal fluid or hyperbanc, 1s injected rapidly (in
two seconds) at the 3rd or 4th lumbar innerspace The patient 1s then placed
i the supine position with the table tilted so that the head 1s up The tech
mque remams the same at all times 1f this extent of anesthesia 1s desired
Dosage, position, timing, rate of mjection, volume, and speaific gravity are
not altered When a high level 1s desired, as far as the xyphoid for example,
10 mgm 1s used 1n a proportionate higher volume The patient 1s placed in
the lateral prone position when the injection 1s being made and 1n the supime
after the mjection All six factors are mamtamned constant without variation
The extrinsic factors can all be varied but the results will be inconsistent

The mtrinsic factors are the diameter of the cord, the length of the cord,
and the amount of spinal flud surrounding the cord, the spinal fluid pressure
and the pH of spinal flutd The anesthetist has no control over these factors

EFFECTS OF AUTONOMIC AND SoMATIC DENERVATION

Spinal anesthesta provides muscle relaxation not obtamable with other
types of anesthesia Too often surgeons demand spinal anesthesia for the
relazation 1t affords without regard to the patient’s ability to withstand the
effects of the block More occurs during spinal anesthesia than the readily
apparent loss of sensation and muscle paralysis In high spinal anesthes:a,
there 1s a complete blochade of both sensory and motor fibers i the sacraly
lumbar and the lower thoracic segments However, the autonome fibers aré
not all blocked Both the sympathetic and parasympathetic components of
the autonomic nervous system originating from the lower spmal segments
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are pactnated In the thoracic segments, most of the sympathetic fibers
are bloched The parasympathetic fibers, hawener, since they anse from the
cramal nenves, particularly the vagus, remain mtact

This partial denervation of the autonomic nervous system n the upper
part of the bodv and complete denenation i the Iower part, coupled mth
the somatic nerve paralysis, causes sigmficant phystologic disturbances
unoperated wndividuals The disturbances become more complex when the
physiologie changes are complicated by trauma, blood loss, traction reflexes,
and other ettects of surgerv Mechanmisms designed to compensate for these
changes may not be ettective 1n the presence of disease The disturbances,
therefore are often enhanced when other conditions complicate the urg
cal diseases Some of the physi0logic disturbances are of clinical sigmficance,
others are merely of academic mnterest It 15 important to understand the
physiologic changes which occur n order to use spinal anesthesia safely
In this discussion the changes of clinical sigmncance will be emphasized

Effects Upon Circulatory System

Of all change> which occur, tho-e 1nvolving the circulatory v stem are the
most mmportant A hvpotension 15 frequently associated with subarachnoid
block Tt does not appear consistently , neither can one predict whether or not
1t will occur nor 1its seventy should 1t occur Certamn characterstics differ
entiate the hvpoten.ion from that caused by shock from trauma hemor
rhage or reflex actinaty It develops shortly after induction of anesthesa,
usually after the motor enects are estabhshed The systohe pressure falls
shightly, but 15 usually well mamtained unless the physiologic disturbances
are severe The pulse pressure 15 decreased and a bradscardia 1s present if
pre-anesthetic medication 15 omutted particularly 1f the block 1s 3 ‘high
<pmal

The mechamism cau_ing the hypotension 15 not completely understood It
15 well established that the airculation fails peripherally rather than centrally
The fairly well mamtained dia_tolic pressure, the lowered <ystohc pressure,
the bradvcardia and the dummshed pulse pressure ndicate that there 15 2
decrea.e mn strohe volume and that penpheral re.istance does not change
appreciably (Fig 16) Studies on cardiac output indicate a decrease Circula
tion tume 1> prolonged 1n some casesit 1s doubled The artenal blood oxy gen
<aturation remains unchanged but there 15 reduced v enous blood oxy gen con
tent The artenosenous difference 15 widened <uggestmg local tissue anoxia.
Blood carbon dionide content and serum carbon dioxide combining power are
unchanged

Formerlh 1t was behieved that the blockade of sympathetic nbers with the
concomutant artertal dilatation and poohng of blood 1n the perpheral and
~planchnic vessels was the sole cause of the hvpotension Arterolar dilata
tion and pooling of blood does occur but appears to be confined to the
penpheral yessels rather than 1n the vascular beds of the viscera This 15
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borne out by the increases m shan temperature which occur, the absence of
sweating n the anesthetized areas, and an merease in the volume of the hmbs
revealed by pletlusmographuc studes Further vestigation has shown that
the splanchme vessels do not dilate when sympathetic patalysts 1s induced
There 15 an antonomous control, which 15 mtnnsie, 1 the arteroles whick
mawntams tone when denervation occurs When generalized dilatation of the
entire or 1 sizeable portion of the vascular bed occurs, penipheral reststance
15 reduced A marhed reduction of peripheral resistance 15 mantfested by a
lowening of the duastohic pressure Even though there 15 some reduction
diastolic pressure dunng spinat anesthesia, this is not remarkable and can

not be tahen as an ndex of widespread vasodilatation Pacling of the blood
n the peripheral vesels and in the spleen, which dilates two or three times
1S normal size contributes to approximately 10 per cent of the lowenng of
blood pressure There are other factors, which play 4 greater role s the

lowening of the blood pressure, besides the dilatation caused by sympathetic
paralvss
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A factor, and one of the more important, 1s the decrease in venous return
to the heart Return of venous blood depends upon three factors (1) the
support and “milhing” action of sheletal muscles upon the vems, (2) van
ations n the intra abdomunal pressure which helps to propel the blood 1n the
abdonunal vems, and (3) vanations in ntra thoracic pressure which cause
a negative pressure in the great veins During spinal anesthes:a, most of the
sheletal muscles are relaxed and return of blood to the heart 15 greatly re
tarded As the number of spinal segments anesthetized 1s increased, a greater
mass of muscle tissue 15 denervated and the stagnation of blood 1n the vemns of
the muscles 15 increased 1 proportion In addition 1n high spinal anesthesia,
the thoracic movements may be decreased due to paralysis of the lower mnter
costal muscles Hypotenston, therefore, depends largely upon the level of
distribution and the intensity of anesthesia

INTENSITY OF ANESTHESIA

Intensity of anesthesia refers to the completeness of the bloch There 1s
a mintmum concentration which causes a blockade of all fibers 1 a mixed
nerve Below this minimum, some will be blocked and some will not, depend
ing upon sizeé The concentration may be reduced to a point which causes
a blochade of sensory fibers only with no motor paralysis The greater the
number of fibers bloched mn a muxed nerve, the greater the mtensity of
anesthesia In upper abdommal surgery, the dose used must yield a concen
tration sufficient to block the motor fibers emanating from the lower thoracic
segments 1f the upper recti are to be relaxed This concentration 1s more
than 15 necessary ta cause a camplete hlochade of all fibers below these seg
ments Above these segments, there 1s a gradual dimimshing or less intense
area of anesthesia because the solution bathing these segments becomes
more dilute An area will be reached in which there are only sensory and no
motor changes (Tig 17) Dosage, therefore plays a role n causing arcula
tory derangements As the dose 1s mcreased the loss of mator activity 1s more

. .

Fic 17 The manner 1n which the solution spreads after injection of a local ane thetic drug into
the subarachnoid space The concentration becomes weaker both up and down the cord The
dark areas (A) aindicate a concentration sufficient to block all nerve fibers motor autonomuc and
sensory B shows the concentration sufficient to block only the sensory and autonomic fibers and
possibly the smaller motor fibers C mndicates the dilution which causes a complete blochade of
the smaller sensory fibers and a partral blockade of the larger sensory fibers and autonomic fibers
the motor fibers are not affected As the number of spinal segments requinng complete blockade 15
ncreased the dose must be increased otherwise the <egments more remote from the puncture
aite wall be only pactally blocked
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widespread The hypotension 1s often 1scnibed to tovicity of the drug, par
ticularly when long lasting drugs such as tetracatne and dibucune are used
Actually 1t 1s intensity of anesthesta which 15 responsible The hy potension
1s no more severe with one drug than another when intensity 1nd extent of
anesthiesta are the same The possibility of errors in estimation of dosage 1s
greater when potent drugs are used, because 1 smaller quantity of drug 1s
tequired Relatively speaking, ind the possibiity of error 1s greater with
more potent drugs An error m dosage of S mgm of tetracame 1s equivalent
to one of 50 mgm of procamne

Management of Hypotension

The hypotension 1s frequently referred to as “spinal shock” by some
chmaans It differs i a number of respects from shoch caused by trauma,
hemorrhage, reflex stimulation, or other causes (Table VII) In spmnal
anesthesia, the hypotension 15 neurogemc 1 ongmn Blood volume, at the
onset, 15 not appreciably disturbed Venous pressure 15 lowered at the arm
veins Hemoconcentration 1s not a part of the picture The speafic gravity
of the blood and the hematocrit are not sigmficantly altered The vascular
bed 15 relased so that 2 dispanty exists between its volumie and the effective
blood volume In shoch from trauma or hemorrhage, both the cross sec
tional area of the vascular bed and the blood volume are reduced Vaso

TABLE VI

THE StAMTIES AND DIFFERENCES BETWEEN H)POTENSTY £ STATES OF NELRO-
GENC ORIGIN AND ThosE DuE 1o L oss o FLum

| spimal shock | Traumatc shoe
Sustolic pressure | Decreased Decreased
Djastolic pressure } Decreased shghtly Decresed
Pulse l Slowed l Increased
Pulse pressure Decreased Decreased
\ enous pressure Decreased Decreased
Blood solume No change Decreased
Vascular bed Dilated Constricted
4 V difference Widened Widened
Circulation ume Prolonged Prolonged
Hematocrit o change Increased
Response to fluds 3 oor unless large amounts Responds

are used

Re ponse to vasopressors Good Poor usually harmiul
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pressor drugs readily overcome the derangements caused by spinal anes
thesia, presumably by decreasing the cross sectional area of the vascular
bed Fluids are mneffective unless they are adnumstered rapidly and m
large amounts The reverse 1s true in hemorrhage and traumatic shoch

The hypotension of spinal anesthesia develops as soon as anesthesia and
motor paralysis are established Hypotension which develops after the opera
tion bas been n progress for a time 15 attmbutable to the surgery It is
corrected by the adnumstration of fluids and does not, as a rule, respond to
vasoconstrictors The mechamsms responsible for circulatory adjustments
are controlled by the autonomic and central nersous systems They do not
operate effectively during spinal anesthesia Inhalation of carbon dioude,
which ordinarily causes the blood pressure to rise 1n unanesthetized subjects,
has no effect upon the blood pressure during spinal anesthesia In the un
anesthetized area the skin 1s pale, the vessels are constricted and the tem
perature 1s reduced The vasoconstriction present 1n this area 1s an mdication
of an attempt to overcome the circulatory derangements In the anesthetized
area 1n high spmal anesthesia, the sympathetic pathways are blocked but
the vagal pathways are active The pulse rate, therefore, becomes slow
Other mamfestations of vagal activity are also present

Errect oF PositioNar CHANGES

Hy potenston 1s easily preciptated by positional changes because the com
pensatory mechanisms responsible for circulatory readjustments are dis
rupted Care must be exercised in shrfting positions or transporting patients
from one locality to another Since circulatory depression frequently follows
shifting from the supine to the Trendelenburg, the lateral, the prone, and
to other positions, patients should be moved with care or not shifted at all
1f possible

CONTRAINDICATIONS TO SPINAL ANESTHESIA

Obviously when the arculatory system is impaired in any manner an
anesthetic procedure which precipitates curculatory derangements, such as
those which accompany spinal anesthesia, 1s best avoided It 1s not uncommon
for severe hypotension to develop after induction of spmal anesthesia 1
patients who have cardiovascular diseases, anemia, shock dehydration and
blood loss Hypotension appears abruptly 1n these subjects 1t 1s more severe
and does not respond to vasopressor substances It 15 common esperience
to find that vasopressor substances are least effective when needed most
Sympathectomized subjects do not tolerate even muld degrees of hemor-
rhage Spmal anesthesia 1s best avoided when bleeding 1s anticipated unless
pProsisions are made for immediate adequate blood replacement Patients
with increased ntra abdomrnal tenston from ascites, mntestinal obstruction,
marhed gaseous distention, tumor masses of unusual size, or pregnancy
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develop severe hypotension promptly after induction of spinil anesthesi
The mechamsms causing 1t are not understood Most likely compression of
the great vems m the abdomen mterfers with the return of venous blood
from the extrenuties to the heart

Causes oF DATATITIES

Circulatory disturbances during spinal anesthesia cannot be disregarded
If untreated cerebral anenua mvarably develops, this is m turn followed
by respiratory failure and cardiac arrest The majority of fatahities durnng
<pinal anesthesia result esther from one of two causes (1) Severe, usually
abrupt and uncontrollable, crculatory collapse, and (2) asphywia due to
ascent of the drug nto the upper thoracic and cervical segments Paralysis
of both the intercostal muscles and the diaphragm occurs and ventilation
ceases Both complications may be averted by the proper selection of pa
tients and exercising utmost care 1n mducing anesthesia The pulse, respira
tion, and blood pressure must be carefully and constantly observed durng
anesthesta Provisions for immediately nstituting artificial respiration and
overcoming circulatory collapse should be made before the spinal block 15
attempted No <pmal anesthetic should be induced without having a
respirator of a satisfactary type immediately available Cardiac arrest during
spinal anesthesta 15 due to respiratory fatlure which results from cerebral
anemua This 1 turn 15 due to penpheral circulatory failure or paralysis of
the respiratory muscles from a high spmal anesthetic Idiosyncrasy to the

drug, “toxic reactions,” and other vague causes are responsible for few, if
any, deaths

Meraporic ErrEcTS

Metabohc disturbances accompany the hypotension during spinal anes
thesta The widened artertovenous difference and the prolonged circulation
time 1ncreases the posstbility of local tissue anoxia Spinal anesthesia un
complicated by hypotenston, has little effect on metabolic processes I1ver
function, blood glucose, non protem mtrogen, carbon diowade combining
power, and bleeding and clotting time are pot significantly altered Tf a
hypotension occurs and 1t 15 not corrected promptly, the impairment of liver
functions may occur Glomerular filtration and tubular excretion and re

absorption are hikewise not sigmficantly affected by uncomplicated spinal
anesthesia

EFrEcTs ON THE SromacH, INIESTINES
The effects of spimal anesthesia upon smooth muscle of the viscera, par
ticularly that of the uterus and intestine, are worthy of note The upper
partion of the gastra wntestinal tract, that mnervated by the vagus, assumes
2 ribbon like contracted appearance when anesthesia extends to the thoracic
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segments, and causes a sympathetic blochade The motor effects of the
vagus then predomnate Traction upoen the mesenteries of the abdomiral
and pelvic viscera often cause discomfort because there 15 a retrograde trans
nussion of impulses along the vagus or from one gangha to the next in the
sympathetic chains In upper abdominal surgery particularly, patients com
plamn of pain 1n the chest, around the heart or in the neck On occasions,
traction on structures n the bilary tract or on the diaphram causes pam
n the shoulders This 1s due to retrograde transmussion of impulses along
the phrenic nerves, which hike the vagiare active

EFFECTS oN THE UTERUS

The effects of spmal anesthesia upon the uterus depend upon the number
of spmal segments affected Sensory fibers enter the uterus from the sacral
and lower lumbar segments, motor fibets from the thoracic segments Con
tractions are not mhibited 1f the blochade 15 confined to the lower spinal
segments Bloching the autonomic fibers of the thoracic segments causes
both the imtensity and frequency of uterine contractions to dimumsh The
uterus does not relax during spinal anesthesia, but mamtains 1its usual tone
Fetal blood oxygen and carbon diouide content are not altered appreciably
during spinal anesthesia, provided the blood pressure 1s mawmntained within
the normal hnuts

Complications During Anesthesta

Nausea and vomiting are not uncommon compheations during <pinal
anesthesta Frequently, nausea occurs immediately after the solution 1s 10
Jected into the ntrathecal space Whether or not this occurs reflexly when
the chemical comes 1nto contact with the nersous elements and the meninges,
1s not known On other occasions nausea and vomiting herald the onset of
hypotension Presumably this 1s due to medullary anenua resulting from the
arculatory depression Yawning frequently preceeds the vomiting Some
tumes the wasopressor drugs used to overcome the hypotension cause nausea
Some patients respond to ephednne and neosynephrin m this manner Trac-
tion on the iscera may induce vomting Narcotics such as morphine or
demerol admimstered for sedation particularly intravenously, are sometimes
responsible for nausea and vomiting The cause must be determmed before
proper treatment can be mstituted If due to hypotension vasopressors and
halation of oxyen are indicated If due to traction reflexes, supplementary
inhalation anesthesia may be necessary to overcome 1t Sedation and hypnosts
with a slow intravenous drip of a dilute thiopental solution usually controls
nausea of reflex origin or that due to drugs Dramamine intravenously 1s
sometimes effectn e when other forms of therapy fail
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Post Anesthetic Comphcations

NLUROLOGICAL CoMI LICATIONS

Some of the most dreaded complications of spmal anesthesiv are the
palsies and paraplegias which are sad to follow 1t I ortunately these re rare,
but they are distressing and disabling when they occur Neurologic complica
wons occurring after spinal anesthesia are (1) headnche, (2) cramal and
other nerve palsics, (3) paraplegia and other afflictions of the cord due
to myehts, trauma, and other fictors, (4) mfections of the meninges due
to bactenial contanunation, and (5) stenle mflammation of the meninges
due to drugs

HEsDACHE

Headache following lumbar puncture 1s distressing and aonoyng, but 1s
neither dangerous to hfe nor permanent Much has been written concerning
its etiology The available evidence mndicates that the loss of cerebrospmal
flud from the perforation of the memnges made by the needle 1s the causa
tive mechamsm The use of small gauge needles has been advocated to
reduce the mcidence of headache These headaches are charactenzed by a
reduced spinal fluid volume Some headaches are reflex 1n onigin or are due
to meningeal irntation (memingismus) from chenucal irntation by the drug
These are often associated with an increased spmmal fluid pressure The mc1
dence of headache apparently 1s higher in obstetric patients because the
alternate increase and decrease of mntra abdomunal pressure 1s transmutted
to the pendural vemns via the abdomnal veins The spmnal fluid pressure
15 increased with each uterine contraction causing a milhing action around
the arachnoid A loss of flud then results The cerebral spinal fluid pressure
15 zera 1t cases in which the etiology 1s loss of fluid

Certain charactenstics differentiate post lumbar puncture headache from
other types Usually the headache appears withmn the first twenty four hours
It 15 throbbing in character, and 1s distributed behind the otbts, over the
frontal area, and sometimes 1n the ocaipital region Occasionally 1t 1s con
fined to the cervical area 1n the back of the nech Nausea may be present
It 15 aggravated by a change 1n position, particularly when the patient sits
up after rechmng The type due to meningeal reritation with increased pres
sure 15 ordinanly confined to posterior aspect of the nech rather than to the
head although 1t 15 possible for pamn to be present 1 both the head and
neck, the back or even the legs No fever 15 associated with post spinal
headache Ordinanly a headache lasts three or four days and then gradually
recedes In more persistent cases 1t may last ten days or more Obstinate
cases have been Lnown to last for months, however, this 1s uncommon
oi-g:. d‘ai:::sa:ge;ixiilg: {:;::gures which have been suggested for relief

s restoning to normal the hydrodynamics
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of the cerebral spinal fliid Hypotonic solutions are administered to promote
the secretion of cerebral <pinal flud Preaperative hydration by “forcing”
flmds has been suggested to accomplish the same purpose Drugs which
decrease urinary output, such as pitwitary extract, or drugs which cause
retention of fluid, such 1s the hormones of the adrenal gland, have becn
advocated Direct replacement of the flmd in the subarachnoid space by
wnjection of normal saline promptly reheves the headache for periods of
several hours to days or even permanently The injection must be repeated
a number of times before completc relief 1s obtaned The peridural snjection
of saline has been advocated also and has met with some success The
mntracaudal injection of 25 to 30 cc of saline 15 as effective as the pendural
mnjection Usually one or two injections at 12 to 24 hour ntervals will suffice
Vasodilating drugs have been admumistered to increase the blood flow
through the choroid plexus, thereby increasing the formation of cerebro
spnal fluid Nicotmie acid and the mitntes are drugs with such an action
Intravenous alcohol likewise has been advocated as both an analgesic and as
a vasodilator None of these aforementioned measures has yielded dramatic
results Cach has at various times proved partially or completely successful

PALSIES

Palsies of the cranal nerves are also associated with loss of cerebrospinal
flud The nerve most commonly nvolved 1s the sixth or abducens Several
days after the spinal anesthetic the patient complains of diplopia Often the
diplopia 15 associated with post lumbar puncture headache The exact etiol
ogy of the nerve mjury 1s not known Perhaps when the volume of spinal
fiwd 13 reduced, the cushioming cffect at the base of the bramn 1s lost The
pressure of the bram upon the base of the skull and the ensuing traction of
the dura causes pamn In addition this shifting about causes traction on the
cranial nerves, and, since the sixth nerve 1s one of the longest and the slender
est of cramal nerves it 15 more subject to trauma than the others The
diplopia lasts anywhere from several weehs to months It 1s usually not
permanent

Dizziness and deafness are also associated with a loss of spinal flud
Direct connections exist between the labyrinth and the subarachnoid space
Loss of spinal fluid also causes disturbances of fluid pressure n the labyrinth
Symptoms of eighth nerve mvolvement may also occur, although they are
uncommon Palsies of other cramal nerves and any of the spinal nerves may
occur but are rare Thar ctiology 1s not easily explamed Diiferentiation
must be made between the neurologic changes due to pressure upon nerves
from positioning and those of central origin

The most serious complication of spinal anesthesia 1s a paraplegia, often
called the “cauda equina syndrome” The latter term has been adopted
because the symptoms are referable to the area supplied by the nerves com
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poing the cauda equma The onset and symptoms of the “cda equint
syndrome” follows no sct pattern In some cases the spinal anesthetic 15
wnduced successfully and 15 unesentful during the operation, but the block
metely fails to disappear within the usual time  The patient remains para-
Iyzed In others, the paticnt compluns of excrucrating pan 1s the drug 1§
mjected Shock and coma follow from which the subject recavers hours later
with a fully established parpleger In athers the patieat is returned to bed
apparently 1n good condition Sevcral hours later shock with coma super
senes, front which the patient recovers with a paraplegta \nd still in others
the patient tecovers fully from the anesthetic, and days later gradually
notices weakness numbness and other sensory changes m the extremnes
The neuralogic changes pradually become worse until paralysis 15 complete
Faster hennedy has described a chrome arachnosditss presumably assocated
with spinal anesthesia In cases which came to his attention the symptoms
did not appear immediately as has becn the case wn most cauda equina
syndremes, but began anvwhere from six months to a year after the spinal
anesthetic had been admumstered Whether or not the spsnal anesthetic was
madental to a slowly developing rachnoiditss or whether 1t was a causative
factor ts difscult to <ay Thus far, Kennedy appears to stand almost alone
m associating chromc srachnoidstis with spinal anesthesa
Trrespective of the manner m which the svndrome begins, ultymately the
patient becomes paralyzed below the waist, develops fecal and urmary
contmence, contractures atrophies, and other mamfestations of degeneration
of the cord The symptoms may gradually recede after a few wecks and the
patient recovers both motor and sensorv function In others 1t persists, or
may even become worse for several weeks and then remans stationary Asa
rule the paraplegias which fail to show smprovement after five or s1x months
are permanent Recovery if st occurs 15 usually complete within five or six
months After that time the prognosis 1s poor  Fortunately this compheation
is rare In thirteen years eapenience, at the Charity Hospital i which ap
proximately 20 000 spwnal anesthetics have been admimistered using procaive,
tetracamne, and dibucane the wister has noted ro major neurologic comphica
tion Expertence of others who have used <pmal anesthesia to any extent
comades with that of the writer In mstitutions where three or four para
plegias hase been reported 1n as small a series as five or six hundred spinal
anestheties 3t behooves the workers to critically review their techmque, the
drugs and other techmcal factors which might be responsible for the comph
cation
The etiology of the cauda cquina syndrome 15 not hnown Contrary to

current impression the meadence 15 no hugher with the longer lasting, more
potent drugs than with the short acting The maidence 1s na greater with tetra
cawe and dibucame than with procane In ammals transient changes occur
in the mentnges and i the spinal cord when the currently employed drugs



120 SELECTION OF ANESTHESIA

1 concentrations ordmanly advocated for climical anesthesta i man are
used These changes last several days unless the dose ordmarily used for
spwnal anesthesta 1s exceeded, mn which case they persist for a longer tune
Attempts to reproduce the cauda equina syndrome mn ammals have been
successful only when concentrated solutions have been used Some feel that
the concentration rather than the total dosage 1s the most important factor
Data 1n support of this contention 15 not adequate A number of neurologtsts
feel that pre existing neuro'ogic disease such as cord tumor, degenerations
of the cord, myelitis, etc, are aggravated by lumbar puncture and the symp
toms of cauda equina syndrome are abruptly precipitated Trauma to the
cord by the spinal needle has been incriminated This 1s a possibility when
the lumbar puncture 1s performed above the second lumbar vertebrae In
less than 10% of patients, the cord extends below the second lumbar but m
the majority 1t ends between first and second lumbar vertebrae The caustic
solutions used for sterihzing ampules of drugs may pass mto the ampule
through mucroscopic cracks Ampules sternithized with alechol or formaln
should be submerged completely, the solution should be tinted with a brightly
colored dye and each ampule should be inspected before the drug 1s used
Detergents and other materials used for cleaning needles have been 1n
crimmated and have been known to cause neurologic changes Chemicals
other than the local anesthetic drug have been mjected Ampules contatmng
mercunial diwretics have been mistaken for those of local anesthetic drugs
and were advertently njected ntrathecally with sertous consequences
The possibility that precipitation of the local anesthetic drug as 1t comes into
contact with the alkaline spinal fluid may cause damage to the cord has been
suggested The precipitate resting upon the cord and nerve roots could cause
damage to the nervous tissue Allergy 1s always mentioned in a discusston of
any reaction mnvolving drugs It 1s possible, but not probable that allergy
plays a role in causing the syndrome The etiology of this crippling syndrome
remains to be discovered The possibility of 1ts occurrence 1s feared by both
surgeons and anesthetists It 1s the one factor which 1s linuting the general
acceptance of spinal anesthesia

MENINGEAL INFECTIONS

Menmgeal inflammation results from contamination of the epidural and
subarachnoid space during nduction of anesthesia or from unrecogmzed
pre existing nfection which mamifests itself fully after the block In the
latter case, spmnal anesthesia was merely incidental to the infection The
meningococcus 1s the most common organism found When due to contamina
tion from errors n techmque, the staphylococcus 1s the most common causa
tve orgamsm found After an mcubation period of several days, the patient
develops the classical signs of memngitis The diagnosts 15 easily made by
examimnation of the spmal fimd Emthehum from the shin and connective
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uissue from the nterspinous higaments has been found m spinal fluid, pre
sumably having been pushed mto the subarachnoid space by the needle
Thorough cleansing of the shin 15 important Infection may result from con
tammnated glucose or local anesthetic solutions, or needles, gloves or dripes
which have not been properly stenihized

Paraplegias, palsies, and menmmgeal mfections have also been reported after
general anesthesia Pre existing neurologic disease such as tabes, combmed
degeneration and multiple sclerosis may be the causative factor Thrombosis
of the spial artery may occur postoperatively mncidental to the operation
and not related to anesthesia Neurologic sequelae are more frequent after
the use of the continuous or serial spinal anesthesia, than the single injection
techmque

BACRACHE

Bachache 1s not a neurologic complication However 1t 1s one which 1s
occasionally encountered aiter spinal anesthesia and considered along with
neurologic comphcations The etiology 1s difficult to determine It 1s possible
to advarnce the needle too far and traumatize a dish Herniation then occurs
Trauma to the intersptnous ligament may occur The periosteum may be
traumatized after repeated attempts at lumbar puncture and may cause the
backache More Iikely, the backache 1s not related to the spinal anesthetic,
but 15 due to pre eaisting orthopedic disturbances Relaxation of sheletal
structures from anesthesia while on the operating table or being confined to
bed 1n the postoperative period may have some bearing upon 1ts appearance
postoperatively Frequently pre existing backache 1s aggravated by loss of
muscle tone relaxation of the ligaments, and other factors Backache, of

course, 1s frequently seen in many surgical patients irrespective of the type
of anesthesia

Epidural Anesthesia

Epidural anesthesia 1s induced by mnjecting a local anesthetic drug mte
the eprdural space The site of injection 1s usually in the lumbar area How
ever the thoracic area or even the cervical has been used 1n the technique
Known as segmental epidural bloch An observation tube with a capillary
lumen containing saline 1s attached to a lumber puncture needle A negative
pressure indicates the tube 15 1n the epidural space (Fig 18) The techmque
of inducing an eprdural block 1s rather meticulous since shifting the needle
and advancing 1t an additional milhmeter or so may cause the drug to pass
wto the subarachnoid space nstead of the epidural The concentration of
drug employed 1s approximately ten times greater than that used for sub
arachnoid bloch An error m techmique may result m a total spial block
which, of course 1s not only undesirable but hazardous Unless one 1

s adept
m inducing epidural block, the techmque 1s best reserved for “

‘experts ”
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Fic¢ 18 Method of performun,, lumbar epidural block (A) \eedle fitted with plass adapter
The lumen of the adapter which has an extremely fine bore 1 filled with procaine solution or
sahne (B) The needle 1 shown with the bevel 1n the epidural space (C) Improper placement
of needle 1s shown The needle 15 1n the subarachnoid space The tlow of pinal fluid indicates the
needle has been advanced too far and the techmque will therefore have to be abandoned

There1s a widely accepted misconception that hypotension and other physio

logic changes charactenste of spinal anesthesia do not occur during ept

dural block In a successful block sensory, moter and autononue blochades
result The hypotension and other derangements typical of spinal anesthesia
appear and are managed in exactly the same manner The mechamsms caus

ing them are presumably the same

Caudal Block

Caudal block 1s a modification of emdural block The drug 1s introduced
into the caudal canal which 1s merely a continuation of the epidural space
mto the sacrum (Fig 19) It 1s possible to force the solution from the sacral
hiatus to the foramen magnum by using volumes of solutions of 50 cc or
more Under these circumstances circulatory changes charactenstic of spinal
anesthesia also occur In the ordinary caudal block the changes are not stnk
g From the standpomnt of arculatory changes caudal block 1s safer than
<pinal anesthesia but 1s not entirely free from hazard The same difficulties
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and objections of <spanid thesiz may be enc 1, particularly i poor
nsh patrents Other factors to be considered are toxic reictsons from the
comprratnely large anount of drug used, from rapid absorption, or from
accidental intras enous 1njection Lstablishment of 1nesthesta requires 13 or
20 nunutes In addition mduction of the bloch from a technical standpomt
15 more ime consuning than a low spmal or saddle block 1 catheter may be
introduced nto the ciudal and the dose 1s repeated a number of times The
techmque 1s then calied contimuous cawdal block, or serisl candal block Head
ache following caudal block 15 uncommon The cauda equina syndrome may
occur after caudal block but 1s extremely rare

Infiltratson and Nerve Blocks
Local anesthesia by tnfiltration or nerve block causes ne sigmficant dis
turbances other than those due to systenuc absorption of the drug or to dis-
tension of ussue by the solution, particularly n punful areas Vasodifata
tion occurs distal o the site of application of the drug in the nenve bloch
Edema, the possitbility of reduced wound healing, and distertion of tissues
preclude the use of wfiltration techniques i certain cases

Fu 19 Cross section of the sacrum showing tnduction
of a caudal blo
acedle whde contacting the Sacral tocos geal mas e e o eoanon of

mbrane in altemplng to penetrate the tana} iB)
bm;g andl xsh:mmng the caudal canal “ote that
surface of the sacrum (€)Y Incarrect placement of
1ssed The needle Lies on the surface of the sacrum
This occurs of the hip of the coteyx 15 zantalen
;‘ﬂy ends at thc Iernet of the secand sacrat farsmuos
otiawous aith the pendural

e Tomamen mar ‘: pace Solutions mtro

Posiion akter the ncedle has pierced the memd
the needle bes 10 a plane almo ¢ paratiel to the
the needle when the hiatus 18 nexceswble or o
(D) The needle 13 1ntroducd into the peis
far the sacra-cocey eal Jont The durat 53¢ wsu
Nate that the space wr the caudal canad 1 ca
duced wto this pace may extend as b as
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Local anesthesia 1s selected in the poorest rish patient because other meth
ods of ancsthesta are considered too hazardous 1lus idea, which 15 deep
rooted 1n the minds of most physicians, 1s not necessarily correct ‘any
times local anesthesia may be a poor choice for these patients The trauma,
blood loss, rcflex changes, and other deleterious effects of surgery are no
mor¢ minmmzd by local than other forms of anesthesia oo oftcn local
anesthesia 15 not satisfactory for obtmmng complete pain rehef, and the
surgeon 15 handicapped 1n porformuing the operation properly Also many
patients are not psychically suited to undergo surgery under local ancsthesta
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XII

MUSCLE RELAXANTS

THE INTRODUCTION OF CURARE INTO ANESTHESIA

The muscle relants were introduced as adjuncts to anesthesin i 1943
They are now widely used for major surgery Orngmally, curare was the sole
muscle relaxant available Claude Bernard, the physiologist, described 1ts
pharmacologic action 1n 1840 Before 1936 specimens of curare were of
unknown composition and of doubtful purity The drug rumaimed a pharma
cological cuniosity for many years Richard Gill, an American evplorer, wis
nstrumental 1n locating and bnnging to the United States from South
America the authenticated, botamical specimen which contams the drug
Curare 15 an extract of the stems, bark, and leaves of the plant, chondro
dendron tomentosum The active principle n curare 15 the alkaloid, tubo
curarme Preparations of curare heretofore contained ingredients derved
from other plants related to curare, which were harvested along with the
curare These foreign substances were responsible for the undesirable reac
tions such as bronchial constriction, circulatery collapse, respiratory fmlure,
and convulsions

MODE OF ACTION

Since the revival of curare and the 1solation of 1ts active principle, other
muscle relaxing drugs have been introduced With few exceptions these are
synthetic substances The ultimate result 1s the same for all substances
muscle relaxation Each has advantages and disadvantages It 1s sumpler to
study the muscle relaxants 1 groups based upon similanty of pharmacologic
action, rather than as individual compounds From a pharmacologic stand
pomnt muscle relaxants may be placed 1nto four groups In the first group are
drugs which act centrally to block passage of motor impulses Mephenesin
(Tolserol) acts at the internuncial neurons n the spinal cord and possibly
at the lugher centers (thalamus) Motor activity 1s inhibited centrally rather
than peripherally The second group includes drugs which prevent acetyl
cholme from acting at the neuromuscular junction Curare acts 1n this man
ner The third group 1s composed of drugs which cause persistent depolariza
tion of the membrane at the neuromuscular yunction The fourth group n
cludes drugs which 1nhibst muscle fibers directly Quinine acts by prolonging
the refractory period and imhibiting contractility of striated muscle

The important drugs, as far as anesthesia 15 concerned, are those which
prevent acetyl choline from acting and those which induce sustained de
polanzation at the membrane The group which prevents acetyl choline from
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acting includes curare, its alkaloid tubocurarine, synthetic denvatives of
tubocurarine, the erythrina alkaloids, gallammne und benzoquinonium (my
tolon} The methyl ether of tubocurarine (metubine or mecostrn) 15 pre
pared from tubocurarine It possesscs an action qualitatively similar to tubo
curanine, but quantitatively different ‘1he drugs causing sustained depolar
1zation will be discussed later

PHYSIOLOGY OF NEUROMUSCULAR TRANSMISSION

In order to understand how muscle relarants act, 1t ts important to hnow
the normal physiologic action at somatic motor nerve endmgs As the im
pulse or excitation wave passes to a nerve ending, acetyl choline 1s hiberated
The acetyl choline passes through the subneural space to the junctional
membrane At rest the membrane 1s 1 an electnical state referred to as
polarized  The acetyl choline alters the electrical charges on the membrane
and causes 1t to become depolanized Depolarization imhates contraction of
the muscle fibers As soon as the stimulus resulting from the depolarization
recedes, the muscle fiber relaxes to its resting state and remains relaxed until
the membrane becomes repolarized It 1s once again capable of responding to
a succeeding impulse If the membrane 15 not repolanzed, succeeding 1m
pulses are without effect and the muscle remains relaxed If acetyl choline
accumulates at the neuromuscular membrane, depolarization persists and the
muscle remains relaxed In order for a muscle fiber to have tone and to con
tract, the acetyl choline must be quickly removed after a stimulus so that
the membrane will be ready for the next nerve impulse This 15 accomplished
by the enzyme, cholmesterase, which hydrolyzes the ester into acetic and
and choline It 1s estimated that the hydrolysis occurs within 1/1000 of a
second The membrane then regams sts polanty and 1s ready to receive the
next mmpulse Obviously, then, an eacess of acetyl choline can cause per
sistent depolarization and paralysis of a muscle fiber Tubocurarine and its
denvatives and other substances acting similarly are fixed in some manner
at the neuromuscular membrane and prevent the depolanizing action of
acetyl chohne The membrane then remains polatized and the muscle fiber
1s unable to contract because the acetyl choline, even though it 1s iberated
after each nerve impulse, and reaches the muscle fiber, 15 unable to act Two
newly introduced synthetic substances which are beheved to act in the same
manner are gallamne (flaxedil) and benzogqunomum (mytolon)

REVERSAL OF CURARE EFFECTS
The blockade caused by curare and curare lihe drugs may be reversed in
one of two ways (1) by using a substance which mhibits cholinesterase
Acetyl choline then accumulates in suffictent amounts to overcome the so
called blochade or barner, and (2) by using a drug which displaces curare
or 1s combined with 1t Physostigmine and neostignune are two drugs used to
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inhubit cholinesterase and prevent the hydrolysis of acetyl choline A number
of esters derived from phosphonic acid such as DEP (di 1sopropyl fluoro
phosphate) and HEP (hesaethylpyrophosphate) also destroy or mhibit the
enzyme These are not used i anesthesiology however Theoretically, cho
linesterase mhibitors should reverse the action of curare and curare like
drugs In actual practice the results are disapponting In cases of over
curarization, they actually enhance the effect rather than overcome 1t

The most satisfactory antagomst 1s a substance related to prostigmine
hnown as edrophonium (Tenstlon), (phenyl trimethyl ammonium hydrox
ide) Presumably it acts by combimng with the relaxant and removing 1t
from the site of action The acetyl choline 1s then free to mtiate the con
traction 1n a normal fashion Edrophonwum, eserine, and neostigmine also
cause a sustained effect at the post ganghomc parasympathetic nerve end
ings The acetyl choline Liberated there 15 not hydrolyzed rapidly either
Symptoms of parasympathetic stimulation occur concomitantly with the
ant: curare efiect Slowing of the pulse rate, contraction of the bowel, saliva
tion, secretion of mucus, and other undesirable side actions are common
Ant1 cholinergie drugs such as atropine, scopolamne, and hyoscyamine pre
vent these reactions The usual dose of edrophonium 1s from 5 to 10 mgms
depending upon the degree of over curarization The drug 15 combined with
1/100 to 1/150 gr of atropine or an equivalent dose of another anti cho
linergic drug Edrophomum 1s short acting After 5 to 10 munutes, 1ts
effects pass off If an excess of muscle relaxant 1s still present 1n the body,
respiratory failure may once agan ensue Patients should not be left unat
tended after the drug has been used until 1t 1s certamn that the reversal 15
sustained It may be necessary to repeat a dose of edrophomum a second
tume 1f s1g0s of curarization reappear

DRUGS CAUSING SUSTAINED DEPOLARIZATION

Muscle relaxants which cause persistent depolarization are decamethomum
and succinyl choline They act as though acetyl choline were present n
excess at the junctional membranes The membrane remains depolarized and
the impulses are without effect The muscle fibers remam atonic Any drug
which has an acetyl choline lihe action and causes sustamned depolanzation
at the junctional membrane of sheletal muscle has this effect Fasciculations
or generalized convulsive movements follow mjection of these drugs These
usually persist for 20 to 30 seconds and then relaxation ensues They may not
appear if the drug 15 admimustered slowly Decamethonium (syncunine) 15
the best hnown of this type drug A new preparation which offers promise
of being chinically useful 15 succinyl choline (anectine) Itappears to be safer

than the muscle relaxants heretofore studied, largely due to the mode of
detoxification
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DETOXIFICATION OF MUSCLE RELAXANTS

Succmyl choline 15 hydrolized to succimic acid and choline by the aid of
cholmesterase This hydrolysis occurs rapidly but compared to the hydrolysis
of acetyl choline, it 1s slow Within three minutes most of a dose 1s hydrolyzed,
and muscle tone returns Most muscle relaxing agents are ehminated un
changed by the kidney, or are partly destroyed by the liver and partly
ehminated unchanged into the urine Duration of action depends to a great
extent upon the rate of elinunation Some act longer than others When cho
linesterase levels are below normal the action of succinyl chohne 15 pro
longed Levels may be low n liver diseases, starvation and after chromic
diseases Cholinesterase mhibitors such as edrophonium, neostigmine, and
eserne retard the hydrolysis and cause a sustained effect Unlihe the effect
they have on curare, they do not antagomze the action of suceinyl chohne
or decamethomum In fact they enhance it The by products of the hy
drolysis, succinic acxd and choline, are naturally occurring body constitu
ents The advantages in having the detoxification products of a drug not be
biologically foreign to the body are obvious

EFFECTS ON RESPIRATION

In many mstances when muscle relasants are used as adjuncts to anes
thesia, the respiratory pattern 1s disturbed and does not return to normal
for quite some time The respiratory paralysis which follows the admimstra
tion of muscle relaxants 1s due by and large to the peripheral effect on the
muscles of respiration There 1s also some evidence that the respiratory
depression may be of central ongin In curanzed and apneic amimals, stimu
lation of the phrenic nerves causes contraction of the diaphram This sug
gests that the peripheral action has disappeared and that the apnea 1s due toa
direct depression of the respiratory center Sustained apneas due to this
presumed central effect are uncommon, however this must be borne 1 mnd
as a possible occurrence As a rule when succinyl chohne 1s used, as soon as
the paresis disappears, the respiratory pattern 1s restored to normal In
stances of sustained apnea are more frequent when other muscle relaxants
are used

CONTROLLABILITY

Another reason why succinyl choline 1s preferred to other relaxants 1s that
the blochade may be interrupted at will When a sustamed blockade 1s desired,
the drug 15 admimstered by a continuous intravenous drip Ordinanly the
single tnyection method 15 suitable for brief periods of relaxaton Twenty
mgm 1n a sigle dose for adults of average size causes a momentary apnea
lasting 50 or 60 seconds followed by a gradual return of respiration to normal
(within five minutes or less) No sutable antagomist 1s available for succinyl
choline and decamethomum The doses ordmarily used for muscle relaxation
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do not appear to affect the central nervous system There 1s neither stimula
tion nor depression

POTENTIATION BY ANESTHETICS

Certain anesthetics have 2 curare-like action which erther enhnces the
effects of muscle relarants or causes n additive effect Ether, 1n particular,
potentiates curare, tubocurarme, and sumlar acting drugs Decamethonum
ana succinyl choline are not potientated by ether or other central nervous
system depressants Cyclopropane, ethylene, and mitrous oxide have httle
or no potentiating cifect on curare and 1its denvatives

RELATIONSHIP OF CHEMICAL STRUCTURE TO POTENCY

The muscle relazants are bases which contain two pentavalent mtrogen
atoms These nitrogen atoms are spaced 15 angstrom umts apart (an ang-
strom umt 1s 1/10,000,000 of a nullimeter) Placement of the nitrogen atoms
at a greater distance lessens their curare hke action When brought closer
together the curare lihe action hhewise 1s dimimshed Decamethonium 1s
also called C10 because the mtrogen atoms are separated by a straight chain
of 10 carbon atoms Shortemng the chamn to 6 carbon atoms results m
hexamethomum (C6) The muscle relaung effects disappear and a gan
ghonic bloching effect appears Tubocurarine, gallamine, benzoquinonium,
succinyl choline, and other relaxants all have two mtrogen atoms spaced 15
angstrom umts apart In the case of tubocurarme, complex cyclic nucler
separate them In others, various chemical groups are interposed between the
mtrogen atoms Inasmuch as the muscle relaxants are basic, they form salts
with acids They are mcompatible when combined with alhaline substances
1f mixed with solutions of sodwum salts of barbiturates, precipitation occurs,
unless the solution 15 very dilute

EFFECTS ON THE CENTRAL NERVOUS SYSTEM

The muscle relaxants are not anesthetic, analgesic, or hypnotic Surgery
may be performed on a curarized patient without any struggling because the
subject 15 incapable of voluntary movement and 15 unable to resist The
central nervous system remains active, however, and the subject feels pamn
and remembers the experience In present day practice it 1s customary to
combine the muscle relasants with basal narcotics Usually thiopental, thio
secobarbital, or evipal are used The basal narcotic supples the hypnotic
and amnesic effect not possessed by the muscle relaxant However, neither
drug blocks pamnful stmuli A third substance must be added for analgesia
For this reason 1t 1s common practice to combine mtrous owide which sup
plies analgesia, thiopental which supplies basal narcosis, and a2 muscle relax
ant which supplies the relaxation Relaxation 15 not obtamed with safety
using nitrous oxde or thiopental alone The use of the triple combination
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permits a decrease in the amount of each drug and increases the margin of
safety It must be remembered when using combinations of drugs that the
hazards of each drug are additive

EFFECTS ON THE AUTONOMIC NERVOUS SYSTEM

Muscle relaxants possess other actions of interest Doses greater than
the curanzing dose causes block at the autonomic ganglia The effects of
doses ordmnanly used for anesthesia are of hittle chncal sigmificance Some
of the newer synthetic substances manifest vagal stimulating or depressant
effects Curare, tubocurarine, and the methyl ether of tubocurarine have a
histamine hke action and have on occasions caused intense bronchospasm
This must be borne in mind duning bronchoscopy, laryngoscopy, and thoracic
surgery Bronchial constriction 1s best relieved by the use of substances such
as ammophylline which act directly on the bronchial musculature

EFFECTS ON CIRCULATION

In the light of our present hnowledge, the muscle relaxants have no ap
preciable effect upon the heart Deaths due to cardiac faillure immediately
or shortly after administration of the drug are unknown Many fatalities are
due to asphyara resulting from the respiratory failure If adequate ventilatron
1s mamtamed by artificial respiration until the curare effects disappear,
respiration will resume and no difficulties are encountered There 15, how
ever, a dose which 15 lethal even though ventilation 15 adequately mantained
In dogs the fatal dose of curare 1s approxmmately five times that which
causes cessation of ventilatory efforts by complete curanzation Apparently
these drugs possess an mnherent toxicity Fatalities are more frequent than
1s behieved when muscle relaxants are used as adjuncts to anesthesia The
usual sequence, of events m these fatahties 1s that respiration fails after the
drug 1s admistered As the effects recede, the respiratory exchange returns,
but not to the normal pattern There 1s then a gradual deterioration of the
circulation and the patient dies from circulatory failure Prolonged sustamed
curanization causes hemoconcentration and a shock like state 11 ammals In
man the blood pressure 15 often decreased due to the muscle relaxation, which
1 turn causes a reduction n the venous return to the heart In general, sub
jects 1 good physical condition suffer no adverse effects from the muscle
relaxants as far as the cardiovascular system 1s concerned

METABOLIC EFFECTS
Liver function renal function, acid base balance, blood sugar, nonpro
temn mtrogen, and carbohydrate metabolism are not disturbed by the muscle
relasants Blood morphology, bleeding time, and clotting time are not
affected Glandular secretions are not nhibited by muscle relasants Smooth
muscle 1s not relaxed by curare or its alliles The drugs are not swtable for
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operatne obstettics because they hiwve no effcct upon the uterus The
muscle relasants pass through the plicenta to the fctus

USES

The muscle relanants are used only when muscle relaxition s required
This statement may appear strange However, some anesthetists use muscle
relaxants routinely whether they are indicated or not Thew use for super
ficnal operations such as cramotonly, mumectomy, plistic operations, ob
stetnes and other mstances in which muscie relazation 1s not required or cn
be obtained without them 1s sndicatine of lach of thought and judgement
The muscle relanants facihitate relasation of the jaw and neek muscles to
accomplish successful intubation Abdonunal surgerv mav be performed with
much hghter whalation ancsthesia than ordinanly would be required with
out them Some anesthetists employ muscle relaxants to ciuse respiratory
paralysis during thoracie surgery Respiration is then maintamned artificially
either by a mechamcal device or by mternuttent insufflation of the bag of
the anesthetic apparatus manually Certan endoscopic procedures such as
bronchoscopy, laryngoscopy, and esophagoscopy are facilitated by use of
muscle relfaxants A combination of the relaxant, a basal narcotic, and topicat
anesthesia 1s used
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ANALEPTICS AND ANTI-NARCOTIC DRUGS
NATURE OF CENTRAL NERVOUS SYSTEM DEPRESSION

The medullary centers are the last of the intracranial centers to become
depressed when central nervous system depressants are admimstered The
fespiratory center 1s one of the first of the medullary centers to become mac
tive and respiratory failure ensues The intracellular metabolic processes are
disrupted by depressant drugs Unless urreversible changes are mstituted
by an excess of the drug, cellular actvity 15 usually restored to normal by
removing the drug In the case of the volatile central nervous system depres
sants, removal of the excess 1s accomplished by artificial respiration A
pressure gradient 1s established from the cells, to the blood, to the alveolar
air, and to the outside atmosphere The problem 1s not as simple with
nonvolatile drugs

Two schools of thought exist on the management of over dosage of central
nervous system depressants One group feels that 1if the circulatory system 1
supported by fluds and stimulants, and 1f ventilation 15 adequately mam
tamed by artificial respiration, 1n due time the drug will be elimnated and
recovery will follow Others feel that therapy 1is indicated with drugs which
reverses narcosis by stimulating depressed centers

NATURE OF ANALEPTICS

Drugs used to reverse narcosis are called analeptics The word analeptic,
which 1s of Greek dernation, means restorative An analeptic 1s usually
defined as being a central nervous system stimulant suitable as a therapeutic
substance to overcome depression of that system Not all central nervous
system shmulants are satisfactory as analeptics Procamne, for instance,
stimulates the central nervous system but 1s useless as an analeptic Strychmne
15 a stimulant also but exerts its effect prnimarily on the spinal cord where its
action 1s of no benefit The most useful stmulants for overcoming narcosis
exert thewr primary action on the medullary centers Some central nervous
system stmulants atropime for example, appear to act i a uniform manner
on the entire central nervous system Others exert therr action primanly
on the cerebrum The medulla 15 stimulated only when large doses of this
type are gwven Caffeme 1n small doses stimulates the cortex Large doses
are required to stmulate the medullary centers Strychmne stmulates from
below upward, the cord first, then the medulla, and then the higher centers
Drugs which stimulate the central nervous system depress 1t as a rule
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when given mn excess The most useful stimulating drugs from a chnical
standposnt act primarily on the respiratory centers

TYPES OF ANALCPTICS

Analeptics may be placed mto five groups according to their mode of
action The first group ncludes drugs whose stimulating action 15 pnimanly
on the vital medullary centers Picrotoxin, nikethamide, and pentamethylene
tetrazole (metrazol) act prmarily on the medullary centers Larger doses
stimulate the cord or the structures above the medulla

The second group ncludes drugs acting reflexly to stimulate vital centers
\ost important are substances acting on the carotid body, which 1n turn re
flexly shmulate the respiratory center Lobeline, various cyamdes, and nico
tine act on chemoreceptors They probably act by inhibiting the respiratory
enzymes n the cells of the receptors The cells respond in the same manner as
they would 1f the oxygen tension were reduced In the face of anoxema, ob
viously, they are of no avail Sensory nerve stimulants such as ammonia, sub
cutaneous ether, and camphor in o1l reflexly stimulate the central nervous sys
tem 1 muld states of depression In severe states of depression they are of no
value Physical agents are not drugs but they should be mentioned 1n this dis
cussion because they are still used by some chmcians Submersion n cold
water, slapping the shin, pressure on nerves, such as the supraorbital, and dila-
tation of sphincters reflexly stimulate the nervous system when 1t 1s mildly de
pressed A severely depressed nervous system rarely responds to such
stimuly

The third group includes drugs which improve the cerebral circulation
and restore the activity of vital centers by overcomung the medullary anemia
accompanying circulatory faillure They usually cause a hypertension by mn
ducing vasoconstriction and improving cardiac output Such drugs are of
hittle value 1n overcommg the effects of central nervous depressants They
are useful, however, in overcoming the depression due to “neurogenic shoch”
such as the type encountered i spinal anesthesia

Drugs i the fourth group stimulate both the vital centers and the cardio
vascular system By this dual action, they stimulate the centers and raise the
blood pressure to improve the medullary blood flow Overlapping exists be
tneen drugs in this and the first group The cardiovascular effects of drugs in
the first group are not of remarhable significance Benzedrine and desoxy
ephednine are examples of drugs which possess a dual action
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not ordinanly use and which 1s catahzed by an enzyme system not influenced
by the narcotic, causes osidation to be resumed The substitution of succinic
acid as the metabolite when the oxidation of glucose has been nterrupted
1s based upon this premise Oxidation then proceeds and recovery occurs In
vitro and 1n some ammal studies, sodium succinate had been effective m
reversing narcosis, but the results chinically 1n man have been disappomting

MODE OF ACTION OF ANALEPTICS

The mode of action of analeptics 1s not hnown Some of the suggestions
made are as follows (1) The drug may neutralize or inactivate the narcotic
This 15 possible but not probable (2) The drug may decrease the concentra
tion of the narcotic in the cell This ihewsse 1s possible but not probable (3)
The analeptic may displace the narcotic from combination with the respira
tory enzymes, notably the dehydrogenases or may act as coenzymes 1n the
oxidation reduction systems In this way 1t restores activity to the respira
tory enzymes This 1s a strong possibility Analeptics usually do not stimulate
respiration in the absence of narcotics Picrotoxin, for instance, may produce
convulsions without mamifestations of respiratory sttmulation On the other
hand 1n ammals narcotized with barbiturates, less than the convulsive doses
of picrotoxin causes respiratory stimulation Analeptics do not avercome
depression of the nervous system due to anoxia or asphyxia

SIDE ACTIONS CAUSED BY ANALEPTICS

Besides simulating the respiratory center, analeptics may stimulate the
other medullary centers, particularly the vasomotor and the vomiting centers
Elevations 1n blood pressure and nausea and vomiting may occur after their
admunstration  Emphasis 1s often placed on the effects of analeptics upon
the heart Little if any increase in cardiac output 1s caused by most analep
tics When an increase does occur 1t 1s usually not of chnical sigmficance with
the currently used drugs When analeptics are used to excess, the stimulation
may be widespread and convulstons may follow Convulsions are more Likely
to occur i muld depressions There 1s a latent pertod from the moment the
drug 15 injected untal the stimulation mamifests itself In severe depressions,
the stimulating action 1s fleeting and short ved The stimulation recedes and
the depression then reappears

OBJECTIONS TO THE USE OF ANALEPTICS
“Many anesthestologists are violently opposed to the use of analeptics
One objection they have 1s that such drugs neither accelerate detoxification
nor facilitate elimination of the depressant drug The body 1s then confronted
with the problem of elminating two drugs mstead of one A second objection
offered 15 that a depression may follow stimulation and that this 1s super
1mposed upon the depression caused by the narcotic This 1s true when an
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excess Is given and convulsions oceur Depression iavariably follows convul

stons precipitated by analeptics A third objection 1s that analeptics increase
the oxygen consumption of cells already depressed by co existing anoxia

Stimulation increases metabolism Any mcrease metabolism 1ncreases
oy gen consumption which of course s undestrable m the face of an already
exsting anouia A fourth objection s that side actions, such as nausea, vom

ing tremors, twitchings, elevation n blood pressure, etc, follow the use
of analeptics A fifth objection 15 that convulsions may follow madvertent
adnumstration to a patient nustakenly assumed to be overdepressed

CURRENTLY USED ANALEPTICS

The more wmportant analeptic and ant narcotic substances 1n present
day use are metrazole, mhethanude, picrotoxin and N allyl nor morphine
(Nalline) Metrazole (pentamethylene tetrazole), stated as being related to
camphor, 15 a mtrogen contmmng heterocyche structure It 1s a water soluble
stable substance which 1s eitective antravenously, intramuscularly, and orally
It sumulates the medullary centers pnmarily A brief latent period of less
than one mmute precedes simulation When administered intravenously a
peak effect 15 obtamed within 2 to 3 munutes, which 15 sustained for a
penod of several minutes more (Fig 20) The stimulation then recedes
sometimes abruptly sometimes gradually, necessitating a repetition of the
dose
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There 1s no remarkable effect upon the normal respiratory center untit
convulsions appear, at which time, of course, the cortex and midbran are
being stimulated Large doses also stimulate the vasomotor centers It 1s
suitable for circulatory collapse of central origin, but not for that of periph
eral origmn or that due to loss of flud The vomiting center 1s stimulated
Nausea, vomiting and retching may occur during stimulation and afterward
The drug 1s rapidly ehminated A convulsive dose 1s detoxified by the liver
1n less than an hour The spinal cord 1s stimulated by large doses Hyper
wrritability from strychnine and other cord stimulants 1s enhanced by metra
zol The drug 1s absorbed from the stomach There s no climcally sigmficant
stimulating effect on the myocardium or conductive tissues, nor 1s there
any appreciable dilatation of the coronary vessels A transient generalized
vasodifatation occurs which may cause a momentary hypotension following
mtravenous mjection

Nikethamide (coramme) 1s the diethylamde of micotimic acid The re
spiratory center 1s stimulated reflexly via the sino aortic bodies There 1s also
some direct sttmulation of the medulla itself Like metrazol, 1t acts effec
tively only in the presence of depression due to drugs Large doses stimulate
the cortex and cause convulsions This stimulation 1s then followed by
respiratory depression and coma There 15 no significant chnical effect upon
the heart Large doses may elevate the blood pressure due to reversal of
depression of the vasomotor center The drug 1s rapidly mactivated pre
sumably by the liver A latent peniod with a gradual bwld up to a peah
effect ke that of metrazol 1s also charactenstic of mhethamude The mn
tensity and the peak effect are not quite as pronounced, nor 15 1ts duration as
long, hawever (Fig 20)

Picrotoxin 15 a non mitrogen contamning substance often referred to as an
amaroid It 1s composed of equ molecular portions of two substances known
as picrotm and picrotoxmm The latter 15 a convulsant Picrotoxin 1s a
biological product obtamned from the berries of Cocculus Indicus, a plant
indigenous to India In normal subjects, subconvulsive doses have no effect
In patients who are depressed from hypnotics, particularly the barbiturates,
the same subconvulsive dose causes stimulation of respiration Emesis may
occur following 1ts use Like metrazol and mhethamide, picrotoxin has a
latent period also, but 1t 1s considerably longer—ten to fifteen munutes at
times A plateau 1s gradually reached which 1s sustained for as long as thirty
minutes (Fig 20) It 1s the most useful of the analeptics i the manage
ment of barbiturate overdosage, particularly when dealing with long, inter-
mediate and short acting barbiturates

N allyl nor-morphine or Nalline 15 an ant1 narcotic This substance 1s pre
pared from motphne by substituting the methyl group on the mitrogen
atom with an allyl group It has recently been mtroduced It effectively

reverses the action of morphme and related alkaloids Its latent period
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1s buef Within one minute the respiratory stimulation 1s apparent Respira
tory depression due to narcotics 1s rev ersed Once the reversal his oceurred,
the action 15 sustamned It differs m thus respect from metrazol, mhethamude,
and picrotouin  The drug 1s also suitable for antagomazing respiratory de
pression due to synthetic narcotics such as methadon, mependine, methyl
morphinan, and msentil Depression due to dihydromorplunone (dilaudid),
herom, metapon, dicodid, and codeine are also reversed It 1s meffective 1n
overcoming depression due to the volatile anesthetics and the non volatile
drugs not classed as narcotics (chloral, paraldehyde, and the barbiturates)
Its mode of action 1s not understood at present Possibly 1t displaces the
narcotic from the enzyme systems Chenucally and pharmacologically related
to N ally] nor morphune 1s N aliyl morplinan which appears also to have
pronuse as an antinarcotic
Alpha Lobeline 1s denved from Indian tobacco which contains three alka-
louds, alpha lobeline, beta lobehne, and lobehdine The alpha lobeline 1s
resolved from the mixture Its action 1s largely on the carotid body, acting
1 somewhat simlar manner as cyamdes and mhethanude It has httle or
no direct action on the respiratory center It causes a brief period of stimu
lation, a gasping type of respiration Large doses depress the heart Its
action 1s brief and transient It possesses a latent period of approumately a
minute Its usefulness 15 limuted to imtiation of the gasp n the new born
Repeated doses may cause circulatory collapse and marhed depression of the
nervous system
Bensedrine and Cafiemne are not chmcally useful respiratory stimulants
because they have httle or no effect on the brain stem unless used 1n large
doses They act pnincipally upon the cerebral cortex They may be used 1n
overcoming the drowsiness which 1s present in the recovery phase of de
pression from barbiturates and other non volatile drugs
Sodum S ¢ 15 a soluble sub e which has been used to attempt
to reverse respiratory depression due to barbiturates It 1s assumed that it
acts as a substrate which 1s oxidized by the aid of respiratory enzymes which
are not nhibited by barbiturates Tissue respiration, therefore, 15 able to
proceed Results in man to date have been disappomting and the substance
15 0o longer used by most clinicians
Carbon Dioxide 1s sometimes classed as an analeptic A depressed respira
tory center rarely responds to carbon diouide If the center were capable
of responding 1t would respond to that which accumulates 1n the blood dur
1ng respiratory arrest and no additional gas would be necessary Its admin
ﬁ:;:tﬁon 15 :mt onlﬁr useless but may be harmful A respiratory acidosis
ad\ers); ?&icst 1:nt!§2e;1rcumstances and further addition may have an
rculatory system Besides excess carbon dioxide

affects cardiac rhythm and causes vasodilatation A hypotensive state may
develop or be enhanced 1f one already exists




144 SELECTION OF ANESTHESIA

REFERENCES
Aoriant J The Pharmacology of Anesthetic Drugs 31d Ed Springfield, Thomas, 1953,

p 107
Abriant, T The Techmques and Procedures of Anesth S 1d, Thomas, 1947,

Apriang, J and hrrr M Chunical expeniences in the use of nalline as an antagonist to
morphine and narcotics an surgical patients Surgery, 33 731 1953

Barrert, R Kk The analeptic effcct of sodium succinate on batbiturate depression
man Anesth & Analg,109 952 1937

Dirie J M Picroloxin pharmacology and use J Pharmacol & Laper Therap, 53
295, 1935

Ecnenttorr, ] E Horrman G L, Driees R D N Allyl Normorphine an antagomist
to the opiates Amesthesiology 13 242-251, 1952

GooomaN L and GrustaN A The Pharmacological Basss of Therapeutscs New York,
Macmillan 1941 p 267

Prcarerr L L and Riciarns R ko Pentothal metrazole antagomsm Amer J Physiol,
84 202 1928

Scrsupr C F Carotid smus reflexes to the resporatory center A J Physiol, 107 94,
1942

Tuccr J H, Brazier, MARy A Miuecs, H W TINesiNGER ] E A study of pentothal
sodium anesthesia and a cntical 1nvestigation of the usc of succinate as an antidote
Anesthesiology 10 25-39 1949



X1v
VASOPRESSORS AND VASOCONSTRICTORS

MODE OF ACTION

The terms vasoconstrictor, vasopressor, sympathomimetic and adrenergic
drug are used interchangeably by most chmcians There 15 a difference be
tween these terms however, although mn certan mstances 1t 15 shght Vaso
pressor responses are caused in a number of ways (1) The drug acts by
direct lation of the tor center in the medulla Carbon dioxide
1s well known for its central shmulating action (2) The drug may act upon
the autonomuc gangha and raise the blood pressure by direct simulation
Useful therapeutic agents acting mn this manner are not available (3) The
drug may act on the adrenergic nerve endings and stimulate the receptor
substance Epinephnine and 1its allies act m this manner Such drugs are
called adrenergic drugs (4) The drug may stimulate smooth muscle directly
and cause arteriolar constriction Pitwitary extract acts in this-manner
Substances which act on the receptor organs of the autonomuc nervous
system are the most widely used and the most important vasopressors
These substances stimulate adrenergic post ganghomic nerve fibers

CHEMICAL NATURE

The majonty of vasopressor drugs are amumnes of which several types
exist The better hnown and most useful are aromatic amuines Epinephrine,
ephedrine, neosynephrine, benzedrine, arterenol, desoxyephedrine, and so
on, all fall into this category They are composed of an aromatic nucleus to
which 1s attached a chan of two or three carbon atoms A primary or sec-
ondary amuino group 1s attached at the opposite end of this cham Some
dertvatives also have hydroxyl groups on the aromatic nucleus Epinephnine,
for mstance, has two hydroxy] groups, neosynephnne has one Some com-
pounds, for example, cobeferin, desoxyephedrne, and ephedrine have a
hydroxyl group on the carbon chain attached to the aromatic nucleus Some
have hydroxyl groups on both the aromatic nucleus and the carbon side chain
(epinephrine) Some compounds do not have any hydroxyl group on any
part of the molecule Benzedrine and benzedrex do not The compounds pos-
sessing hydroxyl groups on the aromatic nucleus are easily oxidized and
are therefore relatively unstable A second group of compounds which man1
fest pressor actiity have no aromatic nucleus In other words, they are
aliphatic amines Oenethyl, tuamine, and octin are denvatnes which fall
mto this category Oenethyl, for nstance, 1s 2 methylamino heptane Octin
has eight carbon atoms Aliphatic amines with pressor activity have long
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chans, usually more than six carbon atoms A third group s composed of a
heterocychic nucleus, that 1s a ring containig mtrogen, and various side chains
Others have a cyclic radical on an aliphatic group Privine and cyclopentamine
(clopane) are so constituted Others have both aromatic and heterocyclic
nucler The number of substances manifesting some degree of pressor activity
15 50 great that 1t 1s impossible to mention their chemistry or pharmacology in
this discussion Only those of interest to anesthesiologists and surgeons are
discussed

All anunes whether primary, secondary, or tertiary are basic Aqueous
solutions are alkalne They form salts with mineral and organic acids The
bases are poorly soluble 1n water, but soluble 1 organic solvents and o1ls
The salts are water soluble The stabihity varies Compounds contaming
hydroxyl groups are less stable than those which do nat

PHARMACOLOGY

In general these compounds are vasopressors, that 1s, they raise blood
pressure They are vasoconstrictors and decrease the cross sectional area of
the vacular bed They cause sympathetic stimulation 1 organs mnervated
by postganghonic, adrenergic fibers These derivatives are qualitatively
similar, although quantitatively they may vary widely in their responses
Some compounds act on the vascular bed of one organ causing a constriction,
but have no effect or may even dilate the vessels of other vascular beds
m other parts of the body Epinephrine constricts vessels in the skin and
the splanchnic areas, but dilates the vessels in the muscles and in the heart
Others such as pitwitrin cause generalized vasoconstriction No differentia
tion 1s made from one vascular bed to the other

The 1nterest in vasoconstrictors and Vasopressors 1n anesthesiology 15
threefold (1) they are used for vasoconstriction to prolong the action of
local anesthetic drugs, (2) they are used as vasopressors to raise the blood
pressure i hypotensive states, and (3) they are used as analeptics to
stimulate the cerebral and medullary structures

Epmephrine 15 the best known, but the least useful of these amines as
far as pressor effects during anesthesia 18 concerned In general, eptnephnine
1s fleeting 1n 1ts action, causing tremor and tachycardia, and 1s not a suit
able pressor substance Tt increases cardiac wntability and causes a disturb
ance n rhythm In addition 1t may decrease peripheral reststance by dilating
certain parts of the vascular system Arterenol or norephrinephrine 1s used
to raise blood pressure 1 hypotensive states but must be admmistered by a
contmuous mfusion because its action also 15 evanescent This substance
causes a generalized vasoconstriction It 1s used successfully m hypotensive
states which do not respond to fluids and other vasoconstrictors suitable
for controlling hypotension The most useful vasopressor drugs from the
standpormnt of anesthesia are those having a prolonged sustamed action Most
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wmportant 1 this category are ephedrne, desoxyephednine, neosynephnine,
vasonyl, and oenetlyl  These substances admiistered intrimuscularly or
intravenously cause a sustuned pressor effect Prtuttrin acts by stimulating
«mooth muscle directly There 15 some cvidence that 1t acts upon the
capillanes also The clucl objection to pituitnin and pitressin 1s that they
cause the coronary \essels to constnet and wnduce myocirdial 1scherma
Sympathomimetic drugs apparently do not hive this cffect As a matter of
fact, evidence custs that they act in the reverse manner

USE FOR HYPOTENSION

The success of +asopressors m overconung hypotension depends upon
the mechansm causing the fall 1n blood pressure Vasopressors are not
sutable 1n hypotensie states due to a loss of flwd and reduction tn bleod
volume Vasoconstriction 15 present or has been present for some time 1n
these situations The bypotension indicates that mechantsm has failed Add
tional attempts at vasotonstniction may huinder the situation rather than
better st Vasopressors are smtable when hypatension 15 of nervous ongin, that
15, 1 “neurogemc shock ”” Hypotension of the type which occurs during spinal
anesthesia, after traction on the mesentenies or after stimulation of the
penineal areas, and so on may be overcome with vasopressors In situations
n which the hypotension 1s due to flmd loss after flud deficiency has been
corrected, the cautious use of vasoconsinctors may be of benefit 1f the blood
pressure 1s not at its pre hypotensive Jevel Most vasopressors exinbut the
phenomenon known as tachyphylaxis Successive doses of 1 drug have pro-
gressively less effect until @ pomt 1s reached where the drug 1s no longer
effective, or may even have the opposite effect After a third or fourth dose,
the vasopressor response to ephedume disappears or 1s shght (Fig 21)

CHARACTERISTICS OF A SUITABLE
VASQPRESSOR DRUG

In general, a switable vasopressor 1s one which restores the arcufatory
system to 1ts normal pre hypotensive state Some drugs elevate the blood
pressure and correct the hypotension, but do not necessanly restore the
vascular system to normal For mstance, neosynephrine intravenously causes
an abrupt nise 1n both systolic and diastohic pressures, widens the pulse pres
sure, and slows the pulse (Fig 22) Such a situation i regard to the vaseu-
Iar system did not ewist before the hypotension developed The 1deal drugis
one which restores pulse rate, systolic, and diastohic blood pressures to the
pre hypotensive state None accomphsh this but some cause less dernge-
ment than others In general, ephednine and desovyephedrne restore the
vascular system to as near a pre hypotensne state as possible s far 1s
blood pressure and pulse are concerned Most vasopressors stimulate the
sympathetic division of the autonomic nersous system 1 such 1 mnnner
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CLINICAL RECORD ANESTHESIA
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Frc 21 The blood pressure after 25 mgm of eph Iymah state due

to spinal anesthesia Note the rather abrupt nise i systolic pressure and the less proportionate rise
1n diastolic pressure and the wncrease 1n pulse rate Note the tachyphylaxis which results from
repeated admmstration of the drug

that side actions such as nausea, vomiting, pallor, dilated pupils, tremors,
arrhythmias, and so on occur The drug selected therefore also must be free

of side actions
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Fio 22 The effect of nteavenous neosynephenne upon the blood pressure Note the abrupt
1s¢ in systolic and duastolic pressures The diastohe pressure 13 elevated above the pre-hypoten
sive Jevel Note the bradyeardia which develops This is probably reflex in ongin mediated

through the carotid sinus Note the wide pulse pressure and the comparatively brief perdod of
action

DETOXIFICATION

The majonty of drugs possessing sustained vasopressor actin are slawly
detoxified 1n the body Lpmephnne, and norepmephrine quickly under
g0 oxidation or dearmumazation For that reason thewr action 1s flecting
Lphednine, on the other hand, 15 slowly destroyed and elimimited wiich
accounts for the sustamned action In a generit way the same 1s true of other
drugs in the group

REFLEX CIRCULATORY EFFLCT
Some vasopressor drugs cause slowing of the pulse, others an mcrease
In rate The bridycardia 13 most hikely due to a reflex stumulation of the
carouid simus as a result of the increised persphernl resistance 1n the face
of an creased cardiac output Neosynephrme behaves m this manner
Others cause a bradycardia by vipal stmulation (vasoxyl) Tachyerrdia s
due to strmulatson of the cardio acedertor nerves
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USE TO PROLONG LOCAL ANESTHESIA

Although numerous amines have been used for vasoconstriction to pro
long local anesthesta, ephineprine 1s by far the most effective Heretofore,
interest 1 vasoconstrictors was linuted to nerve bloching or to local infiltra
tion In recent years there has been a growing tendency among anesthest
ologists to combine vasoconstrictors with the spinal anesthetic drug to
mtensify and prolong anesthesia Controlled studies 1 man indicate that
epmephrine prolongs spinal anesthesia approximately 60 per cent Arte
renol acts almost as effectively, being about 10 per cent less effective
Prtustrin, which of course 1s not a sympathomimetic drug, 1s equally as
effective as arterenol In the order of decreasing efficiency are epinephrine
arterenol, pitwitrin, and neosynephrine Ephedrine, vasoxyl, and oenethyl
are of little or no value m prolonging spmal anesthesia Apparently, the pro
longation 1s due to the vasoconstriction which retards absorption of the
drug from the subarachnoid space The vasoconstrictor 15 slowly absorbed
from the subarachnoid space The pressor response noted when a drug 1s in
Jected mtravenously, intramuscularly, or subcutaneously does not occur after
mntraspinal mjection The amount of epmephnne which 1s effective 15 025
mgm to 05 mgm for every 100 mgm of procame or an equvalent weight of
another drug There 15 no evidence that the addition of a vasoconstrictor 1n
any way causes neurologic damage or delayed neurologic sequela

USE AS ANALEPTICS

The stimulating effect on the central nervous system vares with each
drug Some, hke benzedrine, dexedrine, and metamphetamne have 2
pronounced effect on the cerebral cortex Others have httle or no effect
In general 1t may be said that whatever beneficial responses are obtamed 1
the management of respiratory failure when the sympathomimetic amines aré
used are due to the peripheral vasoconstriction which improves the cerebral
blood flow or to an increase m cardiac output caused by the myocardial
stimulation Vasoconstrictors are without effect when the medullary centers
are depressed by anoxia, carbon dioxide excess or central nervous system
depressants, particularly when cerebral blood flow 1s adequate
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XV

HYPOTENSIVE ANESTHESIA AND
HYPOTHERMIA

A recently popularized mnovation of susgery 15 a technique referred to
as hypotensie anesthesia ” Actually the term hypotensite anesthesia 1s a
nusnomer The terms dchberately wduced or plentional hypotension are
more accurate descriptions of the techmque As i the case of many sup
posedly new items in medicing, the techmgue 15 @ revival of an old estab
lished printiple It has beea known for some time that sympathectomized
amals tolerate blood pressures at shoch levels resulting {rom hemorrhage,
without apparent harm for longer periods of time than these whose vaso
motor control 1s intact The object 1n intentional hy potension 15 to mtersupt
the norma) vasomotor control and induce 3 hypotension to mummize the
effects of hemorrhagic shock Fhus hypotension 1s wduced 3t 3 time when
massie hemorrhage s antsapated The techarque therefore 1s one that s
adaptable to formudible types of surgery in which uncontrollable hemotrhage
occurs or 1s a possibiity The hypotension suppesedly reduces the amount
of blood loss due to “cozing

I h as the v control rests wath the auteromic nervous
system, it 15 this system which 1s the site of altack The autononuc nervous
system consists of a plexus of nerves and gangha, which supply the heart,
blood vessels, glands, and viscera The vascular system 15 supplied both
by vasoconstrictor and svasodilator fibers A blochade or whibition of vaso
constrictor impulses or an merease of dilator impulses causes an sncrease m
the cross sectional area of the vascular bed Presumably the blood volume
15 not disturbed when thus 15 done A dispanty between the total blood
volume and the volume of the vascular space is established Increasing the
total volume of the vascular compartment may be accomplished i a vanety
of ways There are a number of sites where one may attach the autonomic
nervous system One may use 2 drug which acts on the autononue centers
i the midbrayn The sympathetic center located in the hypothalamus trans
mits impulses which mncrease vasoconstrictor tone

A drug which depresses this center reduces the number of impulses and
vasodilatation occurs Apresohine 1s 2 drug which acts i such & mapner The
;l:)ew z‘f’ :preTs}c:lme for thuleuswn duning surgeal anesthesia 1s not practical
ey “:' ulse: ;y;;;;a: a;txcofenters and ;;;‘irasympnthehc centers fransmt
P p) ies o he I m;rc‘ix:tir i the n}edulla ‘The vasomotor center
o by asing doa y s One may cause vasodilata

gs which act upon the vasomotor center If the vasomotor
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USE TO PROLONG LOCAL ANESTHESIA

Although numerous amunes have been used for vasoconstriction to pro
long local anesthesia, ephineprine 1s by far the most effectne Heretofore,
nterest 1n vasoconstrictors was limited to nerve bloching or to local infiltra
tion In recent years there has been a growing tendency among anesthest
ologists to combine vasoconstrictors with the spinal anesthetic drug to
itensify and prolong anesthesiza Controlled studies in man indicate that
epinephrine prolongs spinal anesthesia approximately 60 per cent Arte
renol acts almost as effectively, being about 10 per cent less effective
Pitwitrin, which of course 1s not a sympathomumetic drug, 1s equally as
effective as arterenol In the order of decreasing efficiency are epinephrine
arterenol, pitustrin, and neosynephrine Ephedrine, vasoxyl, and oenethyl
are of Iittle or no value 1 prolonging spinal anesthesia Apparently, the pro-
longation 1s due to the vasoconstriction which retards absorption of the
drug from the subarachnoid space The vasoconstrictor 1s slowly absorbed
from the subarachnoid space The pressor response noted when a drug 1s 1o
jected mtravenously, mtramuscularly, or subcutaneously does not occur after
mtraspinal mjection The amount of epmephrine which 1s effective 15 025
mgm to 05 mgm for every 100 mgm of procame or an equivalent weight of
another drug There 1s no evidence that the addition of a vasoconstrictor 11
any way causes neurologic damage or delayed neurologic sequela

USE AS ANALEPTICS

The stimulating effect on the central nervous system varies with each
drug Some, hike benzedrine, dexedrine, and metamphetamne have a
pronounced effect on the cerebral cortex Others have little or no effect
In general 1t may be said that whatever beneficial responses are obtained 1
the management of respiratory failure when the sympathommetic ammes are
used are due to the peripheral vasoconstriction which improves the cerebral
blood flow or to an increase mn cardiac output caused by the myocardial
stimulation Vasoconstrictors are without effect when the medullary centers
are depressed by anoxia, carbon dioxide excess or central nervous system
depressants, particularly when cerebral blood flow 1s adequate
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wrgery Hoamethomum {tequeatly wduces 1 sustaned hypotenston which
1s not caaly rever ed Ltamon frequently has 1 flecting 1ction and hypoten
won 1 not casily conteolled Two newer preparitions which are being studied
are Atfonad and Pendionnde Both dugs appear to be contrilable and short
acting They permit greater control of the blood pres ure wnd prompt re
versal of the vasodilatation when 1t 1s de ited to wtercupt it The method of
uung ganghome blocking agents 13 the mo t popular and the most effective
way of mduang controlled hypotension

SYMPATHOLIC TYPL Ol BLOCKADE

If dested the vasodiatation muy be obtuned by cauang a blockade at
the nenve endings of the autonomic ncrious system A sympathelylic or an
adrenohitie drug may be used Dibenanune Priscol, and Benodune are ex
amples of druas which cauce a blockade at the sympathenc nenc endings
Although these drugs are cffective, they are used less frequently than the
ganghomie blocking agents for induaing hypotension during surgery

SMOOTH MUSCLE DEPRESSANTS

One may go beyond the nenve endings and admumister a drug which de
presses the smooth muscle of the vascular bed directly The mitrates and
mitntes may be used for this purpose However, they are not controllable or
ther actions are cvanescent, and for this reason hypotensive anesthesia 1s
rarcly mduced by ther use

ARTERIOTOMY

The blood pressure may also be lowered by reducing the blood volume
by employing the procedure hnown as artenotomy A canula s placed into
the proximal end of the divided radial artery at the wnst The distal end
15 higated Blood 1s withdrawn temporanly nto a flash contaimng an ant-
coagulant, usually hcpann or sodium citrate’ A monometer 15 placed 1n the
system so that the blood pressure can be read directly As soon as the need
for hypotension 15 over the blood 1s re transfused ito the artery under
pressure Obviously in this method the sascular system retans its vasomotor
control and the generahized vasodilatation which 1s desired 1n hypotensive
anesthesia 15 not present In due time irreversible shock miy occur Ire
quently when this teehmique 1s employed 1t has been noted that all the blood
withdrawn cannot be replaced Presumably this occurs because the general-
1zed vasoconstriction resulting from the hemorrhage has caused the vascular
bed to shrnk 1o size Arterlotomy 1s a tedious, cumbersome procedure and
not easily managed Certamly 1t 15 not as simple as injecting a drug ntra-
venously as 15 done when the ganghonic blocking agents are used It must
be remembered also that it Involves sacnifice of the radial artery
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center 1s depressed, the vasoconstrictor component transmits fewer impulses
to the vascular bed, and dilatation occurs Narcotic and hypnotic drugs are
used to accomplish this to a certain extent Basal narcotic doses of barbitu
rates in combimation with morphine are used to depress the center This
technique has been employed by some otolaryngologsts for the fenestration
operation The disadvantage of this techmque 1s that the other centers 1 the
medulla, notably the respiratory centers, are depressed along with the vaso
motor center

If a drug which stimulates the vasodilator component of the center 1s used,
more unpulses are transmitted via the vagus and a dilatation of the vessels
occurs The veratrum alkaloids are said to behave i this manner Likewse,
they are not of practical use during surgery because of lack of controllability
The attack of vasomotor control by mfluencing the medullary centers, then,
1s of no practical sigmficance from the standpoint of surgical anesthesta

The pre ganghonic fibers emerge from the spinal cord and pass to the
sympathetic ganghia which 1 turn send post ganglionic fibers to the blood
vessels One may attack and cause a blochade of the pre ganghome fibers
as they emerge from the spinal cord No impulses are transmitted and vaso
dilatation occurs This may be accomplished by inducing spinal anesthesia
of the extent referred to as total spinal block In total spinal bloch the entire
cord 15 bathed by the anesthetic drug Anesthesia extends to the upper cervi
cal segments Respiratory paralysis 1s managed by using artificial respiration
This techmque has been used largely by the British Its chief drawback 1s its
lack of controllabiity The blood pressure often 1s completely imperceptable
and nstances of cardiac arrest have not been uncommon Peridural mjection
of a local anesthetic drug acts 1n the same manner as subarachnoid njection
Larger doses of drugs are required Peridural injections are somewhat more
difficult to execute techmcally The same dangers and lack of controllability
exist in this techmque as with total spinal block

GANGLIONIC BLOCKADE

The ganglta themselves may be blocked directly by injecting procaine
paravertebrally This 1s somewhat tedious and 1s not as effective in securmg
the generahized vasodilatation which 1s desired Ganghonic blockade 1s more
effectively obtained by using drugs which act systemically A number of
ganghome blocking agents are available for this purpose It 1s well known
that nicotine, curare, and similar substances cause paralysis of the autonomic
gangha These drugs however are not satisfactory for chmcal use More
recently hexamethomum or Cs has been introduced to reduce the blood
pressure 1n hypertensive patients Tetra ethyl ammonium chloride (Etamon)
has also been used for the purpose Neither hexamethonium nor tetra ethyl
ammonium chlonde are entirely satisfactory to wnduce hypotension dumng
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dihtor drug 15 admmstcred mtravenously  Usually the blood pressure 13
mamtuned between 60 1o 50 mm Hy 111t ss muntamed 1bove 80 mm Hg
the results are not satisfactory  Bleeding continues and 18 not curtnled The
techmque controls only the ‘ ooze * and not the bleeding from major s <cls
which 1re vovered

LFILCTS O POSTURE

The blood in the v aecular <pace s influenced by gravity after the blockade
18 induced and may be <hifted about 2t wall The blood pressure may be
reduced further by climing the pitient o tht the head 1s up 1nd the fect
are down 1f the blood pressure falls below the desired depth the head may
be tlted downward and the feet rused In this poution the effects of gravity
cause ananctea e in the amount of blood retumed to the heart 1nd brin and
the blood pressure then nses Ater the dencrvation 18 instituted the blood
pressure 15 controlled by varying the postion of the patient until the cfiects
of the drug wear off The dose then s repeated It s advisable not to allow
the blood pressure to fall below 60 mm H,, Blood must be replaced as lost,
otherwise irrercrable shock may oceur These patients do not tolerate blood
loss It 15 noteworthy that little mesthetic 1s required dunng the peniod of
hypotension The depth of anesthesia necessary 15 nowhere near 1s great as
that which 1s required without hiy potension

DURATION

The penod of hy potension should be as brief as possible, not to exceed one
hour as a rule At the conclusion of the portion of the operation requinng,
the hypotension the blood pressure may be raised by tilting the patient or by
njecting a vasoconstrictor drug such as ncosy nephenn, arterenol, or desoxy
cphedrine In some cases a combination of tilting and vasopressor drug may
be required to restore the blood pressure to normal T'luids are not necessary
if blood lost has been replaced Prolonged hypotension increases the ma
dence of complications The most frequent complication noted n the post
operative period is slow recovery Patients remain m a depressed state for
many hours The second most frequent complication 1s reactionary hemor
rthage Bleeding pomnts wlhich have not been detected and higated before
closure may resume blecding when the blood pressure nises Anurin cerebral
thrombosis apoplexy coronary thromt and pul y embolus hwe
been reported Decerebration and other evidence of damage to the brain due

to inadequate blood flow 1s a possibility and a comphcation which has been
reported

One cannat deny that the techmque facilitates the more formudable types
of surgery If used with discretion 1n malignant conditions 1t 15 a worthwhile
procedure notwithstanding the possible complications Tt 1s not an anesthetic
procedure by any means The anesthetist merely exccutes the techmque
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USES OF HYPOTENSION

As mentioned previously, the chief use of controlled hypotension 1s for
situations m which considerable bleeding 1s anticipated The hypotension 1s
induced at least 10 minutes prior to the moment the bleeding 1s anticipated
If 1t 15 not reduced before this time, 1t 1s not always effective A relatively
bloodiess field results for a brief period so that the surgery may be accom
phished with greater case and with a nunimum of blood Joss Controlled hypo
tenston facilitates neurosurgery, particularly when vascular tumors are
removed, various forms of plastic surgery, surgery about the head and nech
n which bleeding 1s anticipated, vascular surgery, and radical pelvic surgery
In the hght of our present hnowledge, the techmque 15 best reserved for
patients who have malignant disease or bemgn conditions for which opera
tion 1s a necessity but 1n which blood loss may cause loss of life

COMPLICATIONS AND HAZARDS

Obviously there are complications and hazards in using a method of this
sort It cannot be employed routinely for every case The relaxation of the
vascular bed reduces the blood flow through vital organs If the cardiovascu
lar system 1s diseased, the incidence of complications and untoward reactions
and undesirable sequelac mounts Circulation time 1s prolonged sometimes
twice the usual figure If the coronary arteries are diseased, the myocardum
does not recerve an adequate blood supply and coronary msufficiency follows
Some of the fatahties which have occurred during and after the procedure
have been due to coronary thrombosis The bramn likewise may suffer dam
age, due to the lack of nounst or oxygen defi y ‘The same patho
logic findings found after a period of acute anoxia are noted under these
circumstances also The slowmg of the circulatory stream n patients who
have sclerotic vessels predisposes to thrombosis Emboli may pass to various
organs Lmboli are found more frequently m the cerebral vessels Cerebral
thrombosts and coronary thrombosis appear to be the most frequent com
plications of the techmque

At least 60 mm Hg pressure 1s necessary to maintain adequate blood flow
through the kidney If the blood pressure remains below this level for any
length of time filtration ceases and damage to the tubules may result Anuria
then follows m the post operative period The picture 1n these cases 1s sunilar
to that noted in the lower nephron syndrome Lvidence exists that renal dam
age appears days after the techmque has been used even though function 15
not disturbed during the operation

LEVEL AND CHOICE OF ANESTHESIA
In executing the techmque the patient 1s anesthetized n the usual manner
preferably with ether or 2 drug which does not cause vasodilatation Ten to
fifteen minutes before the anticipated time of excessive bleeding the vaso
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Local hypothermitr (rcfngerstion anc the 13) 13 occvionally employed
Conduction 15 bloched by cooling 1 nenve trunk 10 4 C Ane the 11 may be
obtuned by pplyng 2 tourniquet to 3n extranity which 1s to be ablted
and «utreunding it with ace for ceversl honts Ane the 1113 20 to 30 min
utes after diarding the e This s hardly <ufnicient duration for most
apcrations: The procedute however ha wome mesit for poor risk patients in
whom delaving 1 urgent eperation would ncicase the chances of sunaval
This 15 w0 becaure, in teality, one performs 2 phy aologeal amputation when
usng the techmiue The ab.orption of bictern) and other noxious sub
tances from a discated eatrennty ccases and one then 1s free toanstitute
preopaative preparations such as digtihzation, wdmimstration of blood,
restoring flwid balnce and <o on before procceding wath the opetation The
axtramity my be Lept tefugerted for over 24 hours if nece. s1ry without
undue harm to the patient

REFLRINCES
Hasrnes J 1 and Lttty DAL Control e 1 hypo €31 110 3.0sthes a Lanced 11297
i9°3
Mooy M) Sanesr S J and Coriar ) B The imtraves sas wie of atfonad.
dnesther logy 14 215 225 1953
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because he ordinanly watches the blood pressure for the surgeon and 15
the posttion to direct its management The procedure 1s actually one of
mterrupting the vasomotor fibers to obtain vasodilatation

HYPOTHERMIA

Central nervous system depressants mnactivate the heat regulatory centers
The body temperature of an anesthetized patient tends to approach that of
the environment In warm surroundings, hyperthermua develops, m a cold
environment hypothermia The sweating mechamsm ceases to function Cool
ng no longer accurs by evaporation and body heat 1s lost only by radiation,
conduction or convection Under ordmnary circumstances, such as are en
countered m hot or cold operating rooms, the body temperature fluctuates
3 or 4°C ether way from normal However drastic coohng can be accom
phished by the use of ice A recent innovation in surgery 1s the use of hypo
thernna as an adyunct to anesthes:a Temperatures ranging from 28 to 24°C
are attammed The metabolism of the tissues 1s reduced considerably by such
cooling Thus reduction 1n metabolism 1s advantageous for surgery m patients
who have low arterial oxygen saturation, as for example, that wlich accom
pantes certain congemtal heart lesions characterized by cyanosis It may
make surgery possible in debilitated subjects or 1n situations requiring tem
porary occlusion of shunting of blood through a major vessel

The cooling can only be accomphshed 1f anesthesia or basal narcosis 15
induced with a central nervous system depressant The patent 1s then cooled
by 1mmersion 1n a tub of 1ce water or by wrapping mn a special blanket com
posed of coils through which ice water flows or by surrounding the body
with 1ce packs or by placing in a specially constructed refrigerating umt
Constant monitormg of cardiac action with an electrocardiograph, continu
ous recording of body temperature and periodic blood pH determunations are
necessary because serious irreversible physiologic disturbances occur as the
temperature falls below 30°C Artificial respiration 15 necessary because
spontaneous respiration ceases at 28°C Cardiac irntability increases
markedly at 24°C Ventricular fibrillation may occur A respiratory acidosis
occtirs due to carbon dioxide retention The cardiac trritability and the pos
sibility of ventnicular fibnilation are further enhanced by this carbon dioxide
retention Forced ventilation 1s necessary to control the blood carbon dioxide
tension The ventrnicular fibnillation 1s difficult to reverse once 1t occurs

Acquired heart disease 15 considered a contramndication to the use of
hypothermia Shivering during the cooling 1s controlled by admmstration of
additional basal narcotic or anesthetic Shivenng predisposes to ventricular
fibrillation Frost bite and fat necrosis are possible technical complications
from mproper cooling Cooling by the use of drugs alone (Thorazine) has
been described by certain European workers but appears to be of doubtful

practicability
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interferes with ventilation and presants <atidfactory highteming and deepening
of anertheua The endotzacheal tube oviates these difticulties

MLTHODS Ol PLRI ORMING LNDOTRACHLAL
ANLSTHLSIA

The catheter 15 plced an the traches by expoang and visnlizing the
larynx wath a lanngowope The catheter 13 intsoduced under direct vision
The ancsthetict s Taryngo cope 13 ammiar in punaple to that used by Teyn
gologints but g ampler an deagn The electnie current for allumination s
derved from dandud dry cdls v ed for flashhights These are pliced
the handle of the mstrument (big 23} The blade 1s flat and broad instead
of circular as in the conventional type of lrynaotcope used for bronchos
copy This permuts visuahization of the larynx duning mtroduction of the
catheter

The cathcter may be introduced through the mouth 0 which case the
procedure 15 called or I endoteacheal sntubation 1t m1y be introduced
through the nove m which cave 1t 1« called nasal endotracheal smtubation In
nassl intubations a catheter v ntroduced throuph ather nostnil into the
pharynx Due 1o the cunature of the catheter and the anatomic position of
the larynx the catheter may be passed into the trachea bhindly in most
arcum tances This procedure 1s called  blind * nasal mtubation Sometimes

Fic 25 Vanous ;
ybes of laryngoscopes used for intratracheal anesthesia. The blades particy
larly the beak and the cursature have Leen modified to Wt needs w vanous <numos;
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ENDOTRACHEAL ANESTHESIA

DESCRIPTION

The term endotracheal anesthesia indicates that a catheter 1s placed in
the trachea dunng general anesthesta Before the use of non volable
drugs became widespread, the term indscated that inhalation anesthetics were
conducted from the inhaler into the trachea through the catheter The pn
mary purpose of the catheter 1s to provide an airway Actually the catheter
estends the trachea to the lips or nares

USES

During general anesthesia the muscles of the neck, the tongue, the
pharynx, and the jaw become relaxed The tongue sags backward As it does
the epiglottis swings posteriorly and occludes the pharyngeal passages to the
trachea Respiratory obstruction results The catheter provides an unim
peded awrway under these arcumstances The catheter also permuts the
anesthetist to exert positive pressure when indicated A smaller inner catheter
may be introduced 1 the tracheal catheter to remove excess secretions This
1s important dunng thoracic surgery, partrcularly mn cases of suppurative
diseases of the lung One important function of the endotracheal catheter
15 to prevent laryngeal spasm When the pertosteum 1s mcsed or traction 1s
made upon the abdominal viscera or upon ntrathoracic structures, or when
the permeal structures are mampulated or when the rectum 1s dilated, certain
reflexes appear which give nise to respiratory and circulatory disturbances
One of the most vessome {eatures of this reflex activity 15 laryngeal spasm
‘This spasm mterferes with ventilatory functions A catheter placed between
the vocal cords obviates this spasm so that anesthesia 1s conducted unesent
fully An endotracheal catheter properly mtroduced prevents aspiration of
vomitus or regurgitated gastric contents This complication 1s frequently
encountered m intestinal obstruction or gastric retention The endotracheal
catheter 1s mandatory for head or nech surgery, because 1t permuts the
anesthetist to have control of the arrway and still allows lum to be out of
the operative field For patients undergoing surgery 1n the prone position, as
m the case of operations about the vertebral column back, occipital area and
so on the use of an endotracheal tube 1s mandatory In surgery of the mouth,
pharynx larynz and trachea, hikewise the use of an endotracheal tube 15
mandatory Obese individuals and others in whom the airway 1s maintamned
with difnculty are best anesthetized with an endotracheal tube in place In
upper abdominal surgery, traction reflexes cause laryngeal spasm which

158
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mietferes with ventilvtion and prevents «utisfictory ightesmng nd deepening
of anestheut The endotrchead tube ovntes these dificulties

METHODS O PLRI ORMING ENDOTRACHLAL
ANLSTHESIA

The catheter 15 placed m the traches by exposing and visuihzing the
Janynx wuth a inyngoscope The catheter 13 inteoduced under direct vision
‘The ancsthetist's Jaryngoswope 1s ssmular in prinaple to thst used by lanyn
gologits but as cmpler i design The clectnie current for diummation 18
derned from standard dry cefls used for fashihts These are pliced m
the handle of 1henstruntent {11g 233 The blade is flat and bLroad mstead
of circular 1s 1 the convention} type of twyngoscope used for bronchos
copy This pernuts vathzaton of the larynx durmg, smiroduction of the
catheter

The catheter may be sntroduced through the mouth, m which case the
procedure 18 called oral endotrackeal mtubation 14 may be mtroduced
through the nace i which case 1 1s catled nasal cndotrackeal tntnbation In
nasal smubations 3 catheter 1s introduced through mther nestrsl mto the
phasynx Due 1o the cun ature of the catheter and the anatonue position of
the larynx the catheter may be passed mio the traches blindly i most
arcumstances This procedute 1s called  lnd’ nasal mtubation Sometimes

Fi5 21 Vanious sypes of la
ryngoscopes used for mtratrachesd anesthesie The blades particu
lasly the beak and the curvature hate been modsfied to Sust needs 1 yamous slluﬁmo:s
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'y

Frc 24 Intratracheal anesthesia by the open oral 15 hished by di a
tracheal catheter by means of direct laryngoscopy replacing the mash and resuming anesthesa
in the usual manner No cuff or pack 1s used. The arcle filter the semi-closed inhaler open mash
or wsufflation technique may hhewise be employed tmstead of the to and fro mbaler shown abote

the catheter does not shp i blindly into the larynx, particularly when ana
tomuc deviations exist The larynx 1s then esposed with a laryngoscope and
the catheter 15 gded 1nto the trachea under direct vision with a forceps
Alfter the catheter 15 mtroduced mto the trachea n the oral techmque, an
oronasal mask 1s placed over 1t and anesthesia 1s conducted 1n the usual
manner The catheter merely serves as an airway Such a technique 15 called
open oral endotracheal anesthessa (Fig 24) When the catheter 15 placed
through the nose and an oronasal mask 1s applied over the face, 1t 15 known
as open nasal endotracheal anesthesia (Fig 25) The catheter may be con
nected directly to a closed circle or to and fro inhaler (Fig 26) When this
1s done the techmique 13 called closed endotracheal anesthesia

In order to prevent gases and vapors from escaping through the space
between the tracheal wall and the catheter, an inflatable cuff may be u<ed to
obtain a tight seal (Fig 27) Some anesthetists prefer to place a gauze pack
moistened 1n normal saline or mneral o1l into the pharynx to obtawn the seal
Cuffs tend to stunulate reflexes, 1rntate the mucosa of the trachea, denude
the epithelium and stretch the trachea In actual practice a perfect seal 1s not
always obtamned with a cuft Pacls may wrntate the pharyngeal mucosa par
ticularly from prolonged contact Like the cuff 1t also does not always assure
a3 tight seal In the event of regurgitation of vomutus, foreign material passes
through the space between the catheter and trachea when the pach 1s used
The possibility of aspiration occurring 1s less when the cuff 15 used, although
1t may happen with either techmque Passage of a nasal tube with a cuff
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Fi¢ 25 Closed nasal tract ral aurway conrected to the closed tnkaler by means of {(F) a metal
elbow Gtted ta (B) a non<ollapuble endotracheal tube and (C) a sleeve and (D) a sbp jant
A gaute pack (1) misnizes leakage of pases and absorbs seeretions and blood dunng the operz.
tion

Fic 26 The closed oral endotracheal technique 15 shown The tracheal arwa;

y 18 connected
to 2 closed mhaler An wfatable ceff (A) allows 2 seal to be made between the tracheal wall ;;d
?;:uﬁxd: ‘:}1‘ the ca,lh;tcr ?a that a completely closed system 1s secured A shp-jomnt (B) con

¢ cathetes to the inhaler The diagram depicts 3 cucle Rlter howey
haler may be used equally as well ” ¢ & to 2nd fro
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through the nose 1s difficult and not practical Packing for nasal endotracheal
lihewise 1s not feasible because nasal catheters are soft and are compressed
or hinhed by the pack as they pass through the oropharynx Pachs are used
to absorb blood and secretions, however Although the term closed nasal
endotracheal 1s used to desenbe the techmque utilizing a nasal catheter and
oral pack, 1t 1s not strictlv correct because the seal 1s not as complete asit s
dunng oral mtubations A large sized catheter which fits snugly nto the
trachea, may be uscd to obtam a near Jeahproof nasal mntubation

TYPES OF CATHETERS

A vanety of catheters are used The safest and most practical catheters
are known as the anode type A thin wire coxl 1s mnterposed between two
layers of thin latex (Lig 27) Such a catheter does not become Linked or
compressed on ordinary usage It 15 atraumatic and easily cleaned and
stenhzed More rigid catheters are made of woven silk or cotton tubes em
bedded m plastic substances They are ngid and suitable only for oral use
Soft catheters made of ordinary rubber are used more often for nasal
itubations rather than oral, though they may be used either way Plastic

Fic 27 A schematic diagram of a closed oral wotratracheal assembly 15 shown The latex
catheter (A) has a wire spiral imbedded in its wall to prevent lunking and coliapse The spiral ends
at {B) so that seetson (C) of the catheter may accommodate the metal slhip jomt (D) Nate that
t+e shp jomt 15 atroduced 33 far as the spiral otherwise lunfung occurs at this pownt Internal
dameter of the slip yont must be the nternal diameter of the catheter Stylet (E) 18 compo ed
of & stou  sem nigd metal rod whieh )s knobbed at either end and fitted with a rubber stopper

ard (F) The end of the stylet rests ceveral centimeters from the bevel (G) Fhe wflatable cuff
() composed of thin latex rubber 1s provided with a .mall catheter (I) attached to a 10 cc
synnge (K) which 1 fitted with 2 short needle (J) A clamp (L) 15 used to pinch the catheter

‘when the cuff 1 wmflated
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Fic 28 Oro tracheal and nasal
metal spiral imbedded 1n 1ts wal
Woodbridge tube with a stylet

tracheal catheters are shown (A) A latex or anode tube with
! (B) A plain rubber or Magill nasal tracheal tube (C) A metal
(D) Silk woven catheters
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tubes and rubber tubes may become hinked or compressed during use Rigid
non collapsible tubes are made of sard rubber or metal Metal tubes (Fig 28)
are of two types, one which consists partly of a solid prece wluch ships nto
the trachea and the remaimnder of a fleuible metal coil which passes through
the pharynx and 1s connected to the apparatus (Flagg), and one which 1s
composed entirely of colled metal (Woodbridge) A thin Jatex shield 15
placed over the coiled portion of these tubes to render them airtight

Most catheters vary in size from 3 mm to 13 cms in diameter They are
nun bered according to the French scale (each 3F = 1 mm diameter) The
wall of a catheter must be thin to occlude as httle of the lumen as possible
but 1t must be suiticrently ngid to prevent collapse and hinking Nasal
catheters must be soft to be atraumatic The internal diameter of an intra
tracheal catheter must be as wide as possible to avoid any decrease mn cross
sectional area of the ventilating passage Catheters average 28 cms 1 length
for adults If they are too long they may pass into the bronch, particularly
the nght one Catheters for mfants and children are made of the same
matenals as those used for adults but must be vaned 1 diameter and length
according to age

ENDOBRONCHIAL ANESTHESIA

For certan types of surgery, endobronchial catheterization may be re
qured This type of cathetenization 1s used for partial or complete pneu
monecton for suppurative diseases of the lung Secretions and purulent
matenial are thus confined to the diseased portion of the respiratory tract The
ustal procedure 1s ta ntroduce a catheter mto the non diseased lung and
completely exclude the diseased lung from the anesthetic system More re
cently catheters of the type used for broncho~pirometry (Carlen Tube) have
been adapted for anesthesia. Cathetenzation of both lungs simultaneously 15
thus possible Thus 1s really two endobronchual catheters fused together 1
the tracheal portion The division 1nto a night and left branch 1s at the canna
Each division passes 1nto the night and left bronchus, respectively

TYPE OF ANESTHESIA NECESSARY FOR INTUBATION
‘The secret of successful endotracheal or endobronchial mtubation 1s to
have the patient completely relaxed so that the larynx may be readily ex
posed and visualized In order to accomplish this, 3 major anesthetic must
be used The cough reflex in the trachea and bronchi must be abolished The
pharyngeal reflex disappears in the first plane of third stage anesthesia, the
laryngeal and tracheal in second plane, and the reflexes 1o man stem broncht
m third plane. Consequently mtrous oxide, ethylene, and vinyl ether are not
satisfactory for endotracheal intubation Ether, cyclopropane, or other anes
thetics which abolish these reflexes must be used Non volatile drugs such as
avertin and thiopental are not satisfactory because they do not abolish the
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trachcobronchial refleacs \s a matter of fict, thiobarbiturates increase the
activity of these reflexes Laryngeal spasm results and the catheter cannot
be mtroduced without ndue trauma In the event the catheter 1s successfully
passed, intense bronehul spasm may be mitated

In cases where obstruction of the air passages exists or the development
of obstruction 15 1ntiapated dunng induction, the catheter 1s placed i the
trachea using topical ancsthesia before general anesthesia 1s induced while
the patient 15 conscious Then ancsthesia 13 induced 1 the usual manner
Edema of the larynx or pharynx, a deviated trachea or tumor masses of the
neck cause such a difuculty and require preanesthetic intubation In cases
i which a trackeotomy 1s present, the apparatus may be connected directly
1o the cannula by means of an adapter and anesthesia 15 conducted in the
usual manner Such a techmaque 1s actually endotrachceal anesthesia

The use of the muscle relaxing agents for mntubation has had a twe-fold
effect (1) It has simplified intubation, and (2) 1t has led to the abuse of
endotrachcal mntubation In localities where anesthesia 1s technically poor it
13 commion practice to combine a muscle relaxant with a thicbarbiturate or
other hasal narcotic No volatle drug 1s used Obviously the patient cannot
protest or tesist because the muscles are flacaid and he 1s narcotized from
the barbuturate Howesver, the tracheal and the bronchial refleses are not
abolished Circulatory changes or broncho pasm may occur from intubating
i this manner In addition excessne amounts of both drugs are necessary
to accomplish the intubation Prolonged depression may follow 1n the post-
operatne period One of the most satisfactory techmques for itubation 1s
to use a basal narcotic and then anesthetsze the patient with cyclopropane or
ether At the time of attempted intubation a muscle relaxant 1s administered
Succinyl choline 1s 1deal for this purpose Anesthesia 1s then maintaned as
usual Intubations, of course, may be performed using chloroform also, but
this agent 1s no longer used in the Umted States

ADVANTAGES AND DANGERS OF INTUBATION

Perhaps no refinement m modern medicine has added so much to the
safety of anesthesia as endotracheal intubation However, comphcations
may anse as a result of faulty techmque The harmful effects of reflex
actity have been mentioned If the intubation 1s performed using hght
anesthesia “buching” elevates the venous pressure and induces “arculatory
strain * Intubation sometimes causes an apnea which 15 reflex in nature This
probably 15 due to vagal sumulation and mnhibition of the nspiratory centers
Trauma perhaps accounts for the greatest number of complications Trauma
results from using force in passing catheters or exposing the larynx with
the laryngoscope Gentleness 1s absolutely essential Most traunia 1s mflicted
when the anesthetist attempts to rush the ntubation or 1f the patient 1s npt
sufficiently anesthetized and relaxed Trauma to the mucosa and to the
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pharynx 1s common Rupture of the pharynx or trachea and tearing of the
vocal cords are complications of endotracheal anesthesia seen from time to
time The mere fact that an endotracheal tube has been inserted does not
necessanly 1nsure against respiratory obstruction The tubes may become
Linked, filled with secretions, blood, or purulent material They may become
compressed, particularly if they are of the soft rubber type

In nfants, particularly if sterile technique 15 not used, even shght trauma
may cause edema of the larynx 1n the postoperative period Most anesthetists
prefer not to intubate children unless absolutely necessary When properly
done with the proper equipment, there should be no objection to the use of
endotracheal anesthesia n children

Fibroma of the vocal cords has been blamed upon endotracheal anesthesia,
but whether or not this 15 the causative factor has never been established
The complication 1s rare Teeth may be broken and the tongue may be cut
or brutsed by techmical incompetence or dificulty Occastonally one hears 2
physician state that he does not “believe” 1n endotracheal anesthesia These
doctors hnow little or nothing concerming anesthesia Endotracheal anes
thesia 15 not a doctrine but a “must ” If asphyxa 15 to be prevented, there
are certain cases 1n which it 1s mandatory Certainly, there are disadvantages
but the advantage of increased safety far outweighs any disadvantages

CONTROLLED RESPIRATION

It 1s common practice to deliberately induce apnea during general anes
thesia This 1s often necessary during thoracic and abdominal surgery to
facihitate the procedure by providing a “quiet” abdomen or mediastinum
when movements of the viscera interfere with surgical mampulations The
anesthetist then breathes artificially for the patient by compressing the
breathing bag of the apparatus rhythmically and intermittently to inflate the
lungs Expiration 1s passive The procedure 1s called controlled respiration
Endotracheal mntubation 1s necessary to safely and adequately execute con
trolled respiration The mnhaler 1s connected directly to the catheter

The apnea 15 induced 1n a number of ways The most common way involves
a combnation of several drugs Usually drugs which depress respiration, such
as the narcotics or the barbiturates, are used with cyclopropane Resipration
15 depressed by the combination The mamipulations of the breathing bag are
carried out forcibly, at first, so that the Herring Bruer reflex inhibits respira
tion by distending the alveok This imhibitory reflex 15 easily activated m the
face of the existing depression In addition, the forced ventilation reduces
the alveolar and blood carbon dioxide tension below the critical level neces
sary to stimulate the respiratory center These three factors, central depres
sion, mhibition of the wnspiratory reflexes and removal of the normal shmu
lus to re-piration, cause the apnea Drugs which sumulate the pulmonary
vagal receptors, such as ether or chloroform, are not swtable for inducing
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apnea in this manner When ether 15 used the apnea 1 short hived unless the
blood level 15 raised to the point which paralyzes the central receptors—a
dangerous prictice When depressant drugs are not desired a muscle relaxant
15 used to completely paralyze the intercostal muscles and the diaphragm
Although not 1 practical method of inducing apnea, respiratory movements
ccase during hypothermia if the enteal level of 28°C 1s exceeded

The effect of prolonged positive pressure on the airway may be detrimental
because the senous return to the hetrt 15 impaired A reduction 1n cardiac
output may induce serious peripheral vascular stasis A number of mechanical
ventilators have been devised to automatically ventilate the lungs durnng
operation  These devices are still i the expenimental stage, and, for the
moment, are tools for the clinical investigator
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XVII
CAUSES OF OPERATING ROOM DEATHS

“Most fatalities which occur during or immediately after general anesthesia
which can be ascnibed solely to anesthesia are due to asphyxsa Next n order
of importance are fatahities due to sverdosage The combination of overdos
age and respiratory obstruction also accounts for a large share of the deaths
Fataliies due to untoward reactions of drugs or misuse of drugs occur less
frequently, but also account for some mishaps

Many fatahties ascribed to anesthesia are shown by careful postmortem
examination to be due to causes nof related to anesthesia Pulmonary embok
due to clots, air, or fat head the list of causes of sudden death not due to
anesthesia Cardiac arrest from coronary artery disease 15 next 1n order of
umportance Other forms of cardiac disease are less common causes of sudden
death Severe untreated shock or irreversible shoch occurs often dunng
surgery but rarely causes sudden death Death 1s usually delayed 1n such
nstances The surgeon and the anesthetist are forewarned of the impending
catastrophe and 1t comes as no surpnse Cerebral accidents are uncommon,
during operation They may be precipitated by some factor concerned with
anesthesia or some technical mismanagement of anesthesia However they
do not usually cause death on the operating table Sudden massive hemor
rhage particularly 1f unrecognized, may account for some fatahties Asa rule,
though, death 1s delayed, as in the case of shock Adrenal nsufficiency,
although uncommon, has been known to cause sudden death during opera
tion

In the absence of postmortem esanunations many fatalities occurrng on
the operating table are ascribed to obscure highly speculative causes The
my thical status lymphaticus has 1n the past provided an excuse and a simple
explnation for many deaths due to techmcal anesthetic errors This syn
drome 1s no longer accepted as a chnical entity by most chmeians If it does
exist 1t 15 doubtful that 1t 1s the causative factor 1n anesthesia deaths Another
over emphasized and convenient aliba for techmcal errors during anesthesia
1s the vago-vagal reflex Controversy exists concerming the relationship
between this reflex and sudden death during surgery The occurrence of this
reflex cannot be demed However, how frequently 1t causes death 15 another
matter One schoo! of thought feels that vago vagal reflexes do occur but do
not cause death except in the face of acute anoxia In well ventilated subjects,
when oxy genation 15 adequate and no disturbance of acid base balance exists,
sudden death seldom occurs irrespective of the ntensity of the offending
vagal stmulus The wnter subscribes to this view

108
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\fost fatahties resulting from anesthesia are unexpected and usually occur
cuddenly, almost without warmng Some are delayed howeser and oceur
during the recovery period Some postoperative deaths result {rom insidious
processes which are not related to anesthesia but which are imitiated duning
the operation Others result from some catastrophe which occurs duning
anesthesia and carries over to the postoperative period

FATALITILS DUE TO ANOXIA

Fatalities due to asphyxia result from (1) @ reduction of the oxygen ten
sion of the mhaled mixture below the amount necessary to mamntain hife, (2)
obstruction to respiration, and (3) Decreased tidal exchange or &y po.enti’a
tron from respiratory depression or respiratory paralysis When the inhaled
oxygen tension 1s reduced to dangerous levels death apparently 1s due to
anoxic anoxa Carbon dioxide excess and anoxa both play a role in deaths
from obstruction and hypoventilation In cases when death results from
hypoventilation the respiratory acidosis may be the causative factor and not
the suboxy genation Experimentally, sentricular fibrillation has been precipt
tated by stimulation of the heart, vag: and other structures dunng respira-
tory acidosis even though no anoxia was present

Inasmuch as overdosage of a central nervous system depressant causes
paralysis of the re-piratory centers, most deaths due to that cause are
asphyxial deaths It 15 possible with most anesthetic drugs to induce respira-
tory failure and still sustain hife by artificial respiration The lethal dose 1s
greater than the dose which causes respiratory failure Accidents due to
administening inadequate concentrations of oxygen are due to many causes
Defective apparatus may fail to deliver the necessary gas flow even though
the instruments indicate an adequate flow Inadvertently placing the wrong
gas cylinder on the yoke of the oxygen cylinder has caused accidents
Helum, nitrous oxide and ethylene cylinders have been mustaken for oxygen
and the error has resulted 1 fatalities Gases of low potency which necessi-
tate high partial pressures in the alveoll to obtan surgical anesthesia may
be adnunistered 1n concentrations above their safe i, particularly when
used for resistant individuals Death then occurs from anoxic anoxia This
type accident has been emphasized i the discussions under mtrous oxide
and ethylene It may also occur when vapors of volatile hquid anesthetics are
muzed with air 1n the open and nsufflation techmques The oxygen 1s diluted
below the safe level and anoxia results

In anemic individuals a partial pressure of oxygen in the inhaled mxtures,
which ordinanly would be tolerated without harm by the average person,

may be fatal Inexpenenced anesthetists who rely upon cyanosis as a g\udé
to the degree of oxygenation may be deluded nto a false sense of secunity
when anesthetizing anemic patients because cyanosis does not appear

these subjects until near fatal anoxa 15 present Deaths due to “demand
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hypoxia” are infrequent In these cases the anesthetist fails to admumister
sufficient oxygen to compensate for any mcrease in metabolic oxygen require
ment during mantenance of anesthesia

FATALITIES DUE TO OBSTRUCTION

Obstruction accounts for many asphyxial deaths The majority of these
are due to aspiration Vomiting, whether 1t occurs during the mnduction period,
the mamtenance phase, or at the conclusion of anesthesia accounts for most
aspiration The patient with a full stomach 1s one of the poorest surgical
rishs from the standpoint of anesthesia Irrespective of the type of anesthetic
desired, whether 1t be local, intravenous, mhalation or spinal, a patient who
has a “full stomach” invariably vomuts during or after surgery, and aspirates
If the gastric contents are fluid, drownng occurs, 1f sohd, they are drawn
into the trachea and bronchy, and obstruction results Any patient m the
supine position who yomits invanably aspirates the vomitus Many clinicians
have the erroneous impression that a patient bemng operated upon under
spinal, local or nerve bloch anesthesia cannot aspirate because the cough
reflex 1s not abolished Irrespective of the activity of the cough reflex the
supine position favors aspiration As a matter of fact the patient undergomng
surgery 1s not n a position to sit upright 1f he vomits during the procedure
He aspirates irrespective of the activity of the cough reflex

Whenever possible the operation should be postponed 1f the patient has
recently partaken of food Gastric lavage 15 of questionable value Often the
situation 18 made worse by lavage becanse more of the lavage fluid 1s retaned
than 1s returned Emetics, hikewise, are of questionable value The only re
course the anesthetist has to prevent aspiration when vomiting occurs 1s to
1]t the patient n a steep head down position and rely upon a well function
ng suction apparatus to remove the vomitus Normally the stomach empties
m approximately four hours This 1s not so i surgical patients however
Apprehension, medication and other factors may delay the emptying time
of the stomach for as long as a dozen hours Regurgitation of gastric con
tents Is not an uncommon occurrence when intestinal or pyloric obstruction
are present Regurgitation and aspiration are more frequent when a gastric
tube 1s 1 place during operation because the patient regurgitates around
the tube and aspirates The skall of the anesthetist 1s of importance 1n these
situations Often vomiting and retching 15 imtiated by prematurely mtro
duced arways or by allowing the patient to become hght

Purulent material suddenly released from a lung abscess as a bronchiectatic
cavity may occlude the large bronchi or pass mnto the healthy portions of
the lung, thereby causing asphyzia Hemoptysis, occurring in patients who
have tuberculosis or bronchiectasis, may hikewise cause fatalities by drown
g Excess secretion of mucus from inadequate pre medication or the omus
sion of the belladonna alkalowds also contributes to fatalities due to obstruc

tion
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The most frequent cause of 1sphyxia 15 obstruction of the airway Al
though this occurs 1 a number of w1y s it most frequently results from the
relaxation or “swallowing” of the tongue and structures in the antenor por-
tion of the pharynx “Swallowing the tongue” 15 actually a falling backward
of this muscular orgn as it becomes relaxed and loses its tone  The epiglottss
then falls bachward and causes obstruction by partly occluding the glottis
A pharyngeal airway or “throat tube™ 15 introduced to support these struc
tures (11gs 29 and s0) In obese ndividualsits difhicult to muntain a com

Fic ¢ Oropharyn,eal agway in posi
tion Note that the airway does not extend
beyond the hypopharynx

Fic 30 Insertion of the oropharyn,

Dot oo oecbhatyogeal aitusy The sirway 1s held in the honzontal

0 1be pharynx with a rotary motion
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pletely patent airway because the epiglottis 1s short and the tissues i the neck
are abundant and flabby Distortions or encroachments upon the airway from
edema (Ludwig’s angina), excess lymphoid tissue, tumor masses, an enlarged
thyroid gland, and laryngeal polyps are common causes of obstruction
Foreign bodies m the awrway such as sections of bridgework, chewing gum,
pieces of tonsil tissue, blood clots, sohd food particles and the hike may
cause obstruction and fatal asphyxia

Vocal cord paralysis, particularly when hilateral, causes obstruction
Laryngeal and bronchial spasm are often blamed for causing death by
asphyxia The possibility of death from this cause cannot be denied How
ever when such fatahties are studied closely, evidence of obstruction, besides
the spasm, 1s uncovered As the spasm 1s released the patient makes a
sudden pronounced inspiratory effort If obstruction 1s present from a relaxed
tongue, secretions or a foreign body and ventilation 1s 1nadequate at this
moment death swiftly follows from asphyxia

Certain fatahities from obstruction result from the mability of the anesthe
tist to maintan a patent airway because the patient 1s placed 1n an awhward
position When the lateral or prone positions are necessary an adequate air
way 15 assured only by a properly placed endotracheal catheter It s almost
impossible for the anesthetist to safely mamntain an adequate airway for
operations performed 1n the head and neck areas without an endotracheal
catheter

FATALITIES DUE TO DEFECTS IN APPARATUS

Mechanieal factors due to defects 1n apparatus may be responsible for
asphyxial deaths Kinking, compressing, plugging or improper placement of
endotracheal tubes cause obstruction Defects 1n the valves and tubing of
the inhaler, or improper use of shut off valves may interfere with ventilation
and cause asphyxia

FATALITIES DUE TO HYPOVENTILATION
AND OVERDOSAGE

Hypoventilation causes both anoxia and a retention of carbon dioxide De
pression of the respiratory center by the drug may imtiate a vicious curcle
which 15 ted by the anowuia and carbon dioxide excess
Fatalities may occur when hypoventilation develops 1 the prone, lateral
or other awhward position and the feeble expiratory excursions are impeded
by the posture Overdosage must be promptly recogmzed and corrected by
artificial resprration If not recogmized, death results from asphyxia The
simpler 1t 1s to adminster an anesthetic, or the more potent and rapid acting
a drug 1s, the easter 1t 1s to attamn a lethal concentration One of the safe
features of ether 15 that 1t can only be administered at a given rate and in
2 concentration which can only be increased gradually to the patient’s toler
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ance Cyclopropine and thiopental re more dangerous than cther in this
rpard Overdosige from rpid adninistrition may oceur ¢astly when the
latter are used

Fatalities due 10 overdosage often result from nonchilance on the part of
the admmsteator In these days of techmques embodymg the use of de
hburatdy snduced 1pie s, resprratery rest due to overdosage 1s often nus
tahen for one due to a rullex or cpan, wnd the patient dies

FATALITICS DUL TO UNTOWARD REACTIONS OF DRUGS

Surprisingly, untoward reactions 1o drugs account for compiratively few
anesthetic deaths Anesthetic drugs which mncrease cardiac irnttbihity may
cause death particularly when admimstered simultancously with non anes
thetic drugs such 1s epinephrne  Halogenated hydrocarbons may cause
cardiac depreswion and asystole before medullary dupression The blood con
centration necessary to depress the heart 1s equal to that or Lven less than
that which 1s necessary to depress the medulla Intolerance to non volatile
drugs such as barbiturates has been responsible for some fatalittes In all
instances i which the drug 1s mcnnunated, more often than not, 1t 15 the
abuse, rather than the use, which causes fatalities The widespread use of
combinations of non volatile drugs, rddaxing agents and inhalation anes
thetics multiplies the hazards of each drug

RELATIONSHIP OF FATALITIES TO CONDUCT
OF ANESTHLESIA

Most fatalities occur exther during the induction period or at the con
clusion of anesthesia They are less frequent during the muntenance phase
There are a number of reasons for this frequency at these times Vonuting
15 more apt to occur during the nduction pertod Asphyvial concentrations
of induction agents such as mtrous ouide or ethylene are given at this time
Patients who become casily obstructed or whose mrway 15 difticult to estab
Iish do so carfy and are 1sphyxiated at this time Once anesthesia has been
established and the dificulties of mduction overcome matters than continue
smoothly 1n most cases If complications develop duning the mamtenance
phase nonchalance, carelessness or thoughtlessness 1re often the underlying
factors responsible

It must not be assumed however that the mamtenince phase of 1nesthesia
1s completely without danger Failure to continue to mantamn 1n adequate
arway and overdosage are the two most frequent techmen) difficulties en
countered during mamtenance Overdosage alone 1s not 2 frequent cause of
death unless the anesthetist 1s thoughtless, inattentne,
tute artificial resprration mmediately when it oceurs Th
tation when overdosage occurs m combation with 1n
shock are decreased The medullary paralysis may be

and does not sty
e chances of resuscy
oxiz, hypercapnin or
difficult or impossible
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to reverse Death may occur promptly if any one of these factors complicates
overdosage

As m the case of induction of anesthesia, the period smmedsately following
the concluston of anesthesta and the immediate post anesthetic period are
fraught with danger The majority of ancsthetic deaths appear to occur at
this tme Again asphyua from one cause or another appeirs to be respon
sible  Aspiration, obstruction, premature removal of the pharyngeal or
mtratracheal airways, swallowing of the tongue and laryngeal spasm are the
usual causes There 15 a tendency for members of the operating team to
relax their vigtlance at this tume and for sentor members of the surgical staff
to relegate the patient to the care of less experienced indnviduals The
thoughtless anesthetist neglects the patient to complete the chast, to arrange
for detals for the next anesthetic or to attend to other comparatnely tnvial
chaores The careful anesthetist observes his patient closely until all reflexes
have returned and the possibility of respiratory obstruction has passed Dur
g the wmmediate post anesthetsc persod the anesthetist must be prepared
ta deal with respiratory obstruction, emesss and other posstble complications

FATALITIES DUE TO INTRAVENOUS USE OF DRUGS

Irrespective of the method of snduction of anesthesta or narcosss, whether
1t be by nhalation, wntravenously or rectally, as long as 1t 15 attended, a loss
of consctousniess the danger from asphyxia exists The intravenous adnuns
tration of central nervous system depressants, combmed with muscle re
lanants and wnhalation anesthetics, 15 popular practice “Intravenous anes
thesia” has ganed populanty since the mtroduction and development of the
witra short acting barbiturates “Intravencus anesthesia” has conmiderable
appeal because 1t may be simply induced and masntained even by the un
shilled and ummtiated Unfortunately this ssimphaty of mduction and mam
tenance appeals most to those who know least about the hazards of anes
thesia and to those who tend to regard anesthesia Iightly

The practice of mamtaming anesthesia wath ultra short acting barbitu
rates alone has long been abandoned in up to date medical centers Today
the barbiturates, when carrectly employed, are used salely for basal narcosis
They are nerther analgesic nor do they provide the muscle relaxation neces
sary for surgery Used without an analgesic, a cumulative action character
wed by distressing circulatory and respiratory depression and prolonged

! follows Individuals whe are not versed imn the fundamentals
of anesthesiology and who are not aware of the hazards of anesthesra m
vanably concentrate thesr attention on the wtravenous njection The wr
way 1s the least of thewr concern and obstruction results Asphywa from
obstruction s as great a hazard durmg intravenous anesthesia as whalation

anesthesia
\fany fatalities occur when the ultra short acting barbiturates are used
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for head and ncch surgery Intravenous anesthesia s selected for operations
about the head and nech by those unfamihar with the hazards of anesthesia
because the anesthetist may be removed from the operative site The fact that
the patient must breathe 1s grven no thought The anesthetist cannot possibly
have control of the airway under these circumstances A few surgeons, for
reasons hnown only to themselves, are reluctant to use endotracheal anes-
thesta In these situations i which the arway cannot be controlled an en
dotracheal catheter 1s mandatory Unless these patients are intubated in these
situations one 15 inviting disaster

FATALITIES DUE TO MUSCLE RELAXANTS

The muscle relaxants are widely used today It has been assumed that
fatahties following the use of muscle relaxants are due to asphyxia resulting
from respiratory paralysis However, a toxic dose exists for cach of these
drugs which 15, 1n most nstances, greater than the curanzing dose In dogs,
even if adequate artificial respiration 1s maintained, a dose five times the
curanzing dose causes death from arculatory falure In a study of anes-
thetic deaths over a five year period Beecher has noted a mortality of 1 to
370 when a muscle relaxant was used as an adjunct to anesthesia in con-
tradistinction to 1 m 1500 when a muscle relaxant was not used This data
15 of a prelimunary nature but ments some study It s Beecher’s impression
that some nherent tomaty of the drug exists which 1s as yet unrecognized
m the laboratory or chimcally

FATALITIES DUE TO SPINAL ANESTHESIA

Regronal anesthesia also has its set of hazards Spinal anesthesia 1s 1deal
for many types of surgery but when misused 1s hazardous The mortality
from spinal anesthesta 1s shamefully high in the light of our present knowl
edge It cannot be demed that spinal anesthesta provides relaxation which
cannot be duphcated by any other method The desire for this extreme degree
of relaxation clouds the judgment of many an operator and leads to the
selection of spinal anesthesia 1 subjects who are unable to withstand the
physiologic disturbances following 1ts induction Death from spmal anes-
thesia has been described under that heading (Page 121) It1s usually caused
(1) by respiratory paralysis or {(2) carculatory falure Both of these
complications appear eatly in the course of anesthesta

The respiratory paralysis results from ascent of the drug into the upper
thoracic and cervical portion of the spmal canal Paralysss of the mtercostal
muscles and the diaphragm follows If immediately recogmized this complt
cation need not be serious However, 1f not recogmzed or 1f 1t 15 over looked
and not treated until the circulation fails, death results from asphyxia The
attentive anesthetist closely observes both the respiratory exchange and
the status of the circulatory system after nducing spinal anesthesia Respira
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tory paralysis 1s easily overcome by artificial respiration by an 1nstantly
available method DMuch nonsense has been written about paralysis of
the vital centers which follows the ascent of the drug mto the medullary
area Long before this occurs respiratory paralysis ensues because the drug
affects the mtercostal and phrenic nerves first Death from this complication
usually occurs in the hands of the occasional spinal anesthetist who neither
recogmzes the complication nor knows how to manage 1t when it occurs
The majonty of deaths from spinal anesthesia are from circulatory col
lapse It 1s a matter of common knowledge that a hypotension accompantes
spinal anesthesia ‘The mechanisms causing it are described mn the discusston
on spinal anesthesia (Page 116) The severity of the circulatory disturbances
ncreases as the number of dermatomes anesthetized increases Fortunately
this complication 15 readily overcome with vasopressor drugs Some oper
ators disregard the hypotension when 1t appears In robust subjects mild
disturbances night themselves without 1ll effects Severe disturbances 1f un
treated progress to the point of complete respiratory paralysis and circula
tory failure and death In certan mnstances patients have been revived by
cardiac massage However severe damage to the cerebral cortex and other
parts of the brain has resulted from the anoxia caused by the temporary
arrest of the circulation Pre existing disease of the circulatory system
creases the hazard of spmnal anesthes:a Patients with myocardial disease,
anema, or hypotension are, as a rule, poor candidates for spinal anesthesia

FATALITIES DUE TO LOCAL ANESTHETIC DRUGS

The question of the toxicity of the drug nvanably artses when an acadent
occurs 1n attempting spial anesthesia Although 1t 1s posstble for a reaction
to occur from the accidental ntravascular mjection of the local anesthetic
drug used to induce spinal anesthesia, such mushaps are rare The dose
employed for spinal anesthesta 1s minute compared to the amounts used for
nerve blocking and miiltration The amount of a local anesthetic drug neces
sary for a spinal block even 1f given intravascularly would be msufficient to
cause a reaction, let alone to cause a fatality

Accidents, of course, occasionally may follow infiltration anesthesta and
nerve block These reactions have been described under the section on local
anesthesia There 15 a deep rooted 1mpresston 1n the minds of most physt
cians that local anesthesia 1s the safest and best for poor rish patients
Although generally true, shock and other complications of surgery may occur
as readily during surgery performed with local anesthesia as with general
anesthesta Then, patients whose circulatory system 1s deranged, do not
withstand the depressant effect of even less than the average amounts of
local anesthetic drugs as do normal mdividuals The safety of local anes
thesia 1s more apparent than real Only simple palhative procedures may be
performed using local anesthesia by the average surgeon As a result as httle



CAUSLS OF OPERATING ROOM DEATHS 177

as possible 15 done to poor nisk patients General ancsthesia permuts surgery
of a greater magmtude Often surgeons do more than the patient 1s able to
withstand when general wnesthesia is used

RESPONSIBILITY OF THL ANESTHLTIST IN
PREVENTING DLATHS

The anesthetist who does not attend to the patient constantly while ad
mimstening an ancsthetic 1s a dangerous ndividual An anesthetist who
walks about 1 the operating room, gazes out of the window or lcaves the
room to smohe or for a telephone call 1s a thoughtless one A capable sur
geon, aware of the fundamentals and hazards of anesthesia, expects nothing
more of an anesthetist than the adnmunstration of the anesthetic He appre-
ctates the constant vigil of a conscientious ancsthetist Too often the
anesthetist 15 ashed to perform tashs incidentat to but not related to anes
thesta which tahes him from his patient Such distractions have been re-
<ponsible for fatahtics or near fatalities Constant attendance of the patient
under anesthesia, regardless of the type, must be practiced by responsible
mdnrduals Such tasks as starting infusions and transfusions, shifting of
lights, cranking the table, are none of the anesthetist’s concern and should
be relegated to ather members of the operating team, unstenile nurses or
orderhes

It 15 not the scope of this section to include other than the most obvious
hazards of anesthesia In studying anesthetic deaths 1t 1s remarhable how
frequently an anesthetist in stating the sequence of events leading to the
acadent relates “the patient was dong well but all of a sudden he stopped
breathuing and we could not feel the pulse ” However, 1t 1s also interesting
to note upon further questioning that the sigmficant prodromal signs were not
recogmzed Changes n the character of respiration and the qualty of the
pulse, in the activity of the reflexes or 1n the status of the neuromuscular
system, any of which are significant warnings of impending disaster to an
experienced observer, were overloohed Failure to observe and heed these
Wwarmng sigus s not nec; 1ly due to thoughtl, or neglect, but rather
to a lack of expenence or knowledge of the science of anesthesiology Unless
one who admimsters anesthetics has hnowledge of human physiology and of
the pharmacology of anesthetic drugs, and 1s famihar with the patient’s
disease and how 1t 15 affected by the drugs, surgery and other factors, he 15
merely a technician and not an anesthesiologist

CARDIAC ARREST
It has been said that the mmaidence of cardiac arrest on the operating table
1s increasing The wniter feels this increase 15 more apparent than real Frve
or 51X years ago physicians hesitated n opening the chest and massaging
the heart when cardiac arrest was suspected This situation no longer holds
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Today 1f there 15 any indication whatever that cardiac arrest has occurred,
surgeons 1mmedzately open the chest and attempt to resuscitate the heart
The procedure itself adds drama to the episode

Situations which may lead to cardiac arrest are increasing in number
however Some of the factors concerned with this increase are (1) More
intrathoracic surgery is being performed, not only on the lung but on the
heart and the great vessels Factors precipitating cardiac arrest are greater
m this type of surgery (2) Refinements in anesthesia and control of blood
volume have placed surgeons at ease during operation Operators in trammng
no longer are learning to operate rapidly Consequently four, five and six
hour procedures are not uncommon Irrespective of their apparent good
condition patients are on the table too long (3) The widespread use of
combinations of drugs, particularly the non volatile drugs, may have a
bearing on the increased incidence of anesthetic deaths (4) An increase in
the life expectancy of the population as a whole has resulted 1n mcrease
the number of surgical patients in the upper decades Many of these have
well advanced degenerative diseases and cannot withstand the surgery under
taken

‘The results of cardiac massage and defibrillation are disappomting as 2
rule Unless periormed immediately cerebral damage invariably results if
the patient survives Prevention should be the goal rather than cure
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XVIIL

CARDIOVASCULAR DISEASE

HLCART

Cardiovascular diseases comprise the largest group of medical comphica
tions encountered 1 surgical patients Lach year due to the lengthening of
the life span a greater number of patients mn the older age group come to
surgery It1s i thus group that the so called degencrative diseases are most
prevalent Among these degenerative diseascs cardiovascular disturbances
pose the greatest problem {or the anesthetist

Anesthesia may affect the cardiovascular system n a number of ways
(1) By depressing the myocardium and thereby decreasing the cardiac out-
put (2) By increasmg cardiac smtablity and thereby causing disturbances
in thythm (3) By increasing or altering the vagal or sympathetic activity,
thereby changing the rate and rhythm (4) By increasing epinephnine out
put thereby mcreasing the intabthty (3) By altening the penpheral resis
tance by central or penpheral effects thereby changing the blood pressure
and blood flow (6) By prolonging circulation time thereby affecting nutrt
tion of cells (7) By reducing venous return to the heart thereby affecting
cardiac output (8) By altering capillary permeability thereby causing
changes 1n blood volume \

Then, also, the secondary effects upon the airculatory system caused by
depression or stimulation of respiration must be considered Some anes-
thetics, though they themselves have little direct effect on the cardiovascular
system, indirectly exert an influence by affecting other physiologic systems
Changes 1n the respiratory system are reflected secondanly, often with
serious consequences, 1n the circulatory system

In general, mitrous oxide or ethylene without anoxia, ethyl ether, vinyl
ether and basal narcosis with barbiturates used judictously are the more
desirable choices when cardiovascular diseases coexist with a surgical dis-
ease Regional anesthesta may be satisfactory in properly sedated non
apprehensive patients It 15 less desirable than general anesthesia or 1s to
be avoided 1n excitable non cooperative subjects It 15 frequently used in
monbund or comatose or extremely 11l patients 1n whom surgery cannot be
deferred Less desirable and to be avoided are chloroform, ethyl chlonde,
trichlorethylene and other halogenated hydrocarbons Cyclopropane and
spinal anesthesia are used by some Whether or not it should be used de
pends upon the type of cardiovascular disease In general they are also best
avouded, the former because of its effect on rhythm, the latter because 1t
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causes hypotenston Drugs or techmques which cause respiratory depression
leading to anoxia or carbon dioxide retention are to be scrupulously avoided
Exatement and strugghng are determinental to any patient let alone the
one who has heart disease Stormy prolonged induction of anesthesia there
fore1s to be avoided

The supposed effects of anesthesia on the cardiac patient are frequently
emphasized with the inference that the anesthetic 15 the mjunous agent and
the surgery 1s not Often the question posed 1s how well will a patient with
cardiovascular disease withstand anesthesia when actually 1t should be how
well will he withstand the operation together with the anesthetic Obviously
the nature of the cardiac disease has considerable bearing on the entire prob
lem of operation and anesthesia The practice of labeling a patient a
“cardiac” and managing each case 1 a routine fashion 1s a common one and
one which should be condemned The type of cardiac disease, the functional
capacity of the heart and the history of decompensation are factors of 1m
portance m the anesthetic management of such surgical patients Such pa
tients should be regarded as cardiac patients who have a surgical disease as
a comphecation, rather than patients with a surgical disease who have a
“medical” complication, as1s often done

CORONARY ARTERY DISEASE

In spite of the large number of surgical patients who have sclerosis of the
coronary arteries, myocardial infarction and sudden death from this cause
on the operating table are, relatively speabing, uncommon Post-operatively
such mamfestations of coronary artery disease are frequent Some chnicians
feel the unwise and pronuscuous use of narcotics at this time 1s a contribu
tory factor Possibly the formation of a thrombus 1s imtiated dunng opera
tion and the symptoms mamfest themselves later In any event when
coronary artery disease exists any procedure or anesthetic techmque which
disturbs blood pressure that 1s, causes 1t to nise or to fall 1s to be avoided
Spinal anesthesia 15 avorded for this reason The so called controlled hypo
tension 1s also avoided Anything which precipitates exaitement or leads to
anoxa during wnduction 15 to be avorded For this reason sedation must be
carefully selected and never omatted Prolonged stormy inductions, strug
gling and stramng are to be avorded A rapid induction using cyclopropane
or basal narcosis with an intravenous short or ultra short acting barbiturate
to mahe the induction uneventful and smooth 1s indicated Drugs which
depress the heart muscle or wcrease cardiac irntability are not to be used
Ths precludes the use of cyclopropane except for mduction Chnical ex
pertence has shown that cyclopropane admimstered for brief peniods 1 the
hghter planes does not disturb cardiac rhythm or alter blood pressure sig
mificantly It 15 the continued use of deep cyclopropane anesthesia which
may affect the heart adversely Chloroform, trnichlorethylene or ethyl
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chlonde are not to be used when definite evidence of coronary artery discase
exists Straiming from attempting intubation during light anesthesia ihewise
should be avoided by the anesthetist because 1t elevates both venous pres
sure and blood pressure and imtiates reflexes mediated over the autonomic
nervous system Epnephning must not be added to solutions of local ancs
thetic drugs 1f regional anesthesia is used in these patients

Myocardial disease which has resulted from a previous infarction 1s
managed 1 the same manner as outhined above

MYOCARDITIS

The term myocardiis as used m this discussion refers to afflictions
of the myocardium resulting from tovic agents or infections such as diph-
theria, typhoid or theumatic fevers, myocardial abscess or subacute bactenal
endocardiis When surgery 15 indicated 1n these patients, the management
of anesthesia differs 1 no way from that outhined for coronary artery dis
ease Drugs which reduce cardiac output by depressing the myocardium are
to be avoided as are those which increase cardiac irntabihity

VALVULAR DISEASE

The anesthetic management of patients with valvular lesions depends
largely on the valve or valves which are involved and the associated changes
mn function and reserve caused by the lesion Long standing valvular lesions
which are shght and without symptoms are usually disregarded When well
established valvular disease exists and signs of enlargement and impairment
of function are present the anesthetic management duffers ittle 1f at all from
that outhned for patients who have myocardial disease

AMatral Stenosss 1s the commonest serious valvular lesion encountered The
more or less fixed cardiac output mn well established stenosis may lead to
difficulty The possibility of right sided heart failure during surgery must
be borne in mind Pulmonary edema and hemoptys:s are possible complica
tions duning surgery The dependent position, excitement, or straimng during
wtubation are to be avorded duning the induction and mamntenance of anes
thesia The selection of drugs and techmgques differ 1n no way from that out-
hned for coronary artery disease “Ovenndulgence” 1n blaod and flmds 1s
often much more of a problem than 1s the anesthetic agent

Matral msufficrency 1s managed m the same Wway as nutral stenosis Left-
sided heart failure may be present or may develop during operation In-
asmuch as disease of the mtral valve 15 often assocrated with rheumatic
fever, the possibility of the co existence of each should be borne 1n mind

Stenosis and wmsufficiency of the tricuspd valve are rarely encountered
in surgieal patients The anesthetic management s the same as for disease
of the mitral valve When not m failure, the heart rarely gives concern
Avodance of hepatotoxic agents and substances conjugated or excreted by
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the hiver 15 a real concern The cyanosis and high venous pressure may be
more alaroung to the anesthetsst than warranted

Aortic msuficiency whether rheumatic or luetic 1n etiology 1s not {o be
regarded lightly unless the lesion 15 dynamucally mild—as reftected by an
essenttally normal disastolic pressure at rest The low diastolic pressure
assoctated with the lesion 1s of particular importance to the anesthetist Any
further Jowering of blood pressure may cause coronasy snsufficiency by
reducing coronary blood flow Reductions i peripheral resistance or cardiac
output may further curtail coronary flow and cause an msuffictent supply of
blood Spinal anesthesia, controlled hypotension and deep ether anesthesia
should be scrupulously avoided Obviously any mereases in the work load of
the heart places a stran upon the left ventricle which may precipitate
cardiac fatlure Anoaa, carbon dioxide excess or wtubation during hght
avesthesia are detnimental Epinephrine and other vasoconstrictors are not
to be combined wath the local anesthetic drug if regional anesthesia is selected
Nitrous ovide or ethylene followed by ether or a basal narcosis with thio
pental intravenously followed by mitrous oxide or ether may be used

CONGENITAL DEFECTS OF THE HEART

The anesthetic management of patients with congenttal lescons of the
heart cannot be empsrically outhned because of the wide varatons and
combmations encountered One strihing characteristic of congenital heart
lesions m miants and children 1s that the myocardwum 3s frequently not
functionally impaired The hearts of such patients are not prone to develop
cardiac falure In older subjects when the anomaly has been long standing
the myocardial reserve 1s impaired and cardsac falure may develop duning
surgery

The most common congenztal leston encountered 1s the Tefralogy of Fallot
and s varations Such patients present signs of mcreased blood volume,
mncreased blood viscosity and reduction m arterial blood oxygen saturation
Excitement, apprehenston and respiratory dysfunction cause the oxygenr
saturation to fall stil more Any further increase m blood volume or 2
reduction 1 oxygen saturation are to be avoided As a rule, basal narcos:s
with mtr thiopental followed by cyclopropane induction and ether
sequence 1s the usual choice The use of spimal anesthesia, chloroform, ethyl
chloride or trichlorethy lene 15 not advised

Patent ductus arter10sis 1s oc iy enc d as a complication of
a surgical disease When long standing ympamrment of function easts the
anesthetic management of such patients 1s similar to that for those whe have
myocardial impairment

CARDIAC ARRHYTHMIAS

Most arthythmas encountcred mn surgical patients are associated with
some form of heart disease The anesthetic management depends upon the
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pature of discase causng the echythnua Archythmis of functional ongin
such as premature beats and sinus archythmuas, are disregarded Anesthesia
15 managed m the same manner as if they were not present 1 he most com

mon and scnious arrhythmia encountered 1s auncular fibrillation Inasmuch
as tus arrhythnua 1s usually o mamfestation of senous cardiac disease and
can be caused by a number of chnical conditions, managument of anesthesia
depends upon the underlying cause

CARDIAC FAILURE

The management of anesthesta for patients who have welt defined cardiac
fatlure 1s difticult Obviously cven the patient in nuld failure 1s a poor
surgical tish Whenever paossible, surgery should be deferred until the situa-
tion mproves Regardless of the choice of ancsthetic, the possibility of
sunvival 1s mvanably reduced 1n most tnstances Whenever possible local
anesthesia should be used as it 1s the least snnocuous Cpinephrne should
not be combined with the local Spinal anesthesia 15 to be avarded because it
adds insult to an obviously decompensated cardiovascular system When
general anesthesia 1s required, inbalation anesthessa ts the best Lther with
as high an oxygen tension as possible 1s the best chosce A basal of a short or
ultra short acting barbiturate 15 adwisable as a prehminary to mhalation
anesthesta The non volatile drugs should be used spanngly because they
may affect respiration and aggravate the dyspnea and orthopnea Oxygen
under positnve pressure and phiebotomy may be necessary to combat pul-
monary edema should 1t occur during surgery The anesthetic apparatus may
be used for admmstening the positive pressure Spanal anesthesia has been
advocated for patients in failure on the assumption that 1t causes an wnternal
phlebotomy and allows pooling of the blood 1n the venous circuit i the
extreniuzes This may have a logical basis from the theoretical standpant
but actual clmical practice does not substantiate this contention

BLOOD VESSELS

Artenosclerosis

Artenosclerosis 1s so frequently encountered surgical patients particy
lasly i the older age group that one 1s surprised 1f 1t 1s not present Unless
the disease 15 wadespread, diffuse, long standing and comphcated by beart
and renal disease, the anesthetic management of such patients presents no
difficult problems When generalized artertosclerosts 15 present the chief
concern 1s the lack of elastiaty of the vessel walls and its effect on blood
pressure and vasomotor stability Anesthetic techmques and drugs which
cause changes 1o cardiac output and raise or lower blood pressure are to be
avoided Spinal anesthesia 15 not as well tolerated as general anesthesia
Anoxia, CO: excess and on occasions cyclopropane cause alarming rises of
Blood pressure Qversedation often causes the other extreme, a fall 1n blood
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pressure Cyclopropane may be used »f there 1s no cardiac involvement Lther
preceded by ethylene or mitrous oxtde with a basal of thiopental or seco
barbital 15 the best choice When hypotensive states develop the response
to vasopressor drugs and fluids 1s not as one would desire The blood pres
sure 15 tnchned to fall when anesthesia 1s deep Overmedication with
morphine, avertin or other non volatile drugs causes hypotension from de-
pression of the vasomotor center Cerebral and coronary thrombosis are
especially lihely during hypotensive episodes

Aneurysms

Ancurysms particulatly of the luetic type present no problem from an
anesthetic point of view, unless they encroach upon the trachea and broncht
m which case they give rise to pressure symptoms, dyspnea or cough, or if
they encroach upon the recurrent laryngeal nerves gving nse to vocal
cord paralysis If aortic msufficiency 1s present the management 1s as de-
scribed under the heading (Page 184) Lacitement, carbon dioxide excess,
anoxia, straming due to nausea, vomiting, coughing, stormy prolonged m
ductions, 1n fact anything which raises blood pressure are to be avoided
Lther, cyclopropane, or a basal of an ultra short acting barbiturate com
bined with mitrous oxide may be used When cough 1s present 1t 1s associated
with a tendency towards bronchospasm and laryngospasm Thiopental
should then be avoided ‘The use of spinal anesthesia 1s questionable n these
patients and 15 best avorded whenever possible because of 1ts effects on blood
pressure When surgery 1s being performed on an aneurysm 1n the lower part
of the body surgeons prefer spinal anesthesia The possibility of hemorrhage
15 to be borne 1n nund in this selection It 1s a well established fact that pa
tients under spnal anesthesia do not tolerate any sizable changes 1n blood
yolume

Artersosclerotic ancurysms present the same problems and are managed
1 the same manner as the luetic type

Artersovenous fistulas are shunts from the artenial to the venous side of
the vascular system Such a defect places an extra burden on the heart
Hypertrophy and signs of cardiac fatlure are common The selection of anes
thesta depends upon the status of the heart If a defect 15 not a long standing
one and cardiac involvement 1s not pronounced the choice of anesthesia 15
mmmaterial Whatever 1s best to pernut the operator to perform the surgery
1s used. If the heart 15 involved the anesthetic management 1s similar to that
as descrnibed for heart disease A smooth mduction 15 of especial importance

Hypertension

Issential hypertension uncomplicated by cardiac or renal nvolvement
docs not pose any serious problem as regards to choice of anesthesta Drugs
or methods which marhedly elevate or lower the blood pressure are to be
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avaided Lther, mitrous oxide or ethylene without anoxia may be used It
1s best to avoid excitement and sub oxygenition by use of basal narcosis as
an adjunct to anesthesia Cyclopropane may be used, but 1f the blood pres
sure nises appreciably, must be combined with or supplemented by ether
Spinal anesthesia, particulrly Iugh spinal, may causc the blood pressure to
fall precipitously When local anesthesi1 18 used for non sedated apprehen
sive patients excitement causcs a further clevation 1 blood pressure Epmeph
nne should be onutted from solutions of local nesthetics used for nerve
bloching or nfiltration  Stormy nductions and difficult intubations may
cause further elevations w blood pressure Precautions to prevent further
clevations or falls 1n blood pressure are to be obscrved when hypertension
comphcates renal disease or hypertension 1s complicated by renil discase
The management of paticats with hypertensive cardiac disease 1s sinular to
that described for cardiac discase in general Hypertensive patients who
have had apoplexy are managed in the same manner as patients who have
uncomplicated essential hypertension Avordance of nises or falls in blood
pressure 15 the important point

Hypotension

Hypotension encountered 1n surgical patients has a varied etiology It may
be “essential,”’ 1t may be due to changes in blood volume, 1t may be peuro
genic in onigin due to autonomic disturbances or 1t may be due to a combinz
tion of both neurogemc factors and alterations i blood volume Hypotension
due to shock, blood loss, absorption of toxic substances and so on must be
controlled by proper therapeutic measures or correcting the surgical disease
causing it before anesthesia 15 induced A labile, controllable anesthetic and
adequate oxygenation 1s desirable for a patient 1n shock Non volatile drugs
are avoided because they are slowly detoxified They often cause further de-
creases 1 blood pressure, respiratory depression, and prolonged somnolence
i the postoperative period Tor patients in shock due to decreases 1n blood
volume, cyclopropane, ethylene or mitrous oxide (without anoxia) may be
used Attempts should be made to overcome the hypotenston and 1ts cause

Local 1nfiltration or nerve blocks may be used for minor procedures or n
severe shock states in which surgery cannot be deferred Lther and chloro
form, anoxia, carbon dioxide excess and heat are avoided because of the
vasodilating effect or alterations 1n capillary permeability or both Neuro
genic shock, after bemg corrected by vasoconstnictors or flwds or botl, 15
best handled with cyclopropane, ethylene or mitrous oxide ether whlch, 18
adequate 1n most nstances Spinal anesthesta and muscle relaxants are
avorded m all hypotensive states irrespective of cause Narcotics, 1f used
are best admmistered mtravenously Overdosage may occur from tllxe cumu’

lative effect when the circulation 1mj
proves, particularly 1f several do:
been administered subcutaneously ' Y ses have
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pressure Cyclopropane may be used if there 1s no cardiac involvement Ether
preceded by ethylene or mtrous oxide with a basal of thiopental or seco
barbital 1s the best choice When hypotensive states develop the response
to vasopressor drugs and fluids 15 not as one would desire The blood pres
sure 15 mchned to fall when anesthesia 15 deep Overmedication with
morphine, avertin or other non volatile drugs causes hypotension from de-
pression of the vasomotor center Cerebral and coronary thrombosis are
especially likely during hypotensive episodes

Aneurysms

Aneurysms particularly of the luetic type present no problem from an
anesthetic point of view, unless they encroach upon the trachea and bronch:
in which case they give nse to pressure symptoms, dyspnea or cough, ot if
they encroach upon the recurrent laryngeal nerves giving rise to vocal
cord paralysis If aortic insufficiency 1s present the management 1s as de-
scribed under the heading (Page 184) Excitement, carbon dioxide excess,
anoxia, stramming due to nausea, vomuting, coughing, stormy prolonged m
ductions, 1n fact anything which raises blood pressure are to be avoided
Ether, cyclopropane, or a basal of an ultra short acting barbiturate com
bined with mtrous oxide may be used When cough 1s present 1t 1s associated
with a tendency towards bronchospasm and laryngospasm Thiopental
should then be avorded The use of spinal anesthesia 1s questionable i these
patients and 15 best avorded whenever possible because of its effects on blood
pressure When surgery 1s being performed on an aneurysm in the lower part
of the body surgeons prefer spinal anesthesia The possibility of hemorrhage
15 to be borne 1n mind 1n this selection It 1s a well established fact that pa
tients under spinal anesthesia do not tolerate any sizable changes 1n blood
volume

Arterosclerotic aneurysms present the same problems and are managed
1 the same manner as the Iuetic type

Arteriovenous fistulas are shunts from the arterial to the venous side of
the vascular system Such a defect places an extra burden on the heart
Hypertrophy and signs of cardiac farlure are common The selection of anes
thesia depends upon the status of the heart If a defect 1s not a long standing
one and cardiac 1nvolvement 1s not pronounced the choice of anesthesia 1s
immaterial Whatever 1s best to pernut the operator to perform the surgery
1s used If the heart 1s involved the anesthetic management 1s simlar to that
as described for heart disease A smooth induction 1s of especial importance

Hypertension
Essential hypertension uncomplicated by cardiac or renal mnvolvement
does not pose any serious problem as regards to choice of anesthesia Drugs
or methods which markedly elevate or lower the blood pressure are to be
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content and 1its fluence on oxygen capacity Drugs which are effective at
Iugh partial pressures, such 15 nitrous oxide, are hnzardous when Wlmimstered
in the presence of anenua because of the possibility of asphyxit through
techmical error Cyanusss, one of the warmng signs of noxia, does not 1ppear
until severe degrees of sub oxygenation are present It 1s @ matter of commeon
\nowledge that the appearance and mtensity of cyanosis depends upon a
number of factors, notably the amount of reduced hemoglobin present per
umt volume of blood at the moment, the thichness of the shin, the amount
of pigment 1 the shin, the caliber of the blood vessels m the shin and the
visual acuity of the observer Cyanosisis not a rehable sign of the degree of
sub-oxy genation

Concentrations of mitrous onde or ethylene exceeding 50 or 60 per cent
delnered to the snhaler at less thin nunute velume cxchinge may be h1z
ardous to anenuc patients Cyclopropane permits adequate oxygenation, 1s
latile and quickly chinunated It 15 the most desirable chotce for these sub
jects Ether shallfully used 1s safe also Spinal anesthesta prolongs circulation
time In the face of the hypotension which develops local tissue anoxia may
result Therefore 1ts use 13 not advised when anenua of any notable degree
1s present \on volatile drugs cause hypoventilation which may lead to sub
oxygenation and carbon dioxide retention They are therefore undesirable
when anemua 1s present There 1s some question concerning the use of muscle
relaxants 1n anemic patients The hydrolysis of sucainyl choline may be
delayed sf the disease which has given nise to the anema has given nise to
abnormally Jow cholinesterase levels

The sichling eifect 1n vitro of erythrocytes of patients with sichle cell
anemia caused by lowening the oxygen tenston 1s well hnown to most phy
sians The possibility of intravascular sichhing, therefore, must be borne
m mind dunng general anesthesia Nitrous oxide or ethylene may be un
desirable chowces because anoxa 1s an ever present possibility during its
administration No evidence exists that any of the currently used drugs,
esther volatile or non volatile, causes intravascular sichling, however Ob

stously technical mampulations of anesthesia predisposing to inadequate
ventilation are to be avoided

Blood Dyscrasias

Blood dyscrasias particularly those charactenzed by a hemorrhagic
tendency cause the anesthetist some concern Instrumentation of any sort
such as ntroduction of airways, laryngoscopy, endotracheal intubation ma;
cause trauma of the mucous membranes and imtiate bleeding irom the nos:
pharynx, trachea or from the site of 2 needle puncture if intravenous or spmui
anesthesia 35 used In this type case the fewer the manipulations the better
However 1f the clotting mechanism ss not disturbed and there 1s no tenden
towards bleeding the choice of anesthesia differs 1n no way from that dcey
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Essential hypotension 1s managed in the same manner as hypotension due
to shock, hemorrhage and other causes Spinal anesthesia lowers blood pres
sure further Such hypotension 1s not readily corrected by vasopressors
Cyclopropane, ether, ethylene or mtrous oxide may be used This can often be
controlled preoperatively by desoxycorticosterone and sodium chloride The
barbiturates intravenously, avertin or oversedation with narcotics cause
vasomotor depression and may further lower blood pressure

BLOOD

Anesthetics do not affect the morphology of the blood cells 1n any chnt
cally significant manner They do, however, cause changes 1n blood volume
Alterations of capillary permeability, disturbances 1n absorption and el
nation of water, disturbances of osmotic pressure relationships and alterations
m size of the spleen influence blood volume and the total hemoglobin content
per unit volume of blood Decreases mn blood volume are manifested by a
hemoconcentration, an increase in hematocrit and hemoglobin readings
Decreases i hematocrit usually indicate that the blood volume 1s reduced due
to loss of plasma but they are not necessarily an index of the actual blood
volume Changes in blood volume vary with the drug used, the duration of
anesthesia, the status of the patient pnior to anesthesia, effect of trauma
during operation and other vaniable factors The manner in which changes
n blood volume resulting from anesthesia further nfluence the course of
surgery 1s not known On the whole they appear to be of little sigmficance
m average situations

Anesthetics do not affect the oxygen carrying power of the erythrocytes
None of the currently used drugs enters into combination with h lob
or other cellular constituents The clotting and bleeding times are not
appreciably influenced by anesthetics Minor vanations caused by ndividual
agents are not significant clinically The clotting mechamsm 1s not influenced
by anesthetics The supposed increased bleeding of which surgeons complamn
during operation 1s due to oozing caused by local dilatation of the arterioles
and capillaries ether by the anesthetic, carbon dioxide retention and other
factors which affect metabolism They are not due to disturbances of the
blood clotting mechamsm Bleeding and clotting times are normal during
anesthesia with the currently used drugs Prothrombin time 1s influenced
Iittle, 1f at all, by anesthetics during operation Chloroform 1s the most m
portant of the drugs which prolong prothrombin time sigmficantly During
spinal, nerve block and nfiltration anesthes:a there 1s hittle or no change m
bleeding or clotting time

The Anemas

Trrespective of the type and causes of an existing anemia the prime con
sideration as far as anesthesia and surgery 1s concerned 1s total hemoglobmn
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leucocytosis 1s not hnown, but it does not operate 1n patients who have
agranulocy tosis
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scribed for the anemuas When the erythrocyte count, hematocnt or hemo
globin are normal there 1s little to cause concern m dealing with blood
dyscrasias, except sichle cell anemua where, theoretically at least, anoxia and
CO: excess are to be avoided

Polycytherma whether pnimary or secondary presents no particular prob-
Jem as far as selection of anesthesia 1s concerned These patients may appear
cyanotic but this need be of no concern because the oxygen capacity 1s
greater than normal and the oxygen content of artenal blood 1s normal
or better than normal The dilated vessels commonly observed predispose
to mcreased bleeding The possibihity of thrombus formation must be borne
m mind This 1s of more concern to the surgeon than the anesthetist but it
must also be borne 1n mind by the anesthetist, however

Leukermua

Patients with Jeukema occastonally require surgery The items of interest
to the anesthetist 1n patients who have leukenua are the anemia, the feer, the
excess lymphoid tissue, the asthema, the altered metabolic rate and the bleed
ing tendency Collections of lymphoid tissue in the pharynx, in the fauces,
around the epiglottis and larynx obstruct the airway and not only cause ob
struction to respiration but also often make mtubation difficult Someumes
oropharyngeal infection 1s present Enlarged lymph glands in the medias
timum may compress the trachea and bronchi and cause dyspnea and ob-
struction The basal metabolic rate 1s elevated but these subjects are non
resistant and quichly respond to both volatile and non volatile anesthetics
Cyclopropane, mtrous oxide or ethylene with ether, or local mfiltration and
nerve blocks are well tolerated by patients with Jeuherma Non 1 olatile drugs
which depress respiration and cause hypoventilation are avoided because
of the impaired oxygen carrying power due to the anenua Spinal anesthesia
15 Iihewise avoided for the same reason

In the absence of anema 1f the patient 1s 1 good physical condition,
spinal anesthesta may be used, but in chronically 31l patients spinal anesthesia
15 to be avoided, generally

Lymphomas

Patients with Hodghin’s disease, lymphosarcoma and other malgnant
lymphomas present basically the same problems as those having leuhemua
Apemua, enlarged glands, excess Iymphoid tissue, oropharyngeal sepsis and
fever are1tems of interest.

Patients with agranulocytos:s occastonally require surgery for incisions
and dramage or for some septic conditton The deficiency 1o leukocytes
has no bearing on anesthesta because of the formation or morphology of white
cells It s Lknown that after surgerv the leukocytes increase 10 number, that
15, 1 individuals whose bone narrow 1s normal The mechanism causing the
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hydrocarbons The vapors of volatile Lquids causc exaggerated respiratory
movements which further enhance this dissemination The non volatile drugs
are not without drawbacks The ultra short acting barbiturates paricularly
the thiobarbiturates are laryngosp and bronck 2 The
mucoid or purulent secretions which are present s the respiratory tract in
most acute and chromc infections often give nise to laryngeal or bronchial
«pasm, coughing and even sneering because these reflexes not only are not
obtunded but are even exaggerated by these drugs In addition they in
vanably cause hypoventilation which 1s one of the predisposing causes of
atelectasis Avertin 15 objectionable from the standpoint of hypoventilation

The best selection when infection 1s present 1n the upper respiratory tract
1s some form of regional anesthesia High spinal anesthesia 1s best avoided be
cause of the hypoventilation Low spinal anesthesia may be used Inhalation
anesthesia with cyclopropane, ethylene or mtrous oxide are the best choices
when local, spial or regional anesthesia cannot be used A basal of a short-
acting or ultra short acting barbiturate may be combined with nitrous oxide
but this 1s a less desirable choice Occasionally one must choose between
ether and another drug—as for example cyclopropane when cardiac disease
1s present The question then 1s which 1s the lesser of two evils The proper
antimicrobal therapy before and after surgery, immediate and repeated
hyperventilation and forced coughing postoperatively, restriction of narcotics
(use blocks), and expectorants reduce the danger in acute respiratory n-
fections considerably

CHRONIC UPPER RESPIRATORY INFECTIONS

Chrome 1nfections of the upper respiratory passages are frequently as
soctated with post nasal drp due to allergic disease or chronic sinusitis
The management of anesthesia when this type of infection exists differs i
no way from that of acute as to the upper respiratory mnfection The possi-
bility of “spread” of infection, however, 1s less in chromic infections than
acute Aggravation does not appear to occur as readily or frequently In
long standing chromic illness from these diseases there 1s little point 1n de
ferring surgery In instances m which the symptoms are not due to bacterial
infection but to allergic responses, such as hay fever, allergic rhinitts, bac
tenal allergy and such related entities the difficulties center about those
caused by secretions These mitiate spasm which causes respiratory obstruc-
tion Premedication with 2 combination of an anticholnergic drug (atropine)
and an antiustaminic drug 15 desirable when an allergy 1s present which
causes symptoms referable to the respiratory system Anesthesia for chromsc
bronchstss 1s managed n the same manner as upper chronic respiratory tract

mfections Detergents (such as alevaire) probably help 1n chronic bronchitis
if cilia have not been destroyed



XIX
DISEASES OF RESPIRATORY SYSTEM

Ancsthetics affect the respiratory system in a number of ways (1) by
stimulating the flow of secretions from the mucous and salivary glands,
(2) by causing hypoventilation leading to sub oaygenation and carbon
dioxide retention, (3) by decreasing ciliary activity, (4) by stimulating re
flexes such as the laryngeal, tracheal, and broncual, and (5) by acting as
primary chemical mucosal irrtants

There 1s no evidence that the currently used mhalation anesthetics cause
any histological change in the tissucs of the respiratory system Likewise
there 1s no evidence that these drugs affect the diseased lung Pathologic
conditions wvolving the lung fall into two major categories, as far as
ancsthesia 1s concerned (1) Those which interfere with ventilntion such as
fibrosis, neoplasms or degenerative diseases (emphysemn) (2) Those which
interfere with respiration  Secretions, tumor masses, spasm, interstitial
fibrosis and pulmonary vascular discase are included 1n this category

ACUTE RESPIRATORY INFECTIONS

It 1s taught, and with good reason, that general nesthesia 1s to be avorded
1n acute nfections of the respiratory tract particularly the upper portions
Statistical data indicate that the mncidence of postoperative pulmonary
complications 15 greater when surgery 1s compheated by acute respiratory
infections This observation applies to all types of anesthesia, mhalation, 1n
travenous or regronal or combinations of these There 1s a deep seated
erroncous ympression i the minds of many climeians that 1s long as an
anesthetic 1s not mmhaled no undesirable postoperative sequelac of a respira
tory nature result The logical course to follow 1s to defer surgery when an
acute respiratory infection exists

When an 1cute respiratory nfection 1s present, and one proceeds with
an clective operation, the act should constitute malpractice When surgery
1s urgent and the operation cannot be deferred regional anesthesia 1s pre
ferred to general When general anesthesia 1s indicated the gases are pre
ferred to the volatile iquids because they cause less salivation and mucous
formation Lwvidence exists that the flora of the upper respiratory tract mixes
with that of the lower by dissemimation of the secretions This dissemina
tion 1s enhnced by the loss of cihary actinity The volatile iquids stimulate
secretory activity more than the gases The latter are preferred when inhala
tion anesthesia 1s sclected Cthers anpear to do so more than halogenated
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biturates The ever present sccretions often imtite vexsome bronchial and
laryngeal spasm Other non volatile drugs such as avertin, or morphine or
morphine substitutes may cause an undesirable respiratory depression
There 15 no objection to the use of the muscle relaxants provided adequate
ventilation 1s maintaned

TUBERCULOSIS

The problem of anesthetizing patients with pulmonary tuberculosis arises
frequently Tuberculous patients frequently develop discases requining both
elective and emergency surgery The status of tuberculous patients varies
consulerably from one subject to the next Some have nummal lestons and
are, generally speaking, m good physical condition In other cases the disease
has been long standing and destruction of lung tissue has caused a reduction
i ventilating surface n the lung Secretions, adequate gascous exchange
and prevention of dissenunation of infection are the chief problems en-
countered Fever, weight loss and anenua are often factors to be considered
also

In general, choice and management of anesthesia 1s sinular to that out-
lined for suppurative diseases of the lung Regional anesthesia 1s preferred
whenever 1t can be used When general anesthesia 1s required the gases, cyclo
propane ethylene or nitrous oxide, may be used without fear The thiobar-
biturates are spasmogemc and cause respiratory depression It 1s best to
avoid them as well as other non volatile drugs which depress respiration It
has been taught, and 1s stll taught by many, that ether aggravates pul-
monary tuberculosis There 1s no proof of this Most chmcians feel that a
quiescent lesion may become active because the general state of the patient
15 altered by surgery and that the resistance 1s lowered, 1rrespective of the
anesthetic drug used The only possible influence ether, chloroform, vinyl
ether or other volatile drugs have upon a tuberculous lung, 1s the dissemina
tion of nfection by secretions That this occurs has never been proved How

ever, ether has been and 15 used for pulmonary resections and thoracoplasty
with excellent results

MYCOTIC DISEASES OF THE LUNG
The problems and anesthetic management of patients who have actinomy

cosis and blastomycosis and other mycotic lesions are sumilar to those out-
lined for patients who have pulmonary tuberculosis

PNEUMOCONIOSES
Silicoss, anthracosts, asbestosis and similar pneumoconioses are charac-
tenized by varying degrees of interstitial fibrosis of the lung and emphysema
The reduction in pulmonary ventilating surface and secretions are the two
factors of concern to the anesthetist The anesthetic management 1n general
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ACUTE TRACHEOBRONCHITIS AND PNEUMONITIS

The management of anesthesia for patients who have tracheobronchitis
complicating a surgical disease differs mn no way from those for patients
who have acute respiratory nfections Pneumomtis whether lobar, lobular
or interstitial, all present the same problem as far as anesthesia 13 concerned
namely those caused by fever, sepsis, exudates and inadequate ventilating
surface Diffuse interstitial and lobular pneumoma give more anoxia and
CO: accumulaton than other types of pneumomtis Carbon dioxide retention
and anoxa are of the utmost concern particularly in the diffuse intersuitial
and lobular types of infections Obviously any anesthetic techmque or drug
which exaggerates these symptoms and mamiestations 1s to be avorded
Ether increases secretions and causes exaggerated breathing both of which
help dissenunate infection The halogenated hydrocarbons do likewse but to
a lesser degree Non volatile substances particularly the ulira short acting
and short acting barbiturates are spasmogemc and cause hypoventilation
They are not, therefore, swted for anesthesia when these diseases are
present Secretions in the respiratory tract may imtiate bronchial or laryn
geal spasm Avertin depresses respiration and thus adds further to any exist
mg anoxia and carbon dioxide retention Ethylene and mtrous oxide do not
stimulate flow of secretions or cause exaggerated breathing, and would seem
desirable However, 1n the presence of fever the safe hmits of sub oxygena
tion may be exceeded with these two gases, particularly when anoma due
to the disease 1s already present Cyclopropane 1s non irntating, allows
adequately oxygenation, 1s labile, rapidly eliminated and probably 1s the
most satisfactory choice for these conditions Regional block, spinal anes
thesia and local nfiltration are the most desirable when they can be used but
this 1s not always feasible The importance of preoperative and postopera
tive therapeutic bronchoscopy cannot be overemphasized 1n these cases

SUPPURATIVE DISEASES

Suppurative diseases of the lungs encountered in surgical patients wnclude
bronchiectass, lung abscess, gangrene or infected cysts Patients so afficted
are often difficult to anesthetize using general anesthesia Fever, cachexia,
anemia and all the mamifestations of long standing sepsis are the rule rather
than the exceptian In addition these patients frequently have a hyperactive
cough reflex which 1s troublesome throughout operation Dyspnea, orthop
nea, cyanosis and other manifestations of nadequate ventilation may be
present Spasmogemc drugs are avoided because they further exaggerate
the cough reflexes m the tracheobronchual tree Spimal or local mfiltration
or herve blocks are preferred When general anesthesia must be used, cyclo
propane 1s the best chowce When light anesthesia with no relaxation 1s de
sired, ethylene or mitrous oxide are good choices A basal of thiopental 1s not
always satisfactory b of the nature of the thiobar-
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causing obstruction unul an endotracheal catheter 15 mtroduced The pres
ence of the ncoplasm often causes hyperactive trachcobronchial reflexes in
some patients and bronchual spasm results when mhalation anesthetics are
admimstered, particularly ether The thiobarbiturates likewise cause spasm

DEGENERATIVE DISEASLS OF THE LUNG

The most ymportant disese histed m this category 15 chrome obstructive
emphysema The dinmmished pulmonary reserve, fixation of the chest wall,
wcreased functional residual air volume, high pulmonary carbon dioxide
tenston, and the associated cardiac discase are all factors which render the
management of anesthesia in these subjects difficult The cardiovascular
discase particularly complicates the management of anesthesia considerably
Actually there 1s no wholly sausfactory method of 1nesthetizing patients
with emphysema The inhalation anesthetics are unsatisfactory because the
dinunished alycolar surface and the large functional residual air volume pre
vent adequate munng and diffusion of the anesthetic gases from the alveoh
nto the blood and vice versa Non volatile drugs cause respiratory depres
sion which likewise 1s undesirable The hypoventilation enhances the respira
tory acidosis which 1s already present High spinal anesthesia decreases pul
monary ventilation and 1s therefore objectionable from this standpoint Low
spinal anesthesia 1s satisfactory whenever 1t may be used Local anesthesia
may be used for mmor surgery General anesthesia 15 the best choice for
major surgery A combination of cyclopropane and ether 1s the most satisfac
tory ‘Muscle relanants often cause depression of respiration and hypoventila
tion and are best avoided Patients with a high artenal carbon dioxide ten
sion or respiratory acidosis should not underge surgery without several
weehs of graded oxygen therapy and mechamical hyperventilation if this 15
posstble If surgery 1s not elective, then preoperative and postoperative
mechanical ventilation should be planned

PULMONARY EMBOLISM AND INFARCTION

Occasionally pulmonary emboli complicate a surgical disease and urgent
surgery 13 required m a patient with this comphcation Surgery should be
deferred whenever possible The management of these patients depends upon
the extent of the pulmonary mfarction and the condition of the patient
If the patient 15 1n shock and has respiratory distress surgery should be
deferred until such shock 15 overcome Apprehension and excitement must
be avorded In general 1t 1s best to avord the use of nhalation anesthetics
Wherever possible local anesthesia or nerve blochs combined with sedation
should be used If general anesthesia must be used attempts at a rapid n
duction must be made Cyclopropane with a high oxygen concentration 15
undoubtedly the best choice Ether may be added but 1t causes exaggerated
breathing and 1s best avorded Nitrous oxide, ethylene, or either of these
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differs little 1f at all from that outlmed for pulmonary tuberculoss, except
1n advanced cases, m which the problems of ventilation take on a senous
aspect

BRONCHIAL ASTHMA

In asthmatic patients, spasm, secretions, and edema of the bronchi give
ise to obstructive dyspnea Surgery should be deferred 1f the patient has an
asthmatic episode Asthmatic patients free from an attack present no special
problem 1f there 15 no pulmonary infection, chromc emphysema or bronchitis
complicating the condition There 1s no objection to the use of an inhalation
anesthetic Nitrous oxide or ethylene for induction followed by ether 1s
preferred because the gases are non irmtating and ether 1s a bronchial
cilator Ethylene and mtrous oxide do not exert any notable action on the
bronchn, bemng neither dilators nor constrictors When ether 1s used, 1t should
be administered slowly to avoid mitiating cough and spasm Once the blood
concentration necessary for surgical anesthesia has been attamed the ether
acts as a bronchial dilator Regional anesthesia, 1f the pattent 1s not allergic
to local anesthetic agents, mcluding spinal, may be and should be used when
ever possible Chloroform, vinyl ether and ethyl chlonde also are bronchial
dilators Ethyl chloride however 1s reputed to cause stndor and to mmtiate
spasm even though it 1s known to act as a bronchodilator The thiobar
biturates and the ultra short acting barbiturates induce bronchial spasm in
normal individuals let alone asthmatics, and are therefore avorded Some are
sensitive to them Cyclopropane behaves like the thiobarbiturates but to a
lesser extent Ether may be added to cyclopropane if 1t 1s used and broncho
spasm develops The narcotics may cause broncho constrictron It 15 advis
able to ascertain before surgery to which drugs the patient responds ad
versely and be guided accordingly 1n prescribing preanesthetic medication
and postoperative sedation

“Cardiac asthma” presents problems which differ radically from those
of asthma due to allergy The anesthetic management for these subjects 15
siular to that outhned for cardiac disease In addition one must avod
spasmogenic drugs The use of aminophyllne and simular bronchial dilators
1s advised in these cases whenever indicated

NEOPLASMS OF THE LUNG

The most commonly encountered neoplasms of the lung are carcinoma of
the broncht and of the lung parenchyma Unless there 15 extension of the
peoplasm or the new growth 1s comphcated by suppuration the anesthetic
management of these patients offers no probiem as a rule If an abscess 15
present, then the management 15 1dentical to that descrnibed under suppura
tve diseases of the lung It 1s not unusual for these patients to have vocal
cord paralysis particularly on the left side Thus troubles the anesthetist by
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gases followed by ether may lead to anoxa, strugghng or excitement Large
doses of atropme have been suggested preoperatively to reduce vagal re-
flexes Intravenous thiobarbiturates may be used for a rapid induction but
the possitbality of spasm must not be overlooked and may make the choice
undesirable

DISEASES OF THE PLEURA

Fibrinous pleurisy without effusion usually presents no problem from the
standpoint of anesthesia Inasmuch as this disease 1s often a complication
of disease of the lung parenchyma itself anesthetic drugs which cause ex
aggerated breathing or any technique of anesthesia which causes hypoventila
tion are to be avoided For this reason ethylene or nitrous oxide with ade
quate oxygenation or cyclopropane are preferred When these are con
tramndicated thiopental with mitrous oxide may be used Spinal anesthesta or
local anesthesia 1s desirable when 1t can be used and nhalation anesthesia
cannot Ether, vinyl ether, chloroform, and ethyl chloride cause exaggerated
breathing and secretions

Pleunisy with effusion presents a different problem, however Ihere 13
usually encroachment of the flurd collection upon the lung parenchyma with
2 duminution 1n ventilating surface Pulmonary reserve 1s dimimished More
often than not the pleunsy follows a pulmonary mnfection Dyspnea, fever,
cough and other symptoms of respiratory tract infection are present When
there 15 no caust, ascribed for the pleurisy, as 1s often the case, tuberculosis
must be suspected These patients are then managed n the same manner as
patients who have pulmonary tuberculosts Local anesthesia or regional
anesthesia are preferred whenever they can be used Where general anes
thesia 15 to be used cyclopropane 1s the 1deal choice The combination of
thiopental and mitrous oxide may depress respiration and are, as a rule,
best avorded Ether 1s a less desirable choice but may be used when other
drugs cannot Avertin depresses respiration There 1s no objection to the
muscle relaxants When indicated, reduction of the effusion by thoracentests
should be done preoperatively and repeated 1f there 15 a reaccumulation
of flurd postoperatively

Acute empyema and hydrothorax are managed in the same manner as
pleunsy with effusion Patients with chromic empyema, usually the result
of inadequate dranage of acute empyema, may have bronchial or broncho
pleural fistulae which give considerable difficulty to the anesthetist Anes
thesia 1s managed 1n the same way as for patients with acute empyema In
bronchopleuro-cutaneous fistulae, 1f mhalation anesthesia 15 used, there 1s 3

rapid loss of gases and vapors through the openmng unless an attempt 15
made to close the opening
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to mechameal restrictions on respuratory movements The respisatosy excur-
sions are decreased particulasly when the patient 1s 1n the prone or fateral
postion The obese patient 13 more susceptible to circulatory derangements
{rom positional changes than the thin, slender person The obese patient 15
not 1 good subject for nenve blocks because the landmarks are obliterated
by the adspose and subcutancous tssues Degenesative, metabolie, cardio
vascular and renal disease are more frequently encountered 1 the obese
patient These complicate the management of anesthesia

If the patient presents complications other than the obesty, the most
important consideration, 1f general ancsthesia 1s to be used, 15 mantamng
an arway and adequate ventidation Spina} anesthesta may be technically
more difticult to induce due to obhteration of landmarks and the depth of the
vertchrae below the shin “Hagh spinal” anesthessa is often not well tolerated
by these subjects hecause they develop a hypotension “Low spinal” anes
thesta 15 usually satisfactory and preferred because st obwiates the many
technical diftsculties of gencral anesthesia Reduced hepatic function may be
greater following anesthesia in the obese

EMACIATION, CACHEXIA, STARVATION

Patients who are cachectic are so as a result of some disease entity winch
wnpedes nutntson  Gastro intestinal lesions, neoplastic disease, mental
disease, endocrme dhsturbances, drug addiction or some such underlymg
cause may be responsible for the patient’s poor state Such patients are “non
resistant” to central nervous system depres<ants They appear to be “senst-
tne” to drugs, requnng much less than ordinary quantittes Non volatile
central nervous system depressant should be used with extreme caution
because the rate of detoxfication may be slow The metabolic rate 15 re-
duced, often far below the accepted normal Qccasionally, the exception to
the rule 15 encountered and a resistant patient 1s seen who 1s difficult to
anesthetize

Infiltration or nerve block 1s the desirable choice of anesthesia for such
subjects Cyclopropane, nitrous oxde or ethylene followed by ether may be
used Anesthetics which tend to Jower the blood pressure should not be used
Muscle relaxants should be used with caution particularly suceinyi choline
Serum cholmesterase may be reduced to abnormally fow levels m cachexia
Hepatitis due to chloroform and other halogenated hydrocarbons more fre
quently ensue m stacved subjects than in the well fed Glucose or proteins
should be given preoperatively Endocnine disturbances canang cachexa
ment speaiat consideration These are discussed Jater on (Chap \XV)

VITAMIN DEFICIENCIES

No well defined relationship between vitamin defictencies, particularly
when subclinical, and anesthesia has heen established When due ta severe
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Anesthetics may cause far reaching disturbances of metabohic processes
Aaid base balance, carbohydrate metabohism, hiver function, and renal func
tion are all altered in some degree by anesthetics Therefore diseases of the
liver, kidney and those characterized by disturbance i metabohism ment
special constderation

DIABETES

The greatest concern from an anesthetic standpont 1n the management
of diabetic patients requirning surgery 1s the possibihity of actdosis The con
trol of blood sugar 1s of less importance In the pre msulin days the ad
mumstration of ether to a diabetic patient was tantamount to sigming the
death certificate for that patient Disturbances m acid base balance caused
by ether are of httle consequence 1n normal persons Uncontrollable acidosis
mvanably results m diabetics Ether causes glycogenolysis and an elevated
blood sugar 1n all subjects but more so 1o the diabetic Then also the diabetic
presents other problems of concern to the anesthetist Many are obese, have
arteriosclerosis, pyogemic infections, cardiac disease and hypertension, all
of which complicate anesthesia further Any anesthetic may be adnumstered
to a properly controlled diabetic who 15 free of other diseases or abnormalt
ties provided the patient s closely observed after surgery Regional anes
thesia disturbs the diabetic patient least Spinal anesthesia 1s satisfactory
most respects

There 15 objection to the mfiltration technmiques because the reparative
processes of the tissues are often impared Epinephrine must not be com
bined with local anesthetic drugs when regional anesthesia 1s selected espe-
cally for surgery of the extrenuties Cyclopropane, ethylene, mtrous oxide
without anoxia cause no disturbances of any consequence 1n carbohydrate
metabolism or acid base balance Vinyl ether and analgesia with trichlor
ethylene cause some shght but not sigmificant changes The non volatile
drugs such as thiopental and avertin depress respiration and favor respiratory
acidosis Morphine may also enhance acidosis mn a severe diabetic No con
tramndication appears to exist to the use of muscle relaxants as adjuncts to
anesthesia for diabetics

OBESITY

"The obese patient 15 a poor surgical nsh from the standpont of anesthesia
Comparatively speaking the obese individual 1s 1 most instances difficult to
anesthetize Maintamng the airway 1s accomphshed with difficulty unless an
endotracheal catheter 15 used Even then ventilation may be madequate due
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to mechanical Testrictions on respiratory movements The respiratory excur
sions are decreased particularly when the patient 1s 1n the prone or lateral
position The obese patient 15 more susceptible to circulatory derangements
from positional changes than the thin, slender person The obese patient 15
not a good subject for nerve blocks because the landmarks are obliterated
by the adipose and subcutancous tissues Degenerative, metabolic, cardio
vascular and renal disease are more frequently encountered 1n the obese
patient These complicate the management of anesthesta

If the patent presents complications other than the obesity, the most
important constderation, 1f general anesthesia 1s to be used, 15 maintaining
an airway and adequate ventilation Spinal anesthesia may be techmically
more difhcult to induce due to obliteration of landmarhs and the depth of the
vertebrae below the shin “High spinal” anesthesia 1s often not well tolerated
by these subjects because they develop a hypotension “Low spinal” anes-
thesia 1s usually satisfactory and preferred because 1t obviates the many
technical dificulties of general anesthesta Reduced hepatic function may be
greater following anesthesia in the obese

EMACIATION, CACHEXIA, STARVATION

Patients who are cachectic are so as a result of some disease entity which
wmpedes nutntion  Gastro ntestinal lesions, neoplastic disease, mental
disease, endocrine disturbances, drug addiction or some such underlying
cause may be responsible for the patient’s poor state Such patients are “non-
resistant” to central nervous system depressants ‘They appear to be “sensi-
tive” to drugs, requunng much less than ordinary quantities Non volatile
central nervous system depressant should be used with extreme caution
because the rate of detoxification may be slow The metabolic rate 1s re-
duced, often far below the accepted normal Occastonally, the exception to
the rule 1s encountered and a resistant patient 1s seen who 15 difncult to
anesthetize

Infiltration or nerve block 1s the desirable choice of anesthesia for such
subjects Cyclopropane, nitrous oxide or ethylene followed by ether may be
used Anesthetics which tend to lower the blood pressure should not be used
Muscle relaxants should be used with caution particularly sucainyl choline
Serum cholmesterase may be reduced to abnormally low levels in cachexa
Hepatitis due to chloroform and other halogenated hydrocarbons more fre-
quently ensue 1n starved subjects than in the well fed Glucose or protems
should be given preoperatively Endocrine disturbances causing cachexia
ment special consideration These are discussed later on (Chap XAV)

VITAMIN DEFICIENCIES

No well defined relationship between vitamin deficiencies, particularly
when subchnical, and anesthesia has been established When due to severe
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nutritional disturbances and emaciation and cachexia exists, the problems
are those which have just been mentioned Spinal anesthesia 1s best avoided
when neurological complications are present due to the deficiency Such
lesions are most commonly associated with thiamme deficiency Occasionally
this deficiency 15 encountered in alcohol addicts Preoperative preparation
with vitanuns 1s mdicated whenever a deficiency exists or a subclinical one
15 suspected
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GASTRO-INTESTINAL SYSTEM

STOMACH AND INTESTINES

Discases of the grastro intestinal tract offer no patticular problems from
the standpomnt of anesthesia unless the conthition present 1s accompanied
by dilatation of the stomach with retention, obstruction or has led to weight
loss, cacheaa, vitamin deficiency and other metabohc derangements The
possibility of regurgitation or aspiration in obstructive lesions 1s the chief
concern of the anesthetist when gastro mtestinal lestons are present Pre
operative gastric intubation and aspiration are indicated when retention
or distention are present Rectally admimstered drugs are contraindicated
1n colonic and rectal diseases

PANCREAS

Diseases of the pancreas are mcluded with gastro mtestinal lesions be
cause they lead to or are mamfested by jaundice, weight loss, disturbances
1n carbohydrate and fat metabolism Anesthesia for patients with pancreatic
disease 15 considered n the light of these metabolic alterations Patients
with acute pancreatitis invanably are severely 11l and are usually poor surg:
cal nishs Hypotension occurs often precipitously when anesthesia 1s induced
particularly when spinal anesthesta 1s used The fall in blood pressure does
not respond to the usual therapeutic measures such as vasopressors and
fluds

LIVER

‘The medical literature 15 replete with discussions on the effects of anes-
thesia upon hver function Many studies have been reported on this 1m
portant topic but, in spite of 1t all, much of the information availahle
merely supphes a theoretical rather than a practical gmde to the mauage
ment of anesthesia for patients who have hver disease and impaired liver
function DMost of the data are based on tests of a single or a few of the
numerous hiver functions The most widely utihzed and sumplest test which
mtroduces the fewest variables as far as anesthesia 1s concerned 15 the
bromsulfalein excretion test Measurement of hyperglycemic effects, bile
and bile salt excretion, hippuric acid synthesis, cephalin ﬂocculatmn,have
been used but are less relable In most studies tests have been performed
on normal hvers Lattle data 1s available on the effects of anesthesia ou
diseased Divers In general, 1t 15 agreed that cyclopropane, ethylene and
mtrous oxide have httle or no significant mfluence on most lwer functions
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nutntional disturbances and emaciation and cachexia exists, the problems
are those which have just been mentioned Spinal anesthesia 1s best avorded
when neurological complications are present due to the deficiency Such
lesions are most commonly associated with thrarmine deficiency Occasionally
this deficiency 1s encountered in alcohol addicts Preoperative preparation
with vitamuns 1s indicated whenever a deficiency exists or a subchinical one
15 suspected
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GASTRO-INTESTINAL SYSTEM

STOMACH AND INTESTINES

Discases of the grastro intestinal tract offer no particular problems from
the standpoint of anesthesia unless the condition present 1s accompanied
by dilatation of the stomach with retention, obstruction or has led to waght
loss, cachexsa, vitamun deficiency and other metabohc derwngements The
possibility of regurgitation or aspiration wh obstructive lesions 1s the chief
concern of the anesthetist when gastro intestinal fesions are present Pre
operatine gastric intubation and aspiration are indicated when retention
or distention are present Rectally admimstered drugs are contraindicated
1 colome and rectal discases

PANCRELAS

Diseases of the pancreas are sncluded with gastro intestinal lesions be
cause they lead to or are manifested by jaundice, wught loss, disturbances
1n carbohydrate and fat mctabolism Ancsthesia for patients with pancreatic
disease 15 considered 1n the light of these mctabolic alterations Patients
with acute pancreatitis imvariably tre severely 1l and are usually poor surgy
cal nshs Hypotenston occurs often precipitously when anesthesia is induced
Particularly when spinal anesthesia 1s used The fall 1n blood pressure does

IAOI d:espond to the usual therapeutic measures such 1s vasopressors and
it

LIVER

lh;l:: :xnedlcal literature 1s seplete wath discussions on the effects of anes
pommpton liver function Many studics have been reported on this 1m-
merely SUDPXE but, 1n <pite of 1t all, much of the nformation avaslable
meat of aPP e;a theoretical rather than a practical guide to the manage-
fumetion §;st esta for pauents who have ver discase and tmpaired liver
Bumerons h:“ ;)f the data are based on tests of a single or a few of the
introduces ue;l‘ ;lnclxons The most widely utilized and simplest test which
bromsulfal ¢ fewest vanables as far as anesthesia 15 concerned 15 the
and bile sal? excretion test Measurement of hyperglycemic effects, bile
heen used by texcreuon hippunic acid synthests, cephalin flocculation have
on o] | are less rehable In most studies tests have been performed
dseased 1\lvers Ligle data 15 available on the effects of anesthesia on
i wers In general, it 1s agreed that cyclopropane, ethylene and
s oxide have )y tle or no sigmficant influence on most Iiver functions
203
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nutritional disturbances and emaciation and cachexia exists, the problems
are those which have just been mentioned Spinal anesthesia 1s best avoided
when neurological complications are present due to the deficiency Such
lesions are most commonly assoctated with thianune deficiency Occasionally
this deficiency 1s encountered 1n alcohol addicts Preoperative preparation
with vitamns 15 indicated whenever a deficiency exists or a subclinical one
15 suspected
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Severe hypotension leading to ureversible arculatory collapse 1s a strong
possibifity under these circusmstances

Fibrosis and Degencration of the Laver

Although fibrosis of the v er develops from a number of causitive mecha-
msms and results in vaned histological pictures, {unctionally the problems
concesning ancsthesta are the same  1he end result of the pathologic process
15 the same, namely a decrease 1 the mass of liver tissue and subsequent
hepate msufcicncy  Gistro ntestinal symptoms such as nausea, vomiling,
darthea with dehydration may be present The lowered serum protems and
\cnous engorgement gve rise to asciles and edema Anenna 1S common
A hemorrhagic tendency 15 present due to reduced platelets, fibrinogen and
prothrombin  Blecding from esophageal vances may be present Patients
with such symptoms of far advanced hepatic fibrosis are ohviously poor
surgical rshs

Pauents with asotes do not tolerate spinal anesthesta, therefore, this
choice 15 not open 1o the anesthetist The anenua precludes the use of
nitrous oxide or cthylene unless anoxia can be avarded The non volatile
drugs may not be detoxificd i 2 normal manner They may cause pro
longed somnolence and hikcwise should be avoided Cvclopropane ts one of
the best cbowces because 1t 1s labile, rapidly eluminated and disturbs hver
function least of the major anesthetics Ether causes some mmpairment n
Iver funchion and 1s therefore avoided When used some patients may
develop hepatic coma and death Barbiturate ancsthesta—or even opemng
the abdomen under local anesthesia have been known to do bhewise
Regonal or local mfiltration 15 probably the best where applicable When
local anesthesia 1s used 1t must be remembered that the drug may be detoxe-

fied slowly and toxic reactions may occur when the usual quantities ate
unployed

Abscesses of the Liver

Usually hiver abscesses are amebic or bactenal 1 ongin  Even though
extensive usually enough hiver tissue remawns so that severe hepatic msuffy
“tency 1s uncommon Mare often than not the choice 15 predicated upon the
sresence of fever, sepsis, weight loss, cachexia and other systemic derange
nents rather than hiver snsufficiency The choice 1s whatever 1s best to
actlitate completion of the susgery Wherever possible tocal anesthesta 1»

sed Otherwise cyclopropane 1s selected Non volatile drugs are avoided
n the presumption that some hepatic mnsufficrency exists
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Regional anesthesta, that 1s, nerve blocks and nfiltration hkewise do not
Spinal anesthesia, provided there 1s no fall in blood pressure, hihewise does
not Vapors of volatile hquid anesthetics impair certamn functions tempo
ranly Chloroform has the greatest effect Dye excretion is impaired even
after short periods of anesthesia Ether ranks next to chloroform Data on
other halogenated hydrocarbons are less impressive but strongly suggest that
they are hepatosic and should not be used The halogenated alcobols and
aldehydes, tribromethanol, trichlorethanol and chloral, even though not
hepatotoxic, are avoided because they are detoxified by the hiver

Chnical experience seems to indicate that anesthesia per se when con
ducted with the currently used drugs does not seriously ifluence the course
of liver disease Other factors such as blood loss, surgical trauma, operating
time and so on appear to play a greater role Patients showing the greatest
reduction 1n function and the slowest return to preoperative status are those
who have serious impatrment prior to surgery and those undergoing long,
formidable operations If a muscle relaxant 1s required in conjunction with
anesthesia succinyl choline 1s the best of the currently available drugs be
cause of 1ts rapid hydrolysis by cholinesterase However, even this drug must
be admimstered cautiously and with extreme care because of the possibility
of alow serum cholinesterase level which may accompany liver diseases and
other chromc illnesses The exact fate of other muscle relaxants 1s not
Lnown It 1s presumed that they are partly detoxified by the liver, the re
mamder being ehmnated unchanged by the kidney In the presence of iver
or renal disease, prolonged relaxation, respiratory paralysis, and hypotension
may occur due to the slow rate of ehmnation

Jaundice

When jaundice complicates a surgical disease the usual inference 15 that
some hepatic nsufficiency exists While this may not necessarnly be so, par
ticularly 1 the hemolytic diseases and when the jaundice has been of brief
duration, 1t 15 perhaps wise to follow this course and manage anesthesia for
such patients i the same manner as one would when dealing with hepatic
wnsufficiency without yaundice Non volatile drugs are best avoided or used
with extreme caution Rapudly eliminated volatile anesthetics are un
doubtedly the best choice Cyclopropane 15 one of the most suitable of the
major agents Lthylene 1s preferred to mtrous oxide because of its greater
potency, although the possibility of inducing anoxia exists with both drugs
Ether may be used 1f necessary but 15 less desiratle Local anesthesia, or
various types of nerve blocks may be used 1f mummal amounts of local
anesthetic drugs are used Spinal anesthesia may be Lsed when Jaundice of
the obstructive type has been present for short periods of time When the
jaundice 1s due to hepatitic disease or 1s accompanied by fever, weight loss,
anemia, cachexia, dehydration, hypotension and so on 1t 1¢ best to avoid its use
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Severe hypotension Jeadmg to yrreversible aisculatory collapse 15 4 strong
possibihity under these crcumstances

Tibrosis and Degeneration of the Laver

Although fibrosis of the Iner develops {rom a number of causative mecha
rusms and results m vaned stological pictures, funcuionally the problems
concermng ancsthesia are the same The and result of the pathelogic process
is the <ame, namely a decrease m the mass of hver bssue and subsequent
hepatic msuficiency  Gastro itestnal symptoms such ¢s nausea, vomiting,
drarthea with dehydration may be present The lowered serum protemns and
\enous (ngorgement givu mise o ascites and cdema  Anenua is common
A hemorthagie tendency 1s present due ta reduced platefets, fibnnogen and
prothrombin  Bleeding frem esophagenl sarices may be present Patients
with such symptoms of far advanced hepatie fibross are obviously poor
surgical nshs

Paucnts with ascites do not tolerate spinal anesthesta, therefore, this
choice 15 not open to the anesthetst The anema precludes the use of
mtrous oxide or cthylene unless anoxia can be avaided The non volatile
drugs may not be detoxified i 3 normal manner They may cause pro
longed somnalence and hkewise should be avoided Cyclopropane 1s one of
the best choices because st ts labile, rapudly ehminated and distuebs liver
function least of the major anesthetics Ether causes some imparment in
hver function and 15 therefore avorded When used some patients may
develop hepatic coma and death Barbiturate anesthesia—or even opeming
the abdomen under local anesthesta have been hnown ta do ihewise
Remonal or local mfiltration 1s probably the best where applicable When
local anesthesia 15 uscd st must be remembiered that the drug may he detont
fied slowly and toxic reactions may occur when the usual quantiies are
employed

Abscesses of the Liver

Usually hver abscesses are amebic or bactenial in angin Even though
extenstve usually enough hnver tissue remams so that severe hepatic msuffi
Gency 15 uncommon  Maore often than not the chaiee 18 predicated upon the
Presence of fever, sepsis, weight loss, cachexia and other systemic derange
Tents rather than hver insufficiency “The chowce 15 whatcver s best to
facilitate completion of the surgety Wherever possible local anesthesia s
used Othermice cyclopropant ss selected Non volatile drugs are avaided
an the presumption that some hepatic insufhicency exists
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Regional anesthesia, that 1s, nerve blocks and nfiltration hkewise do not.
Spinal anesthesta, provided there 1s no fall in blood pressure, hkewise does
not. Vapors of volatile hquid anesthetics impair certain functions tempo-
ranly Chloroform has the greatest effect. Dye excretion 1s impaired even
after short penods of anesthesia Ether ranks next to chloroform Data on
other halogenated hydrocarbons are less impressive but strongly suggest that
they are hepatoxic and should not be used The halogenated alcohols and
aldehydes, tnbromethanol, trichlorethanol and chloral, even though not
hepatotoxic, are avoided because they are detoxified by the Iiver

Chnical expernience seems to indicate that anesthesia per se when con
ducted with the currently used drugs does not senously influence the course
of hiver disease Other factors such as blood loss, surgical trauma, operating
time and so on appear to play a greater role Patients showing the greatest
reduction 1n function and the slowest return to preoperative status are those
who have senious mmpawrment pnior to surgery and those undergong long,
jormudable operations If a muscle relaxant 1s required i conjunction with
anesthesia sucainyl choline 15 the best of the currently asvailable drugs be
cause of its rapid hy droly s15 by cholinesterase However, even this drug must
be admumstered cautiously and with extreme care because of the possibiity
of alow serum cholinesterase lei el which may accompany liver diseases and
other chromc 1illnesses The exact fate of other muscle relaxants 1s not
Lnown It 1s presumed that they are partly detoxified by the Iver, the re
mamnder being ehmmated unchanged by the hidney In the presence of liver
or renal disease, prolonged relaxation, respiratory paraly sis, and hypotension
may, occur due to the slow rate of elimination

Jaundice

When jaundice complicates a surgical disease the usual nference 15 that
<ome hepatic wsufnciency exasts While this may not necessanly be so, par
ticularly 1n the hemolytic diseases and when the jaundice has been of bref
duration, 1t 1s perhaps wise to follow thus course and manage anesthesia for
such patients 1 the same manner as one would when dealing with hepatic
msufnaency without jauncice Non volatile drugs are best avoided or used
with extreme caution Rapidly ehmimated volatile anesthetics are un
doubtedly the best choice Cclopropane 1s one of the most sutable of the
major agents Ethylene 13 preferred to mtrous oxide because of its greater
potency, although the possibihty of induaing anoxa exists with both drugs
Ether may be used if necessary but 1s less desirable Local anesthesia, of
vanous types of nerve blocks may be used 1f munimal amounts of Jocal
anesthetic drugs are used Spinal anesthesia may be used when jaundice of
the obstructine type has been present for short peniods of time. When the
jaundice 15 due to hepatitic disease or 1s accompanied by fever, weight loss,
anemna, cachenia, dehy dration, hypotension and so on it 15 best to avord 1ts use.
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Severe hypotension leading to irreversible arculitory collapse 1s a strong
possibility under these circumstinces

Tibrosis and Degeneration of the Liver

Although fibrosis of the Incr deselops from a number of causative mecha
msms and results i vaned lustological pictures, functionally the problems
concerning ancsthesia are the same  1he end result of the pathologic process
1s the same, namely a decrease i the mass of hiver tissue and subsequent
hepatic msufticiency  Gistro mtestimal symptoms such as nausea, vomiting,
diarthea with dehydration may be present The lowered serum proteins and
\enous engorgement g nise to ascites and edema Anenua 1s common
A hemorrhagie tendency 1s present due to reduced platelets, fibrinogen and
prothrombin  Bleeding from esophageal vances may be present Patients
with such symptoms of far advanced hepatic fibrosis are obviously poor
surgical nishs

Patients with asates do not tolerate spinal anesthesia, therefore, this
choice 15 not open to the anestheust The ancnua precludes the use of
nitrous oxide or ethylene unless anoxia can be avoided The non volatile
drugs may not be detoufied i 2 normal manner They may cause pro-
longed somnolence and hikewise should be avoided Cyclopropane 1s one of
the best chotces because it s labile, rapidly elimuinated and disturbs liver
function least of the major anesthetics Ether causes some impairment in
Iwer function and 1s therefore avoided When used some patients may
develop hepatic coma and death Barbiturate anesthesia—or even opening
the abdomen under local ancsthesia have been known to do lihewise
Regonal or local infiltration 1s probably the best where applicable When
local anesthesia 1s used 1t must be remembered that the drug may be detoxi-
fied slowly and toxic reactions may occur when the usual quantities are
employed

Abscesses of the Liver

Usually hver abscesses are amebic or bactenal m onigin Even though
extensive usually enough hiver tissue remains so that severe hepatic nsuffi
ciency 1s uncommon More often than not the choice 1s predicated upon the
presence of fever, sepsis, weight loss, cachexia and other systenuc derange
ments rather than hver insufficency The choice 15 whatever 15 best to
facilitate completion of the surgery Wherever possible local anesthesia 1s
used Otherwise cyclopropane 1s selected Non volatile drugs are avoided
on the presumption that some hepatic nsufficiency exists
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i urea clearance after repeated daily admmistration 1n dogs Single ad
ministrations presumably cause no sigmficant changes

The renal epithelium 1s unpermeable to serum proteins under normal
crcumstances  After chloroform and ether anesthesia a transient album
nuria occurs 1n over half of the cases Casts and leukocytes may also be
found occastonally Glucose rarely appears in the urme as a result of anes
thesia

Histological changes m the kudney parenchyma ascnibable to anesthetic
drugs rarely occur save after chloroform anesthesia The possibility of
lesions 1n the human kidney from the use of vinyl ether has been suggested
but that 1t actually occurs has not been established

The response of the kidney to general anesthesta varies with the extent
and depth of anesthesia The greater the depth, the more profound the
change irrespective of the drug employed Recent work suggests that intra
renal vasoconstriction 1s largely responsible for the dimmution 1n urinary
output Ths 1s assoctated with a fall 1 glomerular filtration and a reduc
tion 1n the excretion of electrolytes and water An increase in renal tubular
reabsorption of both electrolytes and water occurs concomitantly Opera
tion 1tself in the absence of shock and hemorrhage has lttle effect on renal
function It 15 probable that whenever renal dysfunction occurs durng the
postoperative period 1t 1s due, not so much to anesthesia, as 1t 1s to other
factors It 1s possible that anesthetics may affect the renal tubules so that
m the postoperative period they are not able to properly manage reabsorp
tion and excretion of electrolytes and fluds Spinal anesthesia does not have
any appreciable effects upon renal function

EFFECT ON DISEASED KIDNEY

Little data are available on the effects of anesthetics upon the diseased
kidney Consequently there 1s httle information which can be used as a
guide for the selection of anesthesia in patients with renal disease and dys
function In considering the chorce of anesthesia for patients with kidney
disease the selection must be based upon the physiologic disturbances pres
ent as a result of the disease, namely cardiovascular disturbances, particu
larly alterations m blood pressure, edema, ascites, anema, and changes 1n
electrolyte concentration

NEPHROSIS

Nephrosis may comphcate surgical diseases or vice versa When nephrosis
1s present, edema, lowered metabolic rate, severe anemia, lowered serum
protems, and often ascites are the chief findings Occasionally preumococcus
peritomtis and alterations m blood pressure are present Anesthetic tech
mques which disturb acd base balance should be avoided Anoxia and
carbon dioxide retention are to be avorded Anesthetics which alter blood
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pressure, particularly those which cause it to fall, 1re not desirable Spinal
anesthesia 1s not & wise chawe 1f the discase is severe or has been long
standing particulasly 1f ascites s present Increased intra abdonunal pres
sure 15 a contramdication to spmal mesthesin In addition nemit 15 also a
contrandication to <pin1l anesthesia Severe hypotension which may be
followed by reversible crculatory collapse 1s a stroag possibility

The best choice of anesthesia in cases of lipowd nephrosts ss cyclopropane
Rapid induction and recovery follows wath httle or no disturbances in blood
chenncal constitutents  Ethylene with adequate concentrations of oxygen
combined with cther may be used but 15 followed by slow recovery “inor
procedures may be performed using local ancsthesia Non volatile drugs
are best avorded because of the prolonged depression winch may occur
Disturbances wn function are prolonged by slowly chimnated drugs The
mability of a diseased hidney to excrete drugs which are eliminated unchanged
mto the unme must be borne m nund Even n the case of drugs which are
destroyed by the hiver it has been noted that when renal disease 1s present
something happens and there 1s prolonged depression irrespective of the
fact that the ludney 15 supposed to have no part w its chiounation

CHRONIC GLOMERULONEPHRITIS

Acute nephntis most frequently complicates streptococeal infections which
may on occasion require surgical intervention Anuna, ohguria, hematuria,
cdema, clevation in blood pressure, fever, signs of sepsis, ancmua, and
azotenua may be present and are factors to be considered from the stand
pomnt of anesthesia In seriously, acutely, 1] subjects loca) infiltration 15 the
best choice 1f the operation can be performed wath it Where local anesthesia
cannat be used cyclopropane 1s the drug of choice It 1s labie and permits
rapid 1nduction and recovery and causes little or no metabolic disturbasnces
Any suppression 1 unnary function 1s quichly restored to normal due to
the rapid recovery Ether 1s less desirable because its effect on the unnary
output may be sustaincd over a longer period of time due to slow recone:

As a general rule the use of spinal anesthesia 1s not advised particufarl; f?{
an elevation 1 blood pressure, anemua, sepsis or uremia are resent :)
casionally spinal anesthesin promptly ameliorates renal wscu?‘u “f— =°
m acute nephritis with hypertension Non volatle drugs such .
paraldchyde and long acting barbiturates are contraindseated b.;u :
acting barbiturates may cause prolonged somnole; i rz
of suppression of renal function and are,
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m urea clearance after repeated duly administration i dogs Single ad
minstrations presumably cause no significant changes

The renal epithehum 1s impermeable to serum protens under normal
circumstances After chloroform and ether anesthesia a transtent albunu
nuna occurs 1 over half of the cases Casts and leuhocytes may also be
found occastonally Glucose rarely appears in the urine as a result of anes
thesia

Histological changes m the ladney parenchyma ascribable to anesthetic
drugs rarely occur save after chloroform anesthesia The possibihty of
lestons 1 the human kidney from the use of vinyl ether bas been suggested
but that 1t actually occurs has not been established

The response of the hidney to general anesthesia varies with the extent
and depth of anesthesia The greater the depth, the more profound the
change 1rrespective of the drug employed Recent work suggests that intra
renal vasoconstnction 1s Jargely responsible for the diminution 1n unnary
output This 15 associated with a fall in glomerular filtration and a reduc
tion m the excretion of electrolytes and water An increase 1n renal tubular
reabsorption of both electrolytes and water occurs concomutantly Opera
tion 1itself 1n the absence of shock and hemorrhage has little effect on renal
function It 15 probable that whenever renal dysfunction occurs during the
postoperative period 1t 1s due, not so much to anesthesia, as 1t 1s to other
factors It 1s possible that anesthetics may affect the renal tubules so that
in the postoperative period they are not able to properly manage reabsorp
tion and excretion of electrolytes and fluds Spinal anesthesia does not have
any appreciable effects upon renal function

EFFECT ON DISEASED KIDNEY

Little data are available on the effects of anesthetics upon the diseased
Lidney Consequently there 1s httle information which can be used as 2
guide for the selection of anesthesia m patients with renal disease and dys
function In considering the choice of anesthesia for patients with Lidney
disease the selection must be based upon the physiologic disturbances pres
ent as a result of the disease, namely cardiovascular disturbances, particu
larly alterations mn blood pressure, edema, ascites, anemia, and changes
electrolyte concentration

NEPHROSIS

Nephrosis may complicate surgical diseases or vice versa When nephrosis
1s present, edema, lowered metabolic rate, severe anenua, lowered serum
protemns, and often ascites are the chief findings Occasionally pneumococcus
pentomtis and alterations 1 blood pressure are present Anesthetic tech
mques which disturb acid base balance should be avoided Anoxa and
carbon dioxide retention are to be avoided Anesthetics which alter blood
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are accompuned by fever and other signs of sepsis more often than not
Wihen the discase 1s umiateral and renal msufficieticy 15 1bsent the choice
of anesthetic differs httle from that for other septic conditions Cyclopro
pane, thiopental combined with mtrous oude, or cthylene with or with
out ether, <pmal or nerve blocks may be used When accompanied by
anenua, hypertension or signs of renal msuffictency, the choice 15 the same
as for 1cute and chrome nephritis

TUBERCULOSIS OF THE KIDNEY

Anesthesia for surgical patients who have this complication, even 1f not
complicated by pulmonary tuberculosis, 1s managed n the same manner
as pulmonary tuberculosts, largely on the assumption that it may be assact
ated with 1t although chmcal and laboratory findings do not suggest 1t
When the disease 1s far advanced and renal msufticiency 1s present the
choice of anesthesia differs little from that outhned for nephntis Anemua,
fever, weight loss and renal insuiiciency are compheating factors which
must recenve due consideration Cyclopropane, ether or spinal anesthesia
may be used Thiopental with mtrous ovide may also be used

NEOPLASMS OF THE KIDNEY

Inasmuch as renal neoplasms do not disturb hidney function unless they
are bilateral, which, of course 1s unusual, and they nactivate or destroy
the major portion of the existing renal tissue, selection of anesthesia pre-
sents no particular problems when they are present Usually neoplasms are
umlateral and the uninvolved hidney 1s functioning normally The selection
15 then governed by the nature of the requirements for this operation (The
chowe of anesthesia for nephrectomy 15 outhned n Part III ) When the
disease 15 extensive and anemia and emaciation are present the chotce must
be made according to these factors and the status of the patient

DEGENERATIVE LESIONS OF THE KIDNEY

Structural changes of the Lidney such as cloudy swelling, tubular de-
generations due to mercury and other poisons, fatty and amyloid degenera-
tion give nse to various symptoms which arise from the dysfunction they
cause Anesthesta under such circumstances 1s managed on the basis of
the resulting disturbance 1n function In the absence of anemia, elevation
m blood pressure, mtrogen retention, loss of concentrating power and so
on, the choice of anesthesia differs 1 no way from that outhned for un
complicated surgical diseases Should any of these complications be present

anesthesia 15 then managed according to the recommendations previously
outhined for renal dysfunction and its complications
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Anesthetics which elevate blood pressure or which disturb acid base balance
are to be avoided Nitrous onide and ethylene are not easily admumstered
without anoxia Anoua and carbon dioude retention are to be avorded The
use of spnal anesthesia 1s not adwised because 1t may cause a precipitous
fall 1n blood pressure The question 1n these cases 1s what will do the patient
the least harm rather than what 15 best.

UREMIA

Rena} msufficiency 15 encountered 1n surgical patients preoperatively
from time to time Although 1t may be due to extrarenal factors, more often
1t 15 associated with the lower nephron syndrome or long standing renal
disease Early renal shut down usually presents no serious problem as far
as anesthesia 1s concerned but long standing insufticiency with well estab
lished urenua does Coma, convulsions and acidosis are the three most 1n
portant factors i uremua as far as anesthessa 1s concerned Stomatitis and
ulceration of the mouth are also worthy of note from the standpornt of laryn
goscopy and use of airways Drugs such as thiopental should be avorded be-
cause they cause re. piratory depression and prolonged somnolence Cyclopro
pane or ethylene with oxygen are the least harmful of the gases Nerther en
hances acidosis Local or regional anesthesta, if they can be used and permut
the surgeon to work without handicap, are desirable choices Any drug or tech
nmique which enhances acidosis 1s to be scrupulously avoided Chloroform,
ethyl chlonde or trichlorethylene should not be used Techmiques which do
not pcrmut adequate ovygenation and control of carbon dioxide tension are
not to be used The muscle relaxants are contraindicated

SENILE NEPHROSCLEROSIS

Senile nephrosclerosis 15 probably unrecogmzed and frequently en
countered particularly m old patients It 1s accompanied by httle or no
hypertension or renal msufticiency Under such arcumstances the choice
of anesthesia presents no particular problem It 1s unusual for 1t to eust
alone, however Other mamfestations of degenerative diseases particularly
vascular lesions are present These influence the choice of anesthesia more
than the renal disease In wiew of the fact that it 1s associated with arteno
«clerasis, anesthetics which cause wide fluctvations i blood pressure, par-
ucularly <pinal anesthesia are to be avorded Ether, cyclopropane thio
pental with ethylene or mtrous owude may be used Non volaule drugs and
muscle relaxants may be used, if used cautiously

SUPPURATIVE DISEASES OF THE KIDNEY

Suppurative diseases of the hidney parenchyma the pehvis and the ureter
nclude nfections such as pyvelonephriis pyelitis or hydronephrosis These
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DISEASES OF THE CENTRAL NERVOUS
SYSTEM

BRAIN

Psychoses

Diseases of the central nervous system charactenzed by psychotic mam
festations occasionally complicate surgical problems Some organic lesions
present symptoms which suggest functional discase and wvice versa Func-
tional mental disorders encountered are the psychoses, the neuroses and
vanous psychopathic personalities The remarks mn this discussion also
apply to organic lesions of the bramn which give nise to psychotic symptoms
The psychotic patient who develops a surgical disease does not present any
particular problem to the anesthetist unless he 15 disturbed to the point of
being uncooperative Some patients appear to be cooperative and lead the
physician 1nto a sense of false secunty Their behavior may be acceptable
until the moment of induction of anesthesia at which time they become
unruly and viclent General anesthesia 1s preferred in nearly all circum
stances 1n dealing with psychotic patients It 1s advisable to use basal narcosts
induced with an ultra short acting barbiturate intravenously or avertin
rectally and maintain the hypnotic state until inhalation anesthesia 1s com
menced The basal narcosis 1s induced at the bedside There 1s no par-
ticular preference concerning the choice or techmque of supplementary
anesthesia after basal narcosis has been induced That which suits the
situation best 1s the one to use The use of regional anesthesia 1s not advised

It 15 seldom satisfactory for any procedure of even those of the shghtest
magmtude i disturbed patients

Drug Addiction

ArcoHoL AppIcT
The chrome alcohol addict 1s difficult to anesthetize with aliphatic anes
thetics Such addicts appear to be resistant to hydrocarbons, ethers, alcohols,
halogenated aldehydes and halogenated alcohols Presumably a cross toler
ance develops between alcohol and ather drugs of the aliphatic type Inhalation
anesthesia 1n alcohol addicts 15 characterized by a prolonged second stage
and an extremely narrow zone of third stage Sometimes the zone of the
third stage 15 so narrow that the patient appears to pass from stage II to
stage IV without ever having been 1n stage III It 1s advisable to avod
mhalation anesthesia and basal narcosis with the ahiphatic drugs when
anesthetizing chronic alcohol addicts Spinal and regtonal anesthesia should

213
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DISEASES OF THE CENTRAL NERVOUS
SYSTEM

BRAIN

Psychoses

Diseases of the central nervous system charactenized by psychotic mam
festations occastonally complicate surgical problems Some organic lesions
present symptoms which suggest functional discase and vice versa Tunc
tional mental disorders encountered are the psychoses, the neuroses and
vanous psychopathic personalities The remarks n this discussion also
apply to organic lesions of the bram which give nise to psychotic symptoms
The psychotic patient who devclops 1 surgieal disease does not present any
particular problem to the anesthetist unless he 1s disturbed to the pomt of
being uncooperative Same patients wppear to be caoperatnve and lead the
physician nto a sense of false secunty Thar behavior may be acceptable
until the moment of induction of ancsthes:a at which time they become
unruly and violent General anesthesia 1s preferred 1 nearly all crreum
stances 1n dealing with psychotic patients It 1s advisable to use basal narcosis
induced with an ultra short acung barbiturate intravenously or 1vertin
rectally and mantam the hypnotic state unti] snhalation anesthesia 1s com
menced The basal narcosts 1s induced at the bedside There s no par
ticular preference concerning the choice or techmque of supplementary
anesthesia alter basal narcosis has been induced That which suits the
situation best 15 the one to use The usc of regional anesthesn 1s not advised

1t 15 seldom satisfactory for any pracedure of even those of the slightest
magnitude i disturbed patients

Drug Addiction
Arconor Apbrcr

The chronic alcohol adthet 15 difficult to anesthetize with aliphatic 1nes

;hihcs Such addicts appear to be resistant to hydrocarbons, cthers, alcohols,
alogenated aldehydes and hal d alcohols Pr bly 1 cross toler

22: gli\ elops b?“ cenalcohol and other drugs of the aliphatic type Inhalition
anesth sia 10 aleohol addicts 1s characterized by a prolonged second sthge
and nlacxtrcmely narrow zone of third stage Sometsmies the zone of the
- sI vgsv :‘sh‘s)ztnarro vh that tl;)e patient appears to pass from stage 11 to
ever having been 1 stage III It 15 advisabl
wmhalation anesthesia and basal ot e
narcosts with the aliphitic dry,
; s when
nesthetizing chromic aleohol addicts Spmal and regronal anesthesia should
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be used whenever possible Chronic alcohol addicts do not necessarily mam
fest tolerance to all central nervous system depressants They may respond
n the expected manner without increased tolerance to therapeutic doses of
narcotics and barbiturates Overdosage may easily result when thiopental
1s used for basal narcosis n these subjects 1f one assumes that larger than
average doses are required because of the addiction

When mhalation anesthesia cannot be avoided mn dealing with chromc
alcohol addicts basal narcosts with alcohol or thiopental simphfy induction
to a certan extent It 15 almost tmpossible to obtan satisfactory surgical
anesthesia with mitrous oxide or ethylene 1n chronic alcohol addicts Cyclo
propane alone 1s not always satisfactory for maintenance although 1t 1s the
best for mduction A prolonged second stage invariably accompanies mduc
tion of ether anesthesia Ethyl chloride, chloroform ard vinyl ether are not
satisfactory The muscle relaxants are useful adyuncts

The misconception that subjects with acute alcoholism are d fficult to an
esthetize 15 prevalent Surgical patients who have acute alcoholism are not
difficult to anesthetize The alcohol acts as a basal narcotic and actually
simplifies the induction of anesthesia

BARBITURATES

Habitues to barbiturates present no problem for the anesthetist When
barbiturates are used for preanesthetic medication or basal narcosis for
these patients larger than ordinary doses are required Inhalation anesthesia
15 tolerated by these subjects without any unusual manifestations Cross
tolerance between barbiturates and aliphatic drugs 1s the exception rather
than the rule

NarcoTics

Addiction to narcotics whether to the opium alkaloids, therr derivatives
or to synthetic substitutes presents no difficulty from the standpomnt of
anesthesia Premedication with narcotics 1s not advised 1f the addict 1s
“cured ” Basal narcosis with the thiobarbiturates or avertin 15 effective and
may be used mstead When narcotics are used for premedication for the
addict who has not been under treatment the dose to which the addict 1s
accustomed 1s the one to be used The prolonged eventful second stage
characteristic of the alcohol addict 1s not observed when narcotic addicts
are anesthetized with mhalation anesthesia

Organic Diseases of the Bramn
Organic diseases of the central nervous system ment special considera
tion from the standpoint of anesthesta Two factors must be considered,
(1) the direct efiect of the drug on the nervous elements and (2) the changes
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n the hydrodynanucs of <pmal flmud In gencral any diletenous effect caused
by the anesthetic upon the neevous sy steauts due to an eley ation mantr 1icramnl
pressure  Tntracrimal pressure is ruscd by (1) a rapd formation or an
accumulation of excess cerebral spmal fluud, (2) increasmg the volume of
blood 1 the cerebrovascular system md (3) ncrersng fusd 1n the inter
and wtracellular spaces of the nervous tissues Any or a combination of
these three factors rases the pressure i the cramal cnvity Increases in
pressure cause compression of the mcdulla agamst the base of the shuil
and a distutbance w function of wital centers This 1s followed by disturb
ances n curculation notably blood pressure, and respiration The two fac
tors which cause an increase i intracransal pressure during ancsthesia more
than any other are carbon dioaide excess and gnoxta The former exerts
2 more pronounced cffect than the Iatter Most central nervous system
depressants raise intracramal pressure, but the influence of the agent per se
15 neghgible Vlost changes result secondanly from alteration of pascous
composition of the bleod resulting from madequate ventilation

Cerebral Vascular Lestons

Vascular lesions of the brain occasionally comphcate surgical diseases
Hemorrhage whether spontancous, or the result of trauma may be intra
cerebral, subarachnord, subdural or extradural Irrespective of the ctiology
and type of lesion the one problem which 1s common to all of them from
the standpoint of anesthesia 1s that of increased intracramal pressure Any
anesthetic which increases intracramal pressure complicates matters In
creased artenial blood pressure because of its secondary effects on intracramal
pressure 1s to be avorded Whenever possible regional anesthesia should be
used 1n such situations Spinal anesthessa 15 not suitable for two reasons
(1) the airculatory changes precipitated by spinal anesthesia lead to hypo-
tension and (2) lumbar puncture may be contraindicated \When general
anesthesia 15 necessary any techmque which causes sub oxygenation or
an mcreased carbon dioxide tension must be avoided An mcreased carbon
dioxide tension 1s difficult to avoid when drugs which cause hypoventilation
such as cyclopropane or thiopental or the narcotics are used unless mechant
cal tidal ar regulation 1s available Respiratory acidosss varably ac
companies hypoventilation Difficult prolonged induction with ctherymn
cause an elevation of intracranal pressure Ethylene or mtrous ouide ﬂfi
nocuous when adminsstered without anoxia However one 1s never cer
tan that this objectve may be accomphshed, unless basal narcosss 15 used
and this may cause hypoventilation Premedscation with the 1
raise ntracramal pressure secondanly to hypoventilat The question
resolves itself mto which drug or techmque will do th ot b oo
than which 15 the best ‘The proper selection 15 o e rather

often difficult to make
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THROMBOSIS

The anesthetic management of patients with thrombosts of the cerebral
vessels differs in no way from that due to hemorrhage Embol cause venous
or arterial obstruction which may be followed by increased intracramal
pressure Anesthetics or techmques of admimstration which raise mtra
cranial pressure are to be avoided Rapid uneventful mnduction with ethylene
or cyclopropane which has been preceded by basal narcosis with avertin
or thiopental 1s the procedure to be used when general anesthesia 1s desired

INTRACRANIAL ANEURYSMS

The presence of unruptured ntracramal aneurysms whether congemtal,
mycotic or atheromatous presents a serious situation from the standpont
of anesthesta Drugs or mampulations which disturb the dynamcs of cere-
bral spinal flumd pressure, blood pressure or blood flow 1n the cramal vault
may lead to rupture Elevation of blood pressure from struggling, excite
ment, carbon dioxide, excess anoxia or vasopressor drugs should be avoided
Induction of general anesthesia should be preceded by basal narcosts with
thiopental or avertin to avoid excitement It 1s advisable, as a rule, to omt
narcotics for premedication because they may cause a respiratory depres
ston which leads to anoaia and carbon diouude retention both of which causes
an increase 1n cramal pressure Hypotensive agents may be used pre oper
atively and as adjuncts to anesthesia

Hydrocephalus, Cerebral Edema etc

Patients who have hydrocephalus, cerebral edema due to systemic disease,
Iacerations and other trauma to the brain, edema due to toxic reactions from
drugs and other nowuous agents or anowia usually present a picture and
chnical mamfestations which can be ascribed to increased mtracramal pres
sure Factors which further mncrease the intracramal pressure should be
avaided The management of patients with these conditions 1s 1dentical to
the management of anesthesta m patients who have vascular lesions

Neoplasms of the Bramn

Tumors of the brain and other expanding mtracranial lestons present the
same problems in the management of anesthesta which arise when vascular
disturbances are present The mtracranal pressure may be elevated and
further increased by mnespert management Mampulations and drugs which
further increase intracramal pressure are to be avoided These patients
are often comatose, have palsies, convulsions and other neurologic signs
Psychatic manifestations may be present Local anesthesia 1s the most
desirable choice for comatose patients If local anesthesia 1s not practical
basal narcosis using tribromethanol or thiopental supplemented with nitrous
oxide and ether may be used Hypoventilation s to be avaided Cyclopro
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pane may be used with assisted respiration If asymptomatic the same pre
cautions should be exercised The management of anesthesia for intracramal
operations 15 descnbed in Chapter \NIN

Suppurative Discases of the Brain

Suppurative processes within the cramni vault such as bran abscess,
suppuration 1 the \enous sinuses, sinus thrombosis, meningitis due to
pyogenic bactena or tubereulosis present identical problems to those anising
from vascular lesions—those due to mncreased intracransal pressure In
addiion there are symptoms of sepsis, mental disturbances, spasticity,
ngdity and other neurclogical signs which, of course, complicate the man
agement of anesthesta Management however 1s the same as with vascular
lesions Anesthetics which mcrease the mtracramal pressure least are to be
used Whenever possible local anesthesia 15 the desirable choice

Inflammations of the Bram

Encephabitis complicating surgical discases 1s uncommon Fever, sepsis,
coma, respiratory, circulatory and neurologic disturbances may be present
Aggravation of these may be avoided by minimizing increases in intracramal
pressure Excitement, strugghng, anoxia and carbon dioude excess are to
be avoided For this reason when general anesthesia 1s desired basal
narcosis with thiopental or avertin may be used 1f the patient 1s not comatose
and has no derangements of respitatory pattern of central ongin This may
be followed by cyclopropane Ether may be used for maintenance Anntra
tracheal airway should be available 1n the event respiratory failure ensues
Whenever possible, local nfiltration or nerve block should be used Data
concermng the use of spinal anesthesia 1 patients who have diseases of the
central nervous system are meagre As a general policy spinal anesthesia is
avoided under arcumstances such as these

Diseases of the Basal Gangha

Diseases of the basal ganglia such as Parhinsonism, chorea, Wilson's dis
ease, pseudosclerosis, and so on which are manifested by neuromuscular
disturbances ment special consideration Belladonna alkaloids or other
drugs which mimmize neuromuscular responses are admimnistered preopera
tively Such patients may then be anesthetized with any desired drug,
usually one which 1s rapid acting The ultra short acting barbiturates are
avoided because they may enhance the tremors Cyclopropane, ethylene,
nitrous oxide or avertmn may be used Spinal anesthesia may be difficult :(;
induce Besides, its use 1n diseases of the central nervous system 1s unwise

Epilepsy
Patients with epilepsy and related disturbances of the motor cortex are
best managed by using general anesthesia Preanesthetic sedation with a
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barbiturate such as phenobarbital or other ant1 convulsant drug 1s advised
The patient 1s then anesthetized with as hittle excitement as possible Basal
narcosis with avertin or thiopental may be necessary to make the induction
of anesthesia simple and rapid Cyclopropane alone or ethylene folloned by
ether may be used There 15 no contramndication to the use of muscle relax
ants Local nfiltration or nerve block may be used if basal narcosis using
barbiturates intravenously 1s used mn conjunction with the block Vinyl
ether, and carbon dioxide excess are to be avoided because they may mnitiate
convulsions
CEREBELLUM

Anesthesia for patients who have lesions m the cerebellum whether of
vascular ongn, or due to trauma, suppuration or inflammation, are man
aged m the same manner as smular conditions 1 the cerebrum

INFLAMMATORY AND DEGENERATIVE
LESIONS OF THE CORD

Daseases of the spinal cord are of special concern to the anesthetist Spinal
anesthesia 1s scrupulously avoided even though there 1s no evidence that
local anesthetic drugs enhance existing diseases of the spinal cord Irrespec
tive of the nature of the lesion or disease whether 1t be due to syphils,
myelitis, dissenunated sclerosis, combined degeneration, syningomyelia or
neoplasm, lumbar puncture and intrathecal injections are avoided Instances
of damage to the spmnal cord or paralyss after spmal anesthesia have been
associated with pre existing neurologic disease It 1s possible for a patient
who 15 not aware of an existing subclinical neurologic disease to become
conscious of symptoms aiter surgery and ascribe them to the spinal anes
thetic From a medicolegal point of view, 1f for no other reason, spinal anes
thesia 15 to be avoided when known neurologic lesions are present
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DISEASES OF THE SKELETAL SYSTEM

MUSCLES

Dhscases of muscles of interest to anesthesiologsts fall mto two categones,
those charactenized by hypertonus, nigudity or spasm and those character-
wed by hypotoma, asthema or atony Discases charactenized by hypertonus
and spastieity offer no partscular problem from the standpomt of anesthesia
ewept that during ssduction <pasm of the laryngeal and pharyngeal muyscles
may saterfere with proper maintenance of the mrnay Drugs which permit
rapid mduction such as cyclopropane or thiopental combined with a muscle
relaxant are to be used Nitrous oxide or cthylene used alone are not, as
a rule, satisfactaty Regional anesthesia 3s sustable for minor procedures
but, wn general, unsatisfactory Barbitusates or asertin may be used for
basal narcosts Spinal ancsthewa may b used provided one 1s certam of
the duagnosts and cord lessons hase been excluded Carbon dioxide excess
tends to mcrease muscle tone and must be avorded

Patients with diseases charactenzed by atoma or flacaidity may develop
hypouentilation or respitatory paralysis when anesthetized Controlled respt
ration may be necessary duning and possibly after operation Prolonged
controlled respiration may lead to arculatory fasdure 3f sentidation 25 not
adequate This must be borne m mind when long operations are contem
plated Drugs which act rapidly, are labile and are elimnated quickly, are
preferred to slow acting, slowly ehiminated drugs Ether 15 objectionable
from this standpownt The gases are undoubtedly the best for these patients
Cyclopropane 1s ideal The non solatile drugs are objectionable because they
are uncontrollable, may cause bypoventilation and prelonged depression
The use of muscle relaxants is not advised

Wsaest! cnia gravss complicates surgical diseases more often than s reaf
1zed Cessation of respuratory efforts oceurs promptly after induction regard-
Tess of the anesthetic drug used These patients are non resistant to central
nervous svstem depressants

Any drug may be used for these patients although cyclopropane 15 the
drug of choice for major surgery For manor surgery local wiltration, nenve
f)sro‘::esd ;ti;;l}eni ;:r hmm)us ouide may be used When peneral anesthesia

g which 15 rapidly ehminated 15 one that should be chosen so
that recovery may be as prompt as possible Prel y medication with
a combination of atropine and prostigmune are advised The same medica
ton should be used after the operation 15 over The muscle relax ants 1re
strictly contrawdicated 1 patents who have myaesthema gravis because

23




220 SELECTION Of ANLSTHLSIA

they nduce an ntense, sustained effect There 1s no objection to the use of
low spinal anesthesia

BONES AND JOINTS

The two most commonly encountered discases of the joints are osteo
arthntis and rheumatord arthritis The mfectious arthritides, degenerative
changes of joints, particularly when limited to single joints or joints of the
extrennties offer few problems as far 1s anesthesia 1s concerned Osteoarthritis
of the spine complicates spinal anesthesia and renders attempts at lumbar
puncture difficult Outside of that, this condition offers very httle trouble
from the standpoint of anesthesia

Rheumatoid arthritts may cause difficulty 1n positioming due to hmitation
of motion, particularly 1f the knees, hips or spine are 1nvolved In addition
lumbar puncture may be difficult or impossible When the cervical spine 1s
mvolved the head cannot be extended Attempts at intubation and mamn
taimng a patent airway are often impossible When so, tracheotomy may
be mdicated Associated systenne mamfestitions charactenistic of the acute
phase of, or the exacerbations of rheumatoid arthritis such as anenua, fever,
enlarged spleen must be considered, 1if present, in selection of anesthesia
When the disease has run 1ts course the anhylosis of the joints and the
Iimntation of motion are the chief concern of the anesthetist No special drug
or techmque 15 indicated or contraindicated

Discases of the bone or cartilage or systenuc diseases causing sheletal de
formuties such as acromegaly, dwarfism, glantism, Paget's disease, or evos
tosts may cause difficulty n placing the mash on the face, may render
lumbar puncture difficult or may cause obstruction of the arway Otherwise
there are no particular problems as far as anesthesia 1s concerned
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DISTURBANCES OF THE ENDOCRINE
SYSTEM

The endocnne glands are so mier related that disturbances in function
wn one glandular structure are often reflected by hypo or hyperfunction
others 'The most importnt glands and the ones about which the least in
formation 15 mvarlable from the standpoint of ancsthesia are the adrenal and
the pitustary

THE ADRENAL
When adrenal msufciency exsts the possbility of sudden airculatory
collapse and death s ever present although fauwly adequate substitution
therapy 15 now avasable Well established \ddison s discase 15 not com
monly encountered as a compheation of surgical diseases, fortunately, but
when 1t 1s, 1t presents a senious problem from the standpoint of anesthetic
g More dang thar a well recogmzed case of Addison’s
disease 15 the nsuhous Iatent unrecogmzed case of adrenal msufhciency
Deaths occutring without any sppatent cause have been explained by as
suming the presence of this entity Minimum premedication should be used
for patients hnown to have adrenal hypofunction It has been shown that
drenal 1 amimaly fest 3 greater senstivity to hypnotic and
anesthetic drugs than those with sntact adrenal glands Laboratory date
mdicate that severe, often wreversible, crrculatory collapse ensues quichly
dunng ether anesthesia s adrenal 3 dogs Adeg preoperative
preparation with adrenal hormones and sahne and dextrose 1s ndicated
before surgery

Anosa carbon dioxide excess mampulations kading to {ear, fnght,
blood loss or trauma are to be avoided Procedures or drugs which cause
the blood pressute to fall, such as sptnal anesthesta gvertn and the bar-
Iiturates are to be asoded The method and technique of admmstration
1s probably more important than the chaice of drug although rapdly ehm
nated drugs are preferred Cyclopropane 1s probably the best choice because
s Tapidly chnmunated s labile and anesthesia 1s rapidly mduced Suffcrent
telaxation 15 obtamed with case because these patsonts are asthere and non
tesistant Sudden cxrculatory collapse must be anticipated at any moment
from the begimng to the end of the procedure Hormones and Vaseprssors
must be mmediately avadable for treatment of arculatory collapse Al

though data on the subject are meager muscle rdlaxants should be used with
caution if at al

L
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Adrenal hyperactivity 1s occasionally encountered This 15 usually assoct
ated with chromaffinomas, the best known of which are the pheochromo
cytomas An excess of adrenal cortical hormones, epmephrine and epneph
rine hhe substances are elaborated by the gland Paroxysmal elevations n
blood pressure characterize the disease Hypoglycemic shock, also parox
ysmal 1 character, may occur during which the excess hormones are liber
ated Anesthetics which cause the blood pressure to fall should not be used
Anesthetics such as cyclopropane which increase cardiac irntability like
wise are to be avoided The possibility of ventricular fibrillation 1s ever
present Ether 15 the drug of choice for these cases Gangliome blockhing
agents or sympatholytic agents should be available to reduce the blood
pressure when 1t rises to excessively high levels

It 15 advisable to continue medication or to even increase the dose of cor
tisone and other adrenal cortical hormones which are being adminstered to
patients for therapeutic purposes preoperatively The drug should be con
tinued for several days postoperatively Adrenal insufhciency may develop
if the medication 1s discontinued prior to the operation

THE THYROID GLAND

Disturbances of the thyroid gland are characterized either by hyper
activity or hypoactivity Grave’s disease with 1ts increased metabolic rate
and cardiac effects has been described in Part IIT under thyroidectomy
Anything which causes sympathetic overactivity of any sort must be avoided
when thyrotoxicosts 1s present The high metabolic rate and increased oxygen
consumption must be considered in selecting and managing anesthesia
Anesthetics which increase cardiac irritability, or sympathetic activity are
undesirable Epinephrine and related amines must not be added to solu
tions of local anesthetics used for nerve bloching and infiltration The pa
tient should be well sedated 1n order to appreh. and psychic
disturbances which give rise to extreme degrees of tachycardia and, on
occasions, arrhythmias

Hypoactivity of the thyrotd gland results in myxedema The low meta
bolic rate, the thick tongue, the increased lymphord tissue, thickened mucous
membranes, myxedema of the skin, the cardiac changes and related glandu
lar disturbances are to be taken nto consideration when selecting anes
thesia for patients with well defined hypothyroidism Except mn the case
of dire emergencies, surgery should be deferred for several days and therapy
mstituted with thyroid extract Obstruction of the airway occurs from the
edema, lymphoid tissues, and thick membranes mn the oro and hypopharyns

These patients are ustally much less tolerant to depressant drugs than
normal Comparatively speaking, less than the average quantities are re
quired to cause them to be relaxed Blood pressure may be low and further
decreases may be encountered due to drug action At times 1t may be diffi
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Adrenal hyperactivity 1s occasionally encountered This 1s usually assoct
ated with chromaffinomas, the best known of which are the pheochromo
cytomas An excess of adrenal cortical hormones, epinephrine and epineph
rine like substances are elaborated by the gland Paroxysmal elevations m
blood pressure characterize the disease Hypoglycemic shock, also parox
ysmal 1n character, may occur during which the excess hormones are liber
ated Anesthetics which cause the blood pressure to fall should not be used
Anesthetics such as cyclopropane which ncrease cardiac irntabihity hhe
wise are to be avoided The possibility of ventricular fibrillation 1s ever
present Ether 1s the drug of chowce for these cases Ganglionic bloching
agents or sympatholytic agents should be available to reduce the blood
pressure when 1t rises to excessively high Jevels

It 15 advisable to continue medication or to even increase the dose of cor
tisone and other adrenal cortical hormones which are being administered to
patients for therapeutic purposes preoperatively The drug should be con-
tinued for several days postoperatively Adrenal msufficiency may develop
1f the medication 1s discontinued prior to the operation

THE THYROID GLAND

Disturbances of the thyroid gland are characterized either by hyper
activity or hypoactivity Grave’s disease with 1ts increased metabolic rate
and cardiac effects has been described in Part III under thyroidectomy
Anything which causes sympathetic overactivity of any sort must be avoided
when thyrotosicosis 1s present The high metabolic rate and increased oxygen
consumption must be considered in selecting and managing anesthesia
Anesthetics which increase cardiac irritability, or sympathetic activity are
undesirable Epmephrine and related amines must not be added to solu
trons of local anesthetics used for nerve bloching and infiltration The pa
tient should be well sedated 1n order to minimize apprehension and psychic
disturbances which give rise to extreme degrees of tachycardia and, on
occasions, arrhythmias

Hypoactivity of the thyroid gland results in myxedema The Jow meta-
bolic rate, the thick tongue, the increased lymphoid tissue, thichened mucous
membranes, myxzedema of the skin, the cardiac changes and related glandu
lar disturbances are to be taken mto consideration when selecting anes
thesia for patients with well defined hypothyrordism Except m the case
of dire emergencies, surgery should be deferred for several days and therapy
mstituted with thvroid extract Obstruction of the airway occurs from the
edema, lymphoid tissues, and thick membranes m the oro and hypopharynx

These patients are ustally much less tolerant to depressant drugs than
normal Comparatively speaking, less than the average quantities are re
quired to cause them to be relaxed Blood pressure may be low and further
decreases may be encountered due to drug action At times it may be diffi
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cult to mantun the blood pressure 1t normal levels Spmal anesthesit, and
anesthetic and hypnotic drugs which lower the blood pressure should not
be used Premedication should be used cantiously Usually half the normal
dose 15 used Where the hypothyroidism 1s mild selection of anesthesi
offers no serious problem I'atients mamifest hittle devintion from the normal
except that smaller quantities of drugs are required

THE PARATHYROID GLANDS

Disturbances of the parathyroid glinds, 1s i the case of other endocrine
glands, are characterized by hyperactvity or hypoactivity Hyperactivity
of the parathvrowd glands results in mncreased blood ealcium, renal insuff:
ciency and the development of bone cysts There may be 1 hypoactinity of
the nervous svstem Comvulsions are not present In general there are no
particular problems of concern to the anesthetist The drug and technique
to be selected 1s the one which 1s smitble for the aircumstances

In hypoactinity of the parithyroid gland blood caleium 1s reduced Tetany
and other mimfestitions of increased wntabibty of the central nervous
system may be present These pitients should be given ample sedation with
barbiturates and narcotics preoperatively and prepared with dihydro-
tachysterol Calcium should be given preoperatively and duning Anesthesit
to reduce the wrntability In emergencies, parathormone can be given Pre-
cautions to avoid hyperventilation should be instituted to nummize alka-
lemia There 15 no particular choice or contraindication of anesthetic drugs
in these patients, however The one which meets the needs of the moment
may be used

THE PITUITARY GLAND

The pituitary gland may also show m:lmfestatlons(gf hyperactivity or
hypoactivity When the gland 1s hyperactive disturbances 1n growth and
metabolism, particularly diabetes, are the most prominent mamfestations
Gigantism 15 common 1 certain pitwitary tumors Gigantism 1s of little
concern from the stindpomnt of anesthesia It offers no problems except
that large masks, asrways and laryngoscopes may be needed When hyper-
activity comes on late 1 life acromegaly develops stead of gigantism
The distorted bones, exostoses, hyperplasia of the connective tissue, en
larged hips, tongue, hands and feet may present problems from the stand
pomnt of mamtaimng a proper airway and intubation during general anes-
thesta In performing nerve blocks the landmarks are frequently distorted
mahing the procedure less precise As far as general anesthesia 1s concerned
there 15 no particular choice or objection to any of the currently useci
anesthetic drugs

When hypoactivity of the pituitary gland 1s present metabolism 15 re-
duced and obesity may be present The problems of anesthesia are of those
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of obesity and low metabolic rate described under hypothyrowdism The
patients are not resistant to drugs and less than usual 1s required Dysfunc
tion of the pitwitary may result in changes mn activity of the adrenal gland
Consequently this possibility must be explored in these patients and anes
thesia managed accordingly

THE THYMUS

The function of this gland 1s not known Unlike the other glands hyper-
or hypofunction, if either exists, bears no hnown relationship to anesthesia
An enlarged thymus presents no particular problem to the anesthetist except
that 1t may compress the trachea and obstruct the airway, particularly if
the mass 1s large Status lymphaticus has been ascribed as a cause of sudden
death during anesthesia The general feehng 1s that this syndrome, if 1t
exists, and many physicrans feel that it does not, bears no relationship
whatever to sudden and unexpected death

Myaesthema gravis may be associated with an enlarged thymus gland
Thymectonues have been performed m an attempt to cure the disease These
operations have been uneventful The contention that sudden death and
thymic enlargement are inter-related 1s not borne out by the experiences
with thymectomy Thymectomies present no special problem to the anesthe
tist Cyclopropane or ether ntratracheally may be used when the thymus 1s
enlarged and the patient 1s being operated upon for thymectomy for myaes
thema gravis Basal narcotics may be used Muscle relaxants obyiously are
contraindicated Local anesthesia cannot be used because the operation 1s too
extensive and of great magnitude

THE SPLEEN
Splenomegaly 15 ﬁssocnated with other systemic diseases particularly blood
dyscrasias and the manag t of such patients 1s 1 accordance to those
outlined for the associated diseases Splenomegaly presents no problem as
a rule to the anesthetist except in certain blood dyscrasias These problems
have been described in Chapter 2XTIT
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XXVI
ALLERGY

Allergies are common 1n surgical patients and occasionally complicate the
management of anesthesa Bronchinl asthma, hay fever, angioneurotic
edema, urticania and other cutancous lesions are the most common mani-
festations of the allergic state encountered

As far as 1s known, well defined instances of allergy to volatile anesthetics
are very rare indeed Allergy to non voltile drugs 1s uncommon also Un-
toward responses to drugs usually ascribed to allergy are really duc to
overdosage or mtolerance Allergy 1s more common with loenl 1mesthetics
than general The mamfestations however are cutancous rather than sys-
temic Syncope, convulsions ind circulatory collapse from Jocal anesthetics
are due to overdosage or intolerance Cutancous lesions are usually mam-
festations of repeated rather than single exposures to local anesthetic drugs
This 1s more common 1n physicians and dentists than i patients

As a rule hay fever presents no serious problems from the standpoint of
anesthes;a The engorged mucous membranes of the nose and pharynx, the
secretions, particularly the postnasal dnip, may interfere with mamtenance
of the airway or cause laryngeal spasm when spasmogenic drugs such as
thiopental are used Surgery should be deferred until the condition 1s re-
heved or subsides Lihenise surgery should be deferred when the patient
has an attack of bronchial spasm

Patients who have a history of being allergic but who show no mamfesta-
tions of allergy at the time of operation present no problem to the anes-
thetist Patients who have hay fever should be premedicated with an anti-
histamimc drug and a belladonna alkaloid besides the narcotic The choice
of anesthetic drugs and method of administration 1s immaterial The man-
agement of patients who have bronchial asthma has been described under
the section on pulmonary diseases (Chap XIX) Spasmogenic agents such
as cyclopropane or thiopental are to be avoided because they tend to induce
or aggravate any existing bronchial spasm Meperidine 1s preferred to
morphine because 1t 15 spasmolytic Operations on patients who have angio-
neurotic edema should be deferred until the condition subsides
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INFECTIOUS DISEASES

INFECTIOUS HEPATITIS

Infectious hepatitis 1s encountered 1 surgical patients from time to time
particularly n cases where an error in diagnosis has been made and Iapa
rotomy 1s performed in the supposition that the patient has obstructne
Jwndice The anesthetic management of such patients 1s as described m
the discussion on yiundice (Chap XAXI) Patients who have homologous
serumn jaundice are managed m the same manner as those with hepititis,
Jaundice and hepatic insufficiency from other causes

TYPHOID FEVER

Typhord fever occasionally complicates a surgical disease of emergency
nture which requires immedhate operation These patients may be 1cutely
11, have fever, are dehydrited, and have weight loss They are often referred
to as “tovic ” Toxic myocarditis due to the infection may be a comphicating
factor The management of anesthesi1 in patients with typhoid fever offers
no difficulty Usually such patients are non resistant and require less 1nes
thetic than normal individuals Infiltration or nerve bloch 1s used whenever
possible Cyclopropane 1s more desirable than ether though the combination
of the two 1s satisfactory It 1s best to wvoid the non volatile drugs beciuse
of the possibility of prolonged depression 1n the post operative period Spinal
anesthesia may be used n the convlescent or muldly 1ll patient but not mn
the acutely 1l subject

TETANUS

Patients with tetanus frequently require surgery for debridement, gastros
tomy, tracheotomy nnd other procedures Mild forms of the diserse may
present no problem The anesthetic management of patients with well
estnblished tetanus may be difficult External stimulation of any sort miy
mtiate severe convulsions and generalized rigidity of the muscles and
tense spasm Obstruction to respirition results from pharyngeal and Inryn
geal spasm Spasticity of the Jaws does not permut the reestablishment of the
arrway and asphyxia 1s likely to occur The marked muscular activity piaces
considerble burden on the cardiovascular system

A rapid induction with cyclopropane or thiopental 1s desirable Muscle
relixants may be necessary to overcome nigidity Instrumentation with aur
ways, laryngoscopes and endotracheal tubes must be avoided particularly
when anesthesi 1s ight Nerve blocks and local nfiltration are not satisfac
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tary unless basal nircoss 1s used 1s an adjunct Spinal anesthesi1 1s not
only difficult 1o induce but not advised wheneser the central nervous system
15 mvolved n any w1y Vinylether may be used ¥ thvl ether may be used
1f preceded by 1 rapid acting induction agent such s ethy lene, cyclopropine
or yiml ether Laryngeal spism may occur 1f thiopental 1s used as an
induction agent for ether

PLRTUSSIS

Adult surgical patients wath pertussis re uncommon Occasionilly chil-
dren wath whooping cough m1y develop a surgical disease requising emer-
gencv surgern  Wherever possible Tocal anesthesia should be used when
this comphecation 1s present Any stimulus 1 the upper gespiratory teact
whether 1t be an wntating g1s, or vapor, secretions or mechinical instru-
mentation mav mtinte a prroaysm of cough 1nd intense broncinal spasm
Non irntating inhalation anesthetics such as cyclopropane, cthylene or
mitrous ouide are to be used n preference to the volatile hquids which arc
more reflevogenic and stimulate mucous formation The thiobarbiturates are
best avorded because they , too, 1re spasmogenic

SCARLLET FEVER

Scarlet fever 1s rarely encountered m surgical practice Patients with
scarlet fever may require anesthesia for complications resulting from the
streptococcal infection They usually present no anesthetic problem unless
very “toxic ” Sepsis and suppuratie lesions n the ears or respiratory tract
are the usual complications which may require surgery For minor proce-
dures infiltration or nerve block may be used When general anesthesia
15 destred cyclopropane, mitrous owide ether or ethylene ether or basal
narcosis of thiopental with nitrous oxide may be used The anesthetic man-

agement of these patients presents no problem other than those peculiar to
Dbatients with sepsis from other causes

DIPHTHERIA

Patients with diphthena, may mamfest signs of respiratory obstruction
from the membrane charactenstic of the disease which forms in the upper
Tespiratory tract Also to be constdered by the anesthetist 1s the possibility
of toxic myocarditis On occasions the toxin causes palsies of cramal and
spinal nerves, particularly the vagus Obstruction due to partial paralysis
of the vocal cords or paralysis of the soft palate and fauces may occur Re-
gonal anesthesia 1s the most desirable choice for these patients When
regional anesthesia cannot be used and general anesthesia 1s required
cyclopropane may be used If there 1s considerable deposit of membrane and
obstruction 1s present endotracheal catheterization may be necessary In the
event diphtheritic myocarditis exists local or nerve block supplemented with
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ethylene or mtrous oude with some basal 1s satisfactory The use of ¢yvclo
propane 1s not 1dvised becruse of 1ts effect on the heart Lther 1s satistactory
from the standpomnt of cardiac effects but a non traumatic induction 1s not
always assured Thiopental and other drugs depress respiration The bar-
biturates re spasmogemc The presence of the membrine may mtite
spasm

MUMPS

Mumps may occasionally be complicated by a surgical disetse requuning
urgent operation ‘The enlarged glands cause techmcal difficulties because
the mash 1s difficult to apply and obstruction of the mirnay may easily
occur Regional anesthesa 1s the most desirable choice nd should be used
whenever posstble Cyclopropane or the mtrous onide thiopental combination
are the most desirible choices when general anesthesin 1s required

VINCENT'S ANGINA

Vincent's angina complicates anesthesia by the presence of the lesions in
the mouth If inhalation anesthesia 1s used arways, laryngoscopes nd en
dotracheal catheters may infhict trwumn and cause bleeding and possibabty
of dissemimation of mfection Whenever possible regtonal anesthestt should
be used

SYPHILIS

Syphihs presents no problem in the Iatent phases When lesions exist
on the face or at the site of puncture the manigement 1s as outhned under
diseases of the shin When tertiary lues 1s present and the cardiovascultr
system 15 1volved the anesthetic manigement 15 as outhned under cardine
diseases Spmal anesthesri should not be used when the central nervous
system 1s mvolved

EXANTHEMA

Patients with measles offer no particular problem in regards to tnesthesia
1n the convalescent period In the early stages, mnismuch 1s the mimfesta
tions are largely those of acute upper respiratory tract infection, the mnage
ment and selection of anesthesia 1s as outhined n the section on 1cute res
puratory nfections (Chap XIN.) Anesthetics which tend to cause laryngeal
spasm such as the thiobaebiturates and cyclopropane are best avoided Non-
1rntating non spasmogenic drugs, such s mitrous oxide or ethylene are pre-
ferred

The other exanthemata such as variols, v aricella, rubella and so on offer
no particular problem as far as choice of agent 1s concerned unless the
lesions 1bout the face are severe or eatend into the mouth

In this case apphcation of mashs and use of airw1ys may present difticul
ties Regional anesthesia 1s used 1f possible otherwise mntubation with the
patient wake may be necessary after which general anesthesta may be
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casih managed When the diseces are n the acute phase with fever, cyclo-
propane 15 the best choice Otherwise, mirous oxide or ethylene ether or
thiopental mtrous oxide m1y be used

DISCASES OF THE SKIN

Discases of the shin occasionally may present problems of concern to
the anesthetist from at least two standponts (1) Shin lesions may be
mamfestations of some systenmc discase (2) Lesions my be present in
areas which interfere with conduct of anesthesia in the usual manner When
precent, the posability of allergy should be excluded The possibihity that
the drug 1nd apphances uced for anesthesia will not further aggravate the
situation should be considered Non volatile drugs particularly may not be
desired If the lesions are present at the site of a contemplated nerve block
this form of anesthesit cannot be used If they are present over the back in
the Jumbar area spinal ancsthesia cannot be used If present on the face the
lesion may anterfere wath apphication of the mash W hen general anesthesia
must be used 1n such situations intraenous anesthesia may be sufficient to
perform a minor procedure Whene er intrav enous anesthesia cannot be used,
and inhalation anesthesia 1s indicated, an endotracheal catheter may be intro-
duced while the patient 1s awake with the aide of topical anesthesia Anes-
thesia 1s then induced and conducted m usual manner If the lesions are on
the face and head and are severe, a tracheotomy may be necessary and the mn-
halation anesthetic administered through the tracheotomy cannula
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THE EXTREMES OF AGE

The selection of anesthesia for patients at the extremes of age, presents
problems which differ in many respects from those for the adult m the
prime or at the peak of hfe During infancy the development of the organism
1s incomplete 1 many respects and certain important physiologic functions
have not as yet established a normal pattern In senescence, many physiologic
functions are i abeyance, and the reparative processes are at an ebb
Selection and management of anesthesia must be modified to conform to
these deviations

ANESTHESIA FOR GERIATRIC PATIENTS

The number of surgical patients mn the upper age groups has been mncreas
g steacily during the past several decades This can, to a large extent,
be ascribed to the mncrease i the hfe expectancy 1n the United States In
addition, the attitude towards surgery for the aged has been modified con
siderably Surgical problems which formerly were only encountered on rare
occastons, are seen daily in centers dealing largely with an aging popula
tion Besides, their management was not as well understood a few years ago
as 1t 1s today Often these patients were considered noperable and no
attempt was made to perform surgery because the situations were termed
desperate Better understanding of preoperative and postoperative care,
improvements tn surgical technique and refinements 1n anesthesia contribute
largely to the successful results which are now obtained 1n situations here
tofore doomed to fallure The management of illness 1n the aged has become
somewhat of a specialty 1n 1tselfi Whether or not this 1s necessary 1s ques
tionable The medical and surgical problems encountered in patients
the older age group are actually every day medical problems One who 1s
well versed 1n general medicine and famihar with pathologic anatomy and
phystology 1s able to cope with the problems of disease in the aged

DIFFERENCES BETWEEN THE AGED AND
YOUNGER ADULTS

The choice of anesthesta for any patient young or old 1s made upon the
basis of physical status Physical status 1s far more important than chrono-
logical age It 1s not unusual to have patients well advanced in years be in
excellent physical condition and obviously good surgical rishs On the other
hand, middle aged patients are encountered who look much older than they
actually are and present a variety of pathologic changes of a serious nature
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The outlook for the successful outcome of a contemplated surgical proce-
dure 0 theee 15 obviousls not as good 1s n the older pitients Attempts to
prognosticate the outcome of 1 surgical procedure in the 1ged occrionally
lead to embarrssment A pattent mny pperr to be one who will withstand
1 contemplated surgictl procedure without difficulty  He may die unex
pectedly postoperatively from 4 cerebral yascular accident, coronary throm-
bows 1 pulmoniry embolus, shock errdinc fulure or other cause On the
other hand, 1 patient who appears to be n obsiously poor nisk, nd one 1n
whom 1 successful outcome or even survival 1s not nticipated frequently
does surprisingly well 1t 15 well to be cautious 1n 1ny estimition of outcome
or prognosis n 1 patient of advanced age, prrticularly

CLINICAL FACTORS INFLUENCING ANESTHLSIA
IN THE AGED

Some of the chmeal factors which are peculinr to patients in the older
age group which bear directly on the choice of anesthesit are (1) Cardro-
sascular status Cardiovscular disetse obviously 1s much more prevalent
n old patients The cardiovascular ssstem does not respond to demands for
ncreased wark, chinges 1n blood pressure, fluid loss and so on, as does
the vascular system of the vounger patient As a rule the blood volume 15
reduced in the aged (2) Problems of fluid balance are more difficult to
manage 1n the aged than in younger adults Overloading the vascultr svstem
with blood, plasma volume expanders and saline solutions may precipitate
cardiac farlure (3) The respiratory system 1s deranged Chromic pulmonary
diseases mav have been present for years in some cases causing ventilation
to be inadequate This 1s true particularly when chronic emphysema 15 pres-
ent The so called barrel chest interferes with adequate ventilation Dia-
phragmatic movements are exaggerated and nterfere with surgers in the
upper abdomen (4) Renal function has been reduced 1 many cases due to
degenerative disease [luid, 1cid base and electrolyte balance may be dis-
turbed (5) Many old patients are not well nourished Digestive disturb-
ances may have caused weight loss and emaciation Reduced serum pro-
tems, vitamin deficiencies, or anemias may be present (6) The functions of
the Liver may be disturbed Patients m the older age group are unusually
Sensitive to certain of the central nervous system depressants particularly
the non volatle drugs This 1s presumed to be due to the wmability of the
liver to detowty the drugs in a normal fashion Consequently smaller doses
of pre medication and basal narcotics are necessary in companson to those
needed for mddle aged and young adults (7) The metabolic rate dechnes
gradually after the age of forty (Fig 31) It 1s well known that patents
with reduced metabolic rate Irrespective of age wre more “sensitive” or less
talerant to central nervous system depressants than those with normal
metabalism (8) Changes, both structural and functional, may be present in
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Fic 31 Cunve showmng the alterations in metabolic rate with mcreases in age Note that the
metabolic rate declines gradually with advancing years after middle age

the central nervous system The cerebrum particularly shows changes due
to vascular disturbances There may be psychic changes as a result Am
nesic drugs and psychic influences of surgery may have adverse effects
postoperatively (9) Deformities of the bones and joints and other altera
tions 1 skeletal structure may be present These may effect positioning
attempts at lumbar puncture and ntubation (10) Many patients mn the
upper age group are edentulous This causes difficulties 1 applying mashs
to the face when mhalation anesthesia 1s used A tight fitting closed system
15 difficult to secure Intubation may be necessary under such circumstances
The edentulate patient 1s easy to mntubate (11) The recuperative powers
of the aged are as a rule dummshed The convalescent period 1s longer
Hypoventilation, since 1t leads to postoperative resprratory complications, 15
feared Early ambulation 1s often practiced i the aged to avoid postopera-
tive circulatory and resprratory complications Anesthesia must be selected
with this view 1n mind Analgesic drugs m quantities which do not cause
respiratory depression in the postoperative period, must be used

EFFECTS OF DIFFERENT ANESTHETICS IN THE AGED

In general, patients in the older age group are less tolerant to central
nervous system depressants, both volatile and non volatile Ethylene, for
nstance, can rarely be used 1n a young and vigorous mdividual to secure
relazation without some degree of anoxia Relaxation, on the other hand, 15
secured more easily when the gas 1s admimistered to aged patients Satisfac-
tory relaxation may be obtained for major surgery at times Both mirous
oxide and ethylene are suitable for patients 1n the older age groups provided
the anesthetist administers adequate concentrations of oxygen with the gas
Cyclopropane, 1 the absence of cardiovascular disease and hypertension,
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15 suitable for aged subjects because 1t 1s Iabile, allows 1dequate oxygeni-
ton and provides adequate relaxation The statement that cyclopropane
cannot be used 1 the aged has no <cientific basis Lther hkewise 15 suited
for the aged The onhv vahd abjection to the use of ether for 1ged subjects
1s that 1t 1s slowly ehmmated Prolonged somnolence follows most operitions
except the briefest 1f enrly ambulation 1s desired, and 1t 15 1n the aged, ether
1s a drawback Nause1, vomiting and general discomfort are more frequent
after ether and cause the patient to be bedrnidden for a longer period of
tume postoperitunely  Ether predispases to qctdosis more than do the gases
Viny ! cther may be used for short surgienl procedures in the aged It 1s not
recommended however for long mijor procedures requining relaxation
Chlotoform and ethyl chloride are not recommended irrespective of the
prevathing conditions  Trichlorethylene may be used for analgesia but not
for surgical anesthesia

Non volatile drugs such as avertin, paraldehyde and thiopental and most
barhiturates 1re best avoided 1n the aged Prolonged depression 1s not un-
common when non volatile drugs arc used for hypnosis or basal narcosis
1f used spaningly 1n as small 1 quantity as possible, they may cause no diffi-
culties, but ordinanly they cause hypoventilation and hypotension Likewise
the muscle relaxants are to be wvoided or used with caution because they
may mduce hvpotenston and are elininated slowly Succiny] choline 15 the
best of the relaxants because of 1ts evanescent effects due to rapid detoxifica-
tion

Nerve block and 1nfiltration anesthesia are suitable and the anesthetic
of choice for many surgical procedures in the aged The use of a local
anesthetic combined with epinephrine for surgery of the extremities 1s not
safe practice The possibility of gangrene must not be forgotten particularly
when penpheral vascular disease 15 present The use of spinal anesthesia
depends largely upon the cardiovascular status of the patient As a rule low
spinal anesthesia 15 tolerated reasonably well even when muld impairment
of the cardiovascular system 1s present When an obvious, serious cardio-
vascular disease 15 present 1ts use 1s not advised The aged do not withstand
the arculatory derangements caused by ligh spinal anesthesia as well as
younger subjects The compensatory mechamsms which operate to correct
bypotensive states are not as effective as they are 1 younger subjects The
aged do not compensate well and often manifest wide and extreme fluctua-
tions m blood pressure The vasopressor drugs cannot be relied upon to
correct the difficulties because they are not always as effective 1n the aged

PEDIATRIC ANESTHESIA

There are a variety of reasons why pediatric anesthesia differs from
an;sthesm for adults Some of the chief reasons are these (1) The anatomy
and physielogy of the wnfant 1 many cases has not reached the full state
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of development The effects of analgesic drugs are more variable and difficult
to predict (2) Infants and children are usually more susceptible to the
direct effects of surgery They do not tolerate blood loss, trauma, or reflex
effects as well as the adult (3) Infants and children appear to be more
susceptible to disturbances m ventilation Anoxia, asphyxia, carbon dioxide
excess are not tolerated even in the shightest degree (4) The size of the
subjects creates problems which are not easily solved Instruments used for
pediatric anesthesia often must be modified to suit each individual Appara
tus cannot be as easily standardized as that used for the adult An assort
ment of fittings, masks and endotracheal catheters must be available The
apparatus must be designed to completely ehminate dead space i mashs,
fittings and catheters, otherwise rebreathing results Resistance in the ap
paratus must be mimmal otherwise undue effort 1s necessary for respiration
(5) There 15 greater possitbility of psychic trauma in surgery of the chld
than that of the adult Preoperative medication, therefore, 15 important

The more remarkable differences between adults and children of concern
to the anesthetist, then, are both anatomic and physiologic 1n nature Res
prration 1n the premature mfant 1s usually rapid and markedly irregular A
periodic type of respiration similar to the Cheyne Stokes type 1s commonly
observed Ths 1s belteved to be due to various factors The resprratory center
of the new born functions differently from the adult due to 1ts mcomplete
development Differences exist 1 both the cross sectional area of the pul
monary capillary bed and alveolar structure present Total lung and func
tional residual air volume are less than n the adult Functional residual air
volume 1s important The nearer 1t 1s to tidal volume the more rapid will be
the mixing of gases The thoracic wall 1s soft and non-restient Pressure or
restraint of the mldest degree on the chest wall interferes with respiratory
exchange

Drfferences exist in the responses of term and premature infants to carbon
dioxide excess or a deficiency of or an excess of oxygen When pure oxygen
1s administered, the wrregular breathing normally encountered 1s usually
converted to the periodic type Resprratory rates and minute volume ex
change of infants and children vary considerably They not only vary from
child to child but 1n the same child from moment to moment A rate of 60
per minute 1s not uncommon Rates up to 120 are encountered at times
premature nfants, particularly the smaller ones The tidal exchange may
be as low as 10 cc per breath in many newborns The usual average tidal
volume 15 between 12 and 18 cc per respiration

The blood volume at birth 1s approximately 10% of the body weight It
thus differs Iittle from that of the adult In the newborn this 1s subject to
variation, however, depending upon the amount of blood which remains mn
the umbilical veins at the time the cord 1s severed The cardiac output 1s
almost twice that of the adult in proportion to body weight The electro-
cardiographic pattern normally manifests an erratic ventricular preponder-
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ance for the first several months of hie Pulse rate m infants 1nd children,
lihewise, 15 vapable In the newborn the pul<e rate often falls from 130 to
150 to about 100 1 munute It 1s not uncommon 1o observe rates ranging up
to 180 per munute At birth, blood pressure n the pulmonary artery 1S
\dentical to that of the systemic pressure Tt changes gradually and at ndoles
cence 1t approaches that of 1 normal adult, that 15, approumately 1/6 of
the systemic pressure The capaliary network n the shan of nfants wnd chil
dren 1s smaller than that of adults The resistance of the vessel wall 1s
weaker in prematures than i full term babies nd weaher 1n the new born
compared to adults
The hemoglobin of the fetus differs from that of the adult in chemical
structure and behavior The difference mn behavior 1s towards the affinity
for oxygen At an inhaled oxygen tension of 40 millimeters of mercury the
fetal blood oxygen 1s 75 per cent saturated Maternal blood 1t this tension
1s only approuimately 50 per cent saturated The serum pH of plasma
the new born 1s lower than that of the adult This, of course, favors the
unloading of oxygen from the red cell to the plasma The carbon diouide
tension 1n the fetus 1s shghtly greater than that of the mother Ietal blood
does not hay ¢ carbomic anhydrase in the red cells
Renal function of the premature and the mnfant at term difiers from
that of the adult The new born infant does not claborate the antidwretic
hormone 1n a normal fashion hike the adult If water 1s withheld or gien
n excess new borns cannot concentrate and dilute urines as readily as
adults Water loss occurs more readily through such a hidney because of the
lack of concentrating power Renal function develops progressmvely after
birth and maturity 1s probably reached 1n about 10 to 20 weeks
The metabolic rate of premature infants 1s slightly less 1 proportion to
the body surface than that of infants at term The body temperature at
birth approximates that of the mother After birth even though the mfant
1s wrapped and placed 1 a warm environment the body temperature falls
from 2° to 5°T" after which 1t rises gradually to 98° or 99°T during the
next eight hours The temperature regulating center 1s not completely de
veloped 1n infants even at term Infants have httle body fat and therefore
are prone to lose heat by conduction and convection The mechanism for
perspiration 1s not completely developed Infants, therefore, do not perspire
?}S]efr\:iy asd a{:l;llts and body temperature, as a result, 1s more labile Hypo
chlldrenltso :e:lut:::l); :Etlluced for certan types of surgery for infants and
cedure 1s employed ?oi: oulc ralefWhen cxsgenation 15 a problem This pro-
The sub normal tem, erastu;geery ftor o low Ofocongemtal peart defects
by infants and chxldrin thansi; s ow as BO° F, are withstood better
y adults As a matter

of fact above the age of
10, 1t 15 questionable whether hypothe: hy .
surgery ypothermia should be used as an adjunct to

The trachea of children differs, not only 1n size, but 1 contour, from that
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of the adult The techmque of endotracheal anesthesia must be modified
to meet these variations In mfants and children the larynx 1s situated more
cephalad than in the adult The diameter of the trachea 1s smaller, the
pharynx 1s smaller The epiglottis 15 longer, stiffer and tends to be U or V
shaped In the case of the adult 1t 1s flat The epiglottis in the nfant 1s
mclmed at an angle of approuumately 45° while n the adult it hes closer
and more parallel to the base of the tongue In the infant the hyoid bore 1s
closely attached to the thyroid cartilage, in the adult the structures are
farther apart This proxumity of the hyoid bone to the larynx causes the
base of the tongue to depress the epiglottis so that 1t protrudes farther into
the pharynx All these factors requre that laryngoscopes, endotracheal
catheters and fittings be small to be adaptable for children of different sizes
Catheters must be as thin walled as possible so that they obliterate as lttle
of the cross sectional area of the trachea as possible

Fic 32 Equpment used for pediatric anesthesia a The carrcle filter modified for pediatric use
The dead space m the fittings to the mask has been mummized by placing an wmner tube 1n the
connector so that the gases are directed to the mouth of the mask They return in the outer
tube on exhalation Rebreathing imvanably occurs in the mask but the wash out bulb interposed
between the mask and the breathing bag allows fresh gas to be pumped periodically into the
mask The breathing bag and the valves on the apparatus have been reduced in size to elimnate

resistance
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TYPES OF ANESTHESIA FOR INFANTS AND CHILDREN

1t has been 1nd still 15 & practice for surgeons to use no anesthesia for sur-
geny of mfants, prticulacly the new born The patient 1s stripped to a cross
board and allowed to suck 1 mpple contaming sugar moistened with whis-
Lev This 1s 1 barbaric custom Not only does the baby ery m protest dunng
surgery but reflexes are not abohshed and the biby squems about and
handicaps the surgeon In addion secretsons coltect in the pharynt and
cause cougling and resparatory obstruction Laryngeal spasm and aspiration
are frequent occurrences Death from asphyxn has occurred under such
arcumstances Developments i pediatnic anesthesia are such that the use
of this techmaque 1s no longer justified

1t 15 taught and 1t 1s widels accepted to be a fact that open drop ether
15 the best type of general anesthesta for pediatnie surgery  This statement
15 not correct, howeser An inhalation anesthetic shallfully admuimstered with
a “machine” of the proper design 1s superior to any by the open techmgues
There 1s no doubt that most pediatric nesthesia 1s performed with open
cther This widespread use of open drop ether 1s due primanly to lfack of
suitable apparatus The apparatus ordinanly used for inhalwtion anesthesia
for adults has excessine dead space Not onls does rebreathing occur when
1t s used for fants but the proper amount of anesthetic 1s not delnered
ito the alveoh Apparatuses b ing mmmal resistance and dead space are
not as yet unnersally available and until they are one must be content with
the less satisfactory open methods (Iig 32) One of the objections to open
drop ether wrespective of whether it 15 used for adults or children 15 the

m;ﬁzﬁﬁg"ﬁ%"ﬁ’“q”‘ descnbed by Ayre The gases are deliserable undes shght positive
(C) the msalbam:a; (D)) ‘Zlh)sc}f:: :f co:ar;ected tod(B)b the “Y  piece which communmcates with
forations fo the escape of exhaled ;“ de:x: t::g‘:;c:" rebreatlurg tube at the front end (E) Per
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formation of excess secretions Secretions are more serious and troublesome
i infants and children than m adults because, in any event, they cause
respiratory obstruction

Clinical experience has shown that children tolerate ether as well as
adults There 1s hittle doubt that ether 1s the safest of the inhalation anes
thetics for pediatric surgery Dufficulties with ether are largely due to m
proper admimstration Efforts are now being directed towards improve
ments 1 techmques of administration As 1s the case with ether there 1s no
objection to the use of cyclopropane for pediatric anesthesia 1f proper ap
paratus 15 available for its admimstration and a shilled admimstrator
undertahes the tash The assertion that cyclopropane 1s contraindicated 1n
infants and children has no scientific basis This belief has been perpetu
ated because difficulties have ansen when the drug was admimstered with
mmpraper apparatus by unskilled persons who were not famihar with its
behavior and pecuhanties In the hands of skilled admimstrators with
proper equipment the drug 1s a most useful one for pediatric anesthesta In
the hands of the mexpert, cyclopropane, as 1 the case of any potent drug
1s dangerous

Cyclopropane 1s swited particularly for short surgical procedures or as
an induction agent for ether administered by “machine ” Ether admimstered
by the closed method may be preceded by ethylene, mtrous oxide or
cyclopropane as induction agents There 1s no objection to the use of mtrous
oxide or ethylene for pediatric anesthesia provided non asphyxial concen
trations are used As in the case of adults, asphy<ia 1s the chief danger Ethyl
chloride has been widely used for minor surgical procedures in pediatric
anesthesia Its cardiac effects are well known and cannot be ignored The
use of the drug 1s not advised for any purpose in anesthesta The use of
chloroform 1s not advised for similar reasons

Analgesia with trichlorethylene may be surtable for mmnor procedures
such as changing of dressings, mncision and dramnages, removal of casts,
venepuncture and so on Depth must be confined to stage I or the upper
border of stage II, but never any deeper Trichlorethylene may be used to
fortify mtrous oxide

The pharmacologic responses of infants and cluldren to non volatile
central nervous system depressants 1s more vartable, and less predictable
than that of adults In some cases 1t 1s not unusual to find they tolerate
larger than recommended dosages In others there 1s less tolerance Larger
doses of avertin for example 80 to 100 mgm per kilogram nstead of 60 to
80 are required for children than adults The same 1s true of the narcotics
such as morphine, mependine, methadon and so on Perhaps this 1s due to
the ligher metabolic rate infants and children mimifest Avertin 1s swtable
as a basal narcotic when admimstered by rectum The ultra short acting
barbiturates may also be used for basal narcosis The rectal admimstration
of thiopental 15 recommended rather than the mtravenous n infants and
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cluldren because 3t obviutes sencpuncture However of a swtable vem s
accessible or has been cannulated for admimstration of fluids there 15 no
objection (o 1ts intravenous use The often made statement that thiopental
should not be used i patients below the age of 10 has no saentific bisis
Thiopental may be used at wmy age #f used with discretion Lcept for
certan difiicult sntubations a shatiful anesthetist rarely needs a muscle
rebant for pedstric surgienl patients

Trom a psycine standpomt, 1f from no other, children are poor subjects
for regional anesthesin It 1s difficult to predict which child will or will not
respond {avoribly to the use of nerve blocking or wnfiltration Lxcept for
minor surgical procedures, and then only 1 obviously cooperative subjects,
the use of Jocal anesthesst 1s not adused Spinal wnesthestt s not desiable
for children for several rewsons (1) Claldren are not psychically swited to
undergo surgery while awake (2) I umbar puncture and intrathecal mstilla-
ton of drugs 1s not as simple and as wnocuous 1 procedure as has been
surnused, prrticnlarly in children (3) The position of the cord s varble
and the possibility of trauma to the cord 15 greater m a child than i the
adult (4) The blood pressure 1s more Iinle in cluldren than in adults
Circulatory derangements are more dilficult to control m children (5) In
children the degree of relaxation necessary for major surgery can be casidy
obtaned with most general anesthetics Spinal anesthesa 1s not necessary
for relaxation

TABLL V11
Tanre or Dosacts or Drics ror rEMroiciTIoN Tor Citores
FOR PEDIATRIC ANESTRESIA

Scopola Hyoseys

e | N || Vgl plee | e |

2 mos 7-10 1/480 gr 3/125n 40 cc H,0 1/600 1/.00
2- 3 mos 1042 | 17360 | gr 1/12m 30 cc 1600 | 1/500

3~ 4 mos 12-14 1/210 gr /1210 20 cc 17600 1/500
4~ 7 mos 14-16 /144 gr 1/12m 12¢c 1/600 1/500
7-11 mos 16-19 17120 g /12m0ec 17600 17500
1118 mos 19-24 1/108 gr 3/12mm%ec 1/600 1/500
8 mos -2 yrars 24237 1772 gr /126 17450 1/250
2~ 3 years 2730 1/60 gr 182 mSce 1/4%0 1/2:0
m}— 5 years 3040 1748 g 1/82mdce 17450 1/250
6y | 405 1436 ‘ @ 142m 3 1/300 1475
N 8-10 years 5565 174 gr 1/12m2ce 17300 17125
10-12 years 65-80 1/18 g /12t Sce 17200 17125
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PREMEDICATION IN CHILDREN

Adequate premedication 1s more essential i children than in adults if
one 15 to avord psychic trauma Dosage 1s difficult to outlne empirically
because of the vanability of response of children to hypnotic and narcotic
drugs The response to narcotics varies considerably from one child to the
next Attempts have been made to estimate dosage on a milhgram per pound
basis Such a scheme excludes age which 1s an important factor A child five
years of age may weigh as much as one of 10 but metabolic responses are
different 1n each mdividual Nevertheless the dose, if given according to
weight would be the same for each Obviously the response would be differ
ent On the other hand, if dosage 1s estimated without reference to weight,
and only age 15 considered, the same difficulties arise A larger child tolerates
more of the chosen drug than a smaller one of the same age Tables of
dosages are available as a general gmde (Table VIII) The results are so
variable and the effects are not always predictable Premedication n chil
dren, even when adminmstered by those expert mn the field of pediatric
medicine 1s often guess work

ENDOTRACHEAL ANESTHESIA

It 1s advisable to avoid endotracheal anesthesia in infants and children
unless 1t 1s absolutely necessary Howes er sitnations do anse i which endo
tracheal anesthesia 1s mandatory In neurosurgery, head and neck surgery,
thoracic surgery, or surgery performed 1n the prone position, 1t ts absolutely
mandatory One must be prepared to perform a tracheotomy in the event
laryngeal edema or tracheitis develops postoperatively One of the draw
backs to endotracheal anesthesia for pediatric surgery and the cause of most
difficulties has been the lack of proper equipment The catheters and laryn
goscopes cause undue trauma Trauma can be mmumized by proper tech
nique As mmprovements are made in endotracheal apparatus and as
satisfactory equipment becomes available endotracheal anesthesia will be
used more and more for pediatric surgery Cleanlness has been stressed
as an important factor in reducing the post anesthetrc morhdity after
endotracheal anesthesta Sterithty of catheters and laryngoscopes has been
stressed as important However, even 1n the hands of the most meticulous,
trauma to the larynx occasionally occurs and laryngeal edema develops
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XXIX

OPERATIONS ABOUT THE HEAD

INTRACRANIAL OPERATIONS

Crantotomy 1s usually performed for excision of ncoplasms, inciston and
dramage of abscesses due to suppuration, removal of vascular lesions
(ancurysms) or debndement for traumatic conditions such as lacerations
of the brain, evacuation of hemtomas and so on They are also performed for
correction of conditions which cause disturbances i form1tion or dramnage
of cercbral spinal flid Patients for crimotomy are apt to be comatose,
wrrational, psychotic, uncooperative, dehydrated, emaciated or show other
manufestations of chrantc 1ilness It 15 not uncommon for signs of increased
intracramial pressure to be evident Some have respiratory failure due to
medullary depression caused by a lesion, ncreased pressure or vascular dis-
turbances 1n the medulla Artificial respiration may be necessary dunng and
after operation

As a rule cramotomies are long operations requiring many hours for com-
pletion The surgeon 15 forced to employ a high frequency coagulating
current to secure hemostasis This creates an exploston hazard and pre-
cludes the use of flammable anesthetics T'requently excessive bleeding 15
encountered during surgery particularly when highly vascular lesions are
present Most surgeons employ the supine position Some operations, no-
tably posterior fossa explorations (cerebellar), are performed with the pa-
tient 1n the prone position with the head flexed Resections of cramal nerves
are often performed with the patient in the sitting position An endotracheal
tube 15 necessary at all times during mtracramal surgery when general
anesthesia 15 used It 15 the qnly safe means of having complete control of
the airway when the patient 1s unconscious

The scalp 15 highly vascular When local anesthesia 1s used epmephrine
1s added to retard absorption of the local anesthetic drug General anes-
thesia for cramotomy need be just deep enough to abolish superficial reflexes
because muscular relaxation 1s not necessary The anesthetist must main-
tam an adequate depth of anesthesia to prevent the patient from straining or
coughing because this elevates the intracramal pressure and causes the brain
to bulge from the cramal flap Carbon dioxide excess and anowia also cause
the intracramal pressure to nise In certan cases the surgeon prefers to have
the patient conscious particularly 1n situations where stmulation of the
motor areas of the brain 1s part of the procedure Conscious patients being

operated upon with local anesthesia complam bitterly of pam as the shull
15 entered because the periosteum 1s sensitive and difficult to anesthetize
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Projectile vomiting may occur in patients who have brain tumors This
mcreases the possibility of aspiration during the procedure Circulatory and
respiratory disturbances may occur reflexly from stimulating certain areas
of the brain Convulsions due to the neurologic lesion may occur as anes
thesia 1s induced or durmg the operation

Local anesthesia 1s selected if the patient 15 suited for 1t When the
patient 1s not suited for 1t a basal, of an ultra short acting barbiturate com
bined with mtrous oxide mtratracheally 1s practically mandatory from the
standpoint of avoiding fire hazards Straming and coughing caused by the
endotracheal tube during light anesthesia 1s obviated by mstilling a topical
anesthesic mto the trachea The combimmation of mtrous oxide, ether and
oxygen 1s suitable where one 1s justified in using a flammable anesthetic
the presence of a fire hazard Ethylene or cyclopropane are not used because
of the explosion hazard The use of thiopental alone 1s not advised because
it fails to abolish the superfical and laryngeal reflexes Large quantities
are necessary to abolish reflex responses to pamn completely Avertin alone 1s
not surtable for the same reasons Some neurosurgeons prefer a combination
of avertin and local anesthesia The anesthetist does not have complete con
trol of the airway under such circumstances Besides the operation mvart
ably outlasts the narcosis The anesthetist 1s then compelled to admimister
ether or some other general anesthetic under trymng circumstances without
benefit of an adequate airway

Trephines are relatively short procedures performed for diagnosis or for
decompression, as a rule Patients are comatose more often than not Local
anesthesia 1s usually satisfactory for these and 1s the usual choice When
not, the choice and management 1s the same as for cramotomy

Ventriculograms, also, are usually performed for diagnostic purposes
Lacal anesthesia is used unless the patient 15 not cooperative Under such
arcumstances the selection and management 1s simlar to that for cramot
omy

Dramage of bram abscesses necessitates “turming a flap” and 1s, there
fore, managed 1 the same manner as mtracramal operations Operations
such as lobotomy may be performed with local anesthesia If local anesthesia
1s not suitable the procedure 1s the same as outhned for crantotomy Rescc
tions of the fifth and other cramal nerves may be performed using local
anesthesia If general anesthesia 1s desired intratracheal mtrous oxide com
bmed with a basal of an ultra short acting barbiturate 1s preferred An
endotracheal catheter 1s necessary because these operations are usually per
formed with the patient in the upright position The anesthetist may thus
remain at a position distal to the operative field

Encephalograms for diagnostic purposes are frequently performed without
any anesthetic by some neurologists The procedure 1s not as innocuous as 1s
believed The patient expertences headache, nausea and vomiting, and other
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mamfestations of discomfort during and after the procedure Shock and
camulsions are some of the more senous sequelie These procedures are
usually performed with the patient n the sitting posttion X r1y equipment
1s necessary so that « fire hazard 1s created Basal niarcosis with thiopental
or avertin combined with nitrous oxide 1nesthesta 1s satisfactory m most
arcumstances If bisal narcosis alone 1s used the pitent squirms about,
struggles and cannot be muntuned mn 1 fixed position It 15 more satisfac-
tory 1o combine nalgesia With the bisal mrcosis In infants and small
children ether 1s often used Usunlly the open drop techmque 1s employed
This 15 not 1lw1ys satisfictory because secretions ase excessive and ether
cannot be safelv admimistered while the X ray examunation 1s 1n progress
Besides, 1 so many cises the X r1y examunation room 1s Jocited at a
distance from the anesthetic room, 1nd suction apparttus and resuscitative
equipment are not 1vulable to the anesthetist

EXTRA-CRANIAL PROCEDURES

Extra cramal operations range from removal of cysts to extensinve plastic
operatrons of the scalp or cramal vault Selection of anesthesia depends
upon the extent and gravity of the contemplated procedure Brief, minor
procedures may be performed using local anesthesta When the procedure
18 ex%nsne and general anesthesta 1s indicted and the electro surgical unit
1s not used, cyclopropane intratracheally 1s ideal If cyclopropane 15 con-
tramndicated, ether preceded by mitrous oude or ethylene 15 satisfactory
When a fire hazard ewusts mitrous oside imtratrachenlly with a basal of
thiopental 15 used Topical anesthesia and a muscle relaxant are used for
intubation The anesthetist must be removed from the operative field in
all operations about the head to facilitate surgery This makes the use of an
endotracheal catheter mandatory It 1s not uncommon for some surgeons
to attempt surgery with general anesthesia without using an endotrachel

catheter 1n these situations Such a practice 15 hazardous and occasionally
leads to death from asphyxia

The Eye

Patients requiring surgery of the eye as a rule 1re very young or beyond
muddle age In children muscle imbalance 15 the most frequent condition en-
countered requming surgery In the older of patients corneal operations,
removal of cataracts or correction of glaucoma are the most frequent pro-
cedures Injury to the eye from trauma 1s a frequent cause of operitive
intervention 1n any age group but occurs more often in the young and the
middle aged In most eye surgery fixation of the eyeballs both duning and
after operation 1s necessary Postoperative nausea and vomiting must be

avoided because this frequently nduces hemorrhage, thrombosis and other
complications which nulhfy the effect of the operation



244 SELECTION OF ANESTHESIA

Projectile vomuting may occur in patients who have bramn tumors This
mcreases the possibility of aspiration during the procedure Crrculatory and
resprratory disturbances may occur reflexly from stimulating certain areas
of the brain Convulsions due to the neurologic lesion may occur as anes
thesia 1s induced or during the operation

Local anesthesia 1s selected 1f the patient 1s suited for it When the
patient 1s not suited for 1t a basal, of an ultra short acting barbiturate com
bined with mtrous oxide intratracheally 1s practically mandatory from the
standpoint of avoiding fire hazards Straimng and coughing caused by the
endotracheal tube during light anesthesia 1s obviated by instiling a topical
anesthesic mto the trachea The combmation of mitrous oxide, ether and
oxvgen 15 suttable where one 1s justified in using a flammable anesthetic m
the presence of a fire hazard Ethylene or cyclopropane are not used because
of the esplosion hazard The use of thiopental alone 1s not advised because
1t fails to abolish the superficial and laryngeal refleses Large quantities
are necessary to abolish reflex responses to pain completely Averti alone 1s
not switable for the same reasons Some neurosurgeons prefer a combimnation
of avertin and local anesthesia The anesthetist does not have complete con
trol of the airway under such circumstances Besides the operation invart
ably outlasts the narcosis The anesthetist 1s then compelled to admumster
ether or some other general anesthetic under trying circumstances without
benefit of an adequate arrway

Trephimes are relatively short procedures performed for diagnosts or for
decompresston, as a rule Patients are comatose more often than not Local
anesthesa 1s usually satisfactory for these and 1s the usual choice When
not, the choice and management 1s the same as for cramotomy

Ventriwculograms, alse, are usually performed for diagnostic purposes
Local anesthesia 1s used unless the patient 1s not cooperative Under such
circumstances the selection and management 1s similar to that for craniot
omy

Drainage of bramn abscesses necessitates “turmng a flap” and 1s, there
fore, managed in the same manner as mtracramal operations Operations
such as lobotomy may be performed with local anesthesia If local anesthesia
1s not switable the procedure 15 the same as outlned for cramotomy Resec
tions of the fifth and other cramal nerves may be performed usmg local
anesthesia If general anesthesia 1s desired intratracheal mitrous oxide com
bimed with a basal of an ultra short acting barbiturate 1s preferred An
endotracheal catheter 15 necessary because these operations are usually per
formed with the patient mn the upright position The anesthetist may thus
remain at a posttion distal to the operative field

Encephalograms for diagnostic purposes are frequently performed without
any anesthetic by some neurologists The procedure 15 not as mnocuous as 15
believed The patient experiences headache, nausea and vomiting, and other
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tive 1n nature and are performed for cosmetic reasons rather than for con-
ditions whuch may jeopardize hife The impartance of safe anesthesi1 cannot
be over emphisized Little or no relixation 1s necessary from a surgical
standpomnt The anesthetist must be siuated at a point distal to the opera
tise ficld however Consequently 1n order to properly mauntun n adequate
airw1y during anesthesia an endotrachenl catheter must be used

The electro surgical umt may be used by some surgeons i cases where
hemostasts 15 difficult to sccure Obviously, this further complicates the
selection of anesthesit by creating 1 fire hazard Many of these operations,
since they are simple and of 1 minor nature, may be performed using local
anesthesia Cyclopropane mtratracheally 1s the most desirable choice when
general anesthesth 15 required The rapid induction, 1its ease and munte-
nance and the rapid recovery make it wdeal for this type of surgery If
cyclopropane 1s contramdicated ether may be used When the electro surgt
cal umit 1s used a basal of thiopental combined with mtrous oxide 1s used
Topical anesthesia and a muscle relasant facihitates intubation Lther intra
tracheally preceded by mitrous oxide or ethylene. may be used when the
forementioned are contraindicated The disagreeable aspects of ether such
as nausea, and emergence delerium must be borne in mind Regional anes-
thesia obtained by bloching branches of the fifth nerve may be used How-
ever, overlapping of this nerve with branches of the cervical plexus
certamn areas of the face 1s not uncommon A bloch of a single nerve 1s
usually not satisfactory

Reduction of depressed fractures of the malar bones are frequently per-
formed by making an incision over the face Local anesthesia 1s usually
satisfactory for these When general anesthesia 1s desired endotracheal
cyclopropane 1s tdeal The other aforementioned choices may be made when
cyclopropane 1s contraindicated

Anesthesia for operations about the nose, lips, clun, forchead, and ears 1s
ielected and managed 1n the same manner as that for operations about the

ace

When children are anesthetized for surgery ahout the face cyclopropane
or ether mtratracheally with basal narcosis may be used Local anesthesia
obviously 1s a poor choice for children because the psychic make up
precludes 1ts use Some surgeons for no abviously sound reasons object to
endotracheal catheters and prefer mnsufffation or open drop ether 1n these
cases The danger of obstruction and death from asphyxia 1s ever present
Unless the operation 1s brief and one 1s assured of an excellent airway,
omussion of the endotracheal catheter for these procedures 15 hazardous and
not advised

Salwary Glands

Operations on the salivary glands, particularly the parotid, require the
same type of anesthesia as for other operations on the face The approach
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Most surgery of the eye may be performed using local anesthesia mduced
by retrobulbar mjection and combined with topical application of a local an
esthetic drug on the conjunctiva and the cornea When this 1s not satisfactory
cyclopropane 1ntratracheally, combmed with a muscle relaxant, may be
used As1n the case of mtracramal surgery, the anesthetist must place him-
self at a pomnt distant to the operative field The use of an endotracheal
catheter, therefore, 1s mandatory 1f the airway 1s to be under control A
basal of an ultra short acting barbiturate mtravenously mmimizes nausea
postoperatively Nitrous oxide combined with thiopental and topical anes
thesia may be used also The anesthetist must be alert at all times and not
allow anesthesia to lighten, otherwise the patient reacts upon the catheter
by coughing and straimng Such reactions not only interfere with the sur
gery but imtiate complications detrimental to the cutcome of a successful
operation

The use of thiopental alone, without a supplementary anesthestic and with-
out an endotracheal airway, frequently leads to stramng, coughing and
sneezing Operations upon the cornea, sclera and other parts of the eye
are mmpossible to perform under such circumstances This techmgque 1s also
not advised because of the possibility of asphyxia Whenever basal narcosis
alone 15 used the reflex activity which results from stimulation of the cornea
may be abolished by the use of a topical anesthetic From the standpoimnt
of surgery intratracheal ether 1s satisfactory It has the disadvantage of
causing nausea, vomiting, strugglng and prolonged somnolence mn the post-
operative period It frequently must be selected when other anesthetics are
contramndicated Some ophthalmologists prefer to combine a muscle relaxant
with local anesthesia by nfiltration The use of this techmque 1s objection-
able because the arrway 1s not under the complete control of the anesthetist
Others use ether by nsufflatton without an endotracheal catheter after in
duction with open drop ether This techmque 1s primitive and not recom
mended for various reasons, foremost of which 1s the fact that 1t 15 impossible
for the anesthetist to have complete control of the airway under such
carcumstances The head, face, mouth and nose are covered with the drapes
necessary for this type of surgery Fatalities due to obstruction and over-
dosage are more common than 1s reahzed Endotracheal ether or cyclopro
pane 1s the most common choice for eye surgery for cluldren

The Face

Most operations about the face are performed for plastic reconstructions,
removal of moles, growths, mcisions and dranage and related procedures
The face 15 a highly vascular area The surgeon may spend considerable
time securing hemostasis Plastic operations on the face are usually lengthy
and nvariably require meticulousness and care The surgeon must work
unmmpeded and without duress Many operations about the face are elec
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11 NLSTRATION OPFRATION

The fencstration operation 1s an clective procedure which requires con
siderable meticulousness on the part of the surgeon The success of the
operation depends npon proper hemostasis The anesthetic techmques de
scribed for mastordectomy are also switable for these operations Most
surgeons prefer a basal of thiopental or other barbiturate combined with
mitrous oxuide Heavy sedation 15 often used to secure 1 lowening of blood
pressure, to obvitte the bleeding which the operator fears Dehberately in
duced Iy potension with ganghionic blocking ngents may have a place 1n this
procedure, 1f induced for 2 brief period of time

MiyrINGOTOMY

My ringotomy 1s most often performed in children although abscesses mn
the middle eqr may occur at anyv age The operation requires, at the most,
several minutes Unless the patient 1s obese or has some deformuty of the
upper air pissages, the anesthetist, as 1 rule, h1s good control of the airway
Cyclopropane adnumstered with a mask, without an endotracheal catheter,
1s switable, particularly, if an acute resprratory wnfection 1s present Thio
pental 1s less desirable because laryngeal spasm may occur, particularly 1n
patients who have a respiratory infection Vinyl ether by the open drop
method serves admirably for children Trichlorethylene analgesia may also
be used Ethyl chlonide 15 used by some pediatnicians and otologists The
danger of cardiac arrest 15 ever present The use of the drug 15 not advised
Chloroform may also be used but the cardiac effects, hhewise, preclude its
use In the event cyclopropane or vinyl ether are not available, open drop
ether may be used However, nausea, vormting, salivation, prolonged second
stage and other objectionable features make 1ts use undesirable

The Lip

Operations on the hip are usually performed for excision of growths,
correction of a defornuty, or mcision and dramage of abscesses Suture of
a harrlip 1s frequently performed in children Some surgeons -ittempt repars
shortly after birth Other operations about the Iip are performed for excisions
of neoplasms, or correction of defornuties resulting from trauma Neoplasms
are usually encountered n adults Most operations n this area are electyy e
The patients are usually good nisks Oral sepsis, 1 the adults particularly, may
be a facter which causes respiratory complications later Precautions must
be taken during operation to avoid aspiration of blood and secretions which
mght fall backward 1nto the posterior pharynx If the lesion extends into the
mouth, relaxation of the jaw 15 required so that the mouth may be opened
for introduction of retractors and proper exposure Certam of these opera-
trons are long, others are short Inasmuch as the anesthetist and the surgeon
both compete for the operative field, an endotracheal catheter s required
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1s from the face rather than through the mouth 1he presence of the facial
nerve n the area of the parotid gland makes these operations tedious and,
often times, long General anesthesia, using an endotracheal catheter, 15 the
best choice under these circumstances Local anesthesia is seldom satis
factory 1f the operation 15 of any consequence Cyclopropane, mtrous oxde,
combined with basal of thiopental, or ether may be used

The Ear

‘The most common operations otologists perform are mastoidectomy, the
fenestration operation and myringotomy Each of these require some form
of general anesthesia

MASTOIDECTOMY

Patients undergoing mastoidectomy are usually young adults or chldren
They may have an acute, or a subsiding, respiratorv nfection which has
precipitated the mastoiditis Signs of sepsis, fever or leulocytosis may
be present Memngeal irritation and increased intracramal pressure may be
present 1f there has breen extension of the infection Respiration may
be depressed as a result of the increased mtracramal pressure 1f extension
of the infection to the bramn has occurred The operation itself 15 usually
long and tedious, reqinning anywhere from two to three hours 1n the hands
of most operators

Anesthesia for mastordectomy need not be deep as no relaxation 1S
required Some surgeons instill epmephrine in the wound to secure hemo
stasts This precludes the use of cvclopropane Some surgeons prefer to use
a dental drill for exposing the mmvolved structures The electric motor 1
this apparatus creates a fire hazard which precludes the use of flammable
anesthetics unless; 1t 15 explosion proof It usually 1s not The amrway 1s not
under direct control of the anesthetist unless an endotracheal catheter 1s
used The catheter must be used even if there 1s infection m the upper
respiratory tract Cyclopropane intratracheally 1s ideal for this type of
surgery because 1t 1s labile nonirntating, particularly n the presence
of respiratorv infections, rapid acting and 15 followed by rapid recovery
Nitrous owide intratracheally with basal narcosis preceded by topical anes
thesia, 1> the usual choice if a fire hazard exists Nitrous oxside or ethylene
followed by ether may be used when cvclopropane or the mtrous owuide
combinatton 1s not desired Little difference ewists between the anesthetic
management of children and adults Local anesthesia 1s not suitable for
surgery for either group It 1s not uncommon for anesthetists to use open
drop ether followed by msufflation for mastoidectomy 1n children The clief
objection to this technique 1s that the airway 15 not under adequate control
This mught be justified 1n small chuldren and infants because the trauma
resulting from endotracheal intubation mav cause laryngeal edema, but
maximum safety 1s msured by wntubation
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mampulations  An endotracheal catheter 1s required both to maintamn the
arrw 1y nd to permit the anesthetist to remamn at a distance from the operitive
field Many procedures wre long and m1y be attended by considerable blood
loss Induction of inhalation anesthesia may often be difficult In many cases
the mouth cannot be opened because the joint 1s fused or the teeth are wired
together Oral intubation 15 difficult or impossible, and 1 nasal catheter must
be used In many cases the face and lower jaw are tender and panful,
swollen and edematous precluding the use of 1 mash
Ancsthesia 15 simphfied 1f the patient 15 intubated awahe using topical
anesthesia After the catheter 1s 1n place cyclopropane or ether or a combint-
tion of the two may be used 1f one chooses If these are contraindicated,
nitrous oxide, combined with a basal of thiopental, may be used Local or
block anesthesia 15 rarely satisfactory and 1s not recommended In the post-
operatine period the jaws are often wired together {or fixation Respiratory
obstruction may occur at the conclusion of the operation when the catheter
15 remosved It 15 desirable to have the patient react from anesthesi in the
operating room so that the retching and vomiting can be cared for 1t that
time Tor this reason cyclopropane 1s preferred because 1t 1s labile Its depth
may be varied at will and rapid recovery 1s permitted The choice and
conduct of anesthesia for children differs hittle from that for adults An
endotracheal catheter 1s necessary to assure an adequate airway The
sufflation of ether, though frequently used, 1s not safe because the airnay
15 not under adequate control
The Maxilla
Resections of the upper jaw and mawlla are performed to eradicate
infections, to correct deformuties and injunes and to remove neoplasms
Such operations are usually long, time consuming, bloody and traumatic
The structures traversed are highly vascular Bleeding can be controlled
most effectively by electrocoagulation A fire hazard 1s thereby created In
some 1nstances the blood loss may be so great that 1t 1s advisable to deliber-
ately induce hypotension with a ganglionic bloching agent to minimize
o:zmg During the operation blood and secretions may pass into the naso-
ga:::;;, :;as;;‘:;h ;:eﬂ:;i st;xrglcal sute mcludes the mouth and the nasal
during operatian atra:ll\eo‘:o:\, oo n of respwatory abstruction
y y 15 performed, prophylactically, prior to the
(L;I‘J‘:::x:mx:ml:in(:‘e‘; lotcal anest};esm 'I;ins 1s lughly desirable and simplifies in-
n mtenance of anesthesja
directly to the tracheotomy tube it The wpparatus 15 then connected
m::;l:;; llgfct‘;?ltt})lr:}]'e:(;ot done the use of an endotracheal catheter 1s
15 of such a nature that the mask cannat be
appled to the face Under these circumstances the patient 1s intubated
al\::lelx;e, mu::lxi lEcpﬁ:a:ﬂanesthes:a General anesthesta 1s then conducted n the
ectrocoagulation 15 used, the choice of anesthesia 15
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to assure control of the airway and still permit the anesthetist to be at a dis-
tance In most instances the nasal catheten 1s preferred to the oral, although
the latter may be used 1f the nasal cannot be introduced

Many operations upon the lip and gums are easily performed using local
anesthesia If local anesthesia 1s not suitable, cyclopropane mtratracheally,
ether or mitrous oxide combmed with a basal of thiopental may be used
Topical anesthesia and muscle relaxants may be used to facilitate the intuba
tion Insufflation of ether, particularly in children 1s often used However
this 1s hazardous because the anesthetist does not have the desired contrel of
the airway and cannot prevent aspiration of blood and secretions nto the
trachea Nerve locks are usually not satisfactory because there 15 over-
lapping between the branches of the trigemmal and cervical nerves in this
area

The Mouth

Operations mn the mouth may mvolve the tongue, the palate, the gums,
soft palate and fauces Oral sepsis 15 often present when the lesions are 1n
the mouth The surgeon, obviously, must have access to the mouth Relaxa-
tron 1s required, so that the mouth may be opened and a gag nserted Many
oral operations are lengthy Blood and secretions may be aspirated unless
pharyngeal pachs are used to prevent secretions from passing nto the
pharynx In general the choice and conduct of anesthesia 1s 1dentical to that
recommended for operations on the ip

PALATE

Cleft palate 15 a congemtal defect which 1s usually reparred m early
mfancy In many cases a feeding problem exists and the operation 1is per
formed mmmediately after birth Otherwise the operation 1s deferred until
the child 1s a year or two old Maintenance of the airway 1s the most difficult
problem Endotracheal anesthesa 1s the most desirable choice Usually ether
by nsufflation 1s used (Fig 4, p 21) Some anesthetists do not take advan-
tage of the endotracheal catheter and prefer oral insuffiation Obviously the
arrway 1s not under adequate control under these circumstances Closed
system anesthesia may be used 1f switable apparatus 1s on hand

The operation may be performed on adults using nasal endotracheal anes
thesia maimntamed with cyclopropane or mitrous oxide ether sequence or
thiopental mtrous oxide Local mfiltration or nerve blochs are not satis
factory

The Mandible

The most common operations on the mandible mvolve reduction of frac
tures, correction of deformities, resection of entire or portions of the mandi~
ble for tumors, and curettage for osteomyeltis Occastonally, arthroplasty
or reseciton of the temporomandibular joint 1s performed for fusion or fixa
tion of the jont Obviously, many of these operations require ntraoral
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mampulations  An endotracheal catheter 15 required both to mamntun the
wurnay nd to pernut the ancsthetist to remun at a distance from the operative
field Many procedures are long ind m1y be attended by considerable blood
loss Induction of mhalation anesthesia may often be difficult In many cases
the mouth cannot be opened because the jomt s fused or the tecth are wired
together Oral intubation 1s dufficult or impossible, and a nasal catheter must
be used In many cases the face and lower jw are tender and panful,
snollen and edemntous precluding the use of a mask

Ancsthesia 15 simphfied 1f the patient 15 mtubated wwahke using topical
anesthesia After the catheter 1s n place cyclopropane or ether or a combina-
tion of the two m1y be used 1f one chooses If these are contramdicated,
mitrous ovide, combined with 2 basal of thiopental, may be used Local or
block “nesthesia is rarely satisfactory and 15 not recommended In the post-
operative period the jaws are often wired together for fixation Respiratory
obstruction may occur at the conclusion of the operation when the catheter
1s removed It 1s desirable to have the patient react from anesthesia in the
operating room so that the retching and vomiting can be cared for at that
time Tor this reason cyclopropane 1s preferred because 1t 1s Inbile Its depth
may be varied at will and rapid recovery 1s permitted The chowce and
conduct of anesthesia for children differs little from that for adults An
endotracheal catheter 1s necessary ta assure an adequate airway The
mnsufilation of ether, though frequently used, 1s not safe because the airway
15 not under adequate control

The Maxilla

Resections of the upper jaw and mavulla are performed to eradicate
infections, to correct deformities and 1njuries and to remove neoplasms
Such operations are usually long, time consummng, bloody and traumatic
The structures traversed are lghly vascular Bleeding can be controlled
most effectively by electrocoagulation A fire hazard 1s thereby created In
some instances the blood loss may be so great that 1t 1s advisable to deliber-
ately induce hypotension with a ganghomic bloching agent to mummze
oozing During the operation blood and secretions may pass into the naso
pharynx, masmuch as the surgical site includes the mouth and the nasal
gzi:gez :: tbo:,h f‘re(}luemly, m anticipation of respiratory obstruction
operaton under Tocal anesthenn ‘T 5 Iebis dmorme g Pror L0 the
duction and mantenance ofez‘:esthc:sslz:s T‘hg:l ‘Zpizsr:i?:i: nt?) e
directly to the tracheotomy tube en connected
m::;‘:&; tg;::?ttt})l:l};elsor;o:sdg?e the use of an endotracheal catheter 15

such a nature that the mask cannot be

apphed to the face Under these circumstances the patient 1s intubated
awahe, using topical anesthesia General anesthesta 1s then conducted mat;e
usual manner If electrocoagulation 1s used, the choice of anesthesia 1s
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nitrous oxide combined with a basal of thiopental When flammability 1s no
problem, ctclopropane 1s 1deal for this type of surgery Ether, preceded by
ethylene or mtrous oxide, may be used when the others are contramdicated
Nerve blocks are not satisfactory as a rule because of the overlapping of the
cervical and tnigemmnal nerves The muscle relaxants are useful to facilitate
1ntubation
Teeth
Most dental extractrons are office procedures Bloch anesthesia 1s the
best for ofiice use for exodontia The more complex and extensnie estrac
tions may be performed 1n a hosptal, rather than m the office The most
common and generally speaking, satisfactory wav of conducting general
anesthesia m the office for simple estractions, 1s to administer mtrous oxide
forttfied vith viny] ether with a nasal mask uwsing the demand type of ap-
paratus (McKesson) Nitrous oxide alone 15 not satisfactors because it
must be given 1n asphywal concentrations Of course, the anesthetist does
not alvavs hav e adequate control of the airvay using this techmque Nitrous
oxide, fortified with trichlorethylene, 15 satisfactonly used by certam an-
esthesiologists
For more complex and extensne estractions block anesthesia may not be
satisfactory and general anesthecia 1s necessary The vaw must be relaxed
for this tvpe of surgerv The surgeon must hav e access of the mouth and the
anesthetist of the head A nasal endotracheal tube 1s thus necessary so that
the anesthettst mav have adequate control of the airwas and be out of the
operatine field Oral sepsis mav be present Lung abscess and other pul-
monary suppuration can occur from asprration of infected matena' The
anesthetist therefore must see that secretions and blood do not pass back-
vard into the pharvnx and trachea Cyclopropane 1s 1deal for this tvpe of
surgerv  Nitrous oxtde combined with a basal of thiopental, 1s also satis
factory Ether 1s a less destrable choice and onlv used when the other two
po-sibiities mentioned are contramdicated The after effects often are
unpleasant
Extraction of deciduous teeth 1n chuldren mav be accomplished by using
open drop ether or open drop vyl ether Nitrous owude, fortified with
vint] ether used in the same manner as for adults 1s a better choice If one
chooses tnchlorethylene may be sub-nituted for the vinvl ether to fortify
the mtrous oxide \Mixtures o1 trichlorethilene and mitrous oxide are not
flammable Csclopropane or etker intratracheally 1> preferred for the longer
more extensive operations for both children and adults Ether by mnsufflation
15 stll used by some anesthetists for the-e exten-ne extractions Lack of
control of the airvax 1s an obrectionable feature which makes the techmque
hazardous Thiopental alone 1= used by many dentists for office surgers
under the mo-t adyerse circumstances Its use cannot be condoned Sooner

or later di-aster results
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Sinuses

Operations upon the nsl sinuses mvolve antrofomy for control of infec
tions and removal of new growths Patients requiring introtomy frequently
huve 2 postnisal drunige of purulent or mucord matenal It 1s not un
common for the mis1l passiges to be occluded by polyps, bony spurs, and
other obstructions m such 1 manner that 1 nasal endotracheal catheter cn
ot be mtroduced without undue trauma Chromc bronchitis, pharyngitis,
Itryngitis and cough my be associated wath the postnas1l dranage Antrot-
omies Ate usually lengthy, trumatic wnd 1re often accompanied by con-
siderable bleeding The possibility of embali due to aspiration of ur caused by
opening 1 enous sinuses must be considered As in other operations about the
head the anesthetist must rehnquish the surgical ficld to the surgeon The
use of an endotracheal catheter 1s mndatory 1f he 1s to have full control of
the mirway  Less extensive operations may be performed using nerve blocks

The sphenopalatine ganghon or branches of the mavillary nerve may be
blocked to vield adequate 1nesthesia Latensive, long operations require
general anesthesia, however Cyclopropane 1s the nesthetic of choice when
general anesthesia 1s indicated When cyclopropane 1s not desirable or can
not be used mtrous oxide combined with 1 basal of thiopental my be used
1If neither choice 1s desired, ether preceded by ethylene or mtrous exide my
be used The slow recovery, nausea, vonuting and other disagreeable fea-
tures of ether obwiate its use Ether by insufflation 1s sull used extensnely
but use of this techmque 15 not 1dvised becatse the anesthetist does not
have proper control of the airvay

The Pharynx

The most common intra pharyngeal operations are tonsillectomy and
adenordectomy Other operations include removal of cysts or growths,
dramnage of abscesses, repair of defects of the hard palate, soft palate and
plastic procedures on the fauces They are less common but not necessarily
rare

TONSILLECTOMY AND ADENOIDECTOMY

Patients requinng tonsillectomy are usually children and young adults
The lymphoid tissue may be so hypertrophied that 1t obstructs the arway
Inasmuch as the surgeon must have access to the mouth and nasopharynx
these operations are best done with an endotracheal catheter 1n place so
that the anesthetist may be out of the operator’s way and still have control
of the airway Although their duration cannot be postulated, they are
usually brief unless hemorrhage complicates the procedure This occurs
when one least anticipates 1t and the operation 15 then prolonged Relaxation
1s necessary for introduction of the mouth gag Anesthesia must be of
sufficient depth to abolish the gag reflex Local anesthesia 1s the method
of choice and the safest for adults It 1s without a doubt the best choice 1f
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the patient tolerates 1t and the operator feels at ease in performing the opera
tion with 1t

When general anesthesia 15 desired intratracheal cyclopropane 1s 1deal
for tonsillectomy as well as for other pharygeal surgery The catheter 1s
mtroduced nasally 1f adenoids are not present and orally 1f they are Rapid
recovery 1s always assured with cyclopropane One objection to cyclopropane
15 that mncreased oozing appears to occur Ether intratracheally 1s satisfactory
but less desirable due to the objectionable post anesthetic effects Recovery
1s not as rapid with ether as with cyclopropane A basal of thiopental may be
used prior to either cyclopropane or ether Postoperative depression of res
prration can be avoided by using mimmal amounts of the basal A basal of
an ultra short acting barbiturate, mtrous oxide mntratracheally and a muscle
relaxant 1s also used for tonsillectomy It 15 less satisfactory than the inhala
tion anesthetics because of the depression of respiration which follows m
the post operative period Ether by insufflation directly mto the pharynx s
a common method of administering anesthesia for tonsillectomy In adults
the concentration of ether necessary to maintam adequate depth of anes
thesia 1s delivered with difficulty The chief objection however, 15 the diffi
culty m mamntaining the airway with this techmque

The msufflation technique 1s standard for tonsillectornies and adenoidecto-
mies m children Whether or not an endotracheal catheter should be used
15 controversial Certanly a catheter msures an adequate airway With 1m
provements m apparatus and techmque, endotracheal anesthesia 15 being
used more and more for pediatric surgery However, the possibihty of
trauma to the larynx still exists In children, due to the presence of adenoids,
the catheter 1s placed orally rather than nasally Most otolaryngologsts do
not object to the oral tube even in adults Ultra short acting barbrturates
alone are not satisfactory for anesthesia for tomsilectomy in adults or
children Large quantities of the drug are needed to abolish reflexes Hypo
ventilation and the possibility of laryngeal and bronchial spasm are ever
present The airway 1s difficult to maintam safely without an endotracheal
tube The barbiturates often mitiate bronchial spasm Prolonged somnolence
nvanably follows the use of Jarge quantities of barbiturates The quantity
which may be required 1s not easily predicted

DRAINAGE Or' PERITONSILLAR AND RETROPHARYNGEAL ABSCESS

Anesthesia for dramage of a peritonsillar abscess follows the same gen
eral pattern, mndications and contraindictions as that recommended for ton
sillectomy It 1s smportant that the abscess 1s not ruptured in attempting
intubation otherwise aspiration of purulent material may occur Whenever
possible local anesthesia should be used When local anesthesta 1s not satis
factory or cannot be used cyclopropane conducted through a nasal or oral
intratracheal catheter, whichever 1s simpler to mtroduce, may be used
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In children the usual techmque employed by most eperators 1s ether by
mnsuffiation The possinhty of aspiration and asphyxta from lach of control
of the mrway 1s nlways present, however An endotricheal catheter 1s
desirable, even i children

The Larynx

Laryngeal operitions are performed for removal of polyps, or other
growths on the vocal cords and cauterizations Removal of the larynx
itself for malignant tumors 1s a formidable but not uncommon procedure
Direct vision 3s required for intralaryngenl surgery Relaxation 1s necessary
The chief difficulty encountered 1s muntumng n urvay On occasions
anesthesia 15 tequired merely for exanunation for diagnosis under direct
ision

Lary NGECTOMY

Laryngectomy 1s performed for carcinom< most often Usually the patients
are tn good condition General anesthesia 1s mandatory for this operation
Respiratory obstruction and dyspnea may be present 1f the growth 1s large
If the patient has any difficulty in maintaining 1n adequate airway pre-
operatnnely the situation certunty will not improve during general anes-
thesia A preliminary tracheotomy 1s advisable under such circumstances
Otherwise the patient may be anesthetized with endotracheal anesthesta in
the usual manner As soon as the Jarynx 1s extirpated a sterile endotracheal
catheter 1s introduced into the trachea by the surgeon and 1nesthesia 1s
muntained 1 the usual manner Inasmuch as both the anesthetist and the
surgeon compete for the operative field, an endotracheal tube 15 mandatory
to permt the anesthetist to stand at a distance and stull mamntain the arrway
Vago vagal reflexes may anse, imtiated by manipulation of the trachea
These may be minimized by the use of topical anesthesia and antichohnergic
drugs

Cyclopropane 1s the 1deal anesthetic for this procedure If a cautery 1s
used, and 1t usually 1s not, mtrous oxide combined with a basal narcosis of
thiopental 15 used If cyclopropane and the mitrous owide-thiopental com-
bimation are contramdrcated ether wntratracheally may be used Local anes-
thesia 1s not satisfactory from both psychic and technical standpoints Few
surgeons care to operate under the conditions 1t offers or are sufficiently
skilled to use 1t Cervical plexus bloch supplemented by local nfiltration

would be adequate for this area However, the operation 15 time consumin
and 1s sure to outlast the block ¢

SUSPENSION LARYNGOSCOPY AND OTHER OPERATIONS

Other laryngeal operations includin,
best performed with combinations of
anesthesia and a muscle relaxant Rel.

g suspension laryngoscopy are usually
a basal narcosis of thiopental, topical
axation 1s necessary to properly visual
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1ze the larynx Ether by insufflation has been used for adults for many years
It 15 seldom wholly satisfactory and invanably difficult to manage The con
centration of ether necessary for mamntenance of adequate depth of anes
thesia 1s difficult to dehver because the method 1s open

For children open drop ether followed by insufflation appears to be the
accepted and most common method used It 1s neither the best nor the safest,
but 1s the simplest under most circumstances A basal of an ultra short
acting barbiturate, or avertin may be used, but laryngeal spasm may result
and respiratory depression may follow in the postoperative field This, of
course, 1s undestrable

TracHEOTOMY

Tracheotomy 1s usually performed as an emergency procedure often m
desperate situations Obstruction and all the manifestations of asphyva are
usually present and death 1s ermnent Time 1s a factor and the use of anes-
thesia 15 out of the question When the situation 1s not so desperate or when
the tracheotomv 1s elective 1t 15 usually performed using local anesthesia
When 1t 15 elective and general anesthesia 1s desired intratracheal cyclo
propane, ether, cvclopropane-ether or mtrous oxide with a basal of thio
pental may be used for adults and children

Broncht

Operations and cagnostic procedures mvolving the lower trachea and
bronchi are performed with endoscopic instruments The approach 1s
through the larynx by means of a bronchoscope The most common pro
cedures performed are securing of a biopsy, visuahzation of masses or
removal of foreign bodies Often suppurative disease or pulmonary msuf-
ficiency are complicating factors Coughing and copious secretions are
troublesome to both operator and anesthetist Some patients are anemic and
emaciated Vagal reflexes may be imtiated by this mstrumentation but they
are not troublesome as a rule Anticholinergic drugs may be used to mim
mize them Relaxation of the muscles of the jaws and nech 15 necessary
Often these procedures are performed n a dark room which handicaps the
anesthetist as far as closely watching the patient 1s concerned Coughing,
bronchial spasm and dimimished ventilation follow the induction of anes
thesta The airway ts not easily maintamned A fire hazard ewsts in view
of the fact that these mstruments are electrical Bulbs, cables, and switches
may be the source of a spark

There 15 no wholly satisfactory method of managing anesthesia for these
procedures Topical anesthesia 1s the best choice for bronchoscopy wherever
1t 15 possible to use 1t However when the patient 15 not cooperative, has
dvspnea or 18 apprehensive general anesthesta 1s the usual choice Thio
pental, combined with a muscle relaxant preceded by thorough cocaimza
tion 1s the method employed It must be admtted that this techmque has
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drawbachs but there 15 hittle else from which to choose Open drop ether
followed by msuffition 1s the methad usually employed for bronchoscepy
for cnldren It may be used for adults aleo but 15 far from ideal and not
technically simple to manage

BroNCHOCRAMS

Dronchograms are diagnostic procedures usually performed on patients
who hve suppuritine dicerse in the lung 1t 1s common for such subjects
to be anemue and emaitted nd to show signs of <epsis Invanably they
have pulmonary dvsfunction and cough The procedure consists of introduc-
mg 1 cmnui nto the trichet through which an aily oprque substance 1s
mjected 1ollowing mjection fluoroscopy 1s performed in a dark room A
fire hizard thus ousts Relixation 1s necessary for visutlization of the
1 for the intubation  Introduction of an endotracheat eatheter through
which the cnnula for the o1l 1s passed facilitates the procedure considerably
A momentary period of apner must be mduced during which the lung fields
must be immobile winle the s ray 15 being tiken Coughing, bronchospasm
and dimimished ventilation and signs of respiratory distress usually follow
the injection of the o1l

In adults these procedures are usually performed with topical anesthesia
using tetracaine or cocune However, for patients who are not cooperative
general anesthesia must be used Nonflammable agents must be used mas-
much as the procedure 1s done 1n the vicimity of ligh frequency equipment
A basal of thiopental or avertin combined with mtrous oxide intratracheally
(with toprcal anesthesia) 15 the usual selection Succinyl choline s used to
facilitate intubations Certun anesthetists disregard the evplosion hazards
and use ether or cyclopropane ntratracheally In the fluoroscopic room a
changeover 15 made to thiopental mitrous oxide oxygen Topical anesthesia
1s ot satisfactory for children s 1 rule The procedure used for adults may
be used for them when local anesthesi 1s feastble Some anesthetusts prefer to
induce mesthesta with open drop ether and then mamtain 1t by sufflation
Tt must be remembered that vagal reflexes may be imtiated by the injection
of the contrast media Prophylatic premedication with atropine preinestheti
cally 1s advised Basal narcosis, of course, 15 undesirable because 1t causes
respiratory depression in the postoperative period Unless topical inesthesia
t;l:)l;iit;? :’;ﬂllgs: “the spasmogenic responses which are enhanced by the

) 1ll be unsatisfictory

The Esophagus
. Esophagoscopy 1s mentioned along with bronchoscopy because the prob-
ftz)msdmvolved are simular Like bronchoscopy esophagoscopy 1s performed
¢ diagnostic purposes with endoscopic instruments Many subjects for

whi
om  esophagoscopy 1s performed are emaciated from poor nutrition
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because of inabihity to swallow Neoplasms, persistent spasm of the esopha
gus, and diverticuli are the common clinical conditions encountered Re-
moval of foreign bodtes and the diagnosis of traumatic lesions and functional
diseases are other reasons for performung esophagoscopy Local anesthesia
15 used frequently for esophagoscopy Relaxation and cooperation is requrred
from the patient as for bronchoscopy If topical anesthesia 1s not satisfactory
general anesthesia 1s necessary Both the surgeon and the anesthetist then
compete for the operative field The arrway 1s then difficult to mamtain An
endotracheal catheter hinders some operators and they therefore request
that 1t be omutted Secretions of mucous, vomiting and retching often occur
Vagal reflexes hhewise are mtiated by passage of the instrument 1nto the
esophagus Cyclopropane intratracheally with a muscle relaxant may be
used when an endotracheal catheter 15 introduced Where the catheter 15 1n
the operator’s wav the combination of a basal of thiopental, topical anes-
thesra and a muscle relaxant mav be used The posmbibty of laryngeal
spasm 1s ever present Ether mtratracheally may also be used if cyclopro-
pane 1s contraindicated For children vinvl ether followed by the open
drop ether techmique followed by ether by insufflation 1s the usual method of
anesthesia emploved It 15 customarv to omut the imtratracheal catheter
However, a catheter 1s highly desirable because an adequate airway 1s as-
sured The combination of a basal of thiopental, topical anesthesia and a
muscle relaxant carries a greater degree of hazard i children than n adults
and 1ts use 15 not advised unless there 1s no other choice
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XXX
OPERATIONS ON THE NECK

ANTERIOR ASPECT OF THE NECK

Thyrowdectomy

Thyrodectomy for goitre and nodules m the gland 15 the most frequent
operation performed tn the nech area The nature of the goitre 1s important
Whether or not 1t 1s tosic or non tove, whether 1t 1s cystic or sohd, whether
or not 1t compresses the trachea, whether or not 1t 15 mahgnant or bemgn,
whether or not metastasis have extended to other structures of the nech
are mmportant factors Towic goitres may be associated with heart disease
Patients for thyroidectomy for removal of toxic goutres are usually appre-
hensise, highly excitable and have a hugh metabolic rate Excitement or any
emotional strains are to be avoded Vasoconstrictors and other sympa-
thormmetic amines cannot be used for any purposes mncluding local anes-
thesia for these patients Vocal cord paralysis, edema of the larvnx, trache-
s or a deviated trachea are often present The mass in the nech mas
extend 1nto the thorax Tachycarda, arrhythmuas, a low diastolic, a ugh
systolic and a wide pulse pressure are frequently present

Patients who have non toxic gosters and cysts or solitary nodules do not
bave apprehension, increased cardiac output or a high metabolic rate

Thyroidectomy 1s best performed using general anesthesia Muscle relaxa-
tion 1s @ mmor factor 1n the operation except at time of intubation Anes-
thesia need not be deeper than second plane as a rule The head 1s hyper-
extended to gan exposure, causing the airway to become obstructed The
use of an endotracheal catheter 1s mandatory for thyroidectomy The anes-
thetist must be out of the surgeon’s way since they both compete for the
operative field This 1s further indication for an endotracheal tube Qozing
and bleeding are frequent particularly after the use of thiouracil and related
antithyrord compounds Excess secretion may be anticipated, particularly
when potassium 10dide has been used preoperatively In toxic goitres the
oxy gen consumption and carbon diouide output are igh

Postoperatively the possibility of heat retention, hyperthermta and thy roxd
crists are present Postoperative trachertis from manipulations of the trachea
and the use of the endotracheal tubes are common Hematomas dev eloping
from madequate hemostasis may cause respiratory obstruction n the post-
operatnve period The possibility of cardiac failure both durnng and after

operation must be borne 1n mund Vocal cord paralysis from mjury or
severance of the recurrent laryngeal nerves 1s mamfested by respiratory
59
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dificulty following removal of the endotracheal tube Collapse of the trachea
postoperatively may occur particularly when respiratory obstruction de
velops 1n the postoperative pertod This 1s said to be due to weahening of
the tracheal wall

The choice of anesthetic for towic goitres 15 ethylene or mtrous oxide
followed by ether intratracheally This 1s best preceded by basal narcosis
induced by heavy doses of morphine and scopolamine, avertin rectally, or
mtravenous ultra short acting barbiturates Local anesthesta or cervical
plexus block are not suttable for patients with toxic goitres, as a rule If
used the patients must be heavily sedated because the psychic effects cause
tachycardia and dhsturbances in blood pressure Cyclopropane 1s avoided
by most anesthetists because of 1ts effect on cardiac automaticity

Cyclopropane, ethylene or mtrous oside followed by ether, local or cervi
cal plexus blockh may be used for removal of non toxic goitres, cysts or
nodules Thiopental, alone or combmed with a muscle relaxant, should
not be used as neither 1s anesthetic An analgesic substance, preferably
mitrous ouide or ethylene should be added It 1s unwise to attempt thyroid
ectomy without using an endotracheal catheter because of the possibility
of obstruction and asphyxia The anesthetic management for thyroidectomy
for children 1s 1dentical to that of adults

The anesthetic management of excision of tkyroglossal cysts 1s the same
as for thyroidectomy for non toxic goitres Explorations for removal of
parathyroid tumors are likewise managed i the same manner Preopera
tive treatment with calcrum and parathyroid extract may be necessary

Dissections for excision of brancheal clefts, hygromas and other cysts of
the neck are oftentimes extensive, time consuming and require deep dissec
tion Anesthesia 1s managed 1n the same manner as it 1s for thyroidectomy
for non-toxic goitres for both adults and children

Radical Dissections of the Neck

Anesthesia for radical dissections of the nech for removal of mahgnant
or mfected Iymph nodes or removal of tumor masses 1s managed m the same
manner as that for thyroidectomy Operations for malignant disease are usu
ally performed 1n patients n the older age groups The operation 1s rather
long and tedous as a rule No muscle relaxation of any consequence 1s
needed however Inasmuch as the surgeon and anesthetist both compete
for the operative field, the use of an endotracheal catheter 1s mandatory
to assure a patent awrway The carotid sinus may be hyperactive, and 1f
mampulated unduly, carculatory and respiratory disturbances may occur
Manipulation of the trachea may result n tracheitis, and bronchal or
laryngeal spasm The anesthetic of choice for these procedures 1s ¢y clopro-
pane Where cyclopropane 1s not desired or contraindicated, mtrous osde
or ethylene followed by ether 15 satisfactory When neither cyclopropane
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nor ether 1s desired or smtable 2 basal of thiopental combined with mtrous
oude itratrcheally and topical anesthesitis used The amount of thiopental
must be kept 1t a mummum otherwise the patient may develop prolonged
respiratory depression in the postoperitive period The combination of mtrous
ouide and thiopent1l1s suitable when the clectrosurgical unit 1s used or other
fire hazard ewsts

Biopstes, Removal of Cysts, etc

Biopstes, removal of cysts, nodes, etc are usuilly performed using n-
filtration of 2 local anesthetic Local infiltration 15 stutable for minor pro-
cedures only Anything of 1n extensn e niture 1s managed in the same man
ner s for thyroidectomy

Ligattons of the caro.td artery nd jugu’ar vcin hikewise are managed n
the same manner as thyroidectomy Angiograms and other visuahzations of
the vascular system of the neck and head are performed under local anes-
thesia However, when this 1s not feasible, the management 1s the same as
for thyvroidectomy Whenever x-ray apparatus or lgh frequency umits are
necessary the combnation of a basat of thiopental and intratracheal mtrous
oude 1s used

The choice of anesthesia for patients for carotid stripping for hyper-
active carotid sinus requires special consideration Circulatory disturbances
are the rule Bradycardia, syncope or convulsions may be precipitated by
mampulation of the carotid vessels Mampulation of the structures on the
Iateral aspect of the nech must be avoided prior to operation Intratracheal
ether or thiopental combined with mitrous oxide intratracheally are preferred
to other methods of anesthesia Cyclopropane 1s less desirable because of
1ts reflex effect on cardiac irntabiity

Incision and Drainage of Abscesses

Incision and dramage of abscesses in the nech region presents the prob
lem of mamtamung an adequate airway It 1s the most important single
consideration for this type of operatton In Ludwig’s angma, particularly,
edema of the pharynx and floor of the mouth may be so diffuse that the
patient has obstructive dyspnea The patient must sit up to breathe It 15
hazardous to use general anesthesta without an endotracheal tube for this
type patient The catheter must be placed in the trachea before anesthesia
1s induced, that 1s, while the patient 15 awake Unless an adequate awrway 1s
provided before anesthesia 1s mduced the patient will become completely
obstructed as soon as he 1s sufficiently relaxed The voluntary effort which the
patient makes while conscious 15 nullified as soon as UNCONsC10usnNess super-
venes The arway becomes obstructed and the patient promptly dies from
asphyxia

When 1t 15 not feasible to ntubate a patient prior to induction of anes
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thesia a tracheotomy should be performed using local mfiltration General
anesthesta may then be induced through the tracheotomy tube with what-
ever drug 1s desired Cyclopropane 1s 1deal for this type of surgery Cervical
plexus block of course 1s contramdicated because of the possibility of spread
ing the infection Fatalities during this type of surgery are, as a rule, due
to asphyxia It must be borne in mind that these infections are often as
sociated with diabetes, leukemma and other systemc diseases Oral sepsis
may be present since these abscesses are often complications which follow ex
traction of the teeth The patient 1s usually unable to swallow and secre
tions may accumulate in the mouth which further add to the difficulties of

nducing anesthesia .

Posterior Aspect of the Neck

Operations on the posterior aspect of the neck usually consist of exc:
sions of Lipomas, fibromas and other growths, removal of cysts, mciston
and dramnage of carbuncles, abscesses and other suppurative lestons Ir
respective of the type of procedure, the surgeon operates with the patient
in the prone position Unless local anesthesia 1s used and this 1s not always
possible, the airway 1s mamtamed with difficulty The anesthetist also must
be placed at a distance from the surgical field It 1s mandatory, then, that
an endotracheal catheter be used when all such operations are performed
using general anesthesta Circulatory derangements may occur as the pa
tient 15 turned from one position to the other In view of the fact that the
nech area 1s highly vascular some surgeons prefer to use the electrosurgical
umt to secure hemostasts A fire hazard 1s then created under such circum
stances

Intratracheal cyclopropane 1s the ideal choiwce for this type of surgery
If a fire hazard ewsts nitrous oxide with a basal of thiopental 1s the usual
choice but not necessarily the best one If cyclopropane 1s contrandicated
ether may be used Local anesthesia 1s satisfactory for the mmnor procedures
Under no circumstances should inhalation or mtravenous anesthesia be used
without an endotracheal catheter Thiopental alone of course does not pro
vide surgical anesthesia in the true sense and certainly 1s not desirable The
management of anesthesia for this type of surgery 1s the same for cluldren
as for adults
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INTRA-AND EXTRA-THORACIC OPERATIONS

OPERATIONS ON THE THORACIC WALL

Operations on the thoracic wall may vary from excisions of simple cysts,
lipomas, fibromas, plastic repurs, vullry dissections, removal of lvmph
nodes and simlar procedures No relnxation 1s required The anesthetist
as 1 rule 1s far enough removed from the surgical field to have adequate
control of the mrway An endotracheal tube, thercfore, 15 not required unless
the prone or lateral position 1s employed or when the lesion or site of op-
eration 15 on the back or at claviculir areas Local infiltration may be used
for mnor procedures Cyclopropane by the usual technique 15 1deal when
general anesthesta 1s required Nitrous oxide or ethylene combined with
basal narcoss of thiopental may lihewse be used When basal narcosis cannot
be used and 1f the patient cannot be maintuned with mtrous oxide or ethylene,
ether may be added Intercostal or parasertebral blochs may be used 1f the
operative site 15 1 the area supphed by a gnen thoracic segment The
overlapping between the cervical plesus and the upper thoracic nerves pre-
cludes the use of intercostal and paravertebral blochs when the operative
site 1s over the shoulder or 1n the clavicular area

Mammectomy

Simple mammectomies and radical mammectomtes are actuatly operations
on the thoracic wall No relaxation 1s needed because the gland 1s really
a subcutaneous organ Simple mammectomy may be performed using local
anesthesia However the use of local anesthesia 15 not advised for appre-
hensive patients When carcinoma 1s suspected and 1 radical mammectomy
preceded by a biopsy 1s contemplated the patient should be heavily sedated
or should be given a basal of intravenous thiopental, m the event the frozen
tissue study 1s positive Perfornming the biopsy with local anesthesia and then
proceeding with general anesthesia 1f a radical mammectomy 1s indicated
frequently creates a difficult situation The psychic trauma resulting from
the realization that a carcinoma 1s present and that a radcal mammectomy 1s
necessary often 1s the basis of emotional disturbances mn the postoperative
period The best plan 15 to proceed with general anesthesia for both the biopsy
and the mammectomy The patient may be mamtamed under hight anesthesia
without undue harm while the pathologist 1s making his examination

Radical mammectomy requires some special considerations by the anesthe-
tist The operation 1s rather lengthy 1 most Instances, extensive and requires
meticulousness It may be accompanmied by blood loss and possibly shock

263
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Patients, m the older age group, may have co exssting degencrative diseases
particulrly of the cardiovasculir type Anemii or weight loss are observed
1n advanced cases Some surgeons use 1 hugh frequency unit for hemostasts
and thereby create a fire hazard

Ordmarily cyclopropane 1s 1deal for radical mammectomies Ethylene or
mtrous oxide fortified with ether are Iihewise satisfactory when cyclopro
pane 1s not desired The use of basal narcosis using thiopental or other
such barbiturate ntravenously prior to inhalation anesthesia 1s advised
When the clectro surgical umt 15 used mtrous oxide combined with 2 basal
of an ultra short acting barbiturate 15 the most desirable choice An endo
tracheal catheter 1s not necessary unless the anesthetist has difficulty in
mauntaining the arrway, as in the cse of obese individunls Muscle relaxants
are not indicated Local anesthesia 15 not satisfactory for a radicnl mam
mectomy but may be used for stmple mammectomies Paravertebral blochs
and intercostal blochs arc not satisfactory because, as a rule, 1t 1s difficult
to anesthetize the segments supplying the surgical site

Thoracoplasty

Although thoricoplasty 1s an extra pleural operation and involves the
chest wall only, 1t 1s usually considered an operation of thoracic surgery
Lhe physiclogic and medical problems nvolved are common to other op
erations for chest disease Lhoracoplasty 1s performed most often on patients
for chronic pulmonary tuberculosts I ess frequently it 1s performed after
pneumonectomy or empyema to collipse the chest wall to obliterate an
intra pulmonary cavity or obliterate the pleural space Patients for thorco
plasty may be in any age group but are usually middle 1ged or young The
mayonty are chronically 11l Decreased pulmonary reserve, dyspnen, fever, and
weight loss are usually present The presence of tuberculous trachatis may
preclude the use of an endotracheal catheter 1f a trachcobronclual cutancous
fistuda 15 present 1 closed system of anesthesia 1s mantamed with difficulty
even when the opeming 1s scaled Muscle relixation is not a requisite Thor
coplasties vary n duration depending upon the techmeal difficulties and the
dexterity of the operator Lhey are usually performed in the Iateral post
tion A ligh frcquency unit 1s used by a few surgeons for hemostisis A
fire hazard s thereby created

Circulatory depression due to trauma, lateral posture, blood loss and
reflex stimulition from mampulations of the ribs and pleura are the rule
rither than the exception A fall 1n blood pressure frequently occurs as the
patient 1s turned from the latera] to the supine posttion at the conclusion
of the operation Ihe etiology of this hypotension still remauns to be deter
mmed although hypercapma has been incriminated Carbon dioxide reten
tion due to madequate ventilation necessitates the use of the closed system
and intermttent positive pressure for assisting or controlling respiration
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An endotracheal catheter 1s mandatory for these operations because secre-
fions must be aspirited nd an unobstructed ureay must be muntuned
at 11l costs Thoricoplasty 1s performed satisfactonly using intratracheal
cyclopropane This drug 1s non wntnting, 1s Inbile, permats ripid induction,
1s followed by rapid recovery, 1s charactenized by quiet breathing and pro-
vides relination for ntubation A muscle relaxant prefertbly succinyl
choline my be used to facilitate the mntubation Should archythmias develop
they mny be controlled by the addition of ether

If well defined cardic disease 1s present cthylene or mitrous ovide fol
lowed by cther may be used instead of cyclopropane A cautery 1s seldom
used, but, 1f 1t 15 required, mtrous oxide combined with 1 basal of an ultra
short acting barbiturate may be used although 1t 1s far from desirtble
Topical anesthesi 1s desirable to facihtite the intubation The possibility
of laryngeal spasm, bronchial spasm and respiratory depression i the
postoperative period 1re the objectionable features to this combination
Paravertebral block m1y be used but requires meticulousness on the part
of the operator Besides 1t 15 not smitable from a psychic standpoint The
periosteum 15 not easily anesthetized, considerable discomfort 1s felt when
the ribs are excised Local anesthesia 1s not satisfactory for the same reason
Pendural block has been advocated but has never enjoyed any populanty
As 1n the case of paravertebral bloch psychic factors are important con-
siderations Then, the block 15 not simply mduced nor 1s 1t satisfactory even
i the hands of the most expert The use of spinal anesthesia, although
advocated by the bolder and perhaps more reckless anesthetists and sur-
geons, 1s not advised Respiratory failure due to mntercostal and diaphrag
matic paralysis and severe hypotension are common occurrences

Shock, tension pneumothorax, air emboli and respiratory acidosis are

some of the complications which occur at the conclusion of and during a
thoracoplasty

INTRA-THORACIC OPERATIONS

Intra-thoracic operations mvolve the pleura, the lungs, the tracheq, the
bronchi, the mediastinum and 1its contents, and the diaphgram

Operations on the Pleura

Operations mvolving the pleura are performed for dramage of collections
of purulent matenal, blood or flurd from the pleural space, decortication of
fibrous tissue, thickening due to mfection and removl of tumors Removal
of tumors anising from the pleura entails resection of the chest wall Drain
age of the pleural space necessitates resections of ribs Most patients re
quining surgery of the pleura arc acutely or chronically 1l It 1s not un-
common for them to have signs of sepsis, fever, anemia, decreased pulmo-
nary reserve, cough, dyspnea and orthopnea A bronchopleural or broncha-
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pleural cutaneous fistula 1s present on occasions Often an associated
pneumontis 15 present

Relaxation 15 not a factor 1n dramage of the space or other operations
on the pleura The patient 1s usually placed 1n the upright sitting posttion
for thoracotomy to faciitate drainage Regional anesthesia, usually para
vertebral bloch, 1s used The patient 1s conscious He 1s easily placed
and remaims 1n the upright position Intercostal bloch 1s not as satisfactory
as paravertebral bloch for this purpose When general anesthesia 1s required
cyclopropane ntratracheally 1s the most suitable choice because 1t 15 non-
irntating, allows adequate oxygenation, 1s characterized by a rapid induc
tion and 1s followed by rapid recovery When cyclopropane 1s contraindt
cated ether preceded by ethylene or mitrous owide may be used Nitrous
oxide combined with a basal of an ultra short acting barbiturate may be
used but 15 not desired because of the spasmogenic nature of the barbiturates
and the depression of respiration which follows in the postoperative period

Dramnage of an empyema by use of trocar or injection of air into the
pleural space 1s performed with local anesthesia

Lung

A pneumonectomy may be either partial or complete A partial pneumo
nectomy, or lobectomy, as 1t 1s called, 15 more tedrous and time consuming
than a complete one because the individual vessels, bronch: and other hilar
structures must be dissected and 1dentified Partial pneumonectomy 1s per-
formed for suppurative diseases, removal of foreign bodies, bemgn tumors
or tuberculosis Occasionally a portion of a Iung 1s removed btcause an
eusting foreign body cannot be dislodged or removed by bronchoscopy or
other technmiques Complete pneumonectomy 15 performed for removal of
malignant tumors Pneumonectomy 15 techmically less difficult and meticu
lous than lobectomy

Patrents undergomg pneumonectomy have diminished pulmonary reserve
more often than not When the operation 1s performed for suppurative
diseases sepsis and all its mamfestations are usually present Sepsis may
also complicate neoplastic diseases if the tumor mass 1s large and long stand
g Atelectasis 1s not an uncommon complication If mediastinal nodes are
enlarged due to mnfection or metastass paralysis of the vocal cord may be
present particularly on the left side Inasmuch as the chest 1s open and
pneumothorax 15 present, assisted or controlled respiration 1s myanably
necessary to maintamn proper ventilation Relaxation 1s not a requisite Many
pneumonectomies and almost ali lobectomies are performed with the pa-
tient 1n the lateral position Some pneumonectomies may be performed 1n
the supmne position This position, of course, simplifies anesthesia and per-

mits adequate ventilation
Some surgeons prefer the prone position for resection of a lobe for tuber-
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culosis The prone position often nterferes with proper ventilatton and
mahes anesthesia techniclly difficult Hemorrhage due to inndvertent 1n
jury to major vessels 15 a possibihty duning pneumoncctomy When ad
hesions are numerous @ continuous coze occurs which 1s difficult to control
Txcessnve quantities of blood are often lost A fall in blood pressure follows,
unless the blood 1s replaced s it 1s lost Troublesome secretions arc usually
present during pneumonectomy which require frequent use of the suction
An endotracheal catheter 1s mandatory to facilitate aspiration of secretions
by suctioning, for exerting positive pressure and to prevent coughing
Coughing creates an excessive intr1 thoracic pressure which 1s undesirable
In additton hilar and tracheobronchial reflexes cause laryngeal spasm The
laryngeal spasm 1s prevented by the catheter, but the tracheal and bronchial
reflexes are not In posttions other than the supine, ventilation 1s impeded
giing nise to both anowa and carbon dioude retention Vagal, hilar and
tracheobronchial reflexes often cause circulatory disturbances The blood
pressure may fall, the pulse may become slow and trregular
Coughing and bronchial spasm are frequent duning the induction of
anesthesia particularly when suppurative diseases are present These add
to the anesthetist’s difficulties Hemoptysis, particularly when the patient
has bronchiectasis or tuberculosis, has caused death by drowning (asphyxa)
during surgery During drainage of a lung abscess the purulent exudate may
suddenty gush into a bronchus as the abscess cavity 1s entered and death
from asphyxia swiftly follows 7The anesthetist 1s almost helpless 1n such
situations An endobronchial catheter 1s used nstead of an endotracheal
when purulent materral 1s excessive Such a tube allows catherization of
each bronchus so that secretions do not pass from the diseased lung to the
healthy lung In theory the thought 15 excellent but 1n actual practice endo-
bronchial anesthesia 1s difficult to execute and 1s often impractical
Intratracheal cyclopropane 1s a most useful drug for most intra thoracic
surgery The rapid mduction and the rapid recovery are ideal features It
15 labile, non irntating, permits quiet breathing, and allows adequate oxy-
genation  Ether 15 added when arrhythmas appear Lther exaggerates
respiratory movements due to 1its local stmulating effect This exaggerated
breathing may be annoying to the surgeon and may handicap him 1n his
]v:ltz‘x;k Nitrous oxide combined with a basal of an ultra short-acting bar-
rate followed by ethylene or mitrous oxide tratracheally may be used
Hfowe"ﬂf, the spasmogenc effect of the barbiturates 1s frequently a source
of annoyance during susgery It also may cause respiratory depression and
contribute to an already existing anoxia or respiratory acidosis Some tnduce
resprratory paralysis with curare and mamtam respiration artificially
usf;ﬁ;’ I::Sn gnoz:ngstﬁzsuzt’\t :15 1(:yclopropane because such operations are
olmination of fhe e!hc‘:r ” x;l ultimately 1s saturated with the drug ‘The
ow and patients may be narcotized for con-
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depending on the size nd fixtion of the gland Thymectomy 1s usually
performed in the supine positton The possibility of massive hemorrhage
due to techiical error or from the tewuma to the great vessels, 15 ever pres-
ent Bilateral pneumothorax mny occur Controlled or assisted breathing 1s
required Therefore, an endotracheal tube 15 mandatory Reflexes of various
types rising from stimulation of the costal and mtrathoracic structures are
encountered frequently Bronchiil spasm may result from these reflex
stmulations Changes 1n pulse rite and varrition 1 blood pressure may
also be mamifestitions of reflex stimultion As in the case of pneumo
nectomy, cyclopropane wtratricheally 1s the anesthetic of choce When
cyclopropane as the sole 1gent 1s contrandicated or not desired, cther com-
bined with cvclopropane may serve the purpose admirably Lther preceded
by mitrous exide or ethylenc may likewise be used but 1s less desirable than
cyclopropane ether mivtures If a cautery 1s used a basal of nitrous oxide
with thiopental supplies a non flammable anesthetic Of course the objec-
tionable features to thiopental are the same as those when used for pneumo-
nectony ,—that 1t causes bronclual spasm and a respiratory depression n
the postoperative period Local anesthesia 1s not satisfactory for this type
of surgery as it does not provide adequate pain relief Besides patients
experience considerable discomfort and are not able to be cooperative

Removal of dermoid cy sts, bemign and malignant neoplasms, and perform-
ance of iopsies are managed 1n the syme manner from the anesthetic stand-
pont as thymectomy

Anesthesia for operations on the aorta and other great vessels in the
mediastinum 15 managed 1n the same manner as that for pneumonectomy
and mediastinal operations These are confined to grafting of the aorta
and other vessels for excision of aneurysms, correction of arteriovenous
fistulae, and resections for coarctation

HEART

Operations upon the heart, rarities a decade ago, are common 1n present
day surgical practice These may be subdivided into operations on the
pericardium and operations on the heart proper The most common opera
tions upon the pericardium are ncision for drainage of collections of fluid,
purulent material or blood, and lys.s and removal of a thickened, adherent
pencardium

Operations upon the heart proper mvolve suturing of lacerations resulting
from trauma, removal of foreign bodies, correction of intra and extra cardhac-
congemtal defects and the correction of valvular defects due to disease
Operations designed to encourage the development of collateral circulation
between the blood supply of the chest wall or the omentum and the vessels of
the pericardium 1n cases of coronary artery disease are also attempted
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siderable time after the conclusion of surgery The combination of mtrous
oxide intratracheally, thiopental and a muscle relaxant 1s used by certan
anesthetists but has wcll defined drawbachs Complete curanzation is mn
duced and ventilation 1s mamtamed by controlled respiration Ihe prac
ticability and safety m using this tcchmque 1s a matter of dispute Discrete
anesthetists do not c¢mploy 1t Wherever possible the use of non volatile
central nervous system dcpressants 1s not advised for thoracic surgery
because of the untoward responses on the respiratory system postopera
tively Local anesthesia or regional blocks are not satisfactory for pneu
monectomy or any exploratory thoracotomy

Anesthesia for exploratory thoracotomy i contemplation of a pneumo
nectomy 15 managed mn exactly the same manner as that for a pneumo
nectomy

Anesthesia for mcesion and dramage of a lung abscess 1s managed m
the same manner as anesthesia for pneumoncctomy Some surgeons at-
tempt to perform the operation with local anesthesia Local anesthesia 15
not ways satisfactory partrcularly 1f the cxudate n the tracheobronchial
tree 15 excessive Coughing and retching impede the surgeon’s progress
Ultimately general ancsthesia 1s requested aftcr the operation has been
in progress some time It 1s then more difficult to induce 1t Asphysia from
sudden flooding of the tracheobronchial tree with purulent exudate 1s not
an uncommon occurrence even when local anesthest1 1s used As a matter
of fact endotracheal anesthesia 1s safer in this regard because the secretions
may be readily suctioned through the catheter Local anesthesta does not
permit this

Mediastinum

Mediastinal operations, as a rule, are managed in the same manner as
other 1ntra thoracic operations In the upper mediastinum thymectomy,
excision of neoplasms such as dermoid cysts, and operations on the great
vessels are the most common procedures encountered Of course opera
tions on the heart are mediastmal operations also However these are dealt
with under a separate heading

THYMECTOMY

Thymectomy 15 frequently associated with myesthema gravis in adults
Pressure upon the trachea may be present but 1t 15 usually not sufficient
to cause obstruction in most instances Symptoms of pressure due to ob
struction of the airway by compression may be present 1 infants and
children who have an enlarged thymus The requirements for anesthesia
from the surgeon’s standpoint differ Iittle from those for other intrathoracic
operations and pneumonectomy No relaxation 15 required Ribs must be

resected or the sternum split The operations are usually tedious and long
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are those of Potts and Blilock In the former 1 shunt 1s created between
the pulmonary artery and the 2orta In the ltter one 1s created between
the pulmonary artery nd the subclwvian arteries ‘The manigement of
anesthesia for these requires little or no relixation As high n oxygen
tension s possible 1s used A nib resection 1s mandtory for proper exposure

In gencral the requirements and management of 1nesthesta re the stme
a5 for other medinstinal explorations The method of choice appears to be
ether ntratracheally, induced with cyclopropane, mtrous oxide or cthylene
A basl of thiopental or other barbiturate mtravenously or rectally reduces
exaitement and apprehension This 1s nghly desirable becruse any exertion
causes mcrerced cardine output aind marhed decreases 1n blood oxygen
saturation Cyclopropane mntratracheally without ether 1s used by a minority
who do not fear the cirdinc cffects of the drug Nitrous oude combined
with a basal of thiopent1l may be used but 1s also less desirible because
non volatile drugs cause respiritory depression during operation and in the
postoperatne period Bestdes, a hugh ovygen tension cinnot be mantaned
Sedation, particularly with narcotics should be used sparmgly 1if at all
because these patients appear sensitive to these drugs and readily develop
respiratory depression Secretions should be mimimuzed with anticholmergic
drugs

Closure of Patent Ductus Arteriosus

Anesthesia for closure of a patent ductus artenosus 1s managed 1n the
same manner as that for correction of congemtal defects by the Blalock or
Potts operation In these subjects cyinosis 1s not a problem The diastohc
pressure 1s lowered, the systolic 1s elevated The diastolic pressure often
nises after the ductus 1s ligated Ininfants and young children cardiac func-
tion 1s not 1mpaired As a matter of fact the myocardium n nfants and
children appears to withstand the usual surgical trauma imposed during
correction of congenital defects quite well It 1s mn older children and \oung
adults that function 15 1mpaired The adult who has a patent ductus arteri-
osus frequently shows some cardiac enlargement Hert failure supersenes
much more readily n adults than in children The operation for closure of
a ductus 1s performed with the patient in the supie position An open chest
necessitates the use of an endotracheal airwiy and controlled respirition

as 1n the case of correction of lesions caused by disease and trauma which
are being treated surgically

Other Cardiac Operations
Anesthesia for suturing of the myocardmm from penetriting wounds of
the heart or removal of foreign bodies 1s managed mn the same general
manner as that for explorations of the mediastinum Endotracheal ether
preceded by cyclopropane, ethylene or mitrous oxide 1s used The combination



270 SELECTION OF ANESTHESIA

Operations on the Pericardium

Lysis of adhesions or removal of adherent thichened pericardial tissue
1s usually performed for tuberculosis, constrictive pericarditis, or poly-
serositis (Pick’s Disease) Irntability of the myocardium may be present
Polyserositis 1s frequently accompamed by an enlarged hiver and ascites
The patients are usually children or young adults Surgical exposure for
a pericardiotomy necessitates resection or sphtting of the sternum Local
anesthesia 1s used for sncssion and dramage 1n acutely 1l subjects Resections
and suturmg of the pericardium require general anesthesia Non traumatic
nductions are essential for pericardial surgery A basal of thiopental fol
lowed by ethylene, mtrous oxide or cyclopropane with an ether sequence
15 the usual choice A muscle relaxant 15 used to facihitate intubation The
combination of mitrous oxide and thiopental 1s a less desirable choice al
though 1t 15 used by some

Correction of Congemtal Anomalies

Operations for correction of congenital anomahes of the heart are being
performed with mcreasing frequency It would be out of the question to
attempt to discuss at this time all the possible defects encountered The
most common anomaly for which correction 1s attempted 1s the Tetralogy
of Fallot In general most anomalies do one or a combmation of three things
(1) prevent sufficient blood from passmg through the lung, (2) allow
venous and arterial blood to mux, or (3) they compress or obstruct vital
structures such as the trachea, bronchi, esophagus or vagus nerves The
operations for these conditions therefore are directed towards creating
shunts to permt more blood to flow through the lung, closing defects to
prevent mixing of arterial and venous blood or reconstructions to overcome
mterference of activity of extracardiac structures

In all cardiac surgery 1t 1s most desirable to use methods of anesthesia
which do not decrease cardiac output Any factor which causes an increase
In oxygen consumption 15 to be scrupulously avoided H3potherma 15
deliberately induced by some surgeons by cooling the subject on special
mattresses through which 1ce water circulates This 1s done to reduce the
metabolic rate which in turn hghtens the cardio respiratory load

Tetralogy of Fallot
Most patients undergoing surgery for the Tetralogy of Fallot are infants
or children Adults, however, are occasionally seen also The patients all
have a hematocrit which 1s above normal, an ncreased blood viscosity and
an expanded blood volume The artenal blood oxygen saturation 15 below
normal Symptoms of mmpediment of blood flow through the lungs are
always present The operations most frequently performed for this entity
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\nstrumentation or from foreign bodies, to excise diverticult and to resect
for malignant tumors When the disease for which the operation 1s per-
formed has been long standing nd has been of such 1 nature that nutntion
has been impaired mantfestations of weakness, anemia and cacheu1 are
imvanably present If the patient’s condition 1s poor, a gastrostomy may
be advisable to restore the blood volume and general physical state to
normal before the exploration and a resection 15 undertaken Operations
upon the esophagus are imvanably long and tedious As 1n the case of other
thoracic operations an open chest 1s required Lsophageal operations are
most often performed with the patient in the lateral prone position although
some may necessitate the supme position which, of course, 15 preferable
Usually a stomach tube 1s introduced prior to anesthesia Ths often interferes
with the proper fitting of the mask and makes induction and mantenance
of anesthesia difficult An endotracheal tube must be used to secure a tight
“fit ” When diverticuh are present in which retention of food and fluid can
occur aspiration from regurgitation 1s an additional hazard Reflex changes
of the vagal type due to mampulations of the esophagus are common
Cardiac arrest ascribed to vago vagal reflexes from manipulating the lower
esophagus 1s a possipihty However the mcidence of cardiac arrest from
this cause 1s uncommon

Cyclopropane ntratracheally 1s satisfactory for esophagectomy If
arrhythrmias occur and cyclopropane cannot be used alone, ether 15 added
Nitrous oxide and a basal of thiopental with controlled respiration, 1s used
by some anesthetists If the operation 1s long respiratory depresston may
follow 1n the postoperative period due to the cumulative effects of thio-
pental Local or regional anesthesia 15 not suitable unless the operation 15

upon the cervical portion of the esophagus Local anesthesia cannot be used
for resections of the upper thoracic portion

Diverticulectomy of the Esophagus

Diverticull may occur anywhere i the esophagus When located 1 the
cervical portion local anesthesia may, on occasions, be used Some surgeons
prefer local anesthesia because the patient 1s able to “blow” to mflate
the dwverticulum to facilitate 1ts 1dentification for resection When the use
of local anesthesta 1s not feasible the techmque and conduct of anesthesia
1s simlar to that ordinarily used for esophagectomy

Other Esophageal Operations

Anesthesia for imcision and drawnage of pertesophageal abscesses due to
perforation from trauma of a neoplasm, or those resulting from suppuration
of nodes 1s managed n the same manner as anesth
Resections, reconstrictions
tn the same manner

esia for esophagectomy
, repairs of tears and perforations are managed
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of mitrous oxide and a basal of thiopental and a muscle relaxant may be
used to facilitate induction

Valvulotomy

Valvulotomy 15 usually performed when a stenosis exists due to scarring
from rheumatic fever or arteriosclerosis The valve most frequently m
volved 1s the mutral valve Operations for release of stenosts of the aortic
valve are performed less frequently The majority of these patients have
had previous rheumatic fever Auricular fibrllation, cardiac failure and
undiagnosed active rheumatic fever may be present Cardiac failure or
auricular fibrillation sometimes develops when the operation has been n
progress some time The possible occurrence of pulmonary edema during
operation must be borne in mind Hemoptysis may occur during anesthesia
when severe mutral stenosis is present As with other cardiac operations
these are performed 1n the supine or sem lateral position as a rule Ether
ntratracheally preceded by an mduction with cyclopropane, mtrous ouide
or ethylene 1s satisfactory for valvulotomy A basal of thiopental intra
venously or rectally may be used to reduce apprehenston Some anesthetists
fear cyclopropane and exclusively use mtrous oxide or ethylene for nduc
tion A basal of thiopental followed by mitrous oxide ntratracheally com
bmed with thiopental may be used but 15 not as satisfactory as cyclopropane
ether because the non volatile drug, particularly when given to excess, causes
respiratory depression 1n the postoperative period Local anesthesia 1s not
satisfactory for this type of surgery because of 1ts fornudable nature, dura
tion and the discomfort experienced during the procedure The techmque
and anesthetic management 1s basically the same for other mediastinal
operations

In all cardiac surgery 1t 1s customary to contimuously record the electro
cardiographic pattern throughout operation The anesthetists and other
members of the operating team should be prepared to cope with cardiac
arrest A defibrillator and various cardiac stimulants and depressants are
Lept on hand Procaine amide, quimdine or ntravenous procaine are used
to depress the heart and reduce irntability and calcium chloride, digitalis
and epinephrine to stimulate 1t in the event of emergency In the cases
where the blood volume 1s above normal the operating team must be pre
pared to do a phiebotomy should the indication arise Fluid adminstration
15 closely watched and correlated with blood volume and hematocrit studies

ESOPHAGUS
Operations on the esophagus, unusual a decade ago, are commonplace
today They are performed for a vartety of conditions Areas due to stric-
tures and chemical burns, most often lye, are resected and reconstructed
They are also performed to remove fibrotic growths, to suture tears due to
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Tracheoesophageal Fistulae

Patients with tracheoesophageal fistulae are usually newborn Sometimes
the diagnosis 1s made at or shortly after delivery, in which event the opera
tron 1s performed immediately The sooner 1t 1s performed the less the posst
bility of pneumomtis As a rule though, the anomaly 1s not recogmized 1m
mediately and gastric contents and swallowed matenal spill into the lung
and cause pneumomtis Also, other congemtal anomalies may co exist with
this one To close the fistula an intrathoracic approach 1s required The
operation 15 tedious and time consuming Ether-oxygen 1s the usual chaice
Endotracheal catheterization 15 necessary because positive pressure, con
trolled breathing, frequent aspiration of secretions are necessary The ether
may be msufflated by the Ayre technique or given with oxygen by the semi-
closed, non rebreathing method There 1s no objection to the closed system
if the apparatus 1s adequate Cyclopropane may be used 1f the closed system
1s availlable Non volatile drugs such as thiopental are undesirable par
trcularly if pneumonitis exists

THE DIAPHRAGM

Diaphragmatic operations consist of repairs of hergias, suturing of rents
due to rupture from trauma or reconstructions of congemtal anomalies
Hernias are acquired or exist congemitally Patients with affictions of the
diaphragm may mamfest disturbances of respiration This may be true
particularly when there has been eventration and the abdominal contents
are 1 the thoracic cage Gastric re ention mav be present If so, a stomach
tube should be used for decompression prior to induction of anesthesta to
avert regurgitation and aspiration The trans abdominal approach 1s used
more often than the thoracic for these operations It 15 advisable to be
prepared to deal with an open chest and to have an endotracheal catheter
mn place at all times The surgeon may encounter technical difficulties and
be compelled to open the chest even though he begins the operation through
a trans abdominal ncsion Accidental perforation of the diaphragm may
be a technical complication The anesthetist must be prepared to mstitute
controlled respiration and positive pressure to cope with the pneumothorax
which mvarnably follows Cyclopropane, cyclopropane ether mixtures or
mitrous oxide or ethylene ether sequence are the usual choices for this type
of surgery Nitrous ouide combined with a basal of thiopental and a muscle
relaxant may be used but presents the usual objections of posstble respira
tory depression and troublesome traction reflexes
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XXXII
INTRA-ABDOMINAL OPERATIONS

The most important requisite for anesthesia for all types of abdommnal
surgery 1s muscle relaxation Without relaxation the surgeon may be hand:
capped and cannot operate easily and deftly The abdomnal muscles
particularly the recti, are more powerful than 1s realized Lower second
or upper third plane anesthesia 1s necessary to obtan satisfactory relaxation
most of the time At times even decper anesthesa 1s required

Anesthesia for upper abdominal surgery 1s more difficult to manage than
that for lower abdomunal and pelvic surgery because the upper rect: are
larger, better developed and more difficult to relax In the upper abdomen
the viscera move up and down with each diaphragmatic excursion and mter-
fere with surgical manipulations As a rule procedures 1n the upper abdomen
are lengthy, tedious and usually of a serious nature Traction on the
mesenteries and viscera mitiate reflex activity which cause respiratory and
arculatory disturbances Two reflexes, the celiac axis reflex and the Brewer
Luchhardt reflex are encountered 1s most abdomunal surgery, but particu
Iarly that of the upper abdomen The celiac plexus reflex 1s characterized
by lowering of both systolic and diastolic pressures narrowing the pulse
pressure and bradycardia (Fig 33) The Brewer-Luchhardt reflex causes
both circulatory changes and reflex laryngeal spasm The laryngeal spasm
terferes with adequate minute volume exchange and prevents free respira
tory movements The conduct of inhalation anesthesia 1s difficult under
these circumstances and surgical manipulations are not simplified by any
means

In the lower abdomen these reflexes, 1f they are present, are nowhere
near as troublesome Lihewise 1n the lower abdomen the impulses of the
diaphragmatic excursions are transmitted with decreased magnitude The
rect1 and other muscles of the abdominal wall are not as well developed and
therefore easier to relax When the peritoneal cavity 1s entered during a
surgical operation and the peritoneum 1s stimulated, particularly when
anesthesia 15 light, the abdominal muscles reflexly become tense If an
tncision 15 made under such circumstances the abdomunal viscera will be
forced outward When spmal anesthesia 1s used for abdominal surgery
sensory anesthesia must extend to the xyphoid, otherwise, the patient exper
ences discomfort when the parietal peritoneum and viscera are mampulated
Retching, nausea and vomiting occur because the autonomnc reflexes con-
tinue to be transmitted along the vag: and also in a retrograde manner
along the sympathetic chains mto the cord above the level of blockade

276
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mampulations 2lso mibiate nusen and somting which bamper the surgeon
conaiderably The madence of postoperative respirntory compheations
upper thdonunal surgery performed with spintl anesthest1 s approumately
twice that done with general anesthestn Atelectasis and pneumomitis oceur
more {requently after spinal westhesia hns been used 1 1eld block or mnter-
costnl block combined with ethvlene, hieht cycloprapane nd mtrous oxide
nesthesi1 16 often used for surgery for poor rish subjects When field blochs
are used better results 1re obtamed 1f they are supplemented with a splinchnic
block 1n order to obtund the visceral reflexes which give nise to the thscom-
fort ctused by mampulating the intra abdonnal structures When employed
by shallful, gentle surpcons such 1 choice may be justified, but in the hands
of unshitled operators less triumn s 1pt to be mflicted 1f general nesthesia
15 used stend Poor nish subjects, often operated upon with this type of
anesthesin, would do better 1f generil anesthesin were used

Cholecastoforny 13 usuaily performed on patients who are too 1l to with-
stand cholecvstectomy The problems differ httle from those for cholecy stec-
tomy Some surgeons prefer local wnesthesia for these operations This mav
be justified when the ptient 1s extremely 111, but otherwise genernd anesthesia
15 used The choice and conduct 15 sumiar to that for cholecystitis

Tie Bue Duers

Lsploration of the nle ducts or choledochostonnes may be time consumng
Thev are usually performed on patients who have been 1l for some time
Many have, or have had jaundice Some come to surgerv for reoperation
because previous biliary tract surgery w1s unsatis{ictorv Scaring, stenosss,
fistulae or other complications of previous operation may require re explora-
tion or additional surgery The management of 1nesthesia for these patients
dhffers 1 no way from that for cholecystectomy Cholecystogastrostoms, or
cholecystenterostomy are performed for obstructive jrundice particularly
if caused by carcinomn of the head of the panereas or other mtrinsic and
extrinsic factors bloching the duct These patients are chromically dl More
often than not, they have jaundice, 1nd arc emrciated Thev do not withstand
formudable surgery Light anesthesin using cyclopropane mtratracheally 1s
preferred Teld bloch or ntercostal blockh combined with mtrous oxide
ethvlenc or ight cyclopropane anesthesia mav be used Non volatile dr\lgs:
such as thiopental, large doses of morphine, muscle relaxants are used spar
ingly or best not used for patients with jaundice particularly when the jaun
dice has been long standing

The choice of anesthesia for rescctions for carcimoma of the bilwary tract
1s managed 1 the same manner as that for common duct exploration

Stomach

Operations on the stomach consist of resections complete or parbal, gas-
tro enterostomies, vagotomses or gastrostomies The physical condition of
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Discomfort 1s frequent when local infiltration, ntercostal, or abdominal
field block are used for surgery unless the splanchnic nerves are blocked

SURGERY OF THE BILIARY TRACT

Operations on the bihary tract usually mvolve the gall bladder, the bile
ducts and the duodenum Cholecystectomy 1s the simpler of the operations
performed upon the biliary tract Patients undergoing cholecystectomy are
usually muddle aged, obese, short mn stature with a short neck and a thick
abdominal wall Hypertension or diabetes or other degenerative diseases are
often complications In acute cholecystitis fever, leuhocytosts, dehydration
and other signs of infections are present The abdomen 15 usually rigid In
bihary tract surgery the surgeon frequently has difficulty in securing ade-
quate exposure, therefore, as much relaxation as possible must be provided
The duration of operations upon the biliary tract depends largely on the
conditions encountered and the shill and dextenity of the surgeon Usually
such operations last an average of 134 to 2 hours Structures cannot be
readily identified when adhesions are numerous This adds to the operating
time 1 certamn cases Cholecystograms may be taken during the operation
for confirmatory purposes This necessitates the use of X\ ray apparatus and
a fire hazard 1s thereby created Traction on the mesenteries and structures
of the bihary tract mitiate reflexes which cause Jaryngeal spasm and circula
tory changes The Brewer Luckhardt reflex occurs more frequently during
bihary tract manipulations than when other upper abdominal procedures
are being performed TIhe so called “cehiac plexus reflex” also occurs fre-
quently, particularly during ether anesthesia

For patients considered to be good risks cyclopropane mtratracheally
combined with a muscle relasant 1s satisfactory A basal of thiopental may
be used prior to mduction of anesthesta Ether may be added 1f one chooses
Should cyclopropane be contraindicated ether intratracheally preceded by
nitrous oxide or ethylene may be used A muscle relaxant, depending upon
whether or not relaxation 1s obtamed with ease, may also be used Nitrous
oxide combined with a basal narcosis of thiopental and a muscle relaxant may
be used but 1s a less desirable choice An endotracheal catheter 1s highly
desirable for upper abdommal surgery Bestdes assuring a patent arrway 1t
also prevents Jerhy spasmodic respiration due to traction upon the gall blad-
der 1nd other structures Also controlled respiration may be used

Spinal anesthesia 1s demanded by many surgeons for bihary and other
upper abdominal surgery because 1t affords excellent relaxation However,
1t 18 not as satisfactory as 1t appears at first glance As a rule, all 1s well until
traction 1s made upon the gall bladder Pain impulses then pass 1n a retro
grade manner along the sympathetic gangha and mto the cord above the area
of blochade The patient experiences pamn mn the shoulder, the neck or in
the chest partxcularly around the heart This discomfort 1s difficult to obliter-

ate unless the spinal anesthetic 1s supplemented with a general anesthetic The
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gastrectomy The same principles nd contrundicttions 1pply

Lsophagastrectomy 1s usunlly performed for neoplastic diseases, varices,
or ulcerative lestons The transthoracic approach 1s used by some surgeons
Others use the abdomunal approich and follow 1t with the thoricic or vice
versa Tndotracheal eyclopropane or cyclopropane ether 15 the best choice
for this type operttion If cyclopropane 1s contrundicated ether ntratrache
ally preceded by mtrous oxide may be used Muscle relaixants may be used
to secure adequate relxation Mtrous oude combined with a basal of
thiopental and 1 muscle relavant 15 used by many but 15 a less desirable
choice An endotrachenl catheter 1s required when this combination 1s se
lected Spinal anesthesii 1s not satisfactory for this type of surgery Positive
pressure and assisted or controlled respirition m1y be necessary because of
the open chest

Patients who hwe perforated gastric or duodenal ulcers are, without
exception, acutely 1l Often they 1re in shock, sometimes they are dehy-
drated The abdomen 1s ngid and boird ike The operation in the hands of
an expert surgeon 1s quickly performed but requires 1n extreme degree of
relaxation to overcome the bord hike ngidity Most surgeons prefer spinal
anesthesia However, spinal anesthesi1 1s contrundicated if the patient 1s or
has been 1 shack Ether or cyclopropane intratracheally combined with a
muscle relaxant 1s preferable under these circumstances Nitrous oxide with
a basal of thiopental 15 not 1 desirible chowce unless the patient 15 in poor
condition Field or intercostal block may be used when the patient 1s
extremely poor condition but as a rule they are not as satisfactory as other
forms of anesthesia

The Pancreas

Explorations 1n which acute pancreatitis 1s encountered are usually the
results of errors 1n diagnosis Tew surgeons who are aware of the diagnosis
will operate upon patients so affected These patients are acutely 1ll, usually
have a board like ngidity, fever, leuhocytosis and marked abdommal disten
tion Hypotension and a shoch lihe state may be present or frequently super-
vene after anesthesta has been induced Tor this reason 1t 1s best to avoid
spinal anesthesia when this disease 1s suspected Ether or cyclopropane 1n
tratracheally with or without a muscle relaxant 1s by far the best choice

RESECTIONS OF THE PANCREAS

Operations most commonly performed on the pancreas are resections for
carcimoma or removal of cysts Resections are usually long procedures
Many patients with pancreatic disease are chronically 1ll, show signs of
anemia, emaciation and cachexia as a result of digestive disturbances Some
have jaundice Anesthesia for pancreatic surgery 1s managed in the same
manner as that for bihary surgery and other upper abdominal operations
bearing in mind, of course, that they are long and time consurming Effects o;
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patients undergoing gastric surgery vanes considerably Chromcally 11l sub
Jects wrose nutritton has been poor may have anenna, low serum protemns,
vitamun deficiencies, electrolyte imbalance, weight loss and so on

GASTRECTOMY

Gastrectomies are usually performed for gastric or duodenal ulcers,
neoplasms and for uncontrollable gastric hemorrhage The patients are
muddle aged or old rather than young Preoperative preparation with blood,
proteins, electrolytes and so on 1s 1mportant as in the case of bihary tract
surgery Traction reflexes are almost as great a problem as 1n biliary surgery
Re‘ention may be present particularly 1f there 15 a neoplasm or scarring
at the pylorus A stomach tube 1s usually necessary preoperatively and during
anesthesia for decompression It 1s advisable to withdraw the tube before
anesthesta 1s nduced after the stomach 1s evacuated to simphfy maintenance
of anestbesia techmically and to reduce possibility of aspiration

Patients who are operated upon for gastrectomy for gastric hemorrhage
usually have been 1n shock or are in shock The selection of anesthesta differs
Iittle from that for other gastric surgery 1f the blood pressure 1s stabilized
Cyclopropane intratracheally or ether intratracheally with a muscle relaxant
15 a satisfactory choice Light cyclopropane anesthesia combimed with field
blocks may be used to perform the surgery mn poor nisk exsanguinated pa-
tients The use of spinal or deep ether anesthesia or muscle relaxants and
thiopental 1s not advised where bleeding 1s a factor Local anesthesia may
be used for extremely poor nish cases

Gastrostomy 15 usually performed when an obstruction exists at the
pylorus Patients necessitating such surgery may be dehydrated, emaciated,
have avitaminosis and other nutritional deficiencies 1f the disturbance has
been long standing When the obstruction 1s acute and the physcal status 1s
good, anesthesia 1s managed 1n the same manner as that for other operations
in the upper abdomen Aspiration from regurgitation of retaned stomach
contents 1s always a possibility when lestons causmng obstruction are present
In the emaciated sickly poor rish patient local anesthesia 1s usually preferred

Anesthesia for gastro enterostomy 1s managed n the same manner as that
for other gastric operations Usually obstruction 1s present when this proce
dure 1s indicated Aspiration must be guarded against The patient 15, as a
rule, emaciated, dehydrated, has nutritional deficienctes and 1s a poor nish
Field block or intercostal block combined with mitrous oxide or light cyclo
propane anesthesia may be used Light cyclopropane anesthesia with infil-
tration of the rectus muscle 1s also preferred by some surgeons This com
bination works admirably Muscle relaxants are best avoided 1 poor nish

subjects undergong upper abdomunal surgery When the condition of the
patient 1s good the choice 15 simular to that outlined for gastrectomy
Vagotomy may be performed with the type of anesthesia recommended for
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without an endotrachel tube 15 used by many but an endotracheal tube
15 preferred as it provdes m adequate Mrway and abuviates the laryngeal
spasm of vefles ongn

RETROPLRITONEAL LXPLORATIONS

Retsopertonenl explorations are usuilly performed for removal of neo-
phsms, biopsies, repur of hernms, control of bleeding, evacuation of
hematomas and 1bscesses 1nd so on

The remor 11 of retropenitonenl masses when the trans abdonunal approich
15 used 10 the upper tbdomen requires the swme type of anesthesia recom-
mended for pancreatse and gstric and other upper abdonunal surgery There
moval of masees 1n the lower abdomen 1lso 15 the sime Also the repur of
internal hermas Whewsse requires a sinulr ty pe of anesthesia When the extra
penitoneat approach 1s used through a Jnteral or postersor sncision the tech
mique 15 as described for nephrectomy 1nd sympathetectomy

Intesunes

RESECTIONS

\nesthesia for ntestinal surgery whether on the large or small bowel 1s
managed essentially in the same manner as that for gastric and bihary
surgery Most ntestinal resections, enterostomies, and enterotomies may be
performed adequntely with spinal anesthesia, cyclopropane or ether intra-
tracheally provided the subject 1s 2 good rish A muscle relaxant may be neces
sary but 1s pot used routinely The combinition of mitrous oude and
thiopental with a muscle relaxant may also be used although 1t 1s a less
desirable choice In poor rish subjects, an mtercostal or abdominal field block
combned with hght ¢y clopropane, ethylene or mtrous oxide anesthesta mav
be used Local anesthesia 1s reserved for extremely poor rish subjects Ether
35 undoubtedly the best choice for mtestnal surgery on infants and children
The open drop method 15 satisfactory 1f the closed or sems-closed apprratus
18 not available

INTESTINAL OBSTRUCTION

Laparotomy for velief of acute mtestinal obstruction presents dificulties
for both the anesthetist and the surgeon particularly when the condition 15
m the advanced stages The patients are tcutely ill, distended, and dehy-
drated There may be disturbances of blood electroly tes, acid base balance,
and renal function Fecal vonnting and shock may also be present Unless the
obstruction 1s recogmzed and treated early such patients usually do poorly
during and after surgery The surgeon 15 hampered by the distended and
dilated loops of bowel The anesthetist 1s confronted with the problem of
regurgitation and aspiration and providing extreme degrees of relaxation
Drowmng from aspiration of vomtus 15 not an uncommen occurrence during
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reflexes, difficulty 1n obtamning relaxation and other technical problems of
anesthesia for gastrectomy or bihary tract surgery are qlso encountered
this type of surgery

Spleen

SPLENFCTOMY

Operations mvolving the spleen are performed for removal of the organ
Splenectomy 1s usually performed for traumatic rupture, for rehef of blood
dyscrasias or when there 1s marhed enlirgement with fibrosis as 1s en
countered 1n certun of the splenomegthes The chief concern when rupture
1s present or suspected 1s shoch from hemorrhage Drugs and techniques of
anesthesia which may be complicated by anoxin or hypotension are woided
Spinal anesthesin since 1t induces hypotension should not be used under
these circumstances Cyclopropane intratricheally combined with 1 muscle
relaxant or ether intratracheally are the best choices under these circum
stances Splencctomy performed for blood dyscrastas may be complicated by
anenua, jaundice and 2 tendency toward bleeding duc to disturbances i the
clotting mechanism or defictency of platelets The bleeding tendency 15 of
concern to both the anesthetist and the surgeon The anesthetist carefully
avoids nstrumentation with airways, Inryngoscopes, needles and catheters,
ete for ferr of imtiating incontrollable hemorrhage

Some surgeons mnject epinephrine into the splenic artery to cause the
spleen to contract 1 order to force the blood contamned by the organ into
the arterinl system before the pedicle 1s clamped Ihis must be borne 1n nund
if the use of cyclopropane 1s contemplated Epinephrine 1s contrundicated
Ether cuses the normal spleen to constrict Cyclopropane does not Spinal
anesthesia causes the normal spleen to dilate

Anesthesia for splenectomy for cirrhosts or Bantr's disease 1s maniged
in the same manner as that for splenectomy for other diserses A fibrotic
spleen does not contract under nervous or hormonal influence The use of
drugs which do, to secure contraction of such a1 spleen 1s met with disappomt
ment Some surgeons prefer spinil anesthesin for splenectomy It may be
used 1f anemin or shock are not complicating factors Cyclopropane or ether
intratracheally combmed with 1 muscle relixant 1s the better choice A less
desirable choice, even though many use 1t, 1s mtrous oxide combined with a
basal of thropental and a muscle relixint The cumulative 2ction and respira
tory depression are objectionable features Hemorrhage, traction reflexes, and
oozing from adhesions are some of the technical difficulties encountered 1n
qttempting to remove the spleen The surgeon frequently explores further in
search of accessory spleens which muy lengthen the time during winch pro
found nnesthesia 1s required

The maority of subjects undergoing splenectomy are children The man
agement of anesthesta i these subjects 1s stmlir to that adults Lther



INTRA ABDOMINAL OPLRATIONS 283

sired cyclopropane with 1 muscle relixant or cyclopropane ether are satisfc
tory Thiopental, nitrous oxide and 1 muscle relixant are used by many but
are less desirable because of the laege 1mount of barbiturates used over the
Tong period of tume

INTRY ABDOMINAT SUPPURATION

Intra abdominal abscesses m1y occur wnywhere but are usually located
m the pebvis or m the subhepatic or subdinphragmatic arexs Infections of
the genito urinarny tract give nise to abscesses n the upper quadrants,
appendiaitis in the caceal aren, and perforation of diverticulie in the sigmoid
area Perforitions of the stomach or gall bladder and rupture of abscesses
n the Iner from amebae and pyogemic nfcction give rise to abscesses in
the subdiaphragmatic area on either the left or night side Abscesses may fol
low infections any where 1n the penitoneal cavity, hawever Patients who h1ve
ntra 1bdonunal abscesses are usually acutely 11l Signs of sepsis, fever, and
leukocy tosis are present and such patients are often referred to 1s “tovic ”
Dehydration, electrolyte disturbances, acidosis due to vomiting nd mabil-
1ty to eat are present When acutely 1ll these patients do not sithstand anv
formidable surgery or extensive mampulations Usually they are operated
upon for exploration, or wasion nd draning of the abscess Cyclopropane
1s usually 1n excellent choice of anesthesi1 for these subjects because 1t
disturbs metabolic processes hittle 1f at all Besides 1t 1s labile and affords
adequate relaxation most of the time Ether may be used if cvclopropane
1s contramdicated Muscle relaxants may be used cautiously The combtna-
tion of thiopental, mtrous oxide and a muscle relaxant 15 a less desirable
choice and contraindicated when the patients are severely 111 Marked de-
pression of respiration and slow recovery n the postoperative period seems
to be common 1n these patients when these drugs are used The use of spinal
anesthesia 1s advised only when the abscesses are in the lower 1bdomen n
the patient who 1s 1 fairly good condition Tield block and local infiltration

may be used 1 poor risk subjects or in those 1n whom the abscess 1s superficial,
well localized and easily accessible

LOWER ABDOMINAL SURGERY

Anesthesia for lower abdominal surgery does not differ remarhably from
that for upper abdominal surgery Although relaxation of approximately
the same degree 1s required 1t 15 obtained with greater ease Obviously this
type of abdominal operation varies 1n duration depending upon the proce-
dure performed Appendectomy, and operation on the pelvic organs as a
rule in the hands of shalliul operators usually require 1 to 2 hours Resections
of the bowel 1 the lower abdomen like those in the upper may occupy
considerably more time The requirements for surgery, status of patient and
anesthetic problems differ little from resections in the upper abdomen
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explorations for intestinil obstruction 1f patients are poorly prepared
preoperatively As much of the stomach contents and intestinal gas as pos
sible should be aspirited before the patient 1s brought to surgery

When the obstruction has persisted for some time, and this 1s often the
case, a ripid induction using cyclopropane or a thiobarbiturate intrayenously
15 advised A muscle relaxant 1s admmstered to facilitate intubation An
endotracheal catheter with a cuff 1s quickly introduced A seal 1s immediately
made between the trachea and the endotracheal catheter to avoid aspiration
Thus 1f the patient regurgitates aspiration will be mimimized or prevented
Lther may be 1dded 1f the patient 1s not relaved or develops an arrhy thrma
from the cyclopropane Patients with increased mntra abdominal pressure
from 1ny cause do not tolerate spmal anesthesia A severe uncontrollable
hypotension develops which 1s often difficult to correct with vasopressors
Its use thercfore 15 not advised if distention or shock -re present Besides
regurgitation 1nd aspirttion of vomitus cannot be prevented In the recum
bent position massive regurgitation ts promptly fatal The use of locil or
sptnl anesthesin 1s no 1ssurance agunst this since the patient 1s not able to
situp The cough reflexes are active, 1t 15 true, but aspiration occurs regard
less Spinal anesthesit may be used for early cases of obstruction The patient
15 1 good condition and there 15 no distention This method of anesthesia
provides excellent exposurc and facilitates exploration However cyclopro
pane or ether intratracheally with a muscle rel1xant 1s equally s satisfactory
and preferable

Relief of obstruction 1s attempted by ileostomy, colostomy or cecostomy
when the patient 1s too 11l to undergo evploratory laparotomy Cecostomy
ileostomy and similar operations are performed with local anesthesia as a
rule Tor patients in good condition spinal or inhalqtion anesthesia techniques
my be used

Colonic resections are performed for removil of new growth, scarred
are1s due to inflammatory lesions, dilatations, malfunction (megacolon) and
so on Llective colectomies of the transverse or splenic or hepatic flexures i
good risk subjects may be performed with spinal or mhalation anesthesta
Cyclopropane ether or cyclopropane alone combined with a muscle relaxant
m1y be used Where 1 cautery 1s used and general anesthesia 1s desired, the
combinttion of mtrous oxide, thiopental and a muscle rel1zant 1s the only
choice In poor risk subjects field block or local wnesthesia may be used

Combined abdominoperineal resections are with few exceptions long
procedures which are usually performed for excision of new growths or
scarred areas Most patients are middle aged or in the older age group
Shock nd blood loss are not uncommon Spinal 1nesthesia 1s preferred by
most surgeons Nupercune combined with epimephrine by the single wmjec-
tion method may be used to obtain 1 prolonged block Iasting four or five
hours Some use continuous spinal anesthesin If general anesthesta 15 de-
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wnfants and children Therd 15 no contrandication to the use of ¢y clopropne
provided proper apparatus for admimstening the drug 15 avulable and the
anesthetist 15 shalled 1 the use of the drug mn children The use of spmal
anesthesi for children 18 not advised beease these subjects are not psychy
cilhy swted for it Besides it 3s not mduced md muntamed as etsily and as
safely m children 1<t 15 1 wdults The possibihity of dvmaging the cord 15
greater in children beetuse it extends to 1 lower vertebrl level There ss vlso
greater bl of the vascular system
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In selecting anesthesia, the dexterity of the surgeon and his operating time
are always considerations The physical status of the patient vares con
siderably depending upon the surgical disease Some patients are m excellent
condrtion Others may have anema, jaundice, sepsis and other mamfestations
of the surgical and other complicating diseases Traction reflexes also are
noted durng low er abdomnal surgery but they are not as prevalent or trouble
some, as a rule, as mn upper abdominal surgery Nausea, vomiting and regur
gitation may occur particularly when dealing with mtestinal obstruction,
wound distuption, volvulus, peritonitss, or other acute abdommal conditions
As 1n the case of upper abdominal surgery, electrolyte imbalance and other
brochemical disturbances may be present particularly 1f there has been
previous nterference with nutrition or protracted vomiting or dehydration

Cyclopropane combmed with a muscle relaxant 1s used to 1 large extent
for surgery of the lower abdomen If cyclopropane 1s not desired ether may
be used or may be combmed with cyclopropane A muscle relaxant 15 not
necessary as a rule due to the potency of ether A basal of thiopental may
be used prior to the inhalation anesthetic The combination of nitrous oxide,
thiopental and a muscle rela<ant 1s a commonly used but 1s a less desirable
choice Whether or not an intratracheal catheter 1s used depends upon the
ease of maintenance of the airway In obese subjects 1ts use facilitates anes
thesia Spinal anesthesia 15 1deal for lower abdominal surgery, 1f the patient
15 psychically swited for 1t Frequently patients object to spinal anesthesia
because they have heard of an 1solated instance of a neurologic complication
Others fear bemng conscious throughout operation In the former case 1t 1s
best to acquiesce to the pattent’s wish In the latter the objection may be
obviated by using an ultra short acting barbiturate (thiopental) administered
by mtravenous drip or secobarbital or intravenous morphine and scopola
mune after the spinal anesthetic 1s mmduced Field block or mtercostal bloch
combined with a splanchmic block may be used for poor risk patients Such
techniques are satisfactory only 1n the hands of the most expert anesthetists
and operators, however Local anesthes:a, as a rule, 1s not surtable for abdom
nal surgery It 15 used in poor risk, monibund patients for cecostomy or
1leostomy, wncision and dramnage of a superficial or an easily accessible ab
scess

Resuturing for dekiscence and evisceration are best done with mnhalation
anesthesta When the patient 1s i poor condition, and many are, the use of
local anesthesia 1s advised In patients in good condition, cyclopropane
combined with a muscle relaxant 1s suitable Wound disruptions are often
complicated by ntestinal obstruction Aspiration from regurgitation should
be considered a possibiity These patients therefore should be examined
closely and 1f evidence of intestmal obstruction exists should be managed
n the same manner as those having intestinal obstruction

Ether 1s the most commonly used anesthetic for abdominal surgery m
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LCXTRA PERITONEAL OPERATIONS

I xtra pentoneal operatiens are performed upon the Lidneys, adrennl
glnds, ureters, prostute, nd biadder and the autonomic nervous system
As 15 the case 1 ntra peritonea) operations muscle relaxation 15 necessary
10 sccure 1dequate exposure

Kidney and Urcters

NFPHRICTOMY

Nephreetomy usually 1s performed extra pentoneilly The operation 1s
performed for sepsis, tuberculosis, removal of stones, mahignant disese and
so on Rendl fulure may compheate the surgicnl disease Abdominl disten
tion of a refiex origin m1y compheate the picture particularly i cases of
colte Patients being operated upon for nephrectomy and other renal opera-
tions are usually placed m the lateral prone position unless the operation 15
performed transabdominally 1n which case 1t 1s done 1n the supine position
Relaration 15 required for adequate exposure and easy closure During
surgery the adrenal glind 1s frequently manipulated This may cause circula-
tory disturbances mamfested by tachycardia and hypertension and other
signs of sympathetic sumulation

The peritoneum, since 1t 15 1djacent to the operatwve field, 1s mampulated
giving nise to the usul mamfestitions of such stimulation—namely ngidity
of the muscles Troublesome refiexes may occur from traction on the renal
pedicle or mampulation of the peritoneum The peritoneal cavity may even
be inadvertently entered Nausea and vormting imtiated by traction reflexes
occasionally occur when the operation 1s performed under spinal or local
anesthessa Hemorrhage from trauma, shppmg of hgatures or loosemng of
clamps on the renal vessels occurs infrequently but 1s a possibility which
must be borne 1 mind

The anesthetist often has difficulty mamntaiming an adequate airvay when
general anesthesia 1s used because of the awhward posttion An endotracheal
catheter 15 destrable The anesthetist must be prepared to adminster positive
pressure should a pneumothorax develop 1f the pleural space 1s nadvertently
entered Cyclopropane combined with a muscle relaxant 1s satisfactory for
nephrectomy If cyclopropane 1s not desired or contramndicated ether may
be used preceded by mitrous oxide or ethylene The ether may be combined

with a muscle relaxant There 1s no objection to the use of a basal of thio
?}fntal as an induction agent The combmation of nitrous oxide, a basal of
S;;I;‘i";:l ;’}’l::allll::tlles ;elaﬂ(ant may be used bu’t 15 a less desirable choice
able than general aneath :Scltox;y fmrrlll the surge’on s standpoint but less desir
reasons One ohyection (o ta rom the patient’s standpomt for 2 number of
thoracic segments i order t; :ese 15 that the level must extend to the upper

cure relaxation and complete pawm relief This
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OPERATIONS ON THE ABDOMINAL WALL,
PELVIS, PERINEUM AND RECTUM

Pelvic Surgery

Most pelvic surgery 1s erther gynecological or urological in nature Urologt
cal surgery 1s discussed under that heading The bulk of pelvic surgery 1s
performed on women most of whom are 1n relatively good condition They
therefore present few difficult problems from the standpomnt of anesthesia
The operations are largely for bemgn disturbances caused by trauma from
childbirth, mfections or new growths Hysterectomy, salpingectomy, oopho
rectomy, plistic operations on the tubes, uterine suspensions, removal of
cysts are the usual operitions performed Less frequently patients in the
older age group beyond the menopause come to surgery Women 1 this
1ge group are usually operated upon for excision of malignant neoplasms or
degenerative changes 1n the female pelvic organs In these, cardiovascular
diseases, metabolie disturbances, and manifestations of degenerative diseases
are common

The chorce of anesthesia and requirements for pelvic surgery are similar
to those outlined for lower 1bdominal surgery with perhaps one point of
difference Most operations are performed 1n the Trendelenburg, hithotomy
or Sims position Circulatory disturbances due to posttional changes and
mterference with ventilatory movements are often noted Spinal anesthesia 1s
satisfactory for most pelvic surgery performed i women of the younger age
group Itis better judgment to avoid 1t when large ovarian or uterine masses
are exaised or where pelvic inflammatory disease of an acute niture 1s being
operated upon Intra abdominal bleeding and ectopic pregnancy, even though
the pattent 1s not 1n shock, 1s 1 contrundication to spinal anesthesia In the
older age groups contraindications to spinal anesthesia usually exist and gen
eral 1nesthesia 1s preferred When spinal anesthesa 1s not desired cyclopro
pane alone or combined with ether may be used The combination of mitrous
ouide, an ultra short acting barbiturate and a muscle relaxant 1s used by many
but 1s a less desirable choice Local anesthesia and nerve bloching 1s rarely
satisfactory It s selected for poor risk subjects undergoing urgent surgery

Radical dissections are performed with spmal anesthesta if the patient 1s
n good condition Cyclopropane, or cyclopropane ether may be used when

spinal 1nesthesia 1s not desired Thiopental and nitrous with a muscle
relasant 1s a4 less desirable choice Hypotensive anesthesia 1s often used 1f
estensive bleeding 1s anticipated

288
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THE ABDOMINAL WALL

HreNia

Operations on the abdonunal wall usunlly consist of repurs of defects
such as hermations or weknesses of the walls, remoyvat of bemgn growth or
shn grafts Hermns are usually mguinal, femoral or asional  Inasmuch
as most hermal sacs uswally are extensions of the pertonert cavity and the
<ac contatns mtestines, omentum and other viseert, selection and the manige-
ment of anesthesaa 1s essentially that deserbed for abdominal surgery n
which the pentoneal einty 1s entered Patients may be in any age group
Usually the pauents are nfants and ehildren who have congemtal weahness
which become mamiest shortly after irth, voung or middle aged adult males
who develop or have an aggravauon of a herma due to trauma from their
occupition, and old persens whose tssues have become wethened so that
hermations develop 1or hernins m the lower 1bdomen a moderate degree
of relazation 15 required Tor incisional herma considerible relixation 1s
needed The pentoneal cavity must be entered when mcisional, epigastaic or
umbihical herma are repured Anesthesia for incisional herma is the same as
that recommended for upper 1bdomnal surgerv

Usually subjects whose hermas result from trauma m hne with their
occupation are males who are m good physical condition unless the hermnn
1s mcarcerated or strangulated As a rule ingwinal and femoral hermotomes
are of reasonable length—between one and two hours There 1s no remark-
able blood loss or trauma Traction reflenes from tension on the cord or
peritoneum are frequent when general anesthesia 1s used, but absent with
spinal anesthesta Laryngeal spasm 1s the commonest manifestation of this
reflex activity Spinal anesthesia 1s ideal for this type of surgery in adults
If not desired cyclopropane combined with a muscle relanant may be used
Ether preceded by mitrous oxide 1s sintable, also, if one does not choose te em-
ploy cyclopropane Basal narcosis may precede mhalation nesthesia for the
patient’s comfart The combination of thiopental, mitrous oxide and a muscle
refaxant may be used also As a rule, local anesthesin 1s satisfactory mn the
hands of one shiilful in field bloching Many operators {eel that the distention
of the tissues by the local anesthetic solution distorts anatomic structures and
may contribute to wnproper tepars and subsequent recurrences In the older,
parucularly poor rish subjects, local anesthesia 1s frequently selected from
necessity

The anesthetic management of patients with strangulated hermas differs
hitle from that for abdominal operations for acute surgical emergencies It
must be borne 1 mind that stranguiation may necessitate resection of the

bowel and lead to formidable surgery Symptoms of iutestinal obstfuction
and a shock. lile state are often present These cases must be managed 1n the
same manner as though itestinal obstruction were present rather than as
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extent of anesthesia 1s not sufficient to completely abolish discomfort 1n the
chest due to reflexes Nausea, vomuting and pain 1n the chest or neck occur 1n
spite of the fact that anesthesia 1s “high ” Hypotension occurs frequently
from postural changes either before or after operation Local anesthesia, or
paravertebral blocks are not satisfactory except for operations of a simple
nature Nephrostomy, pyelohthotomy, transplants of ureters, removal of
malignant growths involving the hidney and operations technically similar to
nephrectomy are managed 1n the same manner as nephrectomy ~

URETERAL OPERATIONS

The extraperitoneal approach 1s used for operations involving the upper
portion of ureters The trans peritoneal 1s used for the lower portion When
the trans peritoneal approach 1s used surgery 1s performed with the patient in
the supme position, otherwise the lateral prone position 1s used Choice of
anesthesia difters 1n no way from that used for intra-abdominal surgery m
the former situation When the extra pentoneal approach 1s used the choice
1s 1dentical to that outhned for nephrectomy

ADRENALECTONIY

As 1n the case of nephrectomy the extra peritoneal approach 1s used for
evplorations and removal of the adrenal gland Mampulations of tumors of
the adrenal gland, particularly pheochromecytomas, causes the release of
adrenalin like substances and paroxysms of hypertension frequently occur
Ganglionic bloching or sympatholytic agents mav be needed to lower the
blood pressure during these paroxysms At the conclusion of the operation
the blood pressure may dechne to shock levels Vasoconstrictor substances
such as arterenol or neosynephrine may be necessary to restore the blood
pressure to adequate levels Anesthetics which increase cardiac rritabihty,
particularly cyclopropane, cannot be used m these cases Ether mtratracheally
preceded by mtrous owude or ethylene and a basal of thiopental 15 the usual
technique of anesthesia employed In view of the fluctuations 1n blood pressure
and the severe hvpotension which may result the use of spinal anesthesia 1s not
advised The possibility of pneumothorax following 1nadvertent tearing of
the pleura 1s another objection to spinal anesthesia

In children operations on the hidney, ureters or adrenal gland are best
performed using ether by the closed system 1f suitable apparatus for pedia
tric anesthesia 1s available or by the open drop method 1f 1t 15 not As in the
case of the adult an endotracheal catheter 15 necessary to provide a patent
airway when the lateral prone position 1s used

Operations on the bladder, semimal vessels and prostate gland are per-
formed suprapubically and although they are extra peritoneal procedures
they are constdered separatelv under urological operations
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manner as that for operations on the bladder Patients undergoing prostatec-
tomv are without exception 1n the upper age group They may have or hwve
had urnary retention Some have had 1 previous cystotomy because of
qcute urinary retention and a1 prelmynary vasectomy 1 anticipation of
the prostatectony Comphicating diseases such 1s arteriosclerosis, hyperten-
sion, heart disease, emphysem, diabetes nd other diseases of advanced age
are the rule rather than the exception Hemorrhage at times 1s a factor both
during and after operation Spinal nesthesia 15 preferred by most urologists
for prostatectomy Hypertension, artertosclerosts, coronary artery disease,
if severe, m1y be contrundications to spinal anesthesin Under such circum-
stances cyclopropane, cyclopropane ether, or the combination mitrous oxide,
a basal of thiopental and a muscle relazant 1s used Local nesthesia 1s not
satisfactory

The choice for retropubic prostatectomy 1s ssmlar to that recommended
for suprapubic operations Permncal prostatectomy s performed with the
patient 1n combmed lithotomy and Trendenlenburg position Spinal 1nes-
thesia 1s preferred by most surgeons but general 1nesthesia provides greater
comfort for the patient Cyclopropane, nttrous oxide ether or nitrous oxide-
thiopental may be used Caudal block and locat anesthesia are not satisfac-
tory

TRANSURETHRAL SURGERY

Partial resection of the prostate transurethrally 1s usually performed
the Lithotomy position, m a dathened room, by means of a gh fre-
quency current A fire hazard thus exists Spinal, caudal block, or the combi-
nation of thiopental and mtrous oxide are used When caudal anesthesia 1s
used attempts to have the caudal high should be made because the bladder
1s distended with water which causes discomfort Cystoscopy and other

mtravesical mantpulations which are performed transurethrally are managed
mn the same manner '

OPERATIONS ON THE SCROTUM AND PENIS

Operations upon the scrotum of a mnor nature such as vasectomy,
biopsies, removal of bemign growths and so on may be performed with locat
anesthesia For major procedures such as reduction of kermas, removal of
kydroceles of the cord, orchidectomy or orchidopexy spinal anesthesia 1s
preferred by most urologists When no contraindication to 1ts use exists
1t 1s the most satisfactory Cyclopropane, ether or thiopental combined with
nitrous oxide may be used 1f spinal anesthesa 15 undesirable or 15 contra-
mdicated Local anesthesia 1s not switable, as a rule, beciuse troublesome
traction reflexes are initiated by mampulation of the spermatic cord Caudal
block may be used but anesthesia 1s not adequate for manipulations about

the frenulum or dome of the bladder or to obtund traction reflexes unless the
extent 1s “high »
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hernioplasties The selection of anesthesia should be that recommended for
intestinal obstruction as mentioned 1 the section on ntra abdomimal sur
gery Anesthesia for epigastric, incistonal and umbtlical hernias 1s similar to
that recommended for upper abdominal surgery than lower

GENITQO URINARY TRACT

Urological operations on the bladder, prostate, seminal vesicles and
urethra are performed suprapubically, retropubically or through the permeal
route Operations on the bladder, prostate and semnal vesicles are per-
formed by the suprapubic route Bladder operations mvolve partial or com
plete resections, removal of new growths, decompressions, dramages, re
moval of diverticulae and excision of fistulae Operations on the prostate
gland are largely enucleations Operations on the external gemtalia consist
of vasectomy, orchidectomy, hydrocelectomy, circumcision, Torek operation
and various other plastic procedures

CysToToMY

Cystotomy 15 performed for relief of urinary retention, removal of new
growths, diverticulae, etc The majority of patients are in the older age
group The usual route for operation on the bladder 15 suprapubically and
extra peritoneally Relaxation of the lower rectr 1s necessary to expose the
pelvic structures, when these approaches are used Most urologists prefer
spinal anesthesia for bladder surgery However, cyclopropane, ether, or
nitrous oxide and a basal narcotic combined with a muscle relaxant may be
used with equal efficacy

CYSTECTOMY

Anesthesia for cystectomy 1s managed 1n the same manner as that for other
lower intra abdomunal or pelvic operations If no contramndications ewist
spinal anesthesia 1s satisfactory If spinal anesthesia 1s not deswred or 1s
contraindicated, cyclopropane or nitrous oxide combined with ether may be
used The combination of mitrous oxide, a basal of thiopental and a muscle
relaxant may be used Cystectomues are not easily performed under local
anesthesia Traction reflexes, though not as troublesome as those arising
during ntrapentoneal explorations, are encountered Cystectomy may be
difficult and time consuming depending upon the contour of the pelvis The
duration of the operation of course viries with circumstances, the shill of
the surgeon and other variable factors Several hours at least may be re
quired to complete the operation

OPERATIONS ON MALE REPRODUCTIVE ORGANS

PROSTATECTOMY

Prostatectomy may be performed by the suprapubrc, retropubic or perineal
routes Anesthesia for suprapubic prostatectomy 1s managed 1n the same
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Fic 34 Hypotensive state showimng the changes 1 pulse and blood pressure which anse when
traction 15 made upon the viscera or when the pertoneal structures are stimulated Note the

bradycardia the narrowed pulse pressure the lowered systolic and fairly well maintained diastolic
pre sure Sympathomimetic amunes or anticholinergic drugs are u ually effective 1n overcoming
this hypotensive state
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CIrRCUMCISION AND OTHER PENILE OPERATIONS

Circumcision 1n adult patients 1s performed with local anesthesia as a rule
Spinal anesthesia 1s a major anesthetic for a relatively minor procedure but
may be used also In children 1t 1s customary to use ether or cyclopropane
for crrcumcision Thiopental 1s not suitable, because stimulation of the
penis causes laryngeal spasm by reflex stimulation, and priapism

Amputation of the penis s performed with spinal anesthesia 1if there 1s no
contraindication, otherwise cyclopropane, or ether are used Plastic opera
tions on the external gemitahia are performed with local anesthesta if mimor
n nature Spimnal anesthesia 1s used for the more extensive longer pro
cedures Where topical anesthesia ts contraindicated, ether or ¢yclopropane
may be used

PERINEAL OPERATIONS ON THE FEMALE GENITALIA

Perineal operations mvolving the external female gemtalia and vagina
are usually performed n the Lithotomy or Sims position The amirnay 1s
easily managed from the standpoint of anesthesia 1n erther case All ages
are represented However, most operations of this type consist of plastic re
parrs and are performed tn women 1n the younger age group Women of the
older age group are encountered when malignant tumors are present Reflexes
from mampulation of perineal structures cause circulatory changes and dis
turbances of the respiratory pattern Laryngeal spasm 1s common when gen
eral anesthesia 1s used Often the blood pressure falls These hypotensive
states differ from shock from trauma or hemorrhage mn beng characterized
by a bradycardia, a low systolic, normal diastolic and a narrowed pulse pres-
sure (Fig 34) Blood loss 15 not great tn this type of surgery Relaxation
15 not required as a rule

Perimcorrhaphy, anterior and posterior repairs, operations on the ceruix,
cauterizations, vulvectomy, excision of cysts and so on may be performed
satisfactorily with low spinal anesthesia Inhalation anesthesia using cyclo
propane, ethylene or ether or the combination of thiopental, mtrous oxide
and a muscle relaxant may be used when spinal anesthesta 1s not desired or
1s contramndicated Local or caudal anesthesia 1s not satisfactory as a rule
for this type of surgery because the fundus of the uterus and the area about
the clitoris 15 not anesthetic unless the caudal 15 “high ”

Vagmnal hysterectomy 1s a frequently performed operation More pro
found and extensive anesthesia 1s required than 1s usually provided for this
operation Relaxation of the abdominal muscles 1s necessary, otherwise the
patient forces the pehvic contents 1nto the vagina by the contraction of the
recti which 1s mtiated bv stimulation of the peritoneum When spinal
anesthesta 1s used 1t must extend to at least the 8th thoracic segment for

complete abolition of pam
Inasmuch as most gynecological surgery 1s performed 1n the lithotomy
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OPERATIONS ON THE VERTEBRAL COLUMN
AND EXTREMITIES

VERTEBRAL COLUMN

Operations on the vertebral column consist of lammectomues, spmal fu-
stoms, explortions of the spinal cord for tumors and ruptured intervertebral
disks, chordotomy, transections and so on Laminectomies may be cervical,
thoracic or Jumbar Some patients may have paralysis and other neurologic
symptoms in the lower part of the body, others paralysis of the respiratory
muscles requiring an 1ron lung Bony changes due to tuberculosis or arthntis
may be present Some are performed for fractures or other lesions due to
trauma Shock may be present 1n these All surgery on the vertebral column,
with few exceptions, 1s performed in the prone position Operations about
the vertebral column are usually long, tedious and may be accompanied
by shock and blood loss Most surgeons use the electro surgical unit for
securing hemostasis by coagulation This creates a fire hazard Inasmuch
as the prone position 1s mandatory, interference with respiratory exchange
and difficulty i mamntaiming an airway are frequent Circulatory changes,
usually a hypotension, follow the changes from one position to the other

Operations upon the cervical and thoracic portion of the vertebral column
must be performed under general anesthesia Local anesthesia is not suitable
The combination of mitrous oxide and a basal of thiopental 1s used most
often when a fire hazard ewsts, otherwise cyclopropane, ether, or ethylene ot
mtrous oxide ether may be used An endotracheal catheter must be used to
allow the anesthetst to be out of the operative field and still maintamn an
adequate arway When the operation 1s being performed upon the lumbar
vertebrae, sacrum or coccyx, spinal anesthesia may be used for subjects 1n

whom 1t 15 not contraindicated, otherwise the procedure 1s as outhned for
thoracic and cervical laminectomy

THE EXTREMITIES
Operations on the extremuties mvolve the forearm, arm, shoulder, hand
and digits in the upper part of the body and the hip, leg, anhle, foot, and
toes on the lower Lesions encountered are the result of trauma, mfections,
malformations and new growths Trauma and mfectson are the basis fo;
the lesions for which the majonity of procedures are performed since they
give nse to deformities requiring reconstructions and plastic procedures
Amputations, reduction of fractures, shin grafts, tendon transplants, imcision
297
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position, problems concerning the airway arse less frequently because the
head 1s accessible to the anesthetist Obese subjects only, need be intubated
Some operators prefer the Sims position This 1s awhward as far as mamn
taming an adequate airway 1s concerned Endotracheal anesthesia 15 neces
sary most of the time 1f this position 15 employed

RECTAL OPERATIONS

Hemorrhoidectomy 15 the most common rectal operation Repair of pro
lapse, imperforate anus, removal of fistulae, excision of fissures are less com
mon Protoscopic examination usually requires no anesthesia Rectal opera
tions require relaxation of the sphincter and perineal muscles The lithotomy
position 1s used for rectal surgery This 1s of no handicap to the anesthetist
as far as the arrway 1s concerned Some surgeons prefer the prone or the
Buie position in which case the airway 1s mamntained with difficulty From
the standpoint of comfort and safety to the patient a low spinal or saddle
block 1s the best chorce for rectal surgery It provides the relaxation that the
surgeon requires

A cautery 1s frequently used for rectal surgery by some surgeons neces
sitating @ non flammable anesthetic Spinal and caudal anesthesia satisfy
this requirement Inhalation anesthesia with cyclopropane or ether 1s suita
ble when spinal or caudal anesthesita are not desired or 1s absolutely con
traindicated which 1s not often In view of the difficulty in maintaimng the
arrway use of an endotracheal tube 1s advised 1f general anesthesia n the
prone position 1s used Barbiturates with mtrous oxide are a less desirable
choice, primanly because of the spasmogenic nature of the barbiturate and
the ease with which spasm 1s imitiated by dilating the rectum Nitrous oxde,
ethylene and other anesthetics are not suitable because they do not provide
adequate relaxation Some surgeons perform minor surgery mn the rectal area
using local anesthesia but as a rule 1t 1s not satisfactory

Rectal operations on children are best performed with general anesthesia
Ether by the open drop method 1s the usual choice If suitable apparatus 1s
available the closed system 1s used Endotracheal intubation may be needed
to mamntain an adequate airway
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propane 1s 1dead 1 thylene combined with cther may be used The thiopental,
mtrous oxide combination Jihewise 15 satisfactory

Operations on the sand m1y be performed using brachial plexus block
or the combimation of medin ulnar and radial nerve blocks at the elbow or
wrist 1 the lesion 15 localized and not extensive, local nfiltration 15 often
used Tor operations on the fingers, brachal plexus block or digatal bloch
may be used When general tnesthesta ts desired nitrous ovide, ethylene,
cyclopropane, the combmation of mitrous oxide and thiopental are all
satisfactory depending upon the preference of the operator and the dura-
tion of operation It cannot be emphasized too strongly thit for operitions
on the digits, epinephrine 15 best omitted when local anesthesia 1s used
Vasospasm followed by gingrene may result if peripheral vascular diseases
are present

Hip

Operations on the Jup are best performed with erther a low spinal or
some form of general anesthesta Relaxation 1s an essential requirement
Nenve bloching 1s not satisfactory 1s the number of nerves to be blocked
are numerous and not casily accessible Cyclopropane 1s 1deal for this type
of surgery If it cannot be used alone the combiation of cyclopropane-
ether 1s employed Nitrous oxide, and thiopental hkewise may be used as
can ethylene or mtrous oxide followed by ether Tor children open drop
ether with a prelimmary of vinyl ether may be used if suitable closed
system apparatus 1s not available, otherwise ether or cyclopropane by the
closed system may be used

Leg, Ankle and Foot

General anesthesia for operations on the leg, ankle, foot and toes 1s similar
to that selected for operations on the thigh Where regional anesthesia 1s
desired for operations below the kuce, a combination of femoral and seiatic
nerve bloch 1s satisfactory Operations on the foof may be performed by
bloching the anterior tibial, posterior tibial, sural and saphenous nerves at
the ankle Digital blocks may be used for operations on the foes Epmeph-

nine should be omitted, otherwise vasospasm may lead to gangrene of the
members

ANESTHESIA FOR THIGH AND LEG AMPUTATIONS

Mid thigh, leg and foot amputations are operations which are being per-
formed with increasing frequency largely due to the fact that the number
of genatric patients 1s increasing The majority of amputations are for
peripheral vascular disease, particularly arteriosclerosis Diabetes 1s usually
associated with the vascular disturbance Traumatic lesions, sheletal defects
and infections of bones and joints account for a much smaller percentage
of amputations When the amputation 1s for trauma the patient may be in



298 SELECTION OF ANESTHESIA

and dramage of abscesses are some of the more common operations en
countered However this does not 1 any way enumerate all the possible pro-
cedures encountered

Some operations are considered under the category of minor surgery and
are performed using nerve block or local nfiltration Others are formdable,
prolonged, and require general anesthesia In the management of anesthesia
for surgery of the extremties, consideration must be given to the duration
of the operation, the necessity for relaxation, blood loss, trauma and so on
The supine position 1s used almost always The airway 1s easily mamntained
except n the obese or in patients with abnormalities of the respiratory pas-
sages Patients range from infants to the extremely old Operations about the
shoulder girdle and clavicle may require the use of endotracheal anesthesia at
times particularly 1f the operator must stand at the head Otherwise the
ordinary mash techmque may be used Shock and hemorrhage may be com
plications of bone surgery

For surgery of the arm or leg a tourniquet 1s often used Shin grafting
may require removal of skin from the abdomen or other areas other than
the extrerity  The graft may be apphed to the operative site 1n the extremity
with regional anesthesia but general anesthesia may be needed to obtain the
graft Muscle relaxation 1s a requisite 1n orthopedic procedures of the arm
or thigh or the forearm and calf Rarely 1s 1t a problem 1n operations on the
feet, toes, fingers, foot, or hand

Operations About the Shoulder and Arm

General anesthesia 1s best for most operations about the shoulder Mod
erate to extreme muscle relaxation may be required Anesthesia may have
to be, as a rule, deep Nerve bloching 1s not satisfactory For minor super-
ficial operations local anesthesia may be used Cyclopropane or cyclopro
pane ether are 1deal for this type of surgery W here cyclopropane 1s contra-
ndicated nitrous oxide or ethylene followed by ether may be used For
short procedures or for procedures in which the cautery 1s required thio
pental and mtrous oxide mav be used Vinyl ether may be used for children
when the procedures are short Open drop ether 1s used 1n longer cases Where
suitable apparatus 1s available for using closed system anesthesia, selection
and management for chuldren 1s 1dentical to that used for adults

Forearm

Operations on the forearm or elbow may be performed using a brachal
plexus block Where this 15 not desired or suitable, cy clopropane or ethylene
and ether or the combination of cvclopropane ether, mtrous oxide with thio
pental may be used Operations on the wrist may be performed with a com
bination of median, ulnar or radial nerve block performed on the elbow or
better yet brachial plexus block When general anesthesia 1s required cyclo-
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AUTONOMIC NERVOUS SYSTEM, SKIN AND
BLOOD VESSELS

AUTONOMIC NERVOUS SYSTEM

Operations on the autonomic nervous system are largely confined to the
removal of sympathetic gangha and v 1gotomy Vagotomy 1s described 1n the
section on gastric surgery Lumbar sympathectomy 1s the most common of
the operations on the sympathetic nervous system The stellate, thoracic,
and presacral ganglia are 1lso removed but less frequently Also assocrated
with sympathectomy 1s adrenclectomy This has been discussed i chapter
(ANXTIID)

Operations on the autonomic nervous system are performed for mtractae-
ble parn which 15 mediated along the sympathetic fibers Various types of
causalga, the relief of angina, and pain involving the pelvic organs are the
most frequent syndromes involyved In addition sympathectomy 1s performed
to attempt to lower the blood pressure 1n mahgnant hypertension, and to
relieve vasospasm of the arm or leg, in cases of peripheral vascular disease
i wiuch gangrene 1s impending

The status of the patient for sympathectomy 1s influenced to a great
extent by the disease for which the ablation of the autonomic nervous sys-
tem 15 being performed This should yield sufficient and important clues
1n evaluating the patient

Stellate ganglionectomy 15 usually performed to relieve pan of cardiac
origin, pain 1n the head of the causalgic type or for vasospastic disease of
the upper extremities Regional anesthesia 1s not satisfactory, general anes-
thesia must be used The operation 1s usually performed with endotracheal
anesthesta because the surgeon and the anesthetist both compete for the
operative field The airway cannot be under adequate control without 1t
Cyclopropane, ethylene or mtrous oxide followed by ether may be used
The combnation of mtrous oude and thiopental may be used 1if a cautery
1s required It must be remembered that the pleura may be pierced and
pneumothorax may result during this operation As a rule, except when the
operation 15 performed to relieve cardiac pain, the majority of these patients
are 1n good condition and are good surgical rishs
ba:‘ﬁoruac sympathectomy 1s usually performed 1n combination with lum

ympathectomy for rehief of malignant hypertension Cardiac and renal

wvolvement may be present A severe hypotensive state may develop during

or at the conclusion of the operation  The operation must be performed
301
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any age group Shock may be or may have been a factor before surgeny
Sepsis and fever mav be factors when infection 1s present In older patients,
cardior ascular and renal disease may be present

For patients m good phvsical condition with no cardiovascular disturb-
ances and normal blood volume, low spinal anesthesia 1s 1deal If general
anesthesia 15 desired, cvclopropane or c1clopropane-ether 1s smtable Ethil-
ene-ether, nitrous oxide-ether or mtrous oude-thiopental may be used
Refngeration anesthesia mav be used for poor risk subjects 1t the operating
time 15 less than 30 mnutes and a tourmquet 1s not objectionable For
extremelv poor nsh subjects in whom amputation cannot be performed
promptly the imb mav be packed 1n 1ce after apphcation of a tourmiquet
and operation deferred for hours until the patient can be properly prepared
This 1s equivalent to a physiologic amputation \arked mmprovement
status often results Later the operation mav be performed with ¢\ clopro-
pane or ether Nerie blocks as a rule are not <atisfactory for amputations
particularly 1n the nud and upper thigh Saatic, femoral obturator and
lateral femoral cutaneous ner\e blocks would have to be combined to obtamn
satisfactory anesthesia Local mfiltration 1s not satisfactorn Muscle re-
laxants are not necessary for this tvpe surgery

REFERENCES
Arten F M Refngeration ane.thesia for lumbar operations, dresthesiology, + 12-17,
104>
Huster A R Anesthe.a for operations on the vertebral capal {nestbesiology 11 07—
27> 1030



ARV
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AUTONOMIC NERVOUS SYSTEM
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using the transthoracic approach usually mn the Jateral position The prob
lems are those of open chest surgery Endotracheal anesthesia 1s required
to facihtate controfled breathng wnd maintenance of the asrway The
anesthetic management for this type of surgery 13 sumddar to that outhned
for stellate ganghonectomy

In exposiyg the lumbar gangha redasation of the lumbar and abdeminal
muscles 1s required for adequate exposure Deep anesthestt 1s needed After
the gangha are removed the blood pressure may decline, often abraptly,
to shock levels Measures must be mnstituted to combat extreme degrees of
hypatension  The operatian is not one of long duration as a rule When
lumbar sympathectomy alone 1s performed the patient 15 usually placed
1n the sem: lateral posstion Spnal anesthesta provides the needed relaxation
and 1s preferred except for extreme degrees of hypertension with serious
carthac mvohement Cyclopropane ether intratracheally, or mirous ouide
thiopental with a muscle relavant may be used when spinal anesthesia 15
contramndicated Nerve bloching 1s not sausfactory

Presacral neurcctomy 1s performed for pamn of visceral orign in the lower
abdomen or pelvis It 1s usually associated with gynecological surgery A
transabdominal approach 1s used to exoise the gangha Anesthesia, there
fore, differs 1n no way from that required for pehvic surgery The selection
1s sinular to that used by gynecological laparatomies

SKIN

Surgery of the shin consists of shin grafts, removal of moles and sumidar
growihs and managument of burned patients Ancsthesia for shin grafts
and excision of cutaneous lesions 1s discussed under the varous sections
of the body such as head neck, thorax and so on The management of the
burned patient wilf be discussed subsequently

ANESTHESIA FOR THE BURNED PATIENT

Ivesh burns occasionally require anesthessa for cleansmg and debride-
ment of burned and necrotic tisswes Lxtensively burned patients are poor
rishs They may be dehydrated, bave an extreme degree of hemoconcentra-
tion and often are n shock The debridement should be performed without
anesthesia, whenever possible to do so However if anesthesia 1s required,
one which 15 iabile, 1llows a ngh osygen tension and rapid recovery with
15 httle disturbance of metabelic functions as possible 15 desirable Cyclo
propane meets these requrements Lther is not desirable because of the
after effects such as nausea and \omiting the slow elumination and the
effects on blood volume Non volatife drugs should be avoided because of
the prolonged depression Iaver and hidney functions may be disturbed
n patsents with burns which further precludes the use of the non velatile

drugs These drugs are not easidy detosified under these circumstances If
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4 nareotic his been piven for pam ethylene or mitrous oside mas be usedd ta
fortrfy 1ts cfiect when apaleesta onhy s required When the face 1s burned
and 1 mask cannot be applied topical anesthexin 1s used and the patient
s ntubated “awahe ' after which ncsthesr s managed in the usind avnner

Patients whose busns have been long <twndmg may require anesthesa
for remonal of dressings, debridements and for apphung sham grafts The
physical status of these pitients m1y be varnble depending upon the dur
uon 1nd sevents of the burn Signs of sepais nd enna mn be present
Renal and Iner mpmmment, emicittion, weight loss, eftects of wmpured
nutntion mv all be present aftes extensie burns Dunng surgeny “weep-
wg” from the raw <urfice mav result i considerable blood loss Hypo
tenston from trauma in grafting may result 1lso Operitions for shin
graftng re often long and tedious and requsre conaiderable tme Blood
should be 1dmumstered dunng the operation

For removal of dresangs analgesia ss suficient Natrous oxude tlone mav
be used A combination of mtrous oude and tuchlorethslene or vinyl ether
admimstered with a scm-closed mnhaler operating on the demand principle
15 highly satisfactonn  Premedication 1s not necessary for these cases Tn
chlotethnlene or vinvl ether alone may be used but are less <atssfactons

When the procedure 15 extensive nd mvolies debridement 1nd grafung
general anesthesia 1s destred  amalgest ss not sufficrent  Cyclopropine s
the best choice because 1t 15 labile and followed by rapid recovers Besides
it disturbs blood velume 1nd metabohc processes so httle Less desirable
are ethviene or nitrous oxide ether mixtures or the thiopental nitrous oxide
combmation When the face 15 burncd an endotracheal tube 1s introduced

while the patient 15 conscious using topical anesthesia, and then anesthesit
15 managed 1n the same way

BLOOD VESSELS
Operations on the blood vessels consist of excision of ncunysms closure
of fistulae, higitions, embolectomy, or myection of 2 dye to visuahze the

vessel radiologically  With the exception of angography these have been
discussed along with surgery of the heart or extrenuties

ANESTHESIA FOR ANGIOGRAPHY

Angrography frequently requires anesthesia for successful completion
Visuahization of the vessels m the cerebrum, nech, the hidney nd the pelvic
organs 1s often attempted When a cerebral angiogram 1s attempted the
opaque medium 315 injected nto the carotid arteries When the chambers
of the heart and vessels of the lungs require visuahzation the arm vewm 1
used or a catheter 1s placed mte the ven 1 the arm nd guided 1nto the
rght auncle For performing renal angrograms and visuahzation of the
pelvic vessels the dye 15 placed m the aorta Cardiac catheterization s



304 SELECTION OF ANESTHESIA

performed to study the blood gas composition in the chambers of the heart
in certamn cardiovascular diseases These procedures are performed mn the
X ray room often 1 the dark A fire hazard exists

Local anesthesia 1s used for anglograms of the head to expose the carotid
artery If local anesthesia 1s not satisfactory, thiopental combmed with
mtrous oxide supplemented with local 1s the usual choice Usually no anes
thesia 1s required for adults for thoracic angiograms For children general
anesthesia 1s mandatory due to Jack of cooperation Vinethene-ether 1s satis
factory or thiopental mtrous oxide 15 used 1f a fire hazard exists For angio
grams 1n the lower extremifies, spinal anesthesia or thiopental combined
with nitrous oxide may be used for adults Thiopental nitrous oxide 15 used
for children

Cordiac catheterszation must be performed with non volatile drugs be
cause the specimens of blood must be devoid of anesthetic gases to sure
accurate analysis Local anesthesia at the site of puncture 1s used for
introducing the catheter A basal consisting of an ultra short acting bar-
biturate, usually thiopental rectally or intravenously, 1s used to obtain a
general hypnotic effect
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ANESTHESIA FOR OBSTETRICAL PATIENTS

Differences Between Ancsthesia for Obstetrics and for Surgery

Although responsibility m nesthesta 15 great at all times 1t 1 still greater
when dealing with the obstetric patient This 1s so because two ndividuals
are nvolved nstead of one Then, i addition, the usual ebstetric patient
1s one who 1s young, vigorous, and 1n good health with her ltfe ahead of her
to s1y nothing of the future of the expected child Besides the anesthetic
1s administered to complete a norma)l phystologic process nstead of correct-
ing a pathologic condition

Obstetrical anesthesta at times 15 simple, and other times complex Un-
fortunately, too often 1t 15 regarded hghtly and 1ts admimstration 1s rele-
gated to mevperienced persons The two individuals who are imvolved,
behave differently from a physiologic standpomnt The reactions of the fetus
to anesthetic drugs are unpredictable Much depends upon whether or not
the child 1s at term or 1s premature Responses to disturbances in gaseous
exchange, drugs, blood loss, trauma, or reflex stimulation may differ accord-
1ng to the age of the fetus

In obstetrics one must be prepared to deal with a common agent and
techmque for both the mother and child Consideration must be given to
complications of pregnancy and problems of abnormal labor The anes-
thetic management usually presents no difficulty in normal obstetric cases
as far as the mother 15 concerned because the majority of women 1n the
child bearing period are 1n good physical condition It 1s 1n the abnormal cases
that difficulties are encountered, however Pre-existing medical diseases
mvolving the respiratory, cardiovascular, renal hepatic and neurologc sys-
tems may be aggravated by pregnancy Anesthesta must be selected ac-
cordingly In addition to these, the “medical” complications of pregnancy
may be present Toxemia, nephritis and hypertension are the conditions
most often encountered Llectrolyte disturbances usually expected 1n preg-
nancy may be enhanced by dehydration, anoxia or vomiting during or prior
to labor

During the delivery the anesthetist 15 concerned with the possibility of
aspiration of vomitus Deaths from asphyxia during or aiter general anes
thesia for delivery are preventable and mexcusable Food and drink should
be withbeld 1n all patients to be delwvered with general anesthesia when-
ever possible No surgeon would permit his patient to partake of food
[’;f;gr n:gnan Elechve operation The situation 1s no different 1n obstetrics

y obstetricians, even though they expect to use general anesthesia
305
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for delivery, allow patients to have food during labor completely oblivious
of the hazard to which the patient will be exposed There 15 little that one
can do to avoid aspiration once vomiting occurs There 1s no assurance that
aspiration will not occur irrespective of the measures one mmtiates after
regurgitntion begins Prevention 1s better than cure

Other problems which may arise of concern to the anesthetist are post
partum hemorrhage from uterine mertra and lacerations of the cervix or
uterus Shock may occur from traumn, instrumentation, rupture of the uterus,
long labor and so on

Requirements for Pain Relief

There are two phases of analgesia and anesthesia for obstetnics (1)
Providing mnesia and analgesia dunng labor up to the pomt of delivery
and (2) anesthesia for the delivery Analgesta must be such that 1t does
not interfere with labor Anesthesia at the time of delvery 1s actually
surgical anesthesia It cannot be emphasized too strongly that 1t differs in
no way from surgical anesthesia n regards to depth, technique and hazards
It 1s often rdmunistered wathout the benefit of premedication, which of course,
makes 1t still more difficult and hazardous In general the preparation and
conduct are the same as for a surgical operation An anti chohnergic drug
should be administered 30 to 45 mnutes prior to anesthesia to prevent
formation of secretions This should be admmmistered intravenously mn urgent
cases when there 1s insufficient trme for the effects to be estabhshed by
the subcutaneous route

Analgesia for Labor

The type of 1nalgesta for labor varies with the mdividual preferences of
the obstetrictan In current day practice, what 1s referred to as analgesia
18 largely hypnosis and amnesia The barbiturates admimstered alone with
no other drug provide no pam relief The barbiturates combined with nar
cotics provide some analgesia and are preferred to the barbiturates alone
These combinations seem to be popular mn present day practice Usually a
combination of meperidine, secobarbital or pentobarbital and scopolamine
induces a satisfactory degree of amnesia and analgesia Nitrous ovide oxygen
(80 209%) admmmstered ntermittently during the uterine contractions en
hances the effects of the narcotic and y1elds a high degree of analgesia Nitrous
oude unfortunately has not been properly used for analgesia and for this
reason has fallen into disuse If admnistered t the height of the contraction,
as 1s often done, mstead of at the beginming, 1ts analgesic effect becomes es-
tabhished as the contraction 1s receding (Fig 35) The apparatus should
be readied with the breathing bag filled with the mixture As soon as the
patient experiences the sensation of a begmning contraction the mash 1s
applied to the face and she 15 mstructed to mhale deeply several times
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Fic 35 The establishment of analgesa using mtrous oxde duning labor At least 20 seconds
elapse (zone 1) before effective analgesia 15 established (zone 2) This 1s after the peak of the
contraction has been reached if the admimstration (A) of the gas 1s delayed untl the patient
begins to complain of pam (a) The effective zone of analgesia 1s established before the herght of the
contraction 15 attained 1f the mnhaler 15 filled with gas and held 1n readiness and admumstration
1s commenced as soon as the palient senses the anset of a contractton {b)

Analgesia 15 established before the height of the contraction 1s reached 1if
this procedure 1s followed
Trichlorethylene has recently been popularized and may also be used 1n

termittently Devices for self-admimstration such as the Cyprane or Duke
mhaler are avatlable Ethylene may be used nstead of mtrous oxide and
the same manner Cyclopropane 1s more potent, causes nausea, and 1s not
without hazard Intravenous Pprocaine, intravenous alcohol, rectal ether, and
paraldehyde have been claimed as excellent by enthusiasts but as a rule J
much to be destred and are hittle used Caudal and saddle block may be

for analgesia when the use of systemuc depressants 1s not advised Cutan
mfiltration over the abdomen and sy’
factory

cave
used

eous
mpathetic blochs are usually not satis-
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Anesthesia for Delivery

Two types of patients must be considered for anesthesia for delivery
m uncomplicated obstetrics, the primipara and multipara The primipara
as a rule undergoes a longer periold of labor and requires an strumental
delvery with an episiotomy More profound anesthesia 1s required under
these circumstances than ordinarilly Multipara ordinanly do not require
an episiotomy or the use of forceps Less profound anesthesia of briefer
duration 1s required When forceps are used or an episiotomy 1s performed
the anesthetic management differs in no way from that of a primipara
When operative obstetrics 1s to be performed, such as a version, a craniec
tomy, high forceps and so on, surgical anesthesia must be provided Tor a
version the anesthetic must be of such a depth to relax the uterus completely
A rapid acting anesthetic 1s invaluable for urgent situations such as prolapse
of the cord, precipitate labor and so on

Inhalation anesthesia 1s the best choice when general anesthesia 1s
desired to complete a normal dehvery When analgesia with mtrous oxide
and a barbiturates has been used during labor, cyclopropane 1s 1deal for
the delvery particularly when forceps are used and episiotomy 1s performed
If instrumentation 15 not necessary and hghter anesthesia may be used,
cthylene or mtrous oude are satisfactory It cannot be emphasized too
strongly that the mitrous oxide or ethylene must be administered in non
asphyxial concentrations without anoxia When they cannot be admimistered
without sub oxygenation, they should be fortified with some other drug
such as vinyl ether, trichlorethylene or ethyl ether Tor this reason, cyclo
propane 1s preferred for anesthesta as 1t requires no fortification and anoxia
15 no problem It 1s rapid acting, labile and depth may be varied as required

Cyclopropane also 15 the anesthetic of choice for operative obstetrics
because 1t 15 labile and permits one to use light or deep anesthesta as the
requirements of the case may be When cyclopropane 1s not desired or 1s
contraindicated ethylene or mtrous oxide fortified with ether may be used
Nausea, of course, cannot be avoided with ether Deep ether anesthesia
should be used to obtain relaxation of the uterus for versions Chloroform
1s used by some but 1ts cardiac effects cannot be 1gnored Muscle relaxants
have no effect on smooth muscle and do not relax the uterus, and are,
therefore, useless There 1s httle or no indication for the use of muscle
relaxants in obstetrics The tissues of the birth canal are stretched by
passage of the fetal head Obwiously, since these tissues are not composed
of striated muscle, they are not affected by the muscle relaxants

All the currently used central nervous system depressants, both volatile
and non volatile, and the muscle relaxants pass through the placental mem
brane The elmination of the volatile anesthetics in the new born occurs 1n
exactly the same manner and follows the same physical laws as their
elimmation 1n adults The new born 1s also narcotized by the drug as 1s



ANESTHESIA 10R OBSTI TRICAI PATIENTS 307

the adult Recovery of the new born 15 m the case of the mother 15 most
rapid after mtrous oxide 1nd ethylene, next after cy clopropne and longest
after ether

The use of non voltile drugs for anesthesia for delvery 15 not advised
Lecause they usually ciuse depression of respuration Thiopental 1s used
as an anesthetic for delinery by few obstetriciins If used for deliveries
lasting more than 4 or § nunutes the drug passes into the fetal circulation
1n sufficient quantities to cause respiritory distress after delivery For brief
procedures, their use nught be justified when combined with an analgesic
substance such as nitrous oude Thiopental used alone for obstetrics be-
haves 1 evactly the same manner as 1t does for surgical operations The
barbiturate 1s spasmogemic As the head passes over the perineum severe
laryngeal spasm may be imtinted by refles stmulation For this reason
barbiturates, particularly thiopental and surital, are best avorded In long
obstetric procedures and in Caesarean sections, their use 1s certamly not
advised

Spinal anesthesia mty be used in obstetrics 1s termimnal 1nesthesia for
delnery Low spinnl anesthesia or sddle block 1s satisfactory in cases of
normal deliveries where there 1s no disproportion between pelvic outlet and
the fetal head, no malrotation or where hemorrhage 1s not anticipated
Hvpotension may occur, but 1f anesthesia 1s confined to the sacral segments
1t 15 uncommon and can be easily corrected with vasopressor drugs The
pregnant female responds to spinal anesthesia m the same manner as do
other patients with increased abdominal pressure In blocks which extend
into the lumbar and thoracic segments the hypotension may be severe due
to a decrease of the venous return to the heart caused by compression of
the abdominal veins The fall 1n blood pressure may be precipitous and does
not readily respond to vasoconstrictors under these circumstances The
blood pressure rises as soon as the delivery 1s complete Spinal anesthesia
n the hands of a competent, careful anesthesist who observes the patient
constantly 15 reasonably safe for obstetncs, including Caesarean section

Caudal block by the single injection or continous techmque hikewise 1s
satisfactory 1f performed by one familiar with the details and all the ad
vantages and drawbachs of the method Hypotension 1s also a possibility
when caudal anesthesia 15 used Pudendal block and local infiltration may
be used for delwery n patients i whom general anesthesia 1s not desired
or contramndicated Few who attempt blocks are sufficiently shilled 1n the
technique to obtan invariable success In most instances patients prefer
general anesthesia Regional anesthesia 15 desirable from the standpoint
of the culd because there 1s no respiratory depression

The problem of anesthesia for operative obstetrics or cases m which an
obstetnic complication ewsts may require special consideration Breech
delvenies require immediate rapid induction and relaxation Cyclopropane
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followed by ether af relixation 1s not tdequate, mav be used Uterine con
trachion rings require deep ether anesthesit to relax the uterus  Anesthetics
which do not relax smooth muscle such 15 ethylene, c\clopropane, mtrous
ouide, cudal or saddle block are not sahisfactory  Anesthesia for delivery
of twns or triplets difters 1n no wav from that for normal delnery When
prolapse of the cord exsts and speed 15 essentinl s well a< profound anes
thesa cyclopropane has no equal Dednen complicated by rupture of the
uterus, plicenta previa ete s usuilly by Cresarean scction  \nesthewa
managed s described under that heading

Anesthesia for Caesarean Section

The tvpe of 1nesthesit to be used for Caenirean section 15 governed by
the status of the patient both obstetricalls 1nd otherwise Y Caesarean sec-
tron 15 1 surgical procedure 1nd must be mmaged accordingh In addition
the babv has to be considered Cyclopropane 15 the bust chowce because of
1ts Iability, ats relasing power and the 1dequiate owvgenition 1t affords
Unlihe mitrous oxide or ethvlene it 1s devoid of asphywal quahities When
1t cannot be used or when 1t 1s not destred, ethyvlene or mtrous ouide fortified
with ether may be used It must be remembered that in obstetrics, the
longer an 1nesthetic 1s 1dmimstered, the greater the quantity of drug which
passes mto the fetal arculation Therefore, when ether 1s used for Caesarcan
section for fifteen or twenty minutes before delivers, the new born will be
anesthetized and my require considerable time to “awaken ”

The combination of thiobarbiturates, muscle relinants and mtrous ouide
m1v be used in arcumstances 1 which the operator works quickly and
deftlv As 2 rule 1t 15 undesirable for the obvious revcon that it i difrcult to
nummize the amount of non volatile drug used Muscle redvants 1re rrdy
necessaty, for Cacarenn section s relnation s no problem The abdonuanl
wall 15 so relnned that closure 15 easy Local anesthesia s preferred and
h1s been strongly advocated by many obstetricians for Caesaren section
Others prefer local anesthes1a untit the moment of delnery and then nar-
cotize the patient with 1n ultra short-icting barbiturate (thiopental) or 1
general anesthetie (cyclopropane or ether) This 14 1 permusable procedure
s 1t protects the new born Spmnal anesthesi has its advocates The hypo-
tension 1s the only drawback Caudal anesthesn and saddie block do not
provide sufticient arex of anesthesin The level must extend to the xphoid

Anesthesia and Medical Comphications of Obstetrics
Probably the most vexsome complicition encountered in obstetnical pa-
tients 1> toxemin of pregniney Ordinanly af the toxenunas nuld * and there
15 no sertous elevation m blood pressure the choice of nesthesit 1> no prob-
lem Cyclopropine may be used most of the ime Ethylene or mtrous ovde
combined with ether may be used when ¢ clopropane s not desired Objection
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cauld be raced 1o the use of ether because of s supposed effect on hiver func-
tion Obvtoudly 1n anesthetie which clevates the blood pressure 15 not desired
where hypertenston ewsts Cyclopropane 1s avoded hecuse 1t elevates the
blood pressure There 15 no objection 1o a catttious trial of cyclopropane
and change over to ether or some other agent 1f the blood pressure does rise
Drugs wiich cause 1 hypotension are not desirable Spinal anesthesia s
objectionable from this standpont Caudal block 15 less pt to cause a fall,
but mav do so also

In1smuch s the non volatile drugs are detovwfied by the hver and therr
chinunation 1s unpredictable ther wse 15 not adwised Their use i any ex
cesstve quantity may cause prolonged depression in the postdelivery period
When they have been used 1o control convulsions, the brsal narcosis they
provide facihtates mhaltion anesthesit Lty lene or nitrous ovide may then
be used as comphmental agents Wherever doubt euists, particultrly when
the blood pressure 1s elevated, local anesthesta or pudendat block may be
the anesthetic of choice for delisery Few cases are encountered n which
cyclopropane or combinations of ethylene or mtrous omide wmith thiopental
cannot be used, however Chloroform, viny! ether and tnichlorethylene are
not used because of the possible hepatotovic effects The muscle relaxants
are avorded whenever hiver and renal mnsufficiency evist because these drugs
are detoified by the hver or ehminated by the hidneys

The management of patients with nephntis 1nd other diseases causing
wmpatcment of renal function has been discussed 1n Part II In general the
management for obstetric cases presenting renal complications 15 as outhned
w that section Anesthetics which elevate blood pressure, obviously, are
avoided as are those which suppress renal function The use of non-otatile
drugs should be himited as much as possible Cyclopropanc may be used
m most mstances Lthvlene or mtrous oxide may be used for uncomplhicated
dehvenes 1f admumstration without anoxia 1s assured, otherwise ether must
be added Unul further data 15 avalable concermng 11s effect on the diseased
hidney, tiichiorethylene 15 best avoided Chioroform 1s not used for patients
who have renal mvolvement The various forms of regional nesthesta re
prefesred 1o general anesthesia and should be used whenever passible
Pudendal, saddle or caudal block are switable for these patients

Obstetrical patients who have heart thsease tuberculoms and other meth-

cal complications are managed as outhned n Part 1T under the various
medical comphcations

Prematunty
The selection of ohstetric analgesia and anestheswa when the brth of apre-
mature nfant 1s anticipated cannot be made by any rule of the thumb Various
maternal and obstetrical factors infiuence the choice If ane disregards the
maternal and ohstetrical factors and considers the problem from the aspect of
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the child only, 1t 1s obvious that excluston of all drugs would be the most desir-
able course to follow However, delivery without anesthesia 1s not always
feasible As a second choice, then, block anesthesia—pudendal, caudal, or
saddle block 1s the most desirable for vaginal delivery Infiltration or spmal
block are most desirable for Caesarcan section Maternal and obstetrical
factors may preclude the use of these, in which case, general anesthesia must
be selected The volatile drugs, by virtue of their mode of elimination, are
the most destrable, and of these, the gases are the primary choice because
they are eliminated most rapidly Nitrous oxtde or ethylene would be the
most desirable 1f they could be used 1n non asphyxial concentrations, but, they
cannot, unless used 1n combination with non volatile drugs This, of course, 15
not desired Cyclopropane has much to offer because 1t 15 lahile, rapid acting,
ehminnted quichly, it permuts any destred depth of anesthesia and adequate
oxygenation 1s always assured The volatile hquids are not eliminated as
quickly and are, therefore, less desirable Desides, some are cardiotoxic or
hepatotoxic The non volatile drugs such as the barbiturates and the narcotics
all contribute to respiratory depresston and, therefore, should not be used
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edema anesthesta and 216
vascular lesions 215
Cerebrospinal avs
barbiturates affect 80
damaged by anovia 33
Cerebrum 138 232
Cervical plexus block 235 260 762
Cerzosimo F 220
Chips J L 258
Chloral 64 72 109 143 704
hydrate 71
Chloretone 95
Chloroform 12 15 40 48 89 166 181 187
184 187 196 198 204 207 208 210 °14,
233 238 249
circulatory effects 56
effect on lver 57
metabolic effects 57
mitrous oxide and 35
potency 56
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Chloroform—continyed
properties 55
prothrombin time and 185
respiration and 56
smooth muscle and 58
Cholecystectomy, 278
Cholecystenterostomy 279
Cholecystogastrostomy 279
Cholecystotamy 279
Choledochostomies 279
Choltnesterase 137 134, 204
Chorea 217
Cilberh B J 52
Curcle filter, 236
Circulation muscle relaxants and 136
Circulatory
collapse
adrenal nsuffiiency and 2°1
mn spmnal anesthes:a 121 1,5
depression 1n thoracoplasty 264
disturbances 267
pelvic surgery and, 288
system
chloroform and 56
cyclopropane and 40
ether and 50
spinal anesthesia and 116
viny1 ether and, 54
Clark S §, 304
Clement ¥ 36
Clopane See Cyclopentamine
Closed
endotracheal anesthesta 160 161
nasal endotracheal 162
Coakley C S 262
Cobefern 145
Cocamne 9> 96 98 100 101 107 108 257
Codemne 10 80 86 87 90 143
Cohen E N, 110
Cobn J B 85
Cole F C 137
Colectomy, 284
Collins Kk H 85
Collins V' J 36 167
Conner L H 45 191
Conroy W A 167 199
Controlled resprration 43 44 166 219 266
268 269 271 273 274 278 281
Convulsions 140 141 244
barbiturates and 84
due to ether 54
procaine and 107
Coramine 110 See also Niketharmde
Coronary artery disease anesthesia and 187
Coryllos P 199
Council on Pharmacy and Chemistry 66 /1
Courville C B 36
Covell H D 267
Cranial nerves
palsies of 124
trichlorethylene and 61
Craniotomy ?43
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Crawnford I J 52 212
Crchan J P 157
Crossman L W 130
Cryprome See Crveloprops} methy! ether
Cullen $ C 24 @ 16/ 304
Curate 3§ 51,82, 152 267
ethylene 38
troduction of 131
reversal of cffects 137
<ource of, 131
Cramdes, 139 143
Cyanoas 189
1 anoua 37
Cyclobutane 30
Cyclopentanune 146
Cyclopropane © 12 18 19 30 38 33 5
69 40 81 8% 111 163 165 166 1,3 181
187 185 186 87 83 89 160 193 194
105 196 197 108 »00, 201, 203 204 *05
0., 700 710 211 214 215 216 217, 218
210 201, 227 2 725 296 727, 278
220 232 23% 238 244, 245 246 247, 248
249 250 251 252 253 254 255 256 208
760 261 267 263 264 265 266 267 2(9
2,0 241 273 2:4 2:83 249 780 781
787 283 7?84 285 286 287 28% 239 201
207 293 704 206 297 793 299 300 301,
302 307 308 309 310 311 31
advantaces of 44
arculatory system and 40
contrmndicahions $3
descnptien of 38
effects on bronch: and Jarynx 40
induction and recovery 39
metabolic effects, 42
potency, 38
re<piratory
aadosus 39
effects 39
hoek ’ 40
skin and 43
smooth muscle and 43
ues 4
Cyclopropyl
ethyl ether 46
methy] ether 46
Cypreth Se~ Cyclopropyl ethy!l ether
Cystectomy 292
Cystoscopy 293
Cystotomy 792

Davis D 258

Dawuis L 130

DeCourcy J L 262
DePolo E J 258

Deaths operating room 168
Decamethomum 83 133 134 135
Dehiscence 286

Delertum 25

Delvery anesthes a for 308
Delvinal 75

Demand hypomia 169
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Demero! 80 86, 122 See alco Mependine
Depolanzation drugs causing 133
De atycotticosterone 18%
Desovyephednine, 109 139, 143, 147, 15>
Devedrine 150
DiPalma J R 44
Diabetes anesthestain 200
Diacetyl morphune See Heran
Dial 74 76 100
Diaphragm, operations of, 274
Dibenamine 153
Dibucane 98 100, 101, 103 114 119 175
Dicodid 87, 143
Difierential xpinal block, 114
Digital block, 299
Dihydromorphinone 86 87
Dihy drotachysterol, 223
Ditantin 73
Dilaud 83 89 143 See alco Dihydromorphi
none
Dille J M, 144
Dilthey, 77
Dimethyl morphine See Thebane
Diomn, 87
Diphenyl hydantoin See Dilantin 73
Diphthena anesthesia 1n 227
Diplopta 124
Dinanyl ether 53
Dramamine 122
Drpps R D, 44, 45, 9% 144 16/ 191
Dromoran See Morphinan
Drug addiction anesthesta and 213
Drugs 9
anesthetic 12
classification of 10
depressant action of, 13
depth of anesthes:a and 27
intravenous fatahties due to 174
non volatile 13 63
pharmacologic action of 9
untoward reactions to 168
volatile 13 See also Volatile anesthesia
Dumke P R ¢2
Dundee J W 224
Dye F C 296

Lar operations on 248
Lekenhoff J E 144
Edrophomum 133 134
Fider J D Jr 167
Lmphysema, anesthesia in 197
Encephalograms 244
Endobronchial anesthesia 164 267
Endocnine system disturbances of anesthesia
mn 271
Endoscopy, 137
Lndotracheal
anesthesia 158 206 301 307 303
m children 240
description 158
methods of 1590
1n palate operations 250
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Lndotracheal—continued
uses 158
catheter 158 172 247 248 249
753 254 255 757 258 259
265 267, 69, 271, 273, 274
283 284, 289 200 296 297
n head surgerv 743
1 ntracranial surgery, 243
Cphedrine, 9, 99 104, 109, 122, 145
150

effect on blood pressure, 148
I mdural anesthesa, 11 100, 127
Tpilepsy anesthesia and 217
Cpinephrine 41 50 59 104 109
146 149 150 173 181 183 184
772 233 243 248 287 284 299
1n spinal anesthema 114
Eserine, 133, 134
Lsophagastrectomy 281
Fsophagoscopy 757
Esophagus
diverticulectomy of, 273
operations on 277
I'ssex A G 8%
Lssex H E 85 178 191
Ftamon 153
Tther 10 12 10 42 47 69 164 165
181 184 185, 186 187 188 189
194 195 196 197 200 201 204
209 710 211 214 713 216 217
221 772 274 227 128 279 233
745 746 240 248 250 251 252
785 756 257 258 260 261 26”
266 269 770 771 277 273 214
281 287 283 784 285 786 288
791 202 293 294 796 297 298
301 307 303 308 309 310 311
absorption and elimination 48
arculatory system and 50
convubions 51 54
depth of anesthesia, 27
disadvantages of 52
effects
on liver and kidney 51
on smooth muscle 51
ethylene and 38
mpunties 47
1 heart disease 9
nduction of 48
metabolic effects S0
muscle relaxants and 135
nitrous oude and 35
potency and safety 47
properties 47
rectal 307
respiration and 49
uses 51
Ltinl
alcohol 64 92
brormde 46

251
260,
218

110
187,

166
190
20>
218
238
753
264
78
289
209

Ethvl—continued
Chlonde—continued

252 description 58
264 local anesthetic effects, 60
281 metabolc effects 59

respiration and, 59
system effects 59
uses 59
149 ether See Lther
morphine See Dionin
phenyl hydantoin See Nirvanol
Lthylene 12 73 30 38 42 48 52 55,69 79
88 164, 173, 181, 184 186 187, 188 189
145 190 193 194 196 197 193 200 201, 203
200 703, 205 207, 209, 210 211, 214, 215,
216, 217 218 219 227 228 229 232 238
244 943 247 248 257 253 260 263
264 265 266 267 269, 270 271,242 274
278 249 283 290 294, 206 297, 293 799
300 301 303, 307, 308, 309 310 311 312
anovia in 37
depth of anesthesia and 27
flammability of, 37
properties 36
systemic effects of 37
uses of 37
177, TListen B E, 52
193 LCucame (B) 98
208, LCucupine 95 103
219 Euphonia narcotics and 89
744 Lyversole E H 130
754 Lwisceration 286
265, Ewpal 75 80 91 135
750 convulbstons and 85
290 Lwpan 75
300  Exanthema anesthesia and 278
Fxtremities operations on 297
Eye
depth of anesthesta and 25
surgery anesthesian 248

Face operations about, 746

Fatalties
anoxia cause of 169
apparatus cauwse of 172
conduct of anesthesia and 173
drug reactions and 173
hypoventilation and 172
ntravenous use of drugs and 174
local anesthesia and 176
muscle relaxants and 175
obstructions cause of 1:0
spinal anesthesia 175

Faulconer A 24

Feeney T M 296

Female genitalia perineal operations 294

Fenestration operation 239

Ferguson C C 240

Fleld bloch 11 101

Finesinger J E 78 144

chlonde 1 15 46 48 S8 181 187 184 196  Fischer 77

108 210 714 233 738 749

Flagz P J 287
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Llavedil See Gallamine
Howmeters, 24

11wid balance in aged, 231
Foldes ¥ T, 240

Folls R, 191

1 oot operations 299

1 orearm operations 298
Fribergo O 248

Gabbard J, 202
Gall bladder, 2/8
Gallamine 132,135
Ganglionic blockade 152
Garca J 1 191
Cascous anesthetice 10
Gastrectomy 250
Gastro-enterostomy 250
Castro tntestinal discases anesthesa in 703
Castrostomy 2%0
Gaudino M 52 212
General anesthesia See alo Ancsthesia general
manfants 237
1n respiratory infections 197
thyrordectomy and 259
Genito uninary tract operations 29°
Geratric patrent anesthesia for, 230
G, R 131
Gillespie N A 79 67, 167 199
Gilman A 14 16 36 38 44 67 65 66, 67,
71 72 83 0% 94 144 150
Glesne O G 130
Goitres 259
toxic 759
anesthesia for 260
Goldnng W 130 191 212
Goodman L 14,16 36 38 14 62 65 66 67
71 85 97 93 144 150
Gordon R A 258 312
Graubard, D, 130
Green B A 178 199
Greene B A 28/
Greenhill J P 312
Greifensten F L 167
Griggs T 04 240
Gniffith H R 137
Gnffth R H 137
Gross R E 240
Gruenwald C 275
Guedel AL 0 16 24 20 89 07 167 178
Gwld C H 275

Habituation to barbiturate 83
Haggard H W 52

Hale D E 287

Hall 0 W 2350

Hampton J L 157

Hand operations on 299
Haraldson S, 130

Harmel M H 773

Harms A J 275

Hamns L C 167
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Harns Z 258
Hathaway,I' L 45 207
Hathway H R, 44 52,191
Head
anesthexia in operations of 7
operations about, 243
Headache
following caudal block 129
«pinal anesthesta and 123
Heart
congenutal defects of, 181 2.0
diserce surgery and 181
opcrations on 269
Hedanol, 64
Hellman, L, 312
Hemorrhage, 215
Hendercon, V' 1 63 150
Hepattis chloroform and  $7
Hermia 291
femoral 291
wastonal, 291
strangulated 291
Heroin 86, 87
Hershensen B B 238, 312
Hershey S G 52
Hexabarbitone 73
Hexamethonium 152 153
Hexyleaine 101 114
High <pinal block 113
Hingson R 312
Hip operations 299
Hirschfelder, A D 110
Hoefich £ A 178 199
Hoffman G L 144
Holland W S, 218
Holocaine 98
Homeyer W 110 150
Howland W S 238
Huber pomnt 112
Hugll T T 206
Hunter A R 137 300
Hydrocephalus anesthesia and 216
Hyoscine 93
Hyoscyamine 93 94 99 133 230
Hyperbaric solution 115
Hypertension 290
anesthesia and 186
mahgnant 301
Hyprosts 63 66 306
narcotics and 86
Hypnoties 10
Hypobarc solution 115
Hypotension 205 233 231 264 737 784 200
294 205 797 309
anesthesia and 187
cyclopropane and 40
due to flud loss 119
intentional 151
management of 119
of neurogemic origin 119
subarachnoid block and 116
vasopressors 1n 147
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Hypotensive anesthesia 151, 288
complications, 154 155
duration 1355
hazards of 134
Ievel and chosce 154
posture m, 135
uses of 154

Hypothalamus 151

Hypotherma 156 167, 270
1o cnldren, 235
Jocal, 157

Hypoventilation 169, 172, 193 215 216 219,

Hysterectomy 294

Ideal anesthetic 15
Idiosyncrasy 106 107 108
Infectious
diseases, anesthesia and 276
hepatitis 226
Infiltration anesthesta 11 120 21, 718 219
226 233, 261, 262 278, 29> 298 300, 307
317
n cachexia 201
1 chronic glomerulonephnts, 208
diabetes and 200
Inhalation anesthetics, 11 13 1> 283 286, 296
1n infants 237
Inhalers 19
crele, 23 24
Cyprane 307
Duke 307
toand fro’ 22 24 160
tuachlorethylene 67
TInsufflatron techmque 237
Intercostal block 263 264 266 778 279 280
281 283 286
Intestines
anesthesia and 203
operations on 283
Intolerance to barbiturates 83
Intra abdominal suppuration 235
Intracamme 9 113
Intracramal
anturysms 216
aperations 243
pressure 215 216 217
1z anowa 34
Intractable pan 301
Intranasal test 103
Intratracheal anesthesia 7
Intravenous
anesthetics 11 174
procame 111
Intubation 13¢ 159 232
advantages and dangers 16>
anesthesta for 104
Tpral 74
Tsobane solutton, 11>
Isocane 97
Tsoquinoline 86

Jackson D 01

SELECTION OF ANESTHESIA

Jaundce 279
anesthesiz and 204
Johnson, G E 137
Johnstone M 191
Joints, diseases of anesthesia 1n 220
Judovich B E 130
Jugular vein, higations of 261

Kane H F, 67

Raplan M 5, 130

Kemuthal, 75, 78

Rennedy, A S, 60

hennedy F, 125

Rerr M 144

Rester, H A, 258

Kidney
anesthesia in duseases of 20,
barbiturates and 79
degererative lesions 211
ether and 51
neoplasms of 211
operations, 289
suppurative diseases 210
tuberculoss of 211

Rmg B D 167

Rletsche W P 224

hmght, R T 110

Knoefel P h. 60

Rraniz, 30

Kuntz A 304

hurfees J G 220

hurtz 52

Labat, G 130
Lamtnectonues 297
Lamont, A, 275
Laparotomy 28s
Larocame 96 97
Laryngeal spasm 158 291 204
Laryngectomy 255
Laryngoscopes 1n tratracheal anesthessa 159
Laryngoscopy suspension 25§
Larynx
effects of cyclopropane on 40
operations on 255
Latteral K E 24
Least N W 260
Leg operations 299
Legh M D 52 210 258
Lemmon 114
Leukera anesthesiam 190
Lidocawne 95 98 101 107
Lip operations on 249
Lithotomy 294 296
Little D M 157
Liver
abscesses of, 205
anesthesta and 203
barbiturates and ;9
detoufication of 82
chloroform affects 57
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Liver—contnued
effects of anoxin on 35
cther and, §1
fibrosss and degencration of 20>
function i aped 231
1 obectomy, 266
1 obeline, 139
Lobotomy 244
Local ancsthesra 10 11, 05 193 107 193 210,
217 244 245 246, 24 250 251, 253 254
255 256 258 200 261 262, 263, 261, 265
266, 268, 269, 2,0, 272 273 279, 280 283,
284, 2%6, 283 289 790 201, 292 293, 294,
296 29, 298 299 309 310 3N
1n abecesees of liver, 205
allergic reactions 107
allergies to 225
antagonism to stimulating action, 109
benzotc acid denvatives 96
in cardiac fulure 185
chemical propertics 05
chemustry of 95
climeal uses 111
comatose patients and 216
diffusibility, 101
duration of action 100, 103
factors influenang 103
drugs from aminobenzoic acd 97
esters of benzoc acd 98
fatahities due to 176
ntensity of, 102
wtolerance to 107
mntracranial surgery and 244
management of reactions 109
nerve fiber size and 101
non-ester type drugs 93
para amino benzoic acd denvatives, 96
pharmacology 99
mode of action 99
potency, 99
touaty, 100
Potentiation of action 103
prevention of reactions 109
sensitivaty ! tests 108
solubility of 99
systemic toxtaty 104
testing of 104
therapeutic concentration 102
toxicaity and detoxification, 108
types of blocks 100
vasoconstrictors 104
vasopressors 1, 150
Low spinal block 113
Lower abdomnal surgery 285
Luckhardt A B 206
Luckhart, 38
Ludwigs angina 261
Lumimnal 74
Lund P C 312
Lund R L 58

Lundy J 5 24 85 137 167, 224
Lung 266

1 ung~—continued
abscess drunage, 268
anesthesia
i mycotic dicerees of, 195
tn neoplisms of 196
1ymphomas anesthesa and, 190

\amll nasal tracheal tube, 163
Mahe! H P 258
Male teproductive organs, operations on 292
VMammectomy, 263
radical 263
\Mandible operations on, 250
VManee! 1 H 262 304
Mark I C 85
Martin S J 5§ 206
\astoidectomy 248
Maxilla resections 251
MeAllister b F, 82
McCuskey C1 130
McFarlane M S 137
Mek, W G 258
Mebaral 75
Mecostnin 132
Medinal 74
Medium <pinal block, 113
Medulla 138 139
Medullary depression 28
Meck W J 44 45 52 55 85 191
Meningeal infections 176
Meningismus 123
Menthol, 95
Mependine 11 63 86 90 143, 275, 738 306
pharmacologic properties of, 88
nitrous oude and 35
Mephanesin 99, 131
Metabolic
diseases anesthesia and 200
rate
maged 231 232
morphine and 89
premedication and 91
Metabolism anovia and 34
Methadon 11,86 90 143 238
pharmacologic properties of 88
Methyl
chlonde 46
dihydromorphinone See Metopon
morphinan 143 See also Dromoran
morphine See Codeine
parafinol 65
pentyn ol, 65
propy! ether, 46
Methylene dichlonide 46
Metopon 87
Metopryl See Methyl propyl ether
Metrazol 110 141 See also Tetrazole
Metubine 132
Metycamne, 98 See also Piperocaine
Middleton S L 191
Miles, H W 78 144
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N\azreotcs, 10 11 6+ 86 215 312
2ddiction to 214
analephics and, 143
cuphona and §6
10 obstetnes, 91 205
N\zs.1 endo.rackea] 1mtubation, 120
Nan, J, 202 22+
Nuusea, m pund anes besaa, 122
Neck

2b-ceszes, drain.ze of 261
aresthesa m operatioz. of ~
o<isof 260 261
operations oo, 2 9
an.ennr2spect, 2.9
postenor aspects, 262
r2Zeal & ~ections of 60
NeZ W,2°3
Neoroes, mtrozs onde anesthesa m, 5>
Nembuol, =5
N\eond, "+
N\eostimmine, 137 135 134
Nearvnephenne, 10. 109 122 14> 147
1~0 17 200
eZect on b ood pres.zve, 149
Nephrectomm 2 9
N\ephro-derons
2nesthens 2od, 209
<z, 210
N\ephrows, anestheca and, 203
Newve
block, 11 100 125 194 2.6 2» 2.
20 290 D2
obesty 2and, 201
£hers, s 2Ferts anesthes 101
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RARRFALS
40 %t 2%
2% 60 243
1% %8 2,0
70, 8y qy
0 0y *0f
00 0 W01 2
W e 10 M
annut and 12
crie phase 32
precrias phave 17
teminal tage 33
eontrandicatinns to 38
depth of anecthe 1 and 7
deseription 11

2% 2% %
285 2% %%
6t €1 b
FaRi
248
29
104

83
£01
10t
112

W
9,
w0

0 babor 30s

non a phyxial 3¢
poteacy 31

£y termc eficets 3
uses of 36

Nen volatile drugs 6%
adnuns travon 64
chenistsy of 64
duffer from 1 olaile 63

Norepinephrine 101 146 149

Noweworthy N T 100 247

o tal §

Novocasne See Procaise 06

“upercane 753

Obesity anesthesta and 700
intetnes
anesthesa sn 30§
chloroform sn 58

medscal complicatsons and amesthestz 1n 310

Ocun 145
Odom € B 130
Oenethyl 145 147 150
Open Cone techmique 20
en
nasal endatracheal anesthesta 160
oral endatraches) anesthesia 160
Operating room deaths 108
Operations
abdommal wall 291
anesthesia selection and 7
type of 243
autonomic nervous system 301
Blalock 271
blood vessels 303
duaphragm 274
esophagus 272
extra cranial 245
extra pentoneal 289
extremities 207
head 243
heart 269
wntestinal 233
ntra abdominal 276
ntra and extra thorace 263

161
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4%
2%
26:
2R
haty
13
0

Operation~—conbimued
mile seproducting argans 20
neck 239
pelae 288
Potte 2.1
<kin 0%
«tomach 2,9
ureteral 290
Opaum 86
Oral endatracheal intubation 153
Oan 1 R 110
Oropharyngeal arway 171
Ortal 78
Orth O 8 43 37 33 6 8BS 101
Qrthoform 94
herdosige 10
fatalities due to 168
Oxvgen P13 300
Rammability of 3.
in mirous oude anesthesa 37
tenvon 160 271 301

Pasn

barlnturates and ¢

narcotics and 86

rehef in obstetrics 306
Palues spnal anesthesia and 124
Pancreas 81

anestheua and 203

resections of 283
Pantopon 89
Papavenne 86
Papper £ M 52 85 217 218 124
Para amino benzore acd dermatines
Paraldehyde 12 69 66 97 109 143

307

descuiption 66

disadvantages 67

systemic effects 66

uses 66
Paraplegias <pinal anesthesia and 124
Parathyrod

glands anesthesa and 273

tumors 260
Paravertebral bloch 11

266 290

Parknsonsm 217
Parotsd glands 247
Paschal G W 208
Patent ductus artenomis 184 771
Paulvon J A 287
Pediatne anesthesia 233

apparatus for 734

equiprnent 236
Pebkan E W 137
Pebvic surgery 788

posttton 1n 283
Pendes J W 178 191 278
Pendiorrude 153
Pems operatians on 794
Pentamethylene 139

258

09

100 763 264

3

233

763
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FPentobarbital 10 "> "7 78 70 81, ©1 100
~0
Pertothal 7>
Pentvnol 64
Pencarditis, 2 0
Pencardium operationson .70
Pendural block 20
Penesophareal abcesses, 273
Pentoneum 289
Pentonsillar abscess, 254
Pemnoston s
Pertus.as, anesthesta and 22
Peteren M., 10
Phanodorn 75
Pharynx, operabions on, .31
Phelps, M L D4
Phenanthrene 86
Phepetadin, 0
Phenobarbital 11 ~3
i convuluons, 84
Phenol ¢ 100
Pheochromnocvtomas, 200
Phillips, G G, - >
Phremic nenves, 1.2
Physosticmine 152
Pick s disease. See Polveeramtr
Prckrell L. L, 85 134
Pucotoxm, 110 150 130, 141 14
Piperocamne, 96 101 10 11s
Pitwitarv diturbances, anesthesa i 2.3
Pitmtnn 146 147 10
Pleura
anesthesa 1n diseases of 108
operations on b
Ppeumoconio-es, anesthesan 10y
Pntumonectomy .66
Pneumomtis, 274
anesthewa mn 194
Poll HW, 63> 4>
Paolvethelyne slveol 64
Poly~erositis (Pich s disease) = O
Pon L.H,2.8
Pontorame 96 97
Position
1n mntentional hvpotension 1
n <pinal anesthesa, 1 0
Potassum local anesthetics and 60
Potts operation 271
Preanesthetic medication, Ss
Prematunty anesthesia and 311
Premedication, §3
i children 239 240
dosage, 91
drues used S9
Presacral peurectomy 502
Pressure gradient, m volatile anesthetics, 16
Price, H L, 45 101
Prrcol 153
Prvine, 146
Procame 41 56 55 9> 96 07 100 101 1C.
103 107 108 113 17> 1> 13% 10 12
292

9 =0 100 21>
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Procame—contorued
amde © <1 "5 39 272
intravenons, 111 .07
Pronesty] See Procame arnde

Propriene, © s>
glveo), 64
Prosttectomy 20,
Prosagmine 1 210
Pendosderons, 217
Pavchoses, anesthesa 223, 2 o
Pullen R, 222
Pulmonarv embolsm, anestheax and 1€

Qumd.pe SO 270
Quimine, 100 1 1

Rectal
znasthetics, 11
onerzanions, 205
Reaperatiormmared 20
Reinreration aneshesa, (03
Remon.) zneshesiy, 11 103 234 21
2.8, 2.0 _6p 6% 273 200 o1
cardipvascular doese and, Is1
disbetes and, 200
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