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PREFACE

THIS BOOK 15 a descendant of a smaller work privately printed in 1949
and arculated 1n the Department of Anesthesiology of the Hospital
of the Unnersity of Pennsylvania It was called “Orgamzation and
Procedures ”* A second and larger edition appeared in 1953 The third
Ineal descendant s now being made available to others

Much of the teaching of anesthesia 1s by word of mouth Beginners
seek to learn countless details that cannot be found 1n general texts
‘This 15 the Jore of anesthesia that must be passed on from ndividual to
individual A good bit of the material gathered 1 this volume mught be
classified as being 1n thus rather shadowy area, includmg such topics as
the philosophy of records, surgeon-anestheust relavions, the value of
death reports, hazards of the immediate postoperative period, the treat-
ment of immediate postoperative pain and excitement, and the de-
termunation of the depth of general anesthesia

‘The subjects and the manner of their presentation represent the
thinking and ultimate distillation imnto teaching practice of the senior
staff at Pennsylvania augmented and refined by all who came withuin
teaching range One who contributed much to the early edrions and
whose mfluence may be discerned in the present volume 1s Austin
Lamont We mention him with respect and give thanks to others who
will find buts of their practice and philosophy 1n print

Chapters dealing with fundamental aspects of certain techmiques
and with basic considerations of the drugs used 1n anesthesia have been
included mn the hope that such matenal can contribute to the safer
practice of anesthesta These are guides, they contain what we believe
to be established precepts, but they are not provided in detail nor can
they be regarded as complete

We have {ly omutted d of most of the specialized
aspects of anesthesia such as hypothermia, deliberate hypotension,
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hy pnoss, the techmcal considerations of regional anesthesia and prob-
lems of the treatment of pan These comprise advanced study i the
field We believe that the student for whom this book 1s intended should
not be confronted by them until later 1n his tramnng

We trust that this book wiil be instructive for all students of anes~
thesta and those 1n other ficlds who would Jearn a Iitle something of
this specialty We hope that 1t may be 2 useful introductory volume of
nterest before one proceeds to wider reading Although we have listed
only a few refcrences as gudes for further study, 1t has not been our
ntention to shght individuals who have made important contributions
Doubtless omussions and reasons for disagreement will be found

Dr Henny L Price, Dr Ronald Woolmer and others of our assoct-
ates have contributed valuable suggestions Miss Sally Van de Water
has performed yecoman service as our secretanal assistant We ac-
knowledge these various contributions with grattude

Rosirr D Drires, M D

James £ Ecxenniorr, MD

Leroy D Vanoass, M D
Seprember, 1957
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The Preanesthetic Period



CHAPTER 1

Preanesthetic Rounds

EvERY person who 1s 10 be given an anesthetic should be seen by his
anesthetst the day before operation When this 1s not posstble a mem-
ber of the anesthetic staff should act as a substitute and transmut hus
findings to the person who will give the anestheuc Preparauon for
anesthesia begins at the ume of this preanesthetic visit There 1s no
substitute for tallung to a patient, listening to his problems, observing
his charactenistics and acquamnting him with the procedure planned
Indeed, 1f these goals are accomplished the amount of preanesthetic
medication needed to allay apprehension may be reduced The visit 1s
a subtle educational process for both anesthetist and patient The
pauent learns what an anesthetist has to offer him, and if false concepts
about anesthesia exist they can be altered Preanesthetic rounds have
much to offer in the teaching of beginners

PROCEDURES IN PREANESTHETIC ROUNDS

The following suggestions are to be considered 1 making rounds
One should review the patient’s past and present hospital records,
focusing attention particularly on prior anesthetic experiences, physical
abnormalities, personal habits, and on the physiologic alterations pro-
duced by disease A summary of the important preoperative findings,
including laboratory examunations, should be written on the anesthetic
chart. Ability to tolerate the adverse effects of anesthetics and operation
depends largely upon the functionung of the respiration and circulauon,
and the action of hver, hidneys and endocrine glands An anesthetsst
should be prepared to evaluate a patient’s condition along these lines
He should also discern what the proposed operation may mean from
the standpomt of position on the operating table, ime mvolved and
physiologic change expected An operative permut should be signed,
pamcularly for munors
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PREANESTHETIC ROUNDS 3

When important data arc lacking or further examinations arc indi-
cated, the patient’s surgeon should be consulted Rarely should there
be disagreement oscr the safe preparation of a patient for operation
In an emergency standard practice may have to be abandoned A pa-
tent may need anesthesia and operation even though a recent meal or
an exceptionally low hemoglobin Jevel should dictate delay Although
anesthes1a 1s crucial, 1t 1s only a small part of the total surgical expers-
ence Surgeon and anesthetst should devote their attention to the
broad aspects of recovery from the entire experience

When the anesthetist has accomplished these prelimsmaries he should
have a plan of action 1n mind and 1s then ready to visit the patient
The interview with the patient must be an unhurred, tactful one with
care taken to avoid 1rritation on both sides Let the pauent converse
within limits, but stick to the pont If the patient 1s eating or receiving
special treatments 1t may be better to visit at another time

The following method of procedure 1s suggested for conducting the
interview Introduce yourself by name, explaining who you are and
that you will provide anesthesta for the operation The patient may not
have been told by the surgeon of the final decision to operate If so, the
anesthetic procedure can be described as 1t may take place at any future
ume Leamn about previous anestheuc experiences, unusual reactions
to drugs, and the type and extent of physical activity the person can
tolerate Inquure of habuts, particularly prior ingestion of drugs such as
barbiturates, cortisone, wmnsulin, reserpine, digitalis, chlorpromazine,
and any substances which may affect the conduct and course of anes-
thesia During the interview try to assess the individual’s emotional
state of mind

Search for physical characterstics which will make the admimstration
of anesthesia techmeally difficult “The plethoric short-necked mdividual
may develop respiratory tract obstruction readily, the husky athletic
man usually needs a great deal of anesthetic, whereas the asthentc old
woman will require Iittle Inquire about the condition of the teeth and
remind the patient to remove dentures before coming to the operating
theatre

Once these preliminaries are over, inform the patient of the plans for
anesthesia Reactions to these suggestions will vary Some will accede
readily, others fear the face mask or the venipuncture and seek oblivion
l;c:’r tllle whole procedure Some worry about postoperative nausea,

he::i; :X;)E :;licg:x:nexany lfe;u- spinal anesthesia, having heard‘that
paralysis may ensue l
In making the final decision never be unyselding Choose the best



4 THE PreanestHETIC PERIOD

anesthetic for the pauent in conformuty with the capabilities and pref-
erences of anesthetsst and surgeon Most patients wilf aceept the physi-
can’s word when confidence 1s mspired In selectng spinal anesthesia
be certamn there are no neurologic contramndications It 15 within reason
to mspect and palpate the spine or caudal area, and to test the effect
of the operative posttion on the airculation and yespiration

One should see to 1t that the pauent secures a good mght’s sleep
He should be told how the preoperatne medication will be given, not
to eat or drinth beforchand, when he wall be taken to the operating area,
the immediate postoperative events, and the plan of obsenvation mn a
recovery room Remind patent and relatives of the delay mn returning
to the ward because of the recovery room stay Avoid discussing what
1s 1n the surgeon’s domam The patient s relatn es may be troublesome
1n their efforts to help plan for their hin’s welfare They can be gently
sidetracked

When the anesthetist leaves the patient he should complete the pre-
operatne section of the anesthetic record, asmign 8 physical status
classification, write the appropriate preanesthetic orders, and add to the
patient’s chart a note summarnzing the results of the preanesthenc
visit

NOTES ON THI HOSPITAL RECORD

An anesthetist 1s frequently ashed by an nternist or surgeon to
evaluate a pauent His apprawsal should not be transmitted verbally,
but should be added 1o the pauent’s permanent hospital record, esther
s part of the progress notes or on a formal consultation sheet A con-
sultation of real value can be wrtten of the foregong suggestions for
the preanesthetic visit are followed Tt mught take the following form
a brief resume of the patient’s condition and physical status, a state-
ment of the difficulties likely to be encountered during anesthesia and
operation, suggestion for preanesthetic medscation, choice of anesthetic
agent and techmque, with reasons for each and finally, a request for
further examinations or supportives which mught be required durng
operation



CHAPTER 2

Physical Status or “Risk”

ONE USED to refer to the surgical patent as a good or poor “risk,” a
term molving an estimate of prognosss from the standpoint of either
mortality or morbidity A constderation of the factors which influence
the outcome 1n an mdnvidual case suggests that the term as ordinanly
used by surgeon or anesthetist 15 unsound and should be abandoned
To evaluate a “risk’ completely would necessitate foreknowledge of
such variables as the rehabihity of suture material to be used, adequacy
of sterilization of instruments, availability of drugs, the responsibility
of those 1n charge of postoperative nursing care, and a host of other
aspects which cannot be assessed for each patient A patient anes-
thetized by a medical student and operated upon by a jumor surgeon
has less chance than would the same pauent in the hands of an experi-
enced anesthetist and surgeon Under these circumstances the pauent’s
condition has not changed, but the likelthood of survival has been
materially increased The pattents prognosis 1s also more favorable
1f the personnel responsible for his care are not tense or exhausted
Agan, his condition remains the same but the risk 1s diminished In
addition to the patient’s preoperative physical condition, therefore, the
success or fatllure of an anesthetic or operation depends upon many un-
related factors

Not only 1s the term “nisk’ basically incorrect, 1t 1s frequently mus-
used Too often a pauent 1s characterized as a “poor nsk” only after
a catastrophe has occurred This 1s a conscious or unconscious effort
to cover up errors in diagnosis, management, judgment or technique
Ongmal apprassals and decisions were at fault, or sufficiently skilled
personnel were not available, yet the outcome 15 explained on the basis

of the patient’s being a * poor nisk  Improvement 1n patient care does
not lie 1n ths direction

5
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CLASSIFICATION OI' PHYSICAL STATUS
The term “physical status® 1s obviously more accurate and pre-
ferable, and can be assigned a numenical rating The classification of
the American Society of Anesthestologists 15 as follows
Glass I A pattent who has no orgamc disease or 1 whom the dis-
ease 55 Jocahzed and causes no systemic disturbance
Class 2 A patient exhibiung shght to moderate sy stemic disturbance
which may or may not be assoctated with the surgical complaint and
which 1nterferes only moderately with the patient’s normal actisties
and general physiwologic equilibrium
Glass 3 A pauent exhibiting severe systemic disturbance which may
or may not be assaciated with the surgical complamt and which seri-
ously mterferes with the patient’s normal acts sties
Class 4 A patient exhibiung extreme systemic disturbance which
may or may not be associated with the surgical complaint, which inter-
feres seriously with the patient’s normal activities, and which has at-
ready become a threat to life
Class 5 A patient who 1s operated upon tn an emergency who would
otherwise be 1n Class 1 or 2
Class 6 A patient who 1s operated upon 1n an emergency who would
otherwise be mn Class 3 or 4
Class 7 The rare person who 1s mortbund before operation, whose
preoperative condition 1s such that he ys expected to die within 24
hours even though not subjected to the addittonal stramn of operation
At the University of Pennsylvania we see no reason to reduce four
categorses of physical status to two, merely because the patient has
appeared as an emergency We therefore use five classes, 1 e, Classes
1-4 and Class 7 above, and add the letter E wn emergency situatians
Thus a patient ordinarily tn Class 2 would become 2-E 1n an emergency
Assignment of a numerscal rating to the pattent, although admuttedly
often difficult, pays dividends It forces an over-all apprassal of the
patent’s physical condition, and focuses attention on such factors as
the skill of the anesthetist or the likelthood of problems ansing during
anesthesia A higher classificatton may alert an anesthetst to monitor a
patient’s progress with an electrocardiograph or 1o provide other safe-
guards In reviewing clint¢al records the relationship of the anesthetic
course to the physical status of the pattent 1s always of mterest It
permuts easter comparison of one anesthetsst’s cases with those of an-
other The allegation that cardiac arrest occurs just as frequently in
healthy surgical patents as mn 1l ndwviduals can be proved only in this
manner The safety of a particular drug or technique 1s more readily
determuned with the ard of such ratungs They form an integral part of
proper anesthetic management



CHAPTER 3

The Choice of Anesthesia

AN ANESTHETIST shilled 1n a vanery of anesthetic techmques can so
apply these that a parucular problem may usually be solved i one of
several ways Thus, gastric resections have been and can be sats-
factonly performed with any of the following continuous spinal anes-
thesia, single dose spinal anesthesia supplemented with thiopental and
mtrous oxide, ¢yclopropane, closed system ether, open drop ether;
anesthesia with or without endotracheal tubes, field bloch with or
without splanchruc block In short, st 1s difficult to state categorically
that there 1s an indicauon for a particular type of anesthetic for most
operations or most comphcating d Skallfully ged, any one
of a number of agents and techniques can usually be applied, the final
selection often being a matter of indiidual preference
The once popular examnation quesuon 1s unjust which presented
a pauent facing an operation and which required the student to select
from a prescribed list the one and only anesthetic procedure that fitted
the condition outhned We are now more concemned with why a par-
ucular method 1s selected The choice of method should be defined and
fortified by reasons for so doing If the latter be valid, who are we to
argue the cause of spmal aganst general anesthesia or of intravenous
versus rectally admimstered anesthesia®
This point of view concerns 1tself with the realizavon that the shall
of the anesthetist, us knowledge of the surgeon’s methods, the ac-
cepted procedures 1n the communtty, the speaific request and former
anesthetc expenences of the patient, must all be considered 1n the
final chorce
This does not mean that certain indications and contramndications
have not been accepted by most anesthetists Among the latter might
be kisted the admimistration of spinal anesthesia to patients with pre-
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8 THE PREANESTHETIC PERIOD

existing neurologic disease, or of ¢yclopropane, thiopental or d-tubo-
curarine to patients with allergenic bronchial asthma because of the
tendency toward bronchiolar constriction

It 1s to be expected that as knowledge of drugs used 1n anesthesia
increases, and as one learns more about the pathologic physiology of
disease, 1t will be possible to select the preferred anesthetic manage-
ment more ntelligently The need for greater understanding of the
effects of anesthetics on man has stumulated the research efforts of
many workers When the results of these programs are correlated with
data obtamed from the study of disease, a real advance 1n anesthesta
will have taken place

We do not behieve that an internsst called as a consultant to evaluate
the physical status of a patient scheduled for operation can logically
suggest the type or method of anesthesia to be used Few mnternists
have accompanied their patsents to the operating room, have watched
the problems of mnduction or mamtenance of anesthesia, realize the
difficulties posed by the bodily habstus of the patent, or appreciate the
requirements of mndividual susgeons Until they have pracucal, first-
hand expertence with the conduct of anesthes1a 1t 1s unwise for them to
msist upon a particular course, especially when dealing with anes-
thetsts of modest background and experience

Our concept of the teamwork between internist and anesthetist can
be sllustrated by what we expect of a cardiologist when asked to see a
patient with heart disease This consultant can best provide the path-
ologic diagnosis and assess the degree of functional impairment He
can decide whether the patient 1s 1n the best possible condition or
whether further bed rest, use of duretics, digitalss, and the Like, will
improve the chances for a successful convalescence He can pomnt out
complications which may arise and how to treat them, during and 1m-
mediately after operation In short, each specialist 1s expected to con-
tribute to the patient’s well-being with his special fund of knowledge



CHAPTLER 4

Gudes to

Preanesthetic Medication

DurING preanesthetic rounds the anesthetist has observed the mental
and physical status of hs patient and, after due consideration for the
patient, the surgeon’s requirements, and his own preferences, decides
upon the conduct of anesthesia Preanesthetic medication can be or-
dered rationally only after these observations and decistons have been
made The selection of preanesthetic drugs must be the prerogauve
of the anesthetist, since the admumstration of the anesthetic actually
begins when the preparatory drugs are given in the patient’s room
The proper choice of medication can pave the way to a smooth anes-
thetic and postoperative course An improper choice can be the cause
of an unsatisfactory anesthetic expertence for all concerned

The type and quantity of preanesthetic drugs ordered depend upon
the anesthetist’s goal We believe that the patient should be an awake,
alert individual It 1s safer this way Yet we make an effort to reduce
apprehension  Confidence 1n the anesthetist helps to achieve the de-
swred state If confidence has been mspired during the preanestheuc
visit, apprehension will usually be mmmal, and the need for pre-
anesthetic sedatives reduced If, however, the operation poses an actual
or imagned threat to the patient s well-being, confidence alone cannot
be expected to allay apprehension Sedatives then must be used If
pan 1s a pr feature, 1 are indicated

Occastonally a patient 1s encountered who asks to be made un-
conscious before he leaves his room The anesthetist must remember
that if drugs are used to produce unconsciousness, an addstional hazard
1s added, not only from toxic effects of the drug but from the side

9




10 THE PREANESTHETIC PERIOD

effects of unconsciousness, such as respiratory obstructton A word to
the pauent that the anesthenst is reluctant to use a pracuce that he
beheves 1s unsafe will often settle the 1ssue

Customanly preanesthetic drugs are used to allay apprehension,
to dimimush the amount of anesthetic required, to mimrize autonomuc
reflex acuvity, and to reduce secrettons within the respiratory tract
As will be pomnted out mn the succeeding paragraphs, the drugs used
for these purposes have actions other than those desired With some,
the undesirable side effects are so common that the anesthetst must
continually assess the price demanded by therr use In addition, he
must be aware of the effect of age on drug action A practice that may
be reasonable 1n the young adult may be hazardous in the elderly
person Finally, he must realize that muscular and actne pauents re-
quure larger doses than the frail, obese or mnactine

THE PREANESTHETIC DRUGS

Drugs used for preanestheuc medication can be classified as seda-
unves, narcotics and belladonna denvatives

Sedatives

Barbituric acid dernatnves such as pentobarbital (Nembutal) or
secobarbital (Seconal) are used immediately prior to anesthesta When
a drug with a longer acuon ts desired, Amytal or phenobarbrtal may
be ordered It1s well to mquire of the patient has been taking sedatives
If he 1s accustomed to them, the drug usually taken should be pre-
scnibed, remembenng that there may be tolerance

Barbiturates have an advantage osver the narcotics in that the prn-
cipal action 1s one of cerebral corucal depresston Data are available to
ndicate that for sedation, barbiturates are supertor to narcotsics We
prefer barbiturates to narcoucs for preanesthetic sedaton because 1
the usual doses they rarely depress the respiratton or circulation
(Fig 1) Allergenic responses such as urticarsa and wheezing respiration
are not as common as with the narcoucs while nausea and vonuting
seldom follow therr admimstranon When barbsturates are gnen to
elderly pauents, transient psychoses, agitauon and excitement are
common. Chloral hydrate :n 05to 10 gm doses by mouth, and non-
barbirurate sedatses such as ethinamate (Valmud) in the same doses
are preferable mn the aged

prcmobarbltal or secobarbital 1s grven by mouth in 1060 mg doses,
maxumal sedation 15 reached 1 one to one and a half hours and will
have dimmushed considerably 1 three to four hours The action of
Amytal 15 longer When the short-acung drugs are mjected mntra-
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muscularly, an cffect 18 noted more rapdly (30 ynutes) and disappears
carlier (two to three hours) This 15 the route we customanly usc With
rapid mntrarenous injection transient hy potensson and respiratory de-
pression often follow  The dosage of barbiturates for snfants and chil-
dren 1s grven in Chapter 28
The several barbiturates are metabohized and excreted diferently

The shorter acung denvatives are conjugated principally 1 the hver
In the presence of severe hepatic disease, narcosis from these barbiru-
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effects of unconsciousness, such as respiratory obstruction A word to
the patient that the anesthetist 1s reluctant to use a practice that he
believes 1s unsafe will often settle the 1ssue

Customarily preanesthetic drugs are used to allay apprehension,
to diminish the amount of anesthetic required, to mimimize autonomic
reflex activity, and to reduce secretions within the respiratory tract
As will be pomnted out 1n the succeeding paragraphs, the drugs used
for these purposes have actions other than those desired With some,
the undesirable side effects are so common that the anesthetist must
continually assess the price demanded by their use In addition, he
must be aware of the effect of age on drug action A practice that may
be reasonable in the young adult may be hazardous in the elderly
person Finally, he must realize that muscular and active pauents re-
quure larger doses than the frail, obese or inactive

THE PREANESTHETIC DRUGS

Drugs used for preanesthetic medication can be classified as seda-
tives, narcotics and belladonna derivatives

Sedatives

Barbrturic acid derivatives such as pentobarbital (Nembutal) or
secobarbital (Seconal) are used immediately prior to anesthesia When
a drug with a longer action 1s desired, Amytal or phenobarbital may
be ordered It 1s well to inquure if the patient has been taking sedatives
If he 1s accustomed to them, the drug usually taken should be pre-
scribed, remembering that there may be tolerance

Barbiturates have an advantage over the narcotics 1n that the prin-
cipal action 1s one of cerebral cortical depression Data are avarlable to
indicate that for sedation, barbiturates are superior to narcotics We
prefer barbiturates to narcotics for preanestheuc sedation because 1n
the usual doses they rarely depress the respiration or circulation
(Fig 1) Allergenic responses such as urticaria and wheezing respiration
are not as common as with the narcotics, while nausea and vormting
seldom follow thetr admunstraion When barbiturates are given to
elderly patients, transtent psychoses, agitation and excitement are
common Chloral hydrate n 05 to 10 gm doses by mouth, and non-
barbiturate sedatves such as ethmamate (Valmud) mn the same doses
are prefcrablc 1n the aged

If pmtobarbnal or secobarbital 1s given by mouth m 100 mg doses,
maximal sedation 15 reached 1 one to one and 2 half hours and wilt
have diminushed considerably 1n three to four hours The action of
Amytal 1s longer When the short-acting drugs are injected intra-
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mduction Under these conditions njection should be made slowly and
1t may be safer o reduce the dosage Acute respiratory depression,
hypotension and somiting may foliow
The dose of morphine varies from 5 mg 1 older people to 15 mg

1n the healthy muscular male The average dosc 1s 10 mg The corre-
sponding doses of mepenidine are 25 mg to 100 mg, and of alpha-
prodmne 20 to 40 mg When a narcotic 1s combined with a barbrturate,
the dose of the narcotic should be reduced Patients over the age of
65 years, and those 1n poor physical condition or with circulatory
mstabihity, should not be given preanesthetic narcotics because of the
higher incidence of severe side effects A schedule for the preanesthetic
use of narcotics 1n children 1s provided in Chapter 28
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rates may be cxaggerated and prolonged Phenobarbital 15 excreted
mostly by the kidney, making this the barbiturate of choice 1n patients
with Inner disease The function of the kidney must be ascertained be-
fore phenobarbital 1s ordered

If barbiturates rather than narcotics are given preoperatively the
anesthetist may anticipate that the patient will anaken somewhat more
quickly from general anesthesta, that he may percen e pan sooner, and
that he may demonstrate restlessness more often as he regains con-
sciousness The treatment of these problems 1s discussed in Chapter 25
We belhieve the advantages of the barbiturates to outweigh the dis-
advantages

Narcotics

This group comprises the alkalowds of opium and the synthetic
opate-he agents Morphine ss the opiate commonly used for pre-
anesthetic medication, and in the latter category mepenidine (Demerol)
and alphaprodine (Nisenul) are often used Narcoucs are effective
analgesics, yet pain 1s not a common complaint prior to operation It
has been customary to prescribe narcotics for sedation, to allay appre-
h and to d h the of general anesthetic required
Data obtained 1n our climc indicate that barbiturates produce better
sedation and reduce apprchension more effectsvely

Narcotics have many undesirable side actions Resprratory depresston
1s reflected 1n a decrease 1n respiratory rate, in munute volume and 1n
the respiratory response to the sumulus of carbon dioxide (Fig 1)
The degree of depression 15 not detectable when respiratory rate alone
15 counted A reduction in reflex control of the circulation 1s evidenced
by an increased meidence of fanting following a 60 degree head up
ult posson (Fig 2) Vertigo, nausea and vormting commonly appear
with the assumpuion of the upright position Peristalsis and intestinat
tone are decreased and constipation results, sphincteric tone 15 mn-
creased and smooth muscle 15 constricted n other areas (ureter, bron-
chiole and common bile duct), and release of histamine 1s not unusual
(bronchoconstriction, pruritus, and possibly hypotension) The syn-
thetic analgesics share these side effects It 15 because of these unde-
sirable reactions that we turn to other drugs as often as possible

1 or intrar lar njections are preferred for pre-
anesthetic medication In the former, the optimum effect 15 reached 1n
45 1o 70 minutes although respiratory depression may persist for several
hours Intramuscular mjections provide a quicker onset and shorter
duration Medication may also be given intravenously shortly before
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Fig 3 Continuous 1ntra artenal recording of blood pressure showing severe
postural hypotension after 50 degree head up ult ‘The subject had received 50 mg
chlorpromazine intramuscularly 70 munutes prior to the tilt

effect aganst shock of certain etiology  Evidence 1n support of these
arguments 15 not convincing These drugs predispose to postural
hypotension (Fig 3) When they are given with a barbiturate or with
a belladonna drug, marhed restlessness may appears One of the
mamfestations of this 1s an irregular respiratory pattern (Fig 4)
Although promethazine appears to be safer than chlorpromazine, it 1s
doubtful if the advantages of either drug outweigh the potential haz-
ards We do not advocate therr routine use

APPRAISAL

There 15 no rule in the practice of anesthesia which states that every
pauent should recewve the same preanesthetic medication or indeed
receive any at all The anesthenst must have a reason for the choice
of each drug and preanesthetic medication must be fitted to the anes-

Control 2 hrs after Promethazine
50 mg IM
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The subject recenned 50 mg promethazine mmmusculaxl
y two hours before !h
tracing was taken (Eckenhoff Helneh and Rolph Anesthesiology, vol 18, ]957)c




14 Tite PREANESTHETIC PERIOD

The question should be ratsed as to evidence of sensiivity to these
drugs Many patients claim that a particular substance should not be
given because of alleged sensitivity Turther questioning may reveal
the symptoms to have been nausea, vomsting or vertigo Unless pro-
tracted, these are side reactions and do not represent true sensitivity
However, excitement, urticaria or production of wheezing respiration
suggests that narcotics be omitted If this 1s not feastble, a narcotic of
totally different chemical configuration should be given

Belladonna Drugs

These agents are given to reduce secretions within the respiratory
tract and to mimmize certan parasympathetic circulatory reflexes
We believe their action to be enhanced by the concomitant use of nar-
cotics There 1s no need for these drugs in patients who are to have Iocal
anesthes1a unless supplementation 1s planned The belladonna agents
traditionally used for this purpose are atropmne and scopolamine,
although 1n recent years synthetic drugs such as methantheline (Ban-
thine) and Antrenyl have achieved some recognition

Scopolamine 1s a superior drying agent, but its use may be followed
by cerebral depression and occasionally by agitation Atropine 1s the
chotce for the cardiac and bronchual effects Excessive dosage of either
drug may lead to tachycardia Caution must be exercised in patients
with cardiac disease 1 whom an abrupt rise 1 pulse rate might pre-
dispose to pulmonary edema Elderly patients are more hikely to be
excited by scopolamine

Atropine and scopolamine are used in 1dentical dosage The usual
dose for adults 15 04 mg hypodermically (varying from 02 mg to
0 6 mg ) at the ume the preanesthetic narcotic or sedative 1s admints-
tered The magnitude of the dose 15 dependent upon age, muscularity
and activity Negroes should be given a shightly higher dose because
of the greater tendency to form secretions withmn the respiratory tract
In hot, humd weather the dose should be reduced because of the
mhibitory effect on sweating and the tendency for body temperature
to rise

Other Types of Drugs

In recent years, chlorpromazine (Thorazine) and promethazine
(Phenergan) have ganed some populanity for preanesthetic medication
Their use 1s predicated on several actions they are sedatives per se,
they potentiate the effect of general anesthencs, they mmimize autono-
muc refiexes, they act as antthistamnucs and are said to have a protective
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thetic management If a proper relanonstup with the pattent 15 es-
wbhished, the need for preancsthetic medication may be matenally
reduced Preoperatne d ns and the establish of confidence
are better and safer than rehance on drugs to aflay apprehension We
prefer barbrturates to opsates primarsly because of a lessened wnaidence
of side reactions
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Ask the patient when last he has caten or drunh, whether false teeth
have been remov ed and 1f he has had preanestheuic medication Consult
the nurses’ record for amounts and ume of administration of medica-
tons These figures and the effect of medication should be recorded
on the anesthetic chart The degree of sedation, the arculatory and
respiratory effects and any side cffects should be noted

Apply a stethoscope and blood pressure cuff to the arm rememberning
that both must stay in place throughout anesthesia and operation
Record minal blood pressure, pulse and respiratory rate If there are
marked changes from the expected values, an explanation for the
changes must be sought When i doubt consult the supervising
anestheust or the patient’s surgeon

An imntravenous infusion should be started before anesthesia if 1t 1s
needed for induction, for greater safety, or because of the pauent’s
poor physical status Otherwise a veipuncture 1s less painful for the
pauent after consciousness has been lost and the early vasoconstriction
replaced by vasodilatton Present-day anesthetic practice sometimes
requrres several infusions one for giving anesthetics, a second for fluid
2nd blood replacement and rarely a third for special drugs For some
operations, particularly vascular procedures and radical cancer sur-
gery, an important part of the anesthetic management lies n the antict-
pation, measurement and replacement of excessive blood losses Large
needles should be chosen for blood replacement The need for venous
cannulas or catheters should be anticipated 1n those with poor veins,

Fig 5 Flexion of the ope
may be used for the cardia
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CHAPTER 5

Essential Immediate

Preoperative Measures

A sarE anesthetic can be gnen only if thoughtful preparations are
made The anesthetist s mental preparation begins at the time of the
preoperatnve visit when he envisions the difficulties he may encounter
and orders the preanesthetic medicanon

In man) sstances prepanng to gne an anesthetic takes more ume
than 1ts actual admuustrauon  For this reason we believe that the pa-
uent should be sent to the operaung room about an hour before the
scheduled ume of operation Hawng gathered equipment and anes-
thetic agents the anesthenst should attend 1o the following suggestions
which apphy 1o any anesthetc, whether local or general, and parucularly
for an emergency procedure

Identsfy the patient and assist i his transfer to the operating table
Care 1 movement 1s most important for the very dl, the pattent 1
pan, and for those whose airculation 1s precanous Intravenous -
fusions, dramage catheters and traction apparatus must be guarded
The pauent should be corered with a sheer or cotton blanket for
warmth and for modesty s sake A Iifting sheet should be beneath the
back and a broad sestramung strap abose the hnees Shight flexion of
the operating table will often ncrease the patient’s comfort before and
dunng apesthes:a (F1g 5) If complete explosion precautions are
pracuced the patient should be grounded to the table Pattents should
wear operating room Czps 10 protect 1he hatr, to promote stenle con-
ditions and 10 keep the hair anay from the face and neck Once on an
operating table a panent should not be left alone unless 1t 1s certan
that he cannot fall or anse from the table

18
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Ash the patient when last he has caten or drunk, whether false teeth
have been remon ed and 1f he has had preanesthetic medication Consult
the nurses” record for amounts and time of adrunsstration of medica-
uons These figures and the effect of medication should be recorded
on the anesthetic chart The degree of sedation, the airculatory and
respiratory effects and any side effects should be noted

Apply a stethoscope and blood pressure cuff to the arm rememberning
that both must stay in place throughout anesthesta and operation
Record smitial blood pressure, pulse and respiratory rate If there are
marked changes from the expected values, an cxplanation for the
changes must be sought When in doubt consult the supervsing
anesthetist or the patient’s surgeon

An intravenous mnfusion should be started before anesthesia af 1t 1s
needed for induction, for greater safety, or because of the patent’s
poor physical status Otherwise a vemipuncture s less panful for the
panent after consciousness has been lost and the carly vasoconstriction
replaced by vasodilauon Present-day anesthetic practice sometimes
requires several infusions one for giving anesthetics, a second for flmd
2nd blood replacement and rarely a third for special drugs For some
operations, particularly vascular procedures and radical cancer sur-
8¢ry, an important part of the anesthetic management hes n the anticr-
pation, measurement and replacement of excessive blood losses Large
needles should be chosen for blood replacement The need for venous
cannulas or catheters should be anticipated 1n those with poor veins,
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or with exceedingly poor physical status and for some pediattic opera-
ons

The anesthetic machine must be shown to funcuon sausfactorily
before the start of anesthesia Gas cylinders must contamn gas, flow
meters must funcuon properly, soda lime must be fresh and resistance
to breathing mmmmal The only way to ascertain these 1s to test each
separately and for the anesthetsst himself to breathe through the system
One should test for leaks by compressing the reservotr bag with all
outlets closed

Lastly, an appropriate face mash must be chosen for the patent
A sausfactonily fitung mask 1s one of the most important technicat
matters 1 ihalational anesthesia A poor fic delays the induction of
anesthesta and defeats positive pressure breathung when 1t 1s needed for
resuscitation In applying a mash avord excessive pressure to the face
and compression of the eyes  The best fit 13 attained by selection of a
good mask and testing 1t on the pattent’s face prior to induction of
anesthesia

Artificial airways, endotracheal tubes, lary ngoscope, suction catheter,
bite block and gauze with lubricant should be arranged neatly on the
anesthetist’s work table within easy reach if necessary Each prece of
apparatus should have been demonstrated to be clean and working
properly A source of suction should be on hand and functioning before
anesthesia 1s started

A second person standing by can be of tremendaus help duting the
mduction of anesthesia He can assist with restramnts if there 1s excite~
ment and 21d 1n posioning the patient when special positions are re-
quired Thus person can palpate the pulse at crucial tmes, prepare 1n-
jections, start mtravenous nfusions and seek further help i1f 1t 1s
needed

The value of the foregoing routine for the operating room preparation
of the patient will be appreciated only after the begmnming anesthetist
has encountered difficulties during induction The extra time and
preparation lead to greater peace of mmnd and consequently more
potse 1n giving an anesthetic If the anesthetist 15 tardy, he takes un~
necessary chances and does his poorest work under the scrutiny of an
smpatient audience Calmness, unhurried actvity, neatness, cleanhness
and punctuality will establish a reputation for a safe techmque



CHAVTIR 6

Elements of an

Anesthetic Machine

Eviry anestheust should be conversant with the mechamsm and
physical principles of an anesthetic machime There are various makes
of machines, but all have the same basic elements and design These

can be seen 1n the accompanying diagram (Tig 6) The essential parts
of 2n anesthetic machine therefore are

I A source of anesthetic gases or vapors

2 Flow meters to measure gas flow

3 A reservorr bag for rebreathing

4 Vaporization bottles for volatsle iquid anesthetics
5 Canisters containing carbon dioxide absorbents

6 Conducting tubes and face mask

7 Exprratory or pop-off” valves

Supply of Gases and Vapors

Anesthetic gases are provided under increased pressure in cylinders
(Fig 6,1) of vanous capacities The cylinders, their contents and
marlungs are standardized 1 the United States by the Interstate Com-
merce Commussion The reader should familiarize himself with the
hazards of handling gases under pressure (Chapter 7) and the physical
charactensstics of the commonly employed anesthetic gases and volatile
agents

A cylinder should be ‘cracked (opened briefly) before 1t 1s attached
to the anesthetc machine This clears dust and dirt which may other-
wise foul the valve seats 1n the machme Cylinders are attached to

21
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Fig 6. Elements of 2 typreal gas machune. 1 Gas cyhnder 2. Hand screw to
aghten cylader connecton. 3 Pressure gauge 1o mndicare cyhnder gas content.
4 Hand wrench 1o open cylinder 1o reducing valve. § Flow meter 6, Vaponzation
bonle. 7 Inspiratory valve from reservour bag 8 Reservor bag 9 CO  absorpuen
camster 10 Conducting tubes to face mask, 11 Expiratory  pop-off” valve. 12
Face mask. 13 Exprrarory valve to canister A, Flow mmeter of the vanable onfice
dry type. B Flooe ameter of the fixed anfice wet fype.

yohes, with washers of noni-explosn e matenal The current practice of
pm-mdexing ¢y hnders and voles makes 1t mmpossible to apply a
cylmder of gas to the wrong yohe Before thus precautionary measure
was adopted panents were known 1o have been gnen mitrous oude
mustakenly instead of oxvgen

Each cvhinder has a vahe which admyts the gas to the flow meters
Thas valve 1s turned on only when the flow meter vahes are closed
Otherwise excessine pressures mught be admutted to the delicate
mechamsm of the flon merers and damage them Most anesthenc
machmas have pressure gauges (Fig 6 3) that mdicate the pressures
1 the cylinder  Before anesthesia 1s mduced the anesthenst should rest
the cyhuders to ses that a sufficent suppls of gas 1s available. Anes-
thenc machines should possess double yohes so that two cyhnders of
ovvgen, for example, are at hand. There must be provision 10 prevent
one cvhnder from fillng the other Tthus 15 an 1MPOrtant precautionary
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measure since transfilling ¢y linders may lead to an explosion through
rapid expansion and compression of gases, and possibly to the con-
tarmnation of a ¢y hinder with a gas that 1t should not contain Metal or
heavy rubber tubing conducts the gas from the cylinder to the flow
meter (Fig 6, 5)

Flow Meters

Flow meters are present to measure the flow of gases and to allow
their economucal use They differ 1n design from one machme to an~
other There are wet types and dry types The physical principles of
gas flowthrough the flow meter, which are based on pressure, resistance,
viscosity and density, determune the scale markings through which
flow 15 read

A varable onfice, dry flow meter may be seen in the illustration
(Fig 6, A) The gas flons from below upward through a tapered tube
As the gas flows, 1t raises a bobbun or float The onfice through which
the gas flows varies according to the height of the bobbir The higher
the flow, the larger the onfice When the bobbin comes to rest the
force of gravity upon 1t 1s balanced by the upward thrust of the gas

Another type of flow meter (Fig 6, B) may be seen in the accompany~
ing figure As the gas flows through this fixed ortfice, a pressure differ-
ential 1s created so that the pressure 1s greater on the proximal side
A good deal of hinettc energy of flow 1s lost because of turbulence at the
onfice and the pressure distal to 1t 1s lowered This meter has a water
manometer, the imbs of which communscate with opposite sides of
the onfice Increased flow 1s mndicated by a lowering of the water level
on the proumal side and 1s read on a visual scale The greater the
flow the greater the depression of the water level This flow meter 1s
called a fixed onifice, wet flow meter

Reservowr Bag

The flow having been measured, the gases must be delivered to the
patient A technique sometmes used 15 that of insufflating large quan-
tties of the anesthetic through the patient’s nose or mouth Maost
anesthetics, however, are given 1n rebreathing systems This techmique
15 more econormcal and prevents the diffusion of explosive anesthetics
throughout the operating theatre Rebreathing also permuts better
control of the depth of anesthesia Hence, a reservorr bag (Fig 6,8)1s
needed 1n a rebreathing system This reservorr also compensates for
varniauons i the patient’s respiratory demands For example, 1f there
'8 2 constant flow of gases from the flow meter, a patient may need
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more or less of the total flow depending upon the phase of respiration
At peak inspiration, gas flows of 30 to 80 hiters/munute may be required,
yet the flow meters may be set at a much lower level for average mumute
volume of ventilation of 4 or 5 lters/minute At peak inspratory de-
mands the patient can obtain the greater quantity of gas needed from
the reservoir bag With lower respiratory demands gases not inhaled
accumulate in the reservoir In addition, the bag allows for resuscitation
and control of pulmonary ventilation Rhythmic compression of the
bag will inflate the Iungs 1f there 1s 2 tight mask fit about the patient’s
face

Vaporization Bottles

A contamer (Fig 6, 6) for the vaporization of volaule iquid anes-
thetics may be placed on erther the inspiratory or expiratory side of the
apparatus Most gas machuines are provided with adjustable valves that
will allow gases to by-pass or to be directed 1n part or 1n whole through
the vaporizer Wicks provide a broader surface for vaporization of the
hiqud The quanuty of anesthetic vaporized depends on the gas flow
through the vaporzer, the vaporizing surface and the temperature of
the hquid

Fig 7 Several types of circle carbon dioxide canysters 1 I ¥
valve 2. Expuatory valve 3 Camster by pass valve 4 CO; absorption canster
5 Compection to geservorr bag
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Carbon Dioude Absorbers

Ina rebreathung sy stem camusters of soda ime (Fig 6, 9) are necessary
to absorb expired carbon dioside The course through the absorber
may be of one or two types Either the expired asr 1s arculated through
1 one direction (Fig 7) or 1t passes back and forth 1 a to-and-fro
fastuon In the former, directional valves are needed (Fig 6,7, 13)
In many anesthetic machines two camusters may be found, so that the
flow of gases may be led through one or the other as the absorbent
becomes exhausted The anesthetist should constantly observe his
patient for signs of carbon dioide accumulation These are often
elusine and 1f there 1s any question about the effictency of the absorber,
1t should be changed Among other things the duration of efficient
action of the absorber depends upon the patient’s output of carbon
diowde, the volume of tdal awr, the rate of respuration, the capacty
and shape of the camster, the surface, water content and porosity of the
absorbent granules, and the chemicals used for absorption

Conducting Tubes and Face Mask

Gases must be led from the machine to pauent (Fig 6, 10) Most
often a face mask (Fig 6, 12) 1s used, but the lead tubes from the
machine can be attached by adapters directly to endotracheal tubes or

sumply led nto the mouth or nose for insufflation of large quantities of
anesthetic

Expiratory or “Pop-~off” Valves

A final part of the anesthetic machne 1s the exptratory or “pop-off”
vahe (Fig 6, 11) If the flow of gases 1s such that the reservoir contains
more anesthenc gas than the patient can breathe, provision must be
made for their escape This 15 the function of the ¢ pop-off’ valve
There are several anesthetic techmques m which large gas flows are
required For example, in nitrous oxide anesthesta in ocder 1o providea
safe concentrauion of oxygen yet give an effectne percentage of mutrous
oxide, gas flows of 5 Iiters or more are often used An additional reason
1s the need for denitrogenation of the lungs Unless there s sorme means
for mitrogen to escape from the rebreathing system, the partial pressure
of oxygen and anesthetic gas in the alveol will be lowered and the full
anesthetic effect of nitrous oxide wall not be achueved

Having read this brief description the reader should now review and
test for himself the seseral parts of an anesthetic machine He will find
that all anesthetic machines fit nto a bastc plan The physical propertes
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of gases, the physics of flow meters, and factors 1n the vaporization of
volatdle anesthetics must be thoroughly understood The anesthetic
machine can be a hazard and a hability 1f 1ts proper functioning 1s not
understood It 1s the knowledge and judgment of the anesthetist that
make 1t a safe and useful device
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CHAPTER 7

Compressed Gases

OxyGEN and certain of the gases used to produce general anesthesia are
supplied 1n a compressed state 1n order that large quantities may be
available 1n portable contamers Since these gases are supplied at
greater than atmospheric pressure, several hazards are created These
are fire and exploston, and transmission of high pressures to the Iungs
Persons handling compressed gases must conduct themselves 1 a
manner designed to avord accidents A knowledge of the general gas
laws ts fundamental to an understanding of many of the problems in-
solved 1n this discussion The physical properties of the commonly
used anesthetic gases may be reviewed in the accompanyng table

The manufacturer’s role in safety 1s regulated by the Interstate
Commerce Commusston The Compressed Gas Manufacturers” Associ-
aton also d dard safety Each cylinder 15
stamped with letters and figures, all of which have meanung (Fig 8, C)
Cylinders are designed to resist pressures at least 1 66 greater than the
service pressure A safety device 1n the form of an escape valve 15 pro-
vided against the posstbility that gases may expand with high tem-
peratures and the pressure be increased beyond safety imits Cylinders
are now pin-indexed to prevent the attachment of a cylinder 10 the
improper yoke (F'ig 8, A)

Compression of a gas to a hquid state provides the most economuical
form of supply and smallest volume, but the physical charactertstcs
of the gas imut the conditions under which this may be accomplished
Compressed oXygen as we use it 1S 1n a gaseous state because con-
densation 1nto hquid requires a pressure of 50 atmospheres (735
poundsfsquare inch) exerted at a temperature below—118 8° C (the
cntical temperature above which condensation cannot occur) On the
other hand, nitrous oxide 15 compressible to a hqud state at 50 at-

27
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CoMPRESSED GASES 2

mospheres and 28° C, a temperature which 1s close to prevailing tem-
peratures Cyclopropane and carbon dioxide behave like nitrous oxide
i so far as compressibility obtans (g 8, B} Liquefied gases
cylinders are present partly 1 gaseous form because there 1s a constant
tendency to evaporate This increases with rises in temperature These
facts mdicate why, 1n the case of oxygen, cylinder contents can be
estimated with pressure gauges and why there 1s a gradual decrease 1in
pressure as the oxygen 1s used With nitrous oxide, the gas pressure
remains relatnely constant so long as hquid remains Once the hquid
has evaporated completely, the pressure suddenly falls Vaporization
requires heat which s extracted from the metathe cyhnder and sur-
rounding air  For this reason there 1s often condensation and freezing
of water vapor on mitrous oxide cylinder valves when large volumes of
gas have been flowing

The following steps should be taken when cylinders are placed in
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1 Paper wrappers must be removed so that identifying labels are
clearly visible Paper wrappmgs may catch fire or conceal the true
nature of a cylinder’s content

2 Before malung a connection to regulators, the cylinder vahe
should be opened slightly and quickly closed with the escaping jet
facing away from the operator “Cracking” a cylinder, as this maneuver
15 known, blows out particles of dust and other matter which might
foul the mechanism of regulators and flow meters

3 Qul, grease or mflammable liquds must not be allowed to come
wm contact with cylinder valves Gases released mnto regulators will
cool with ynyual expansion and generate heat within the confines of the
regulator with the compression that follows It 1s this secondary rise
in temperature that rught ignute ol or grease or combustible organic
matter

4 Cylnders should never be transfilled—that 15, refiling one cylm-
der from another—because of the changes m temperature that may
take place Transfilling can take place when two cylinders are attached
by one yoke to the same regulator Thus the oxygen cyhinders on some
anesthetic machmes may transfill one another if one has a higher
pressure than the other and both ¢y inder valves are open Valves should
be fully open when 1n use and ughtly closed when idle Cyhnders with
damaged valves should be returned to the manufacturer Empry
cylinders 1n storage should be kept closed, to protect agamnst intruston
of grease and dust

5 Regulating valves must be turned off before cylinder valves are
opened The high pressures sn ¢y linders require reduction before ad-
nisston to meters that register flow rates Most regulators are of the
two-stage automatc reduction type There 15 an automanc reduction
of pressure in the first stage and regulation of the flow in the second
The first stage prevents damage to the delicate mechanism of the regu-
fator Anesthesia machines usually provide a reducing valve which
must be closed as the cylinder valve 15 opened Should the reducing
valve be open at this tune, excess pressure may distort or fracture parts

of flow meters or gject water from wet flow meters In the latter case
the onfice of the flow meter may become temporarly occluded and will
have to be dried before further use



CHAPTLR 8

The Measurement

of Blood Pressure

WE ARE stll dependent on anuquated methods for determining the
pauent’s condition dunng anesthesia and operation The only enterion
usually measured accurately 1s the respiratory rate The heart rate can
be correctly counted provided there 1s no discrepancy between the
cardiac rate and that of the palpable pulse waves reaching the periphery
Many of the other methods by which a patient’s condition can be
judged are, at present, laboratory tools, and with a few exceptions have
not yet been found pracucal or economical for daily use in every
anesthetized patient These include the electroencephalograph, the
electrocardiograph, oxygen and carbon dioxide analyzers, intra-
arterial and intravenous pressure recorders, and sumlar devices The
blood pressure apparatus usually employed (developed by Riva-Roccr
over half a century ago) 1s by no means accurate It 1s important that
1ts proper use and 1ts limitations be understood

TECHNIQUE

Blood pressures should be taken from the arm that will be disturbed
least duning operation This arm should be protected agamst contact
by personnel standing around the operating table The diaphragm of
the stethoscope should be applied to the arm over the pont of maximal
pulsation of the brachial artery so that the sounds may be heard as
clearly as possible (Fig 9) The usual placement of the stethoscope 1n
the antecubital space should be avotded since flexing the arm will dis-

place 1t The rubber tubings should lead 10 the point where the anes-
theust will stand

31
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~

Fig 9 Placement of blood pressure cuff 1 Brachial artery 2 Stethoscope
3 Fxation of stethoscope 4 Cuff 1n place

The strap holding the diaphragm to the arm should be fastened as
loosely as possible (consistent with keeping the diaphragm n position)
1 order to prevent venous congestion peripheral to the draphgram
Venous stasis will give a falsely hugh diastolic pressure (420 mm or
more) and may give a false systolic pressure reading

The cuff should be applied with the rubber bag chiefly over the
mner aspect of the arm where the artery runs, and with the lower
border of the bag just covermg the diaphragm of the stethoscope to
aid 1n keeping 1t 1 position The cuff should be wound around the
arm rather too loosely than too firmly so that venous flow will not be
obstructed

Before starting any anesthetic procedure, 1t 15 important to obtamn a
blood pressure reading which 1s fairly comparable to the pressures
found on the ward The effects of premedication and of psychic and
other factors may alter the pressure If the preanesthetic pressure 1s
significantly dfferent from that found on the ward, the cause for the
difference should be sought

The best way to obtan a blood pressure reading which 1s com-
parable to the pattent s normal level 1s as follows the patient should
be lymng supme on the level operating table so that changes due to
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position will be minimal The arm should be placed at the patient’s
side so that the cuff and diaphragm are approumately at the level of
the heart

An mtial estmation of systolic blood pressure should be obraned
simultancously by auscultation and palpation The pressure by pal-
paton 1s usually about S mm below the auscultatory pressure, but it
may, occasionally, bevery different The cuff pressure should be raised
with a finger on the radial artery unul the arternal pulsation can no
longer be felt After mncreasing the pressure a further 20 mm the
pressure should be reduced about 2 or 3mm asecond unul the first clear
thumping or pounding sounds are heard This s the systohic pressure by
auscultation As the pressure 1s lowered further, the first sounds may
give way to louder sounds, sometimes accompanied by a hiss or mur-
mur These are then replaced by sounds sumilar 10 those first heard As
the pressure falls still lower, this clear-cut sound suddenly becomes
muffled and distant The diastohic pressure 15 the level at which this
usually sudden change occurs If this change cannot be identfied,
the diastolic pressure 1s then taken at a level where all sound disappears

Certain factors 1n the use of the auscultatory method for determining
blood pressure introduce errors

1 If the cuff 1s deflated too fast the pressure readings will be grossly
tmaccurate Sometimes when the pulse 15 not palpable an anesthenst
il hastly mflate and defiate the cuff 1n an effort to hear one or o
beats to assure himself that the heart 1s sull beating But 1f the pulse
pressure 1s small the sounds will not be heard when the cuff 1s quickly
deflated When 1n doubt about the blood pressure, quickly ascertain
1f the caroud pulses are present Never remove a blood pressure cuff
to readjust 1t unless 1t be certain that there 1s circulation

2 The auscultatory method may gne confusing pressure readings
1if respiratory variations in arterial pressure are marked In Figure 10
such respiratory variauons are ilfustrated With direct artersal recording
these vanations would be clearly evident Their presence with the
auscultatory method can at times be worrisome 1f the physiologic basis
1s not recognized

3 If the pressure 15 retamed in the cuff for any length of ume,
senous stasis will occur and the diastolic pressure will appear to be
higher than 1t really 15 The pressure in the cuff should alw 2ys be com-
pletely released except for the short ime required to obtamn readings

4 When premature beats occur, one should 1gnore the higher press-
ures of the beats that termnate a compensatory pause

5 The posion of the patient’s arm during the operation may in-
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Tig 10 Vanations in blood pressure caused by respiration If systolic pressure
18 measured at A, a higher value will be obinned than that at A, although both
readings are correct Sumilarly, dustolic pressure would have one value at B
another at B Depending upon the rate of deflation of the cuff the pulse pressure
obtamned by the auscultatory method could vary 1 this traang from 158/75 to
112/90

troduce difficulties If the patient 1s lymng on hus side with the blood
pressure arm beneath the body, there will be venous stasts, compression
of the artery and the sounds will be maudible or indistiner If the left
stde happens to be down and the blood presstre recorded from the arm
beneath the body, heart sounds may be transmytted to the diaphragm
and t blood p sounds ase audible If m the
tateral position the pattent’s arm ts much above the level of the heart,
the diastolic pressure 1 the arm may be below that 1n the body

6 The apparatus 1tself may be at fault m vanous ways (1) anerosd
barometers are easily made to0 be maceurate through rough handling,
(2) the level of the mercury column should be at zero fevel and the arr
vent should be free of dust or other obstruction

7 The width and length of the bag and cuff may be a source of
error Correct dimensions for the average patient are gnven below

INFLATABLE BAG DAG COVIR
Width Leagth Width Length

Child s arm

0-1 years 2 5em Other dumensions

1-4 years 6 0em proportion

4-8 years 90em
Adult’s arm 12 em 23 em 15 em 29 em
Adult s Jeg 15 em 30cm 17om 120 em

In the obese patient 1t may be impossible to use the usual bag and
cuff, a wider bag (18-20 em ) and Jonger cuff being required as in the
lower leg of the average patient Consersely, for a very thin adult a
smalfer bag and cuff should be used If the bag 1s too narrow for the
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size of the limb the readings will be too high, 1f too wide, the readings
will be lon Sometimes 1n obese patients one 1s tempted to place the
blood pressure cuff around the wrist or ankle Systolic pressures ob-
tamned at these positions may be (but more often not) higher and the
duastolic pressures lower than the pressures at the elbow

Constdening the many sources of error, 1t 1s remarkable how much
will be revealed regarding the condition of the patient by frequent and
careful observations of the blood pressure If sausfactory control
levels have been established before anesthesia and before the start of
operation, subsequent blood pressure levels are a vital safeguard for the
patient, the anesthetist and the surgeon
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CHAPTER 9

Fundamentals of
Inhalation Anesthesia

THEORETIC CONSIDERATIONS

GENERAL anesthetics owe their principal effects to actions on the bran
that result 1n loss of consciousness, block of afferent nervous smpulses
and production of muscle relaxation These effects occur when the
blood circulating to the brain contamns a sufficient amount of anesthetic
In nhalation anesthesia the anesthetic gains access to the curculation
through the lungs The success of this techmque s Jargely dependent
upon normal respiration Hence a clear understanding of the respiratory
processes at work 1s essental for a safe course during anesthesia

With the exception of trichlorethylene, which 1s partally comverted
to chloral hydrate and trichloracetic acid 1n the body, inhalation anes-
thetics are absorbed, transported and excreted without change 1 chemi-
cal constitution Thus anesthetic gases and vapors are nert or non-
reactive substances They are almost entirely recoverable from the
fungs save for small quantsties lost by diffusion from the skin and str-
gical wound or through solution m the urine ‘They resemble other nert
gases with respect to physical behavior In other words, the general
laws govermng diffusion, solubihity m flwds and ussues, and responses
to changes 1 pressure and temperature apply to the gaseous anesthetics

THE PULMONARY PHASE OF INHALATION ANESTHESIA

Inhaled Concentration

The concentration of anestheuc mspired eventually determines the
tevel 1n arterial blood, therefore the amount of anesthetic which enters
the bram The concentsation in arterial blood does not immediately

36



FUNDAMENTALS OF INHALATION ANESTHLSIA 37

attatn that which 1s bemng 1nspired, for reasons to be considered later

The anesthetist varies the mash concentration according to the needs
of the operation and the signs observed 1n the patient During induction
a fugh concentration 15 deliberately gnen so that conscrousness will be
lost quickly and the second stage of anesthesta passed through as rapadly
as posstble The modify1ng and limiting factors 1n the mspired concen-
teatton include the tightness of the mask fit and the diluton of the
anesthetic with oxygen, carbon dioxide, water vapor and nitrogen

When the depth of anesthesta 1s 1o be decreased, the mash concentration
15 of course lessened

Ventilation and the Residual Aar of the Lungs

The arr rematnming 1n the lungs at the end of a normal expiration 15
called the functional residual air ‘The nhaled anesthetic must replace
this before an effective concentration reaches the alveoll The rate of
replacement of residual atr by anesthetic depends on pulmonary venti-
fation With each inspiration, anesthetic 15 carned into the lungs The
respiratory rate and volume of the tidal air determine how quichly the
restdual lung aur 1s washed out and replaced by anesthetic If there 1s no
rebreathing, lung washout can be accomplished 1n about three minutes
Lung washout and induction of anesthesta may be delayed under the
following currcumstances when the munute volume of respiration s
decreased by disease or by preanesthetic medicanion, 1f obstrucuon to
respiration occurs, and 1 pulmonary disease such as emphysema with
uneven distribution of mspired air and madequate vennilation of certain
parts of the lung

TthIl’ulmonary Membrane, Diffusson, and Pulmonary Blood
ow

Axr i the alveoh 15 separated from blood in the capillaries by a thin
membrane When there 15 a difference sn partial pressure across the
two sides of this membrane, diffusion of gas occurs in the direction of
lower pressure I'rom the start of anesthesia, anesthetics diffuse across
the pulmonary membrane and are carned mro the systemic arculation
by the pulmonary airculation "The pressure gradient, the rate of blood
flow, and the solubility of the anesthetic 1n blood influence both the
rate of nducuon and the rate of emergence from anesthesia Diffuston
across the membrane may be slow 1 the presence of pulmonary edema
or when the membrane 15 thickened by fibrosis A sluggish circulation
as in congestive heart failure may add to the effect of pulmonary edema
tn retarding the uptake of anesthetic
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The Pul y Uptake of Inhalation Anesthetic Agents

Blood leaving the pulmonary veins 1s normally 1n equilibrium with
the various gases 1n the alveoh For this reason, the rate at which anes-
thetics are removed from the lung by the blood 1s dependent on the rate
of pulmonary blood flow, and on the solubility of the anesthetic m
blood Solubility ts expressed as the partition coefficient of blood and
alveolar gas concentration and has a charactenistic value for every mnert
gas Diethyl ether which 1s very soluble in blood has one of the highest
values, divinyl ether an intermediate value, and nitrous oxide, cyclo-
propane and cthylene are among the lowest values Actual figures for
the partition coefficients of the inhalation anesthetics at 37° C are

Blood

Gas
Ethylene 014
Cyclopropane 0 46
Nitrous oxide 0 47
Duviny) ether 1 00
Chloraform 7 30
Lthyl ether 15 00

Because the heart and pulmonary cireulation continuously carry
away the mspired anesthetic, the alveolar concentration 1s sually pre-
vented from attaining the inspired level The greater the cardiac output,
and the greater the partuition ratio, the more slowly will alveolar con-
centration approach inspired concentrations and the slower will be the
induction of anesthesia Because ether has a high parution ratio, the
duction ume for this anesthetic 1s characteristically long Induction
1s rapid with less soluble agents such as nitrous oxide, cyclopropane
and ethylene Induction of anesthesia with agents having a high par-
ution rauo may be hastened by increasing the mask concentration as
rapidly as possible, and by sumulating the depth of respiration with
carbon dioxide Both of these measures lead to higher alveolar concen-
tration and a correspondingly higher blood level

BLooD FLOW TO ORGANS AND DISTRIBUTION
OF ANESTHETICS IN TISSUES

The concentration of an anesthetic 1n artenal blood 1s important 1n
determuning the uptake of anesthetic by the brain and therefore the
«depth” of narcosis However, the blood level 15 constantly influenced
by tissue levels in the rest of the body Whtle the blood flow to the
brain 1s large per umt mass, that to liver, kidneys and heart 1s also great
The combmed flow to these four areas comprises about 70 per cent of
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the cardac output under basal conditions The remainder 1s distributed
to the much larger body mass, consisung principally of muscle, fat and
bone Anesthetic 15 delnered to all these tissues and transferred from
blood to tssue according to a partition ratio analogous to that which
exists between blood and alveolar gas, although 1t does not have the
same value Tissues with a ligh blood flow rate and a low affinty for
the anesthetic reach equilibrium with the blood relatnely rapudly
Fat and other ussues with a low rate of blood flow may continue to
absorb anesthetic for many hours Since most anesthetics are quite
soluble n fat, this represents a reservoir of Ingh capacity whuch fills
slowly As ume goes on and all tissues approach saturation, less anes-
thetic 1s required to mamntain a given anesthetic level because less 1s
passing mto tissues from the blood Often the anesthetic may be dis-
conunued before the operation 15 completed, since the tissue stores
provide such a large reservosr

Emergence from inhalation anesthesta mmvolves m reverse all the
physiologic and physical factors heretofore discussed for mducuon of
anesthesia It may be looked upon as a reequilibration of the body with
atmospheric arr  As anesthetic 1s removed from the blood, the con-
centration 1n brain and other tissues 1s reduced, and the signs of anes-
thesia disappear Awakemng takes place when the blood anesthenc level
falls sufficiently low It may take a long time for all traces of anesthetic
to be dissipated Full and rapid recovery 1s largely dependent on normal
respiration and circulation

TACTORS APPEARING T0 INFLUENCE THE AMOUNTS OF ANESTHETIC
ReqQUIReD To ProDUCE ANESTHESIA

It soon becomes apparent to the student that the amount of anesthetic
required to produce suitable surgical conditions varies from patient to
pattent In one individual, relatively small amounts of ether quickly
produce first plane anesthesra, while 1n the next patent four or five
umes as much ether 1s required and then surgical anesthesia 1s ob-
tained only after a long induction period This 15 confusing to the
student and requires explanation

Under normal resting conditions, the major portion of the cardiac
output 1s to the vital organs (brain, heart, hepatic-portal system and
Ludney) (Table 4) These organ systems together weigh approximately
4 6 kg , comprise only a hittle more than 7 per cent of the body weight,
et receve approximately 70 per cent of the cardiac output The re-
maiung 93 per cent of the body mass therefore 15 supplied by only
30 per cent of the cardiac output (Table 5)
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Table 4 Regional Blood Flow and Oxygen Consumption

PIRCENT-  ORGAN ORGAN TOTAL

CARDIAC

WEIGHT  AGLOF  BLOOD OXYGEN ~ OXYGEN

REGION (kg) TOTAL TL.ow m?'/") UPTAKE  UPTAKE
wriGHT (e /mun) ® (ec/mm) (R
Brain 14 22 750 139 46 2 229
Heart 03 0s 255 47 291 116
Hepaue portal 26 41 1500 217 510 204
Kidney 03 05 1260 233 176 50
Skeletal muscle 310 49 2 840 156 496 20
Skin 36 57 460 84 109 48
Residual tissue 238 378 380 64 50 0 153

Adapted from H C Bazett Medical Physiology, C V Mosby Co, St Lows 1956,
p 22t

Table 5 Comparison of Reglonal Blood I'low and Oxygen
Consumption to Vital Organs and Other Tissue

PIRCENT- ORGAN oo ORGAN  TOTAL
REGION WEIGHT ~ AGEOF  BLOOD o oo..' OVWGLN  OXYGIN
(hg) TOTAL ~ FLOW ) UPTAKE ~ UPTAKE
WEIGHT (cc /mun ) {ec/mun) ()
Vital organs 46 73 3765 69 6 143 9 599
(Bramn heart,
hepatic portal
kidneys)
Other tissyes 58 4 21 1680 304 1o s 4 1

The relative proportion of the cardiac output delivered to these
organ systems changes under various circumstances Thus, under con-
ditions of muscular activity, that proportion delivered to muscle may
ncrease many fold During digestion, the hepatic-portal system re~
cenves a greater supply In hot weather the cutaneous circulation 15
more acttve Under conditions of stress, the liberation of epinephrine
Jeads to increased muscle bleod flow In shock, hemorrhage or lowered
blood volume from any cause, circulation to the periphery 1s sacrificed
to mamtain that to the vital organs

We have discussed the fact that general anesthetics produce anes-
thesia by virtue of their being delivered to the bran 1n hugh con-
centration Desptte this, relatively Jarge amounts of anesthetic must be
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guen duning the nduction and early mamntenance phase n the normal
patient because of rectreulation of anesthetic and its deposition 1n other
body ussues, particularly fat As these depots become saturated, smaller
amounts of anesthetic are required to mamntain anesthesia since equili-
brium or near equilibrium has been established between brain, blood
and other tissues

It follows that anything influencing peripheral blood flow, particu-
larly that to fat and to muscle, will likewise influence the amount of
anestheuc required to mduce and mantan anesthesia In additon,
most general anesthettes dimimsh or temporarily inhibit renal blood
flow In conditions of shock or dimimished blood volume, only small
amounts of anesthetic may be required, since the large depots that
normally have to be saturated are of no concern by virtue of the fact
that circulation within them 1s markedly reduced or absent Under
these circumstances 1t 1s easy to admumster a relative overdose of anes-
thetic, and produce severe cerebral or cardrac depression

Conversely, when peripheral blood flow 1s unusually high as 1t may
be 1n the muscularly active or n the apprehensive indwidual, the brain
may receive a somewhat smaller proportion of the cardiac output and
thus the anesthetic Recirculation becomes more active and uptake of
anesthetic by non-nervous tissue more rapid Induction of anesthesia
1s thereby slowed and larger than usual quantities of anesthetic may be
required until equilibrium 1s reached In addition, strugghng during
wmnduction 1ncreases muscle blood flow and hberation of epmnephrine,
and increases the amount of anesthetic required

Patients 1n whom a slow mduction and the need for excessive
amounts of anesthetic may be anticipated include healthy muscular
persons, apprehensive patients, those with thyrotoxicosss, and the
young and physically acive A more rapid induction and less anes-
thetic may be expected 1n the patient in shock, and 1n the chronically
1], debnlitated, sedentary or aged The sicher the patent, the less
anesthetic required

Factors other than organ blood flow also appear to influence anes-
thetic requirements It 1s possible that these factors also directly or
indirectly influence blood flow but if so, the relationship has not been
clanffied It 15 well known that chronic alcoholics are tolerant of both
tnhalational and intravenous anesthetics, i fact, prolonged mductions
and wild excitement are so common that spinal anesthesia 1s usually
the method of choice where applicable There are also data 10 suggest
;‘:xl:cep‘:te:;:esthcuc narcotics and sedatives will reduce the anesthetc

1on 1n the blood required to produce and maintasn anesthesia
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Thus would appear to be a phenomenon of supplementation of narcosis
rather than by a direct influence upon the distribution of anesthetic
within the body Narcotics admunistered during inhalational or intra-
venous anesthesia usually reduce the anesthetic requirement

THE NEUROPHYSIOLOGIC BASIS OF ANESTHESIA

The manner mn which anesthetics depress activity in the central
nervous system has provoked much thought Though 1t 1s not the in-
tention to discuss theories of narcosis, some explanation mught be
offered for the charactersstic order of depression seen during anesthesia
Areas of the brain seem to be depressed n the order of phylogenetic
appearance, the newer areas bemng more sensitive The latter are also
most sensitsve to oxygen deprivation It has been assumed, though by
no means proved, that metabolism differs among the several areas of
the bramn and that interference with enzymes concerned 1 oxygen utuls-
zationt 15 more readily accomplished in the higher centers This may
not be the reason why depression with anesthetics occurs, however,
smce recent studies suggest that mhubition of enzymatc acuon and
consequent decreased tissue respiration may be the result of rather than
the reason for narcosts

A neurophystologic explanation for anesthesia may Le 1n the effect
of anesthetics on the reticular activating substance of the bramn stem
This 15 an area adjacent to many peripheral sensory pathways and one
wnfluenced by other regions of the bran through complex synaptic con-
nections and associated pathways Sumulation of this region causes
arousal of a dormant ammal whereas destruction leads to chromc un-
responsiveness Afferent mmpulses may go through this polysynaptic
reticular activating system but also take a more direct pathway to the
thalamus, a route that 1s less mfluenced by synaptic connections and
associated regions of the central nervous system This larter pathway
has been termed the afferent lemnisco-thalamuc system Studies m
ammals by Magoun and French have shown that pentobarbital exests
sts principal effect upon the retrcular actnating system (Fig 11),
tending to depress its electrical activity In contrast, the effect upon the
afferent lemnisco-thalamic system 1s mintmal except where large con-
centrations of the drug were present Ether differs from pentobarbital
sn that 1t has a greater effect upon the afferent lemmsco-thalamuc sys-
tem Cyclopropane, ethylene and nitrous oxide have been shown by
Davis and co-workers to have stmular effects which parallel their poten-

cies The block of impulses from the periphery may explamn 1n part at
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Fig 11 The reucular formaton (After ]| D French, Saentfic Amencan
May 1957) 1 Sense organ 2 Sensory areainbrain 3 Sensory pathway 4 Reticu
far formanon

least the analgesia that can be produced by small concentrations of the
latter three agents

PRACTICAL APPLICATION
Preparation of the Patient for Inhalation Anesthesia

The patient about to undergo inhalation anesthesia should be pre-
pared according to the suggestions made 1n Chapter 5 A strap to assist
1n holding the face mash should be placed under the ocaiput and the
patient should be properly restrained It 1s especrally important that
the induction room be quuet, that a second person stand by for assis-
tance, and that suction be readied to cope with vomung It 1s the
anesthetist s responsibility to avord myury to superfictal nerves from
pressure and stretch, injury to the face and eyes from mask straps and
wyury from stretch of the brachl plexus He must guard agamst
trauma to lips and teeth A soft pillow under the knees and one at the
small of the back may prevent postoperative discomfort from stramn

The same effect may be obtained through shight flexion of the operating
table

Techmque

Induction  As the mask 1s applied and the patient begins to lose
conscrousness he should be encouraged and lulled 1nto a state of se-
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cunty by the anesthetist It 15 wise not to concentrate the patient’s
attention upon physiologic processes such as breathing, but to explain
what 1s happeming and to suggest a tranquil induction and emergence
from anesthesia This type of hypnouc suggestton adds considerably
to the ease and safety of induction
Arrway and Respiratory Problems The most troublesome problems
i mhalation anesthesia naturally involve the amirway and respiration
In their probable order of development they may be encountered as
follows
1 THE Mask FIT If a mask 1s fitted poorly to the pauent s face the
effective concentration of anesthetic given will be diluted by the m-
hatation of air A good mash fit 1s hard to achieve 1n patients who are
endentulous, those with prominent noses or receding jaws, and those
with gastrointestinal tubes protruding from the nose or mouth Like-
wise, a poorly fitted mask will make 1t difficult to apply positive pressure
for mflation of the lungs should 1t be needed These deficiencies prevent
a smooth and orderly induction as well as maintenance of an even plane
of anesthesia
2 DEPRESSED RESPIRATION  If respirations are depressed durnng m-
duction of anesthesia by inhalational agents, the alveolar concentration
of anesthetic may not reach that needed to produce anesthesia Loss of
consciousness or sufficiently deep anesthesia then fails to materialize
Overdose with preanesthetic medication 1s the most common cause for
this complication The depression of respiration may not be evident
until the first few breaths of the anesthetic are taken Intravenous
barbiturates for the induction of anesthesia and too early admimstration
of muscle relaxants, both of which hinder respitation, will also interfere
with inducnion of anesthesia
3 ABNORMAL RESPIRATORY PATTERNS AND LUNG DISEASE  Rapid
shallow respirations or tachypnea may not provide the alveolar vent-
lation needed for the uptake of anesthetcs by the lungs Diseases of the
lung characterized by poor mixing of gases 1n the alveols, unequal dis-
tribution among the parts of the lung or slow diffusion through the
pulmonary membrane into the capillary blood will also interfere with
inhatation anesthesia Certain types of heart disease with changes in the
crrculation and respiration will have the same effect
4 RESPIRATORY OBSTRUCTION  Almost as soon as a patient loses con-
sciousness while 1n the supine position, the lower jaw relaxes and re-
cedes The jaws may be clenched 1n the excitement stage In erther case
the tongue may cause obstruction as 1t 1s sucked against the hard palate
during nspiration, or when 1t falls back 1nto the oropharynx This 1s
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Fig 12 Techmque of hifung jaw with fingers behind the mandible to overcome
y soft tissue

mndicated by stertorous or snoring sounds, or may be detected by Lsten-
g closely over the rebreathing tubes Resprratory obstruction is best
discovered, however, by observing the rise and fall of the chest rather
than the movement of the rebreathing bag In the presence of obstruc-
uon the chest will retract as the diaphragm descends, whereas 1t should
expand This gues tise to a characteristic roching motion and reveals
that the descent of the diaphragm s not followed by 2 free mflow of
arr Although movements of the rebreathing bag do not indicate the
adequacy of pulmonary ventilation, farlure of the bag to fluctuate 1ndi-
cates that the anesthetic 1s not being breathed Respiratory obstruction
must be corrected at once

When obstruction 1s diagnosed the jaw should be Lfted upward,
thereby displacing the tongue Extension of the cervical spine or turning
the head to the side may help occasionally An effective way of lifung
the jaw 15 to place the fingers behind the vertical ramus of the mandible
(Fig 12) This maneuver 1s one of the most difficult to teach the be-
gmner If applied it should be maintamed for as short a time as possible
since the patient may develop localized soreness and swelling

It 15 possible beforehand to single out those who will develop upper
fespiratory tract soft tissue obstruction during anesthesta Topical local
anesthesia applied to the mucous membranes of the nose and pharynx
will make the early placement of artificial arrways easier An artificial
airway should be inserted only if indicated but as soon as practical
Besides endotracheal tubes, which are discussed 1w anather chapter,
there are two main ty pes of airway, the oropharyngeal and nasopharyn-
geal (g 13) The purpose of either mrway 1s to displace the tongue
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Fig 13 Pharyngeal aurways Oropharyngeal arway displaomg tongue (1)
forward and upward from the pharynx (2) A. Nasopharyngeal airway of soft
rubber tubing B Plasuc oropharyngeal arway C Hard rubber oropahryngeal
atrway with gupple for oxygen wsuffiaten

anteniorly The patient breathes through and around the arway
While the oral ty pe ts more efficient, obstruction may take place before
the jaw relaxes and the mouth cannot be opened to place the airway
In thus situation, a soft, well lubricated nasopharvngeal tube should be
passed Force must be avorded because the nose 1s lined with a delieate,
highly vascular mucous membrane and hemorrhage from trauma may
be severe The oral airway should be placed just as carefully, to avoid
mjury to lips and teeth It can be mnserted most easily 1f moistened with
water or lubricared Proper placement of an awrway requires shall It
must be done quickly and deftly Speed 15 essential dunng msernon
so that anesthetic 15 not lost from the lungs while the face mask 15 re-
moved. At the same ume the reservorr bag should not be allowed o
1ose 1ts contents, since 1t may then be refilled with an incorrect mixture
5 COUGH AND LART™GOsPASM  Cough frequently follows the place-
ment of an awrway This may be due to pharyngeal sumulauon duning
Light anestliessa or merely 1o irmtation of the resprratory passages from
a ugher concentrauon of anesthetic made possible by a better airway
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It may be moided by decrecasing the concentration of anesthetic after
the arrway 15 mserted and then ingreasing it slowly Cough can be over-
come by deeperung anesthesia and assisting the inspiratory phase o
the cough through pressure on the reservoir bag
Laryngospasm 1s a severe complication at any time but probably of
most consequence duning induction of ancsthesia  Laryngospasm oc-
curs most frequently 1 hght plancs of anesthesta when there 1s direct
pharyngeal, laryngeal or peripheral panful sumulation All degrees off
laryngospasm may occur from a munor type indicated by a high-
pitched crowing sound to complete, impassable closure Sustained
moderate pressure on the rebreathing bag may help in overcomung
spasm The asststant should heep his finger on the pulse to detect signs
of 2 faling circulation indicated often by a progressive slowing and loss
of amplitude of the pulse If laryngospasm 1s complete and lasts for as
long as a minute or so, the intrayenous mjectson of a small dose (40 mg )
of succinyIcholime wall relax the straated muscles of the larynx
6 MUCOUS AND SALIVARY SECRETIONS Accumulation of secretions
in the ir passages can produce obstruction Increase i secretions may
be part of the sitial cerebral stmulant phase of general anesthessa,
or may be due to direct irritation from the anesthetic which s further
increased by anoxa and retention of carbon dioxide A major purpose
of preanesthenic medication 15 to decrease secretions Blocking vagal
activity with atropine elimsnates the profuse watery type of secretion
and leaves a sparse, visaad and glairy one If secretions are trouble-
some the patient’s head may be turned to the side and lowered to allow
escape through the stde of the mouth If a real problem, suction of the
pharynx should be performed
7 RETCHING AND VOMITING  Anesthetic stimulation of the vomiting
center 1 the medulla occurs during mduction and emergence in most
cases Opiates and similar drugs used for preanesthetic medication,
and subsequent movement of the patient, ncrease the possibility for
its occurrence  The anesthetist can cope with thus problem only by
constant anticrpation and watching for premonstory signs The hand
holding the face mash may detect the swallowing, breath-holding and
rerching that precede vomiting The head should be turned to the side
and the mask Lifted to detect vomitus Vomitus should be asprated
from the pharynx before the plane of anesthesta 1s deepened Aspiration
of vomutus 1nto the trachea wall not be a major problem if the patient
has been properly prepared Fortunately i most cases, Yomsting occurs
when tracheal reflexes and cough are present
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The aforementioned difficulties and complicatsons may be encoun-
tered 1n rapid successton, and frequently stmultancously, during tnduc-
tion of anesthesia There arc added problems of prolonged excitement
with strong muscular movements, breath-holding and phonation It
takes considerable experience to avord these complications as well as to
develop mastery in handling them when they appear They will be en-
countered most commonly during anesthetzaton with the mitrous
oxide-ether sequence because of the long induction persod The begin-
ner, 1n using this sequence, will expenience all of these problems, and
will become a better anesthetist for 1t

Mamnrenance  Early 1n the anesthesia 1t 15 best to produce a plane
of anesthesia somewhat deeper than that demanded by the proposed
operation It 1s easter to highten anesthesia than to deepen 1t Subse-
quently the concentration of anesthetic agent can be decreased Unnl
1t has been demonstrated that anesthesia 1s adequate for the operatton,
1t 1s usually better to err on the deep side

A satisfactory level of anesthesia for the start of the operation having
been produced, the lightest plane of anesthesia compatible with good
operating conditions should be mantained The less drug adminstered
the better, yet too hitle anesthesia defeats the purpose, prolongs the
operation and often leads to excessive anesthetic being given \When
greater relaxation s required (as during closure of the peritoneal
cavity), the need should be anticipated and anesthesia deepened at the
proper time

The anesthetist can obtain mvaluable information by observing the
surgical field throughout the operatton The following observations
may be made (3) The adequacy of oxygenation through the color of the
blood 1n the wound Thus may be the best means of detecting cyanosts,
particularly 1n dark-skinned persons (b) The amount and character of
bleeding Little bleeding suggests poor circulation Contmuous 00ze
may mean a clotung defect or a transfusion reaction Excessive bleeding
should alert one to the need for transfusion (c) I'he degree of muscular
relaxation More or less relaxation may be needed at specific times dur-
ing the surgical procedure The caliber and tomearty of the bowel and
1ts protruston wnto the wound are indicatrve of the depth of anesthesia
A surgeon should not have to tell the anesthetist that greater relaxation
15 needed The anesthetist can detect the need and should make the

necessary adjustments (d) Observation of the surgeon s mampulations
Packs 1n the abdomen, traction on viscera or sudden decompression of
the abdomen as 1 ascites or in the delvery of a large ovarian tumor may
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lead to sudden hypotension The anesthetist should be aware constantly
of what the surgeon 1s domng

It 15 good to have pauents as nearly awake as possible at the termina-
non of the operation If laryngeal and pharyngeal reflexes have re-
turned, the patient 1s less likely to develop respiratory obstruction or to
asprrate stomach contents 1f he should vomit However, the desite to
have a patent awake should pot lead to so little anesthesia that the
panient rrust be restramned while the last skin sutures are placed This
100 can be hazardous for the patent

Emergence  Dunng emergence those complications described under
induction ot anesthesia may reappear Additional complications can
occur 1n the immediate postoperatnve period (Chapter 23) When 1t ts
considered safe to mose the patient, the anestheust should accompany
him to the recovery room The transfer to bed or Litter must be gentle
If sull unconscious the patient should lie on his side to protect against
airway obstruction or aspiration of vomitus Before leaving the pauent
the vital signs must be determined once more and all important 1n~
formation with regard to treatment should be transmitted to recovery
room personnel

APPRAISAL

The theoretical and practical aspects of nhalation anesthesia have
been treated i this chapter This 1s a controllable techmique because
the lungs act as the avenue of entrance and escape for the anesthetic
The patient 5 respiratory efforts or the anesthetst s aruficial control of
respiration deterrmines the les el of anesthesia from moment to moment
Yet greater shill and knowledge are required to give an inhalational
anesthetic than for intravenous or rectal drugs Preanesthetic medica-
tion must be chosen with a view to disturbing respiration and circu-
lauon as litle as possible Respiratory obstruction from soft tissues,
excessive secrettons, and laryngospasm must be avoided or treated
promptly 1f induction of anesthesia 1s to be rapid and safe The phases
of normal respiration must be clearly understood Abnormalities 1n
ventilation and diffusion must be detected for therr influence on the
course of anesthes:a The role of the circulation and the body tissues
as they relate to the distribution of anesthetic 1n the bram must be
clearly 1n mind The physical properties of gases relating to solubility
and diffusion must be understood For all the knowledge required, we
belseve that mhalation 15 the best technique for the beginner n that 1t

will teach htm most Once this technique 1s mastered all others will be
sunple 1n compartson
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The aforementioned difficulties and complications may be encoun-
tered 1n rapid succession, and frequently simultaneously, dunng nduc-
uon of anesthesta There are added problems of prolonged excitement
with strong muscular motvements, breath-holding and phonation It
takes constderable expenence to avoid these complications as well as to
develop mastery 1 handling them when they appear They will be en-
countered most commonly dunng anesthetization wath the mutrous
oude-cther sequence because of the long induction period The begin-
ner, 1n using this sequence, will experience all of these problems, and
will become a better anesthetist for 1t

Mantenance  Early 1n the anesthesia 1t 15 best to produce a plane
of anesthesia somewhat deeper than that demanded by the proposed
operation It 1s easier to Lighten anesthesia than to deepen 1t Subse-
quently the concentration of anesthetic agent can be decreased Unul
1t has been demonstrated that anesthesta 1s adequate for the operaton,
1t1s usually better to err on the deep side

A sausfactory level of anesthesia for the start of the operation having
been produced, the lightest plane of anesthesia compatible with good
operating conditions should be mantained The less drug admumnistered
the better, yet too little anesthesia defeats the purpose, prolongs the
operation and often leads to excessive anesthenc bemng gnen When
greater relaxaton 15 required (as dunng closure of the pertoneal
cavity), the need should be anticipated and anesthesia deepened at the
proper ume

The anesthetist can obtain mnvaluable information by observing the
surgical field thronghout the operation The followng observations
may bemade (a) The adequacy of oxy genation through the color of the

blood m the wound This may be the best means of detecting cyanosts,
particularly 1 dark-shinned persons (b) The amount and character of
bleeding Lattle bleeding suggests poor circulation Continuous ooze
may mean a clotting defect or a transfusion reaction Excessnve bleeding
should alert one to the need for transfusion (c) The degree of muscular
relaxation. More or less relaxation may be needed at specific times dur-
1ng the surgical procedure The caliber and tomicity of the bowel and
1ts protruston iato the wound are indicative of the depth of anesthesta

A surgeon should not hate to tell the anesthetist that greater relaxation
15 needed. The anesthetist can detect the need and should make the
necessary adjustments (d) Observation of the surgeon s mampulations

Packs 1 the abdomen, traction on viscera or sudden decompression of
the abdomen as m ascites or m the delnery of a large ovaran tumor may



CHAPTER 10

The Inhalation Anesthetics

WHeN administening drugs sufficiently potent to produce unconscious-
ness, one must be concerned with the controffabi/ity of the methods 1n-
volved Ideally, one should be able to regulate the concentration of a
general anesthetic 1n the blood stream from moment to moment If
more be needed, the concentration should be promptly increased, if
overdose 15 evident, the concentration should be as promptly de-
creased

The three methods of general anesthesia—rectal, intravenous and
mhalation—vary considerably in controllability From the standpornt
of absorption the 1ntrayenous and inhalation routes remain under one s
control, since 1n the former injection 15 made directly 1nto the blood
stream and 1n the latter, because of the enormous absorptive surface of
the lungs, changes 1n alyeolar anesthetic concentration are as @ rule
instantly reflected 1n the blood Absorption mnto the blood stream from
rectum and colon 15, however, uncertain and unpredictable

From the standpomnt of elrmmnation, the majortty of drugs used for
intravenous and rectal anesthesia are changed i varying degree in the
body by oxidanion, reduction, hydrolysis or comugation The safety of
these substances 1s, therefore, related to the adequacy of specific
bodily detoxification processes Once they are m the blood stream there
15 no way of prompt removal unless future research develops a rapsd
means of hastening their metabohism Urninary excretion 15 slow and
uncontrollable Inhalation anesthetics, except for trichlorethylene
which 1s partially converted to chloral hydrate and trichloracenc acid,
are not altered i the body They may be recovered unchanged in
expired air To prove this pont, expired gases can be collected from
one patient and used to anesthetize another With inhalation anes-
thesia the uptale and elimination of drugs are accomplished by pul-

51
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propanc ancsthesia, and at the level of respiratory arrest blood pressure
1s higher than with cther anesthesia This charactenstic of mantenance
of blood pressure makes ¢y clopropanc the choice of many anesthetists
for the anesthetic management of patents 1n shock A nise 1n arteral
pressure 1s not infrequent 1n chimeal practice This occurs more often
during operauon and n light planes of anesthesia One mught postulate
that the mncrease sn blood pressure 1s related to afferent impulses ansing
at the operative site Respiratory acidosts may also contribute to the
hypertension
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monary ventilation This 1s thus the most controllable of the methods
used to produce general anesthesia

Inhalation anesthesia 1s provided by volatile hiquids and gases The
established drugs include the following

GASEQUS ANESTHETICS VOLATILE LIQUID ANESTHETICS
Cyclopropane Ethyl ether
Nitrous oxide Divinyl ether
Ethylene Trichlorethy lene
Ethy1 chlonde
Chloroform

All of these compounds are flammable except mitrous oxide, trichlor-
ethylene and chloroform

Certain basic princsples of the pharmacologic action of the ihalation
anesthetics will be presented, with emphasis on ether and ¢yclopropane
For a more detailed consideration the student 1s referred to textbooks of
pharmacology

CYCLOPROPANE

Cyclopropane or trimethylene, the simplest cyclic hydrocarbon,
1s the most potent of the gases used for inhalation anesthesia It 1s ad-
mumstered 1n inspired concentrations ranging from 5 to 25 per cent,
and has a wide margin of safety between anesthetic and toxic concen-
trations 1f respiratory adequacy 3s mamtamed As a rule mduction of
anesthes1a 1s rapid and smooth

Cyclopropane differs from most of the volanle iquid anesthetics
that 1t produces little respiratory stmulatton The minute volume of
venulanon 1s reduced as the depth of cyclopropane narcosis mcreases
This progressive respiratory depression 1s useful as an index of the Ievel
of anesthesia If narcotics are used for preanesthetic medication, cyclo-
propane causes marked respiratory depression or apnea, even n light
planes of anesthesta Barbiturates are preferable for preanesthetic meds-
cation, therefore, if sedation 1s sought prror to induction Because of the
ease of production of respiratory depression, respiratory acidosis 1s a
common accompamment of ¢yclopropane anesthesia It 1s inportant,
therefore, to ensure adequate alveolar ventilation by manual compres-
s1on of the breathung bag as tidal volume begins to dumnish The add:-
tion of small amounts of ether—a respiratory stumulant-—also tends to
ncrease respiratory activity (Fig 14)

Arteral blood pressure tends to be well mantamned during cyclo-
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concept arose that cyclopropane—and other hy drocarbons such as
carbon tetrachloride or benzene—“sensitized” the myocardum or
made 1t more “srritable  Evidence for the 1ll effects of epmephrne in
man s scant because most investigators have feared to study the prob-
lem under controlled conditions Epinephrine does not appear to be
Iiberated by cyclopropane in man, but it has been shown that respira-
tory acidosss 15 followed by a rise i penspheral blood epinephrine and
norepinephrine in the human The appearance of cardiac irregulanities
1n the presence of decreased alveolar venulaton may be explained on
thss basis

The effects of cyclopropane on remal and hepanuc function are
mmmal Data obtained i ammals suggest that the drug possesses
parasympathomumeuc properues For this reason cyclopropane 1s not
admumstered by some to pauents with allergic bronchial asthma We
regard this as only a relative contraindscauon

Cyclopropane remains a controversial anesthetic We like 1ts con-
trollability, potency and patient acceptance We rely on it frequently
for the anesthetic management of critically 11l pattents There 1s 1~
creasing evidence 1 man of the safety of the drug and we believe that
1t merits more widespread use

NITROUS OXIDE

Nitrous oxide 1s the only mnorgamc gas used as an anesthetic Of the
general anesthetics, this substance causes the least disturbance to
bodily function if 1t 1s given with a concentration of oxygen equal to
or greater than that 1n air (21 per cent) Brain damage reported after
the mnhalation of thus substance 1s caused by hypoxia The onset of and
emergence from anesthesia are rapid and usually uneventful

Nitrous axide 15 a weak anesthetic, but 1ts Jack of potency can be
overcome 1 several ways Preanesthetic medication with narcotes can
be provided n doses larger than those used with the more powerful
mhalation anesthetics Additional amounts of these substances can be
mjected intravenously during anesthesta Basal narcosts with Avertin
or thiopental given rectally may be used Intravenous barbrturates are
common adjuncts for supplementatson of mitrous oxide The farlure of
barbrturates to provide analgesta 1s balanced by the ability of mtrous
oxide to block afferent mmpulses from the operative site (p 42 If
relaxation 1s required, one of the muscle relaxants must be added to any
of the above techmiques All of these methods permut use of the electro-
cautery For the patient 1n profound shock, nitrous ovide in concentra-
tons as Iow as SO per cent will often provide adequate anesthesia
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Systemic venous pressurc rises progressively as the depth of cyclo-
propane anesthesia increases This venous hypertension may be re-
lated to bradycardia, myocardial depression, or the rise in arteral
pressure noted above, the last requiring increased filling pressure of the
heart 1n accordance with Starling’s Law of the Heart

In common with most inhalation anesthetics studied 1n man, cyclo-
propane causes a considerable redstribution of blood flow, at least early
duning 1ts admimstration Total cardiac output s not marhedly re-
duced 1n the planes of anesthesia used for surgical operations Shin
and muscle blood flow 1ncreases while renal flow 15 reduced In the few
studies recorded to date, hepatic flow also was reduced The tendency
toward dilation of shin and muscle vessels and the elevauon of venous
pressure may explain the alleged tendency of cyclopropane to increase
capillary oozing

A dechne 1n blood pressure below preanesthetic values may be seen
at the conclusion of cyclopropane anesthesiz The causes of this re-
sponse have not been documented completely, but a greater degree of
hypotension has been shown to follow carbon dioxide retention during
anesthesia This does not appear to be the only factor imvolved Other
possibilities are listed 1n Chapter 23

Irregulanities of cardiac rhythm occurring during cyclopropane
anesthesia are a cause of concern to many Observations in our labora-
tory ndicate that cardiac rate tends to rematn 1 the range of 60 to 70
per mnute, and few abnormalities of rhythm are noted n healthy pa-
ents recewing cyclopropane if the depth of anesthesia does not exceed
second plane and if carbon diowide 1s not permutted to accumulate
Disorders of rate and rhythm begin to appear as the depth of anesthesia
ncreases or respiratory acidosis develops These cardiac changes usu-
ally take the form of ventricular extrasystoles, or less commonly ven-

tricular tachycardia with rates up to 180 per munute The latter may be
a rapid, regular rhythm, or if there are muluple foca of irritability m the
ventricle, the rate may be rapid and the rhythm quute wrregular This
arregular rhythm 1s difficult to distinguish from auricular fibnliation by
palpation of the peripheral pulse Itis claimed, as the result of studies
1n animals, that ventricular tachycardia 1s the precursor of ventricular
fibrillation The mcidence of ventricular fibrillaton during cyclopro-
pane anesthesta :n man 1s, however, extremely low

Much of the pharmacologic background on cardiac arrhythmias
ongmated 1n studies of the response of the dog anesthenzed with
¢ clopropane to the ntravenous injection of epmnephrine This epi-
nephrine-challenge * often produced ventricular fibnllation and the
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these mummal levels of cther pauents can obey commands, recognize
colors and distingwish tastes This techmque deserves further study

Ether 15 irnitatng to the respiratory tract Its admunistration may be
folloved by increased secretions 1n the pharyny, trachea and bronchy,
swallowsng of ether-laden mucus, and by nausea and vomuting 1n the
postoperatine period A prolonged perod of induction 1s often ob-~
served This 15 made more likely by the great solubility of ether in
blood (p 38) Attempts to hurry induction may be accompanied by
cough, laryngospasm and excitement These sequelae are not inevitable
and occur less often when the drug 1s shallfully gnen

Fther sumulates respiraton (Ing  15) through 1rritanion of the lower
respiratory tract, sensitization of pulmonary stretch receptors, stimu-
lation of extrapulmonary sensory receptors, and possibly through the
development of metabolic acidosis The minute volume of ventilation
therefore tends to rematn normal or increase during an ether anesthetc,
and respiratory acidosss 1s less hikely to develop than with agents that
will decrease alveolar venulation such as cyclopropane and thiopental

In all probability as part of a sympathetic sumulant acuon, ether
produces bronchodilation, a characteristic which suggests 1ts use 1n
pauents with bronchial asthma who require general anesthesia A
tendency towards mobilization of liver glycogen and a nse in blood
sugar may be noted after inhalauon of ether 1n normal man, agun
probibly the result of sympathenc sumulation This 15 of little conse-
quence 1n diabetics with the methods of diabeuc treatment presently
avatlable If hypovia and hypotension are avoided, ether causes lirtle
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The susceptibility of patients 1n shock to narcosis 1s reflected 1n signs of
profound overdosage 1f normal amounts of porent drugs are given

Hypoxa may occur duning recovery from mitrous oxide anssthesia
despue regular, unobstructed breathing This phenomenon 1s called
diffusion anoxia, and 1s caused by the sudden flooding of the alieoh
with large volumes of mitrous oxide which have been dissolved 1n the
blood. It 1s descibed more fully 1n Chapter 23

ETHYLENE

The background of the discorvery of ethylene as an anesthetic sub-
stance 1s nterestng  Ethylene 1s enutted by nperung fruir Cut flowers
if stored nearby can be harmed This was first noted 1n damage to
camations made evident by 2 discolora2tion of the petals and a foss of
turgor known as “sleepiness ” The drug 1s characterized by a strong
garkic-like odor which may be objectionable to pauents Ethilene ss the
only inhalauon anssthetic agent highter than arr Thus 15 of importance
from the standpomt of sites of accumulation and possible sgniuon of
this explosne substance In most other respects ethylene resembles
nstrous oxide, perhaps with a shighthy greater potency

ETHYL ETHER

A number of mmportant pharmacologic observations have been
made dunng the past two decades on the effects of ethyl ether In com-
mon with most general anesthetics, ether depresses the 1solated mam-
mzhan heart. Ether vall also dilate blood vessels by a direct action upon
the smooth muscle of the vessel wall. These two actions tending to pro-
duce a decrease 1n artenal blood pressure are counteracted by increased
actviny of at Jeast certamn parsts of the ssmpathenc nenous system So
effective 1s this balance that blood pressure remamns normal dunng
most ether 2nesthesizs In the dog ether causes increased hiberation of
epwmephrne from the adrenal medulla. This does not appear to occur
1 men. Rather there 15 2 nse 1n the concentrauon of arculzung nor-
epmephnine, evidence of the mcreased sympatheuc actvity mentioned.
The presumed sources of the norepmephrine are the heart muscle and
the Iner smce adrenal medullary hberation of norepmephrine mn man

25 the result of ether 1s mimmal
Recently ether anzlgesia has been reevaluated for chimcal practice
With peripheral venous blood levels of ether as low 2s 210 29 mg per
100 ml., reached dunng emergence from 2 greater depth of anesthes:a,
2nalgesia has been provided fo- the pauent and adequate operatne
condmons for the surgeon durnng major operations on the heart. With
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these rmmmal levels of ether patients can obey commands, recognize
colors and distingush tastes Ths technique deserves further study

Ether 15 irntating to the resprratory tract Its administration may be
followed by increased secretions 1n the pharynx, trachea and bronchi,
swallowng of ether-laden mucus, and by nausea and vomuting 1n the
postoperatne period A prolonged perod of induction 1s often ob-
served This 1s made more hkely by the great solubility of ether 1n
blood (p 38) Attempts to hurry induction may be accompamied by
cough, laryngoespasm and excitement These sequelae are not inevitable
and occur less often when the drug 1s skllfully given

Ether stimulates respiration (Fig 15) through irnitation of the lower
respiratory tract, sensitization of pulmonary stretch receptors, stimu-
lation of extrapulmonary sensory receptors, and possibly through the
development of metabolic actdosts The munute volume of ventilation
therefore tends to remawn normal or increase during an ether anesthetic,
and resparatory acidosis 1s less likely to develop than with agents that
will decrease alveolar ventilation such as cyclopropane and thiopental

In all probability as part of a sympathetic stumulant action, ether
produces bronchodilation, a charactersstic which suggests 1ts use in
patients with bronchual asthma who require general anesthesia A
tendency towards mobilization of Iiver glycogen and a nise 1n blood
Sugar may be noted after mhalation of ether n normal man, again
probably the result of sympathetic stimulanon This 15 of httle conse-
Quence 1n duabetics with the methods of diabetic treatment presently
avalable 1f hypoxia and hypotension are avorded, ether causes little
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cellular damage to erther the liver or hidney Mild functronal imparr
ment of these organs may be noted for a few days after 1ts admumstra-
ton

Ether can black nerve-muscle conduction 1n much the same way as
d-tubocurarme This accounts in part for the excellent muscle re-
Jaxation provided by the drug The neuromuscular effect 1s synergistc
with that of d-tubocurarine, dimethy! d-tubocuranine and gallammne
but nor with that of decamethonium bromide or succim icholine

DIVINYL ETHER (VINETHENE)

In 1930 Leake reasoned that an unsaturated ether, combimung the
properties of ethyl ether and the unsaturated compound, ethylene,
mught be a useful anesthetic agent Thus proved to be correct and led
to the cliucal use of divinyl ether, a potent, relatnely non-raitanng
volatile liquid Induction and emergence from anesthesta are rapid
Thus anesthetic 1s used by the open techmique primanly as an induction
agent to be followed by ethyl ether It can also be used 1n semi-closed
systems to mncrease the potency of nirous oxide It 15 recommended
only for brief admuustration, since its prolonged inhalation has been
followed by Iiver and hdney damage, despite the concomutant use of
high oxygen concentrations

In approxumately 3 per cent of admurustrations, abnormal motor
movements may be observed These consist of twitching mosements
occasionally progressing to convulsions, as well as slower, less violent,
rhythmic movements referred to as “running movements * The cause
of these 1s obscure They respond to withdrawal of the drug and m-
halation of oxy gen

TRICHLORETHYLENE (TRILENE, TRIMAR)

This hquid had been used in the dry cleaning of clothing and de-
greasing of metals for years Workmen leaning over vats of the sub-
stance often became 1ntoxicated At one trme this drug was used for the
treatment of tc douloureux smce facial numbness followed exposure
Tt was not until 1934 that the drug achieved recognition as an anesthetic
agent It cannot be used 1n closed systems since 1t reacts with soda me
to form dichloroacetylene and other products which are toxic to the
nerveus system Cramal nerse palstes have occurred

Cardiac arrhythmias of the epinephrine-sensitizing type have been
described A rapid respiratory rate due to sensiuzation of Herng-
Breuer, pulmonary stretch receptors may follow 1ts use for surgical
anesthesta  Muscular relaxation 1s poor, largely because sufficient
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depth of anesthesia 1s not achieved For these reasons the drug 1s used
for analgesia principally 1 obstetrics, urology and dentistry It may
be used to potentiate nitrous oxide during major operations 1f usedina
non-rebreathing system Special inhalers are available for its adminis-
tration Because of low volaulty 1t 1s not given by the “open drop”
techmque Emergence from anesthessa ss usually uneventful

ETHYL CHLORIDE

This potent, halogenated hydrocarbon s regarded by many as too
dangerous for use mn mhalation anesthesta Hypotension, presumably
from myocardial depression, can occur with devastaung speed, serious
cardrac arrhythmuas have been encountered In shillful hands, however,
ethy! chlonde has proved useful as an induction agent by the open
techmque The onset of anesthesia occurs rapidly and with sunimal
excritement Ethyl chloride has been sprayed on usstes to freeze and
render them less sensitsve to a surgical mncision The local anesthesia so
achieved 1s frequently madequate The cooling effects of ethyl chloride
on cutaneous surfaces have been used 1n the treatment of pauents with
pamn, 1f trigger areas can be found Here the drug 1s sprayed over the
tngger zones and pain relief may result

CHLOROFORM

In the United States the use of chloroform 1s localized to a few
clinies In the opinion of many, this volatle iquid 15 too dangerous for
general use, despite a relatnnely large experience accumulated with the
drug i other parts of the world Sudden collapse of the circulation can
follow small mcreases n inspired concentration Cardiac arrhythmuas
of the epinephrine-sensitizing type can be produced experimentally
The lack of flammabulity of the vapor recommends 1t to those who fear
anesthetic explosions Until an apparatus 1s devised that can control the
inspired concentration relably for all who use 11, 1t 1s unliely that
chloroform will enjoy a renatssance

Search continues for better inhalation anesthetics Xenon has been
nvestigated as an addstion to the group of gaseous agents A potency
equuvalent to that of ethylene has been clatmed for this substances
Tluonnated volatile hquid anesthetics are also recenving considerable
attention Trifluorethy L vinyl ether (Fl ) has a low & bihity,
causes ltle disturbance 1n cardiac rhythm, provides rapsd induction
and recovery and good analgesta Tachypnea and low volaulity are
among 113 less desirable features Bromo-chloro-trifluoroethane (Fluo-
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thane) 1s non-explosive and potent Arterial hypotension and the
development of cardiac arrhythmias appear to be 1ts chief disad-
vantages

At the moment, the most commonly used and most rehable -
halation anesthetics are those to which attention was primarily directed
mn this chapter
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CHAPTER 11

“Open Drop” Anesthesia

THE admunistration of volatile iquid anesthetics by the “open drop”
technique continues to be of use despite the development of more re-
fined methods It 1s of value to the occasional anesthetist for 1t can be
applied to almost any patient requining anesthesia It 1s useful in the
anesthetic management of infants and small children 1n whom closed
system techmques may be troublesome because of the mcreased re-
sistance to breathing and the dead space within the apparatus If under-
stood, 1t 1s relatnvely safe, simple, and requires httle equipment

PREPARATION

This 15 simular to that for any inhalational anesthetic When children
under five years of age are anesthetized by the open drop techmque,
narcotics should be omitted from the preanesthetic medication ‘The
respiratory tidal volume of the child 1s small, and respiratory depression
from narcotics 1n decreasing pulmonary exchange may lead to hyper-
capma and hypoxta Unfortunately, there 1s no way to augment respira-
tion wath this techmque

The equipment conststs of @ mask covered with gauze eight inda~
vidual layers thick Additional gauze should be available to increase the
dead space temporanly, when placed around the mash, or to replace
the mask gauze 1f 1t becomes wet Oropharyngeal atrways, suction
catheters, oxygen, and a mask and bag for resuscitation complete the
equipment Divinyl ether (Vinethene), ethyl chloride or diethy] ether
should be available as needed After removal of the soft metal cap of
the ether container, a cork with two deep wedges 1s mserted A long
gauze wich 1s placed 1 ene of the wedges (Fig 17, C)

Care must be exercised to avoid imjury to the patent s eyes Gauze
sponges may brush the cornea if the eyes open during anesthesia At
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Tig 17 Technique of open drop anesthesiz A Method of supporting the
head with the arms B Lateral view showing support of head and insufflation of
oxygen (1) beneath the mask C Cork cut and wick in place to dnp ether

the beginning of induction 1t 1s best not to cover the eyes 1n children
as they may become frightened After anesthesia has been induced,
the eyes can be protected with a piece of rubber dam, the stillation
of boric actd ointment, or by taping the eyes shut The last 1s probably
prefcrable Although diethy] ether 1s often accused of producing ulcera-
tion of the conjunctiva or cornea, rarely 1s ths true Ulceration 1s more
likely to result from direct trauma

INDUCTION

The anesthetist should sit directly behind the patient with the stool
adjusted so that he may look down on the patient’s face The mask
should be held with one hand and the opposite forearm or elbow should
be resung next to the pauent s head (F1g 17, A) If strugghng occurs,
one 1s 1n a position to steady the patient s head between the hand and
the elbow and forearm Induction can be long and stormy An assistant
1s needed 1n this situation more than any other 1n anesthesia

In children, distraction 1s essential Soothing talk about school,
playmates or television 1s helpful Games of counting and other di-
verstonary practices assist i a smooth induction Truth, demonstration
and gentleness produce better results than falsehoods and force In
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adults one should engage 1n & descrsption of the seasations of nducuon
Just as wath other techniques of general anesthesia
One should drip the anesthetic stowly at first, then increase rapidly
to tolerance ‘The mstake of the beginner 1s to reverse this procedure,
that 15, 100 great a concentration 15 given during the first few seconds
and too httle during the remainder of the induction "The latter results
m an mduction that makes hittle progress—the patient coughs, he
nerther awakens completely, nor does he progress smnto surgical anes-
thesia It 15 common at this point to encournter profuse mucous and
salivary secrenons Laryngeal srmtation, vocal cord spasm, partial
respiratory obstruction, retching or vomting may follow It becomes
exceedingly difficult to reach a deeper plane of anesthesia
To avoid some of these difficulties, divinyl ether or ethyl chlonde can
be used for a rapid mnduction of anesthesia These drugs should be
admunstered until the patient loses consciousness and smooth regular
respirations have become established Diethyl ether can then be sub-
stituted fot the mducuon agent, or, 1f the operatson 1s 1o be a brief one,
divinyl ether can be continued When ether 13 subsututed, the msual
fiow should be slow and then rapidly mncreased It 1s unwise to use
ethyl chlonde for more than two or three mnutes since prolonged
adminstration may lead to cardiovascular collapse To increase the
speed of inducnion, ganze pads may be applied to the sides of the mask
to produce hypersenutation by temporanly increasing the nspiratory
catbon diowade tension When wnduction 1s prolonged 1t may be neces~
sary 1o change the gauze, for a mask made cold by the vaporization of
ether may condense the moisture of expired arr This 1n turn further
retards vaporizaton of the ether
As soon as possible, an oxygen delivery tube or ether hook 15 placed
under the mask or into the mowth If room aur 15 breathed during the
‘open drop” techmique, the inspired oxy gen concentration will be below
normal and a lowered oxygen saturation of hemoglobin 1n artenal
blood will tesult There 15 a rough mverse relationship between the
parual pressure of ether vapor and oxygen under the mask~—the higher
the ether pressure the lower the oxygen In addion to dilution of
oxygen by ether vapor, there 15 dilution by water vapor and by carbon
dwoxide that may accumulate because of sthe mncreased dead space cre-
ated by the gawze Thus oxygen deficat can and should be corrected by
the addstion of a 500 ml per munute flow of oxygen (Fig 17, B)
Ancther smportant aspect of the * open drop” techtuque 1s the effect
of mask temperature on the vaporization of hiqumd ether Thermocouples
placed betw cen the gauze layers mdicate that the temperature 15 quickly
lowered to from —2to ~8°C Thus places an upper Lmit of 170 or
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Fig 17 Techmque of open drop anesthesa A Method of supporting the
head with the arms B Lateral view showing support of head and 1nsufflation of
oxygen (1) beneath the mask C Cork cut and wick 1n place to dnip ether

the beginmng of mnduction 1t 1s best not to cover the eyes 1 children
as they may become frightened After anesthes:a has been mnduced,
the eyes can be protected with a piece of rubber dam, the msullation
of boric acid omntment, or by taping the eyes shut The last 1s probably
preferable Although diethyl ether 1s often accused of producing ulcera~
uon of the comjunctiva or cornea, rarely s this true Ulceration 1s more
likely to result from direct trauma

INDUCTION

The anesthetist should sit directly behuind the patient waith the stool
adjusted so that he may look down on the pattent s face The mask
should be held with one hand and the opposite forearm or elbow should
be resting next to the patient s head (Fig 17, 4) If struggling occurs,
one 1s 1n a position 1o steady the patient s head between the hand and
the elbow and forearm Induction can be long and stormy An assistant
15 needed 1n this situation more than any other 1n anesthesia

In children, distraction s essentral Soothing talk about school
playmates of television 1s helpful Games of counting and other di-
\ersionary practices assist 1n a smooth induction Truth, demonstration
and gentleness produce better results than falsehoods and force In



CHAPTER 12

Fundamentals of

Muscle Relaxants

PrIOR to 1940 curare was a medical curiosity There were no pure
preparations Injection of crude solutions nto animals resulted 1n such
depression of blood pressure that the possibility of use 1n man seemed
remote Textbooks lmited discussion of curare to a few paragraphs
With the introduction of d-tubocurasine mn pure form s use for muscle
relaxation increased rapidly Before this time abdomunal muscular
relaxation for surgical operauons, and relaxauon of the jaw and larynx
for tracheal mtubation, were achieved through deep general anesthesia
This degree of anesthesia was accompanied by many side effects and
was followed by a postoperauve course characterized by ¢ hangover ’
With use of the muscle relaxants, less general anesthesia 1s required
One can therefore ask, Do the hazards of deep general anesthesia
ourweigh those associated with the administration of muscle relax-
ants?’

Before this question can be approached—and 1t cannot really be
answered with certamty—one should know something about the phar-
macological properties of the commonly used muscle relaxants

ACTION
The most important action of these drugs 15 to interfere with the
passage of impulses from a motor nerve to skeletal muscle This inter-
ference takes place at the nerve-muscle junction, 2 zone composed of
motor nerve terminals and a spectalized section of the muscle cell
membrane called the end plate Although there 1s anatomic discon-
tinty betw een nerve and muscle, the gap i transmission 1s bridged by
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125 mm Hg on the vapor pressure of ether under 1deal conditions In
clinical practice unless the mask 1s warmed, 1t 15 difficult to exceed
100 mm Hg or about 13 per cent Closed system techniques do not
have this degree of hmitation

Common sensc 1s a part of any techmque Too often this 1s lacking
during the conduct of “open drop” anesthesia The following are the
more frequent errors (1) Pouring cther onto a mask which 1s already
saturated Obviously the drug must be vaporized before it can be in-
spired One cannot increase the concentration of anesthetic 1n the
mspired air by supersaturation (2) Continuing to admumuster an anes
thetic when the patient 1s not breathing  Breath-holding may be 2
manfestation of the excitement stage, 1t may be produced reflexly by
intation of the respiratory tract, or 1t can be related to a high cerebral
artenial concentration of the anesthetic If the anesthetic 1s poured on
the mask durning periods of apnea, the whole cycle of apnea may be
repeated when breathing resumes (3) Tailure to take advantage of the
hyperpnea After breath-holding or following strugghng and excite-
ment, respirations are often full and deep due to accumulated carbon
dioade This increased ventilation permits one to raise the anesthetic
concentration and to carry the anesthetic agent nto the blood stream
more rapidly

MAINTENANCE

Anesthesia 1s best matntained by a steady drop of anesthetc agent,
though the rate may vary, depending upon the phase of anesthesia
Thus, the rate 15 slowed at the beginning of anesthesia, increases steadily
until the desired plane of anesthesia 1s reached, and then slowed duning
the mamntenance The longer the anesthesia contnues, the slower the
rate of admiustration If the rate of drip 1s irregular, the anesthesta
will vary from light to deep, depending upon the concentration be-
neath the mask

The pulse may be counted by a finger of the left hand making con-
tact with the temporal artery or an artery over the ramus of the jaw
It may be necessary to interrupt the adminustration of anesthetic while
the pulse 1s counted, and also when the blood pressure 1s recorded

APPRAISAL
There 1s a self-contained art 1n the admimstration of anesthesia by
the “open drop’ techmque It can be performed with satisfaction to
patient, anesthetist and surgeon alike Those strongest 1n their con-
demnation of the techmique are usually those least able to use 1t cor-

rectly
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curarine, which depresses transmussion at synapses 1 the sympathetic
gangla and may produce a decreased contractility of blood vessels that
are under sympathenc control Gallamme depresses transmussion
through cardiac vagal ganglia and tachycardia results Both drugs are
alleged to minimuze the reflex arculatory and respiratory effects of
ntra-abdominal or 1ntrathoracic mampulation although the evidence 1s
not convincing Succinylcholine may have a muld sympathetic gan-
gliomic sumulant property, an effect partially responsible for a rise n
blood pressure sometimes observed

There 1s no unammty of opimon as to a central nervous system
action of the muscle relaxants Some believe that synaptic transmussion
n the brain 15 depressed, although a climcally important action has not
been obvious

SuccinyIcholine crosses the placental barrier There are fragmentary
data that suggest that other relaxants do not share this property

METABOLISM AND EXCRETION

Intelligent use of any drug requires knowledge of 1ts fate in the body
Decamethonium 15 almost completely eliminated by the hidneys Im-
pawred renal function may therefore be associated with accumulation
of this substance Since 75 to 90 per cent of gallamine 15 simlarly ex-
creted the same thesis applies Approximately 60 per cent of dimethyl
d-tubocurarine, 35 per cent of d-tubocurarine and only 5 to 10 per cent
of succinylcholine appear 1n the urine

Succinylcholine 1s hydrolyzed rapidly 1n the plasma, chiefly by non-
specific plasma cholinesterase Enzymatic hydrolysts takes place 1n two
stages ‘The drug 1s rapidly changed to succinylmonocholine, which 1n
turn 1s broken down more slowly to choline and succinate In the
presence of severe liver disease and malnutrition, or if; for other as yet
poorly understood reasons, the concentration of plasma cholinesterase
1n the blood 15 low, the action of succnylcholine may be abnormally
prolonged It must, however, be emphasized that abnormal prolonga-
ton of succinylcholine effects occurs in the presence of normal amounts
of the enzyme Other factors must therefore be mnvolved Of possible
significance 1n association with the prolonged effect of succinylcholine
1s the fact that the mono-ester has a blocking action of its own

Following the mtravenous mjection of d-tubocurarme or dimethyl
‘:h m:{:czmrme, 60 to 90 per cent of the injected drug disappears from
blzodoo stream within a few minutes (Fig 18) Thus rapid decline 1n

e Stream concentration 1s due to distribution of these substances
ughout body fluds and ussues, and does not sigrufy prompt
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the chemucal transmutting agent, acetylcholine As the result of motor
nerve activity acetylcholine 15 released from the nerve termunals at the
celf membrane of muscle A phenomenon hnown as depolarization ac-
companies this, an electrical potenual develops at the end-plate
When this reaches 2 centaie magmtude 2 ware of depolanizanon m the
muscle cell 15 produced and the muscle contracts Acetyichohine 1s
destroyed 1n a fraction of a second by the enzyme cholinesterase, and a
restorative process begins, culminating in the return of the muscle to
1ts precontractile state

Thus natural process can be interrupted by preventing acetylcholine
from reaching the receptor area of the muscle cell membrane d-Tubo~
curasine 1s believed to produce muscular paralysss 1 this way The
hypothesss 15 d-tubocuranne blocks the action of the chemmcal trans-
muttrer through combination with receptors usually occupted by acetyl~
choline Gallamune (Flaxedd) and dumethy! d~tubocurarine (Metubmng)
act 1n sumidar fashion

Other drugs also interfere with transmussion at the nerse-muscle
junction and produce muscular paralysis thereby Two commonly
used synthetic sut es are d 1 (Syacunine) and suc-
ciny Icholine (Anectine, Scole, Quelicin) The mode of action of these
two compounds has not yet been agreed upon Formerly 1t was be-
heved that prolonged depolarization of the end-plate region was en-
urely responsible for the blodk More recent work indicates that
depolanzauon does occur, but that a defect 1 conduction persssts long
after depolarization has disappeared The black then assumes some of
the charactenstics of that produced by d-tubocurarme It 18 temptng to
predict that ultimately we shall find a fundamental similanity 1 the
action of the two groups of relaxants

The doses of muscle relaxants used intravenously in anesthesia may
be compared as follows

COUPARABLE ONSET OF DURATION OF
CLINICAL DOSES ACTION ACTION
(og) (seconds) {nunutes)

Decamethontum 3 120-180 15-20
Dimethyl 4 tubocusanne 45 90-150 25
d-Tubocuranne 18 90-150 30
SuccnyIchohine 30 3075 4-6
Gallamus 50 90-120 15~20

I addiuon 1o an action at the nerve-muscle junction, the muscle
rel can reduce ir of impulses through gangha of the
autononuc nervous system This has been demonstrated for d-tubo~
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laxants This reversal 1s most likely to occur when d-tubocuranne,
dimetin] d-tubocurarine or gallamine has been used Presumably an
anticholinesterase agent, by presenung the destruction of acers Icholine,
perrmts this chemical transmitter to accumulate and to restore neuro-
muscular conduction An antagomusm has also been demonstrated
cliucally and experimentally for decamethomum and succiny Icholine
This suggests that profonged depolarization s not the factor mvohed
1n the continuing acton of these two muscle relaxants and supports
the 1dea that the basic effect of all of the substances 1s sumular

If d-tubocuranne 1s 1jected and 1ts effect allowed to wear off par-
ually, the subsequent 1njection of decamethomum or succmIcholine
1n the usual paralvzing doses 1s relatnely 1neffectine The explanation
for this antagorusm 1s puzzling

SYNERGISM

d-Tubocurare acts synergistically with ether, so that smaller
amounts of the former are needed to provide muscular relaxation during
ether anesthesia Ether can be shown to have a blochuing action at the
nen e-muscle junction, @ property not shared by thiopental and cyclo-
propane except with excessne doses Ether synergism with d-tubo-
curarine (and probably dimethyl d-tubocuranine and gallamine) thus
seems to represent the additne effect of tho drugs both acting to de-
crease transmussion from nenve to muscle Other volanule anesthetics
should be studied for this effect It has also been obseried chmcally
that if farge amounts of succinyicholine have been gnen as with the
conunuous ntravenous mnfusion of an 0 1 per cent solution, the sub-

sequent adminsstraton of 12 to 15 mg of d-tubocuranine may produce
a profound paralyzing effect

EFFECT OV THE RESPIRATORY SYSTEM

All of the muscle relaxants can reduce the minute volume of respi-
ration or produce apnea through neuromuscular blockage At the end
of an operauon this effect should have disappeared  Unfortunately,
this does not always happen, and nadequate ventilation or apnea may
persist into the postoperatne period for as long as one to six hours
The particular relaxant gnen does not seem 1o be mmportant This
undestrable effect 1s noted more often 1 pauents whose preoperatine
phyvsical condition 1s poor

If apnea 1s present at the end of an operation at least three different
factors may be imvolved, each of which demands different treatment
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Fig 18 Distnbunion of d tubocuranne In man after sapid mtravenous myec
ton Theorencal curves aaleulated from urinary excrenon rates (From Ralow W
J Pharmacol & Exper Therap vol 709 1953 )

destruction Depaots can become saturated if large amounts are grven,
and prolonged paralyuc effects may be observed Under these aircum-
stances the factors i merabohsm~—Iner conjugation and kidney ex-
cretton—become important Stfice extravascular compartments can
hold about half the given dose of d-tubocurarine, a considerable amount
can be stored temporarsly followsng two or three mtravenous iyjections
withun the space of an hour If dehydration electrolyte or flurd shifts
devetop, delayed mobdization of d-tubocurarine may cause a return of
paralysis after drug action had apparently ceased

ANTAGONISM

Neostgmune and edrophontum (Tensilon), anticholmestesase drugs,
may reverse the newromuscular block produced by some of the re-
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laxants This reversal 1s most lihely to occur when d tubocuranne,
dimethv! d tubocuranne or gallamime has been used Presumably 1n
anticholinesterase agent, by presenting the destruction of acetyicholine,
pertmuts this chenmcal transmutter to accumulate and to restore neuro-
muscular conduction An antagonism has also been demonstrated
climically and experimentally for decamethonum and sucenyicholine
This suggests that prolonged depolinzation 1s not the factor involved
m the contimung action of these two muscle relaxants and supports
the 1dea that the basic cffect of all of the substances 1s sumlar

If d tubocurarine 1s 1mjected and sts effect alfowed to wear off par-
wally, the subsequent 1njection of decamethomum or succinylcholine
1n the usual paralyzing doscs 1s relanvely meffectse The explanation
for 1hs antagorsm 15 puzzling

SYNLRGISM

d Tubocurarmne acts synergrstically with cther, so that smaller
amounts of the former are needed 10 provide muscular relaxation during
ether anesthesia Lther can be shown to have a blocking action at the
Benve muscle junction, a property not shared by thiopental and cyclo-
propane except with excessive doses Lther synergism with d-tubo-
Curanne (and probably dimethy! d tubocuranine and gallamine) thus
seems to represent the addits ¢ effect of two drugs both acting to de-
Crease transmisston from nerve to muscle Other volatile ancsthetics
should be studied for this effect It has also been observed chncally
that if farge amounts of succinyIcholine have been given, as with the
continuous intrasenous nfusion of an 0 1 pes cent solution, the sub-

sequent adminustratson of 12 1o 15 mg of d tubocurarine may produce
2profound paralyzing effect

EITECT ON THE RESPIRATORY SYSTEM
raA“ of the muscle relaxants can reduce the minute volume of respi-
crxrm or produce apnea through neuromuscular blockage At the end
by :T:X operation this effect should have disappeared Unfortunately,
08 ot alway s happen, and madequate ventilation or apnea may

Per
:‘ ; 1nto ;h: postoperative period for as long as one to six hours
2rtictlar relaxant given d o be mportant This
L'\dﬁl‘abl: gniven does not seem U iel

¢ffect 15 noted more often m patients whose preoperative
dition 15 poor

present at the end of an operarion at least three different
be involved, each of which demands different treatment
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One must consider the effects of (1) controlied resprration, (2) an endo-
tracheal tube, (3) the muscle relaxant per se
Comtrolled Respiranion Lxcessive depth and rate of aruficial venn-
lation, whether provided by manual compression of the breathing bag
or by machine, can reduce artersal carbon dioxide tension to a pomt
where spontaneous resprration ceases The pressure used for inflation
of the lungs may sumulate Hering-Breuer stretch receptors which
exert an mnhibstory effect on the respiratory center via the vagus nerves
‘The combination of these factors mught result in an apnea which could
be erroneously mterpreted as bemng due to muscle relaxants Treat-
ment consists of mterruptng pulmonary ventilation so that carbon
dioxide concentration 1n artersal blood 15 restored to normal, and the
rhythmic discharge of the respiratory center (decreased by low carbon
dioxsde and inhibitory reflexes) 15 reestabhished One should not cease
ventilating the lungs for a period Jong enough for hy poxia to develop
Endotrach.al Tube  The presence of this foreign body in the trachea,
particularly with an mflated cuff, may cause apnea The reflex pathway
for this 1s not clear, but deflation of the cuff, or withdrawal of the tube,
may remove an mhibstory stmulus and permut resumption of spon-
taneous breathing
Muscle Relaxant Action per se Overdosage with the muscle re-
laxant may cause prolonged apnea erther by saturating tissue and flud
depots, or by the overwhelming of detoxifying and metabolic mech-
amsms The latter may be deficient through disease of such organs as
the Iiver or kudney Electrolyte imbalance, particularly that of low plas-
ma potassium, can contribute to prolonged neuromuscular block
Ir 15 safest to use the muscle relaxants over long periods of ume,
without stopping respiration completely, so that there 1s always some
degree of spontaneous respiration to gwde the anestheust Should
respiratory depression or apnea persist at the end of operation, assis-
tance to breathung, or artificral venulation, 1s the basic element 1n
tr If antichol are used (neostigmme 1 10 2 mg,
edrophosuum 10 mg intravenously) to antagomze the competitnve
neuromuscular type of drug, they should be preceded by 04 to 06
mg atropme sulfate mntravenously to mummuze the increase in respira-
tory tract secretions and other parasympathetic effects If correction
of potassium deficiency 1s artempted with an iatravenous solution,
electrocardiographic gurdance provides a safeguard agamnst the de-
velopment of cardiac arrhythmias or asystole The use of caloum salts
as antagonusts to succmylcholine has also been suggested In general,
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howeyer, 1t seems best 1o rely on adequate pulmonary ventilation and
passage of ime

LITECT ON TIHE CIRCULATORY SYSTEM

As one reviews reports of death following the use of the muscle re-
faxants, 1t 1s cvident that in addition to respiritory abnormahities,
arterial hy potenston frequently occurs Once cause for circulatory de-
pression 1s the use of excessive posttine pressure to inflate the lungs
Reduction of artersal pressure conscquent to raused airway pressure is a
well known response A second possibility lies an the combined usc of
intravenous thiopental and relaxants Thiopental per se can cause a
decrease 1n artenial pressure Some relaxants cause release of ussue
histamine, a substance predisposing to hypotension Some relaxants
block sympatheue ganglionic transmission and interfere with vaso-
motor reactivty 1n this way  Hypotension must be treated promptly by
the measures suggested 1n Chapter 20

APPRAISAL

The muscle relaxants are powerful drugs and have unquestioned
potenual for harm Their use has been followed by death On the
debit side of the ledger 15 the fact that a considerable degree of knowl-
edge and skill ss required for their safe adminsstration On the credit
side 1s the lesser depth of ancsthesia needed, and a possible reduction
1 untoward reflexes associated with surgical mampulwion In our
opmion, the balance cannot yet be struck
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CHAPTER 13

Intubation of the Trachea

‘THE advantages of wntubation of the trachea are unquestioned Tollow-
ng tracheal intubation, respiratory dead space 1s reduced, control of
respiration 15 facilitated, and the removal of secretions from the tra-
cheobronchial tree ssmplified The patient can be placed 1n any position
for operation without compromusing the arrway The anestheust can
be at some distance from the head of the pattent, yet retain adequate
control of the anesthetic

Tracheal intubation has become commonplace and the techmque 1s
often used for the comvenence of the anesthetist rather than for the
good of the patient There appears to be a belief among anesthetists
that there are no untoward sequelae of endotracheal anesthesia For
this reason emphasts will be placed on complications arsing as a result
of the use of the laryngoscope and endotracheal tubes All of the fol-
lowing comphcations haie been seen by the authors

I diate Traumatic C lication

1 Cut, bruised or swollen hips and tongue

2 Chpped, loosened or dislodged teeth

3 Laceration or hemorrhage n the pharyngeal mucous membrane
4 Dislodgement of adenordal tissue

5 Submucosal hemorrhage of the vocal cords

Technical Complications
1 Increased resistance to breathing imposed by tubes (adapters or
connectors) with an inside diameter too small
2 Obstruction of the lumen of the endotracheal tbe due 1o collapse
or kinking Obstruction may also occur 1if a patient bites on the
tube or when a cuff has been overinflated thereby collapsing the
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4
Fig 19 Acadents with tracheal imtubation 1 Normal position of the tube
2 Intubation of the night mam bronchus 3 Tube opening agamst side of trachea
with one way valve effect 4 Runked tube 5 Endotracheal cuff inflated with partisl
occlusion of opening 6 Inflated cuff partially occluding left main bronchus

wall of the tube, when the bevel of the tube impinges upon the
tracheal wall and acts as a one-way valve, when the cuff over-
rides the tube’s opeming, there may be obstruction within the
tube due to dried secretions (Fig 19)

3 Unrecogmzed esophageal intubation

4 Endobronchsal mtubauon due to the use of a long endotracheal
tube Usually the right mam stem bronchus 15 intubated, leaving
the left lung unaerated Bronchial obstruction from the cuff
(Fig 19)

5 Duslodgment of tube because of failure to anchor 1t properly

Dissplacement into the pharynx or further insertion into a brone-
hus can occur

Undestrable Circulatory and Re: y Effects

1 Transient hypertension and tachycardia can follow tracheal 1n-

tubation when accomplished without adequate topical or general
anesthesia

2 Conversely, hypotension may be associated with tracheal n-
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1 Cut, bruised or swollen ltps and tongue

2 Chipped, loosened or dislodged teeth

3 Laceration or hemorrhage 1n the pharyngeal mucous membrane
4 Dislodgement of adenoidal tissue

5 Submucosal hemorrhage of the vocal cords

Techmeal Complications
1 Increased resistance to breathung mmposed by tubes (adapters or
connectors) with an nside diameter too smail
2 Obstruction of the lumen of the endotracheal tube due to collapse
or kinking Obstruction may also occur if a patieat bites on the
tube or when a cuff has been overinflated thereby collapsing the
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should be nspected before induction of anesthesia One may detect
Joose, broken or discased tecth, dental plates or loose appliances, and
occasionally chewing gum Gentleness 1s the keyword i tracheal
intubatton The maneuser should not be hurried or forceful nor should
the anestheust’s attention be so fixed at the tip of the laryngoscope that
he disregards other structures of the mouth and pharynx

‘The student must first become acquanted with the anatomy of the
pharynx, larynx and trachea An experienced anesthetist must be in
attendance during the student’s carly experiences with tracheal in-
tubation  Finally, 1t 1s worth while for the student to describe aloud
the anatomic structures as he views them There 1s much to recommend
sntubation 1n conscrous patients, under topical anesthesia, for this
obuaates the need for haste and places a premium on gentleness The
next best alternative 15 1 the pauent deeply anesthetized with ether
Speed again 1s not essental, for the patient continues to breathe and
remans relaxed

In our experience the most comnmon cause for faillure to mnsert an
endotracheal tube 15 inadequate depth of anesthesia The lack of re-

Fig 20 Upward Ift of laryngoscope at 45 d
ATELD pward bt of I (‘)g pe at 45 degree angle to evpose glotus

epiglotf
semicircular construction to piglotus 2 End view of straight blade with
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tubation secondarily This 15 the result of increased amrway
pressure, precipitated by coughing and bucking, or by attempts
to ventilate the lungs durning chest wall spasm The circulatory
effects of raised airway pressure arc amplified sn Chapter 20
Hypoxta or hypercapma These sequelac will arse 1f too much
ume 15 tahen to mnsert the tube or may follow the responses noted
in the preceding paragraph

Increased resistance to resprration as noted under Technscal
Complications The patient may respond by developing hyper-
capnia, hypoxia, hypertension and tachycardia

()

R

Complications Following Tracheal Intubation

Tracheal cdema and infection from smproperly sterihized equip-
ment or contaminated lubricants
Pulmonary nfection as a result of passage of endotracheal tube
through a contaminated arca (through the nasopharynx m the
presence of acute sinusitis) and transmussion of pathogemc
bactenia into lungs
Tracheal and laryngeal edema indicatise of an allergenic response
to the maternal incorporated 1n the endotracheal tube or the
lubricant
Posuntubation uleeration and granulomata of the vocal cord from
1rrytation or trauma by the tube
Hoarseness, probably due to 2 mild laryngitss from the presence
of a foreign body m the glotus
Ulceration of the tracheal mucous membrane

This list of complications 1s impressive It 15 not meant to dissuade
the anesthetist but rather to remuind him of what may ensue with 2
careless techmque These sequelac occur more commonly during the
traimng period of the anestheust and become less frequent as skill
develops A critical analysis of onc’s own techmque as well as that of
others will do much to ncrease the safety and comfort of the patient
as far as tracheal intubation 1s concerned

o=
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TECHNIQULS OF TRACHEAL INTUBATION
Before discussing the details of the techniques of tracheal intubation
there are certam general principles™to be stressed Endotracheal tubes
of the proper s1i7¢ and length should be sclected It 1s wise to have
tubes of more than onc size ready for use One should look through
the lumima of tubes prior to insertion into the trachea This assures
patency and freedom from foreign material The pauent’s mouth
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Fig 21 Position of the head for laryngoscopy and intubauon of the trachea
A Ordmnary posinon T Axis of the trachea P Axis of the pharynx O Axis of the
oral cavity B Modified position achieved with an extra head rest Flexion of the

cervical spine and extension at the atlanto-occipital joint bring the three axes more
nearly into hine

of the glotus 15 certain Rarely an attempt to intubate must be made
when the glotic openung cannot be brought mto view Under these
crcumstances one can identfy the epiglotus and possibly the ary-
tenord cartilages before advancing the tube Endotracheal tubes are

mntroduced to one side of the laryngoscope, leaving the lumen free for
vision

Oral Vasual Intubation (Curved Blade)

In general the technique 1s the same as above except that exposure
of the glottic opening 1s not obtamed through elevation of the laryngo-
scope blade placed under the laryngeal surface of the epiglottis In this
case the up of the curved blade remains 1n contact with the tongue and
rests 1n the area between the epiglottis and base of the tongue Elevation
of the laryngoscope causes retraction of the epiglottss toward the blade
and exposure of the glottic opening by the pull on the glosso-epiglottic
ligament If the tip of the blade 15 inserted too deeply, retraction of the
epiglottis cannot occur and exposure becomes difficult

The theoreucal advantages of a curved blade are dersved from the
fact that the sensory innervation of the laryngeal surface of the epi-
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Iaxation also leads to a ugher incidence of trauma On the other hand,
the most common comphlication encountered during insertion of an
endotracheal tube with the axd of a muscle relaxant 1s hypoua The
relaxation provides a false sense of security, and too long a tme 1s
taken for intubation As the relaxant effect disappears, coughing and
bucking occur, since the depth of anesthesa 1s madequate

A laryngoscope ts essentially an iflummnated tongue blade The
handle of the instrument 1s a battery case There are many styles of
laryngoscopic blades, but all fall into two main categortes, the straight
and the curved (Fig 20) Both are usually L shaped n cross section,
the purpose of the vertical projection being to heep the tongue from
the field of vision Since the techniques employed with each differ in
some measure, they will be discussed separately We have advocated
that the same laryngoscope be used until farmbanty with 1ts use has
developed Uncuffed tubes are preferable for first attempts as they are
easier to0 msert

Oral Visual Intubation (Straight Blade)

‘The head should be in the midhine and the occiput supported upon a
small pillow 1n order to bring the axis of the trachea, pharynx and
mouth mto Line (Fig 21) Protectne lead or adhesive tape shuelds on
the teeth may be used, but emphasis should be placed on attention
to technical details and gentleness to prevent inury to the teeth and hips
It 1s well to moisten the blade of the laryngoscope with water or lubrt-
cant to facihitate passage over dry mucous membranes

The laryngoscope blade should be held in the left hand with the
thumb and fingers of the night separating the lips and teeth and pre-
venting the lips from being caught between blade and teeth The blade
should be inserted on the right side of the mouth and moved toward
the center, displacing the tongue to the left The teeth or gums should
not be used for leverage but exposure should be gamned by an upward
Iift of the mnstrument 1 a 45 degree angle from the face (Fig 20)

When the epiglottss 1s exposed, the blade should be advanced a few
mmulltmeters beneath the tip of the structure An upward and outward
Iift follows If the head 1s now extended with the right hand under the
ocerput the glotus should come 1nto view Ovenmnsertion of the laryngo-
soope blade results in elevation of the Jarynx as a whole rather than
exposure of the glotic openung The blade may expose the esophagus
which 15 recognized by 1ts oval opemung and lack of arytenoid carti-

es
‘aglnmbauon of the trachea should only be attempted when visualization
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presence of acute sinusitis and mastouditis, since pathogenic bacteria
may be carried 1nto the trachea

Nasotracheal tubes must be soft so as not to anjure the nasal mucous
membrane or turbinates, yct must be of the proper consistency to resist
compression and mamntan a reasonable curve The tube must be w ell
lubricated to mimmize trauma A laryngoscope and laryngeal forceps
must be at hand should blind intubauon fml Attempts at bhind 1n-
tubation should be abandoned 1f not smmediately successful and the
tube then snserted under direct vision

The pattent’s occiput rests upon a small pillow with the chin ex-
tended The tube should be 1ntroduced with the concavity forward in
the sagittal plane Adsancement of the tube must be slow and gentle
Roughness, thick rigid tubes, poor Iubrication, and forcing an obstruc-
tion will cause nasal hemorrhage A combmauon of looking, histening
to breath sounds, and sensmg with the fingers contributes to successful
blind nasal ntubation One observes the neck 1n the region of the
hypopharynx and larynx for lateral bulging caused by the up of the
advancing tube, one listens for maximal breath sounds, and one senses
resistance to the tube 1n 1ts passage If hyperpnea can be mnduced during
these maneuvers, 1t 1s helpful The vocal cords will be maximally ab-
ducted with mspiration and the patient almost appears to inhale the
tube Entrance of the tube into the larynx 1s often accompanied by a
cough The position of the tube can be tested by connecting the tube
to the rebreathing system and attempung to expand the lungs

Extubation

The removal of the endotracheal tube at the conclusion of anesthesia
may result in undesirable sequelae Whale 1t 1s essential to rid the trachea
and pharynx of secretions prior to extubation, one should not petstst 1n
such attemps to the point of continued coughing and cyanosis The
aspirating catheter should be passed quickly through the endotracheal
tube, the secretions aspirated, and the catheter withdrawn Afier aspira-
tion the patsient should be given oxygen to breathe, following which the
endotracheal tube 1s withdrawn The withdrawal should be reasonably
quick 1f an asprrating catheter 1s still 1n the tube, for if the catheter 15
allowed to remain in contact with the cords, hemorrhage or severe
laryngospasm will occur After withdrawal the patient should again be
given oxygen to breathe In chuldren, 1t 15 best not to withdraw the tube
with the catheter mside because of the high incidence of laryngospasm
An endotracheal tube should not be withdrawn 1n a cyanotic pattent
Iflaryngospasm occurs, the hypoxia may worsen and cardiac arrest may
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glotus arises from the superior laryngeal branch of the vagus nene
Sumulation of this surface by the mstrument may lead to reflex vocal
cord spasm and coughing Conversely mnnervation of the pharyngeal
surface 1s derived from the glossopharyngeal nenve Stimulation of this
surface 1s less likely to cause laryngeal spasm The curved blade allows
more room for the passage of the tube than does the average straight
blade Sometimes exposure of the glottis 1s not as good as that obtamned
with the straight blade and a stylet must be used 1n a higher proportion
of cases In short, thick-neched individuals and those with a more
superiorly situated larynx, the curved blade 1s often quite useful

Orotracheal Intubation 1n a Conscious Patsent

An anesthetist should learn to intubate the trachea with the patent
awale In order to do this, topical anesthetization 1s accomplished by
spray, by application of the local anesthetic with cotton swabs, or by
transtracheal 1njection of the anesthetic The application can be per-
formed under direct vision (with laryngoscope) or mdirect vision (re-
flected Light and laryngeal murror) Structures should be anesthetized
1n the following order base of tongue, epiglottss, oropharynx, pyriform
fossae, vocal cords, and finally, larynx and upper trachea by insullation
through the glotis A munimal amount of solution should be used to
present reactions (not more than 2 to 3 cc of 10 per cent cocame for the
enure procedure)

Orotracheal intubation with the patient awake can be used to ad-
vantage m the following situations tumor of the neck or upper medi-
astinum displacing the trachea or larynx, tumor or inflammatory swell-
ng encroaching upon the mouth or pharynx, malformations of the jaws,
and 1n hugh acute mtestinal obstruction wherein the hazard of aspiration
of vorrtus duning induction of anesthesia 15 great In the latter case, a
cuffed tube should be used and the cuff wmflated prior to induction of
general anesthesia

Blind Nasotracheal Intubation

Many anesthetists neglect this valuable technique Blind naso-
tracheal mntubation may be the method of choice for oral surgery and
maxillofacial surgery It 1s mvaluable in certain emergency situations
where an mrway 1s needed quickly, such as 1n the obese, full-necked
person who obstructs easily or in the patient with hy poglossal, pharyn-
geat or cervical edema It 1s also mndicated 1 patients with fractured
jaws It should be avorded 1n patients with fracture of the nose or in the



Fig 22 Endotracheal equpment 1 Syringe and (2) blunt tipped needle to
mflate cuff on endotraches! tube 3 Bite block 4 Curved laryngoscope blade
5 Straight laryngoscope blade 6 Lasyngoscope handle and battery holder 7
Nasotracheal tube with funnel 8 Cuffed endotracheal fube wrth straight shp joint
$ Hemostat to mamtain cuff wflanon 10 Curved endowacheal tube connector
11 Curved endotracheal tube connector with suction tube mipple 12 Umversal
metal adapter 13 Catheter Y adapter
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result Laryngospasm occurs commonly with extubation but 1s of less
signuficance if the lungs have been oxygenated prior to removal of the
tube

CHOICE OF EQUIPMENT
Figure 22 illustrates most of the essential pieces of endotracheal
equipment

Laryngoscope

The type of laryngoscope 1s not mmportant to the begmner He can
select any of a variety, depending upon his or his superisor’s prefer-
ence However, to avoid confusion, he should continue to use one type
and develop profictency before employimng another The student should
defer purchasing an instrument until he has had the opportunity to
try all of them

Tubes

There are many types of endotracheal tubes They are made of
natural or synthetie rubber, plastic or metal, a coiled wire may be em-
bedded 1n the wall to prevent collapse, and they may have an inflatable
cuff or balloon built 1nto the wall of the tube or separately attached
Natural rubber has the disads antage of being porous, thereby accumu-
laung secretions, lubricants and bacteria, which are more difficult to
remove Plastic tubes become firm and suff with age, and thus more
tradmatic

Tubes should be chosen for durability, with thin walls and maximum
mstde diameter 1o assure mumum resistance to breathing, lack of
compressibility and ease of cleansing All may kink except those of
metal or those with cotled wire Noncollapsible tubes are mandatory
m certain types of operations, as for thoracic or cervical tumors ob-
structing the trachea, and n operanons conducted 1n the face-down
posttion when the head must be sharply fleved

Endotracheal tubes are longer than need¢d when recenved from the
manufacturer They should be cut to lengths such that the distal end
of the tube lies 2 t0 3 cm below the larynx with the proximal end at the
teeth, 1n the case of nasotracheal tubes, at the external nares Naso-
tracheal tubes are longer than the oral by several centimeters Endo-
bronchial mrubation can result from the use of tubes that are too long
The length of the tube should be esumated for each patient by place-
ment alongside the face and nech A metal adapter should be nserted



Fig 22 Endotracheat
e cuff on endotrache:

3 Straght Lar D
Nasotracheal tube with fu

Syminge and (2) blunt upped needle to
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mnto the end of the tube This should fit snugly, preferably distending
the tube, otherwise it may slip out at an mappropriate time Connec-
tions between tube and anesthetic machine should be large 1n diameter
and with smooth curves to minimize turbulence 1n air flow, and to de
crease resistance

Stylets should be made of malleable y et firm metal or plastic matenal
When placed they should not protrude from the tracheal end of the
tube They must be [ubricated before insertion 1nto the tube, fest their
withdrawal be difficult

After an endotracheal tube has been nserted, a bite bloch of rolled
gauze should be placed between the teeth An oropharyngeal airway
serves the same purpose Either will prevent biting on the tube and
occlusion of 1t The tube should then be fastened to the bite block or
airway with adhesive tape and to the cheeks 1n turn, or with sewing tape
tied around the neck Rarely 1t may be necessary to suture the tube into
place, as in some maxillofacial operations

Cuffed Tubes

The inflatable balloon or cuff offers the advantage of a completely
closed system, thereby malung contro! of resprration more efficient
It prevents passage of foreign material from the pharynx into the Jungs
Cuffed tubes may be of the high or low pressure type, so designated
according to the pressure needed to mflate the cuff The latter type 15
preferable as 1t lessens pressure and trauma to the tracheal mucous
membrane The cuff should be carefully inflated by a syringe with a
measured amount of air, the extent of inflatton can be tested by simul-
taneous compression of the breathing bag and Iistening for escape of atr
at the mouth Pharyngeal packs are not recommended for routine use
since they may cause pharyngeal irritation and postoperative sore
throat

Lubricants

In our opinion, uncuffed endotracheal tubes inserted under direct
vistion through the mouth do not require lubricanon Cuffed tubes
should be lubricated to facihitate passage through the glotus A water-
soluble Iubricant without local anesthetic 1s generally adequate but
there ate some who believe that a lubricant containing a local anesthetic
provides worth-while topcal anesthesia  Nasotracheal tubes require
more than the usual lubrication Suction catheters should likewise be
lubricated for easy passage through endotracheal tubes
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APPRAISAL

The anesthetist should realize that intubation of the trachea 1s a
techmque of great value but rarely 1s 1t an absolute necessity  Anes-
thetists have for years administered anesthetics to the satisfaction of all
concerned for chest operations, to patents in the prone position and
for oropharyngeal surgery without benefit of endotracheal tubes It 1s
wiser to forego a tube when several attempts at intubation have fatled
or to ask for help from a more experienced person rather than to persist
stubbornly 1n the face of repeated trauma and failure

REFERENCES

Bannister, F B and MacBeth R G Dhrect lany and tracheal t
Lancer 2 651, 1944

Gillespie N A Endotracheal Anaesthesia University of Wisconsin Press, Mad
son Wis , 1950

Orlan, L R., Siegel, M, and R une E A R tot by appa-~
ratus used in anesthesia Current Researches 1 Anesth & Analg, 33 217 1954

I’risgsm:m J J,and Kelemen G Phystology of the larynx Physiol Rev, 35 506,

55

Proctor D F Anesthesiology and Otolar, 1 Williams and Wilkins Co
Balumore, 1957




CHAPTER 14

Intravenous

Barbiturate Anesthesia

InpucTion of anesthesia with the intravenous admunsstration of a
rapidly acting barbiturate 1s pleasant A patient who has been anes-
thetized by this method usually prefers 1t to all others He relates his
experience to friends, who 1n turn request this techmque Surgeons
often promuse patients mtravenous anesthesia an enormous demand for
the method 15 thus created Since the techmque 15 stmple, 1t also ap-
peals to mdividuals not qualified by experience or traming to use it
safely This chapter will outline the principles involved 1n the safe use
of intravenous barbiturates The two drugs most commonly used are
thiopental (Pentothal) and thiamylal (Surstal) They are quite similar
1n ther actions and will be treated together The complications associ-
ated with their admustration will be emphasized as well

THEORETIC CONSIDERATIONS

Controllability

Barbrturate anesthesia differs from that produced by mnhalational
agents 1n that once the barbiturate has been injected there 1s little the
anesthetist can do to facilitate 1ts removal With cyclopropane, ether, or
other nhalation agents, the blood content can be altered at will by
varying the concentration of agent in the respired air In overdose from
inhalant agents, the concentration can be rapidly dimunushed by venti-
lation of the fungs with oxygen or air Controllability of barbiturates
1s increased by the use of dilute solutions varying from 0 2 per cent to
50 per cent The more dilute solutions are given by continuous 1n~
fusion while the larger concentrauons are mjected intermittently
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Theoretically, the lower the concentration, the greater the controlla-
bility of the level of anesthesia Practically, however, since dilute solu-
tons are given by continuous intras enous infusion, there 1s some hazard
1n that frequent adjustment of the rate of flow distracts the anesthetist’s
attention from the pauent Occasionally overdose results because, as
flow continucs, the anesthetist’s attention may be distracted

Fate in the Body

Whereas all inhalational anesthetics, except trichlorethylene, are
nert substances and are ehminated from the body unchanged, the
intravenous barbiturate anesthetics must be metabolized and the prod-
ucts of metabolism excreted The term *‘ultra short-acting” 1s still
apphed to this group of barbiturates This term 1s not correct Ap-
parent brevity of action 1s related to redistribution of these drugs from
the blood stream They are removed from the circulation promptly
and diftuse rapidly into all ussues Follow:ng a single mnjection, the
abundant cerebral blood flow causes the barbiturate content of the
bran to nse rapidly Unconsciousness quickly occurs As the artersal
content decreases with recirculation and as equiltbration with other
ussues begins, barbiturate 1s removed from the bramn and the con-
Ccentration 1 cerebral venous blood may rise above that 1n the arteral
(Fig 23)

Equilibranion with skeletal muscle 1s attained 1n about 15 minutes
Fat has a relatiely poor blood supply and takes up barbiturate slowly
The maximum deposttion 1n fat usually occurs after 90 to 120 minutes,
but uptake may continue for as long as four hours

After a moderate dose of thiopental (200 to 400 mg ) the plasma con-
centration decreases rapidly and the patient recovers quickly The
larger the amount of drug injected, the greater the tissue storage Very
large doses may be suffictent to saturate the fat depots and there may
be a considerable delay 1n the return of consciousness When the max-
imum concentration of the drugs mn body fat has been attamed, small
additional doses will suffice to maintam anesthesia Falure to recogmze
this will result 1n overdosage with occastonal serious effects

The early steep fall in plasma barbiturate concentration 1s indicative
of distribution to fat and other non-nervous tissue Thus s followed by
a more gradual dechne reflecting the slow rate of metabolic trans-
formauon of the drugs In man this rate 15 only 10 to 15 per cent of the
plasma concentration per hour This can be regarded as a slow rate of
metabohsm

Thiopental 15 almost completely metabolized n man, only about
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surgical sumulation movement or struggling occurs Both responses
are indicatn ¢ of poor afferent blockage Minor pharyngeal and laryn-
geal sumulation often precipitate laryngospasm or coughing  This
1s 50 common that it 1s sard that thiopental sensitizes the vagus and
leads to laryngospasm Actually, we believe this s further evidence that
the afferent pathways are unblocked

Because of the faslure to block afferent pathways effectively, intra-
\enous barbiturates usually arc combmed with mhalational anes-
thetics, such as mtrous ouide or cthylene Narcotic analgesics are also
frequently given to enhance the analgesic effect of mitrous oxide With
this combination of drugs, howeser, respiratory depression may like-
wise be increased

Since ntravenous barbiturates do not have the curanform effect of
ether and do not effectnsely block motor impulses, muscular relaxation
can be provided only through excessive central depression Thus 1s the
reason for the use of relaxant drugs with barbiturate and mitrous oxide
anesthesia

‘Eftzct of thopental apon thsplraho:]
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03 per cent of an admimstered dose being excreted unchanged n the
unne The mamn site of detowufication of all of the thiobarbiturates 18
the lner Narcosis can be expected to last longer m patients with severe
Iiver disease The role of the hidney 15 difficult to determune but ap-
pears to be less important

Failure to Block Afferent Impulses

Inhalational anesthetics and mtravenous barbsturates differ in their
effects upon the central nervous system  Ether, for example, blocks
afferent impulses from the periphery, decreascs the motor mmpulses
ansing 1 the cortex, and produces a curanform effect at the myo-
neural junction The degree of effect varies with the depth of anesthesia
Barbturates block afferent impulses poorly, and have no comparable
curantorm action

Recof n of these fund 1 differences 1s essennal for the
rational use of intravenous barbiturates Healthy muscular indviduals
may require EXCESSIVE doses of barbiturate to produce sufficient depth
of anesthesa Oftent the degree of anesthesia appears adequate, but with
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appear Because of the alkaliuty, the iatra arteral 1njection of these
drugs 15 followed by severe pain and thrombosts

CLINICAL USE OF INTRAVENOUS BARBITURATLES
Selection of Patients

Intrasenous barbturate anesthesia 1s not suntable for all patients for
reasons that are apparent in the foregoing sections It should be avotded
1n those with bronchial asthma or other sesere allergenic phenomena,
and 1n those with advanced cardiovascular disease, or precarious circu-
latory compensation Indisiduals with poor superficial vemns are un-
suitable Patients with tumors or other lesions encroaching upon the
air passages are unsuttable unless a sausfactory airway 1s established
first, as by the introduction of an endotracheal tube under toprcal
anesthesta Indnaduals with acute or chronue respiratory mfections and
those with productive coughs often react poorly durng ntravenous
barbrturate anesthesia The method 15 unsuited to muscular individuals,
1n other than brief operations, unless supplementation with a potent
analgesic and inhalational agent 15 planned

Intravenous anesthesia with a barbiturate 1s not adequate for all
types of surgical procedures, even when mtrous oxide or ethylene 1s
added If the anestheust chooses this technique or combmation, he
must be certan that he can provide the proper surgical condstions with-
out giving an overdose Intravenous anesthesa 1s a poor choice for long
pamnful operations It 1s not switable where muscle relaxation will be
required unless a relaxant drug 1s given as a supplement

In recent years a techmque of rapidly mducing anesthesia for endo-
tracheal intubauon has become popular With this method 300 to
500 mg of barbiturate 1s admimstered simultaneously with, or follgwed
by, a paralyzing dose of a relaxant drug This techmique 15 hazardous
asisany techmique wherein a high concentration of anesthetic 1s reached
within the patient mn a short tme If 1t 35 used 1n “poor risk’ pauents,
those with cardiovascular disease, or mdniduals with high acute in-
testinal obstruction, the mortality and morbidity may be high We have

seen death, cerebral vascular acaidents and myocardual infarction from
hy potension follow 1ng this procedure

Preparation

Patients are prepared m the manner outlined 1n Chapters 1 and 5
If narcotic analgesics are adminustered with preanestheuc medication
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Absence of a Respiratory Irrstant Effect

‘The volaule liquid inhalational anesthetics assist in the mamtenance
of pulmonary ventilatton through an irritant effect on the respratory
tract The intravenous barbiturates lack thss attribute, and they do not
arouse other stimulant resprratory reflexes, so that resprratory depres-
sion may be a promunent feature of anesthesta with these agents
(Fig 24) Thus 1s a further reason for giving nutrous oxide and oxygen
with barbrturates sitce a concentration of oxy gen above the atmosphenc
can be mamntamed

Parasympathomumetic Action

Under certan circumstances, intravenous barbiturates appear to
cause parasympathetic simulation This 1s not common except i those
mdrvaduals subject to allergic phenomena such as bronchial asthma
urticana or hay fever Under these arc
chest wall spasm, breath-holding, bronchospasm or laryngospasm may
follow the mtravenous admimstration of a barbiturate There are some
who consider laryngospasm a parasympathomumetic effect of the
barbiturates  We believe, howeser, that 1t 1s more Likely the result of
the falure of these agents to block afferent impulses originating in the
pharynx

Hypotensive Effect

Hypotension commonly follows the mtravenous mjection of barbytu-
rates used for anesthesia, the degree depending upon the physical
condinon of the patent, the amount of the barbnurare used, and the
rate of mjecton The mechanism of the hypotension has not been
clearly defined but probably includes central vasomotor depression and
sympathetic ganghonic blochade, as well as direct myocardial de-
pression Wihile there 15 frequent mention of a myocardsal depressant
action of thiopental, recent mnsestigations in heart-lung preparations
at least suggest this to be no more pronounced than with other general
anesthetics

Alkalimty of Solutions

Solunons of thiopental and thiamylal are hughly alkalne, the pH
of a2 5 per centor 5 0 per cent solunon mn distilled water 15 106 Asa
result, the mtravenous imjection of barbiturates may be followed by
thrombophlebitis and bssue pecrosts w the advent of extravasation
The more dilute the solution, the less Iikely are these complications to
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the first ten to fiftcen munutes to assure demitrogenation of the lungs,
adequate ovygenation, and mitial uptake of ancsthetic by the tissucs
The flow may be reduced to 2to 31 /mun after this If the mitrous oxtde
or ethy lene-0xy gen mixture 1s breathed for ten minutes prior to opera-
nion, the total dose of barbiturate required wall be less

Matntenance

The total amount of barbiturate required varies from patient to
patient It depends upon the physical condition of the patient, the
preanesthetic medicanion and the character and duranon of the opera-
tion The beginner has difficulty 1n recogmzing the signs of barbiturate
anesthesta Barbrturate 1s needed with the surgical incision or any
other manspulation that may be associated with pamn Quickemng of
respiration, a rising pulse rate or blood pressure, swallowng and move-
ment of the patient, all suggest the need for more anesthetic Generally
not more than 50 to 100 mg 1s mjected at a ume

Perststent tachycardia, tachypnea and hypertension, alone or in
combrnation, suggest madequate depth of anesthesia These may be a
mamifestation of pamn perception Under such conditions the anes-
thetist may elect to change to more potent anesthetic agents or he may
imject small doses of analgesics mtravenously (morphine 2 mg , me-
peridine 10 mg ) Assisted or controlled respiration 1s necessary 1f the
patient 15 grven relaxant drugs The indications for additional incre-
ments of barbiturate are more difficult to determine under these cir-
cumstances Some anesthetists mix the barbrturate and relaxant drug
n the same syninge This limuts the choice of relaxant drug smce all
are not compatible with barbiturates Not nfrequently, one has the
unpleasant expersence of having given exther too much barbiturate or
too much relaxant, usually the latter In our opimon, use of the agents
separately 1s a better technique

In some clintcs a limit of 1 gm of barbiturate per anesthetic has been
established While this 1s generally a good rule, st need not be an un-
alterable one It becomes a meaningless safety precaution if large

amounts of narcotic analgesics are mjected 1n order to limit the total
dose of barbiturate

COMPLICATIONS
Extravascular Injection

In the conscious patient this complication 1s mdcated by pamn at the
site of injection but 1 the anesthetized individual 1t can be detected
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the anesthenst can anticipate a greater degree of resprratory depression
from the ttrasenous barbiturate

Anesthesia should not be mduced with an mtravenous barbsturate
unless an anesthetic machine 1s at hand, with oxygen ready for ad-
musustration, and the usual assortment of airways avalable While it s
not necessary to have endotracheal equipment on the h st
should be available 1n the immecdiate vicinity

Patients who have nasal, pharyngeal or bronchial secretions should
be asked to clear these passages before nduction This maneuser will

fary and coughing, so often insmated by secretions

wrritating the vocal cords after the patient has been anesthetized

We prefer to mject the basbiturate through the wbing of an mtra-
venous mfusion Some patients have marked venous constriction upon
arrival m the operating room Under these circumstances the anes-
thetist should not persist i attempts at vempuncture There 15 o
excuse for exposing a patient to the pamnful experience of multiple
needle punctures i an effort to provide a pleasant induction of anes-
thesia Itis more sensible to abandon the mtray enous rotite {temporarily
at least) and to use an halatonal technique for induction

Induction of Anesthesia

A test dose of not more than 50 mg should be goven at first Pamat
the site of mjection suggests extravasation of the drug Ordmardly
drowsiness will occur with the mstal wmyection If not, the tourmquet
may not have been removed and the drug cannot have reached the
general circulation  Absenice of drowsiness usually suggests that the
patient may require considerable quantities of barbiturate If loss of
conseiousness follows the mutial dose, the amount of drug subsequently
needed for the surgical procedure may be relatively small

When the barbiturate 1s to be followed by inhalatien anesthesia,
enough should be given to permst placement of the mask without the
patient bemg aware of st If voo much barbiturate 15 given the resulung
respiratory depresston will slow the induction of inhalation anesthesia

Intravenous barbiturate 15 generally admimstered m combmation
with mtrous oxde or ethylene for all but briet surgieal procedures
(closed reduction of fracture or dislocation nciston and dramage of
abscess) The combinavon reduces the amount of barbiurate required
and provides a more gven level of anesthesta Either mnhalational agent
can be used with equal parts of 0xygen or up to three parts fo one part
of oxygen The pauent should breathe at least a 5 1/mn total flow for
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Apnea

Cessation of resprration 1s usually due to an overdose of barbiturate
It 15 more common 1f potent analgesics have been admunistered for

preanesthetic medication Treatment consists of artificral venulation
wath bag and mash.

Arterzal Hypotension

Deaths hase occurred from lowered arterial pressure, usually mn
patients improperly selected for the techmque, or of overdoses have
been gnen The arternal blood pressure should be carefully observed
when barbiturates are administered Rapid injection or large amounts
of drug should be avoided

Yomuting

“Thus 1s uncommon during 1ntravenous barbiturate anesthesia unless
preceded by coughmng, laryngospasm or placement of an airway
Fasting before barbyturate anesthesia 1s just as tmportant as before 1n~
halation anesthesta

POSTANESTHETIC COURSE

As a rule recovery from barbiturate anesthesia 15 gradual and un-
eventful The ume of awahemung 1s dependent upon total dose, mus-
cular development, physical condition, and the hpoid stores Patients
often appear to awaken quichly only to return 10 an anesthetized state
when undisturbed The possibility of this should not be overlooked
The same postantesthetic precautions must be taken for patients who
have been anesthenzed with barbiturates as for those anesthetized with
1nhalational anesthetics

Patients who have had barbiturates may occastonally show muscular
fasciculation, rigiduy, stertorous respiration, and shight cyanosss as
they recover from anesthesia This syndrome 1s poorly understood but
appears to be related to temporary derangement of body temperature
control Itis more commonly seen when the environmental temperature
18 low or when the patient has been left uncovered Treatment consists
of the application of warm blankets and inhalation of oxygen

APPRAISAL
From the foregomg 1t should be apparent that although the ad-
rmunstration of intravenous barbrturates 18 quich and easy 50 far as the
patient 1s concerned, 1t may be a difficult anesthepc techmque The
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only by careful observation Dislodgment 15 obvious If extravasation
has occurred, treatment consssts of mjection of 1 per cent procamne into
the mnvolved area to lessen the alkalimuty, to dilute the barbiturate
solution, and to prevent pam and vasospasm This complication 15 Jess
common when the wmjection has been given through the tubmng of an
wntravenous wnfusion, probably because of diluuon

Intra-arterial Injection

Ths 15 a catastrophe It occurs when a needle 1s wrongly placed and
1s detected by severe pain extending mnto the hand on myjection The
barbsturate usually fails to produce sleep but it may 1f the needle 15
partly mn an artery and partly 1n a vemnt Treatment 1s urgent One per
cent procame {10 c¢) shonld be ijected through the same needle or
through another intra-artertal needle to neutralize and diute the
barbiturate solution Heparinizaton through the same needle has also
been advised A stellate block should be performed to promote vaso
dilatation If thrombosis of the artertes occurs, as 1t can after this com-
plication, amputation may ultimately be necessary

Thrombophlebitis

Thrombophlebius 1s usually due to the effect of the alkaline soluton
causing rrntation and thrombosis It 1s less Iikely to occur with 2 5 per
cent or more dilute solutions and when the mjection 1s made through
the tubmg of an mntravenous infusion If the tourruquet has not been
removed from the arm before the mjection of the barbiturate, the solu-
tion will remain 1n contact with the vessel wall and may cause thrombo-
phlebitss This 15 more common when the mnjection has been gnen mto
a leg vein, even with an mnfusion running Therefore, the veins of the
Jower extremuty should be avorded

Coughing and Laryngosp

Together these are the most common compiications of ntrayenous
anesthesia Often the explanation 1s poor choice of techmique for the
patuent One who has wrnessed the response of a patient with asthma
or chromc bronchitis with coughing development of chest wall and
laryngeal spasm and cyanosts 1s not apt to forget the experience Sumt-
larly, patients with respiratory tract secretions may behave Like this
Blood within the pharynx, sumulation of the air passages with an air-
way, motement of the head or neck, and pamnful peripheral sumul also
may be precipitating €v ents



CHAPTER 15

Spinal Anesthesia

SpINAL anesthesia has been a controversial technique ever since its
introduction 1n 1899 The method consists of the tnjection of a local
anesthet:C 1nto the spinal subarachnoid space with resultant anesthet-
zation of spinal ganglia and nerve roots Many theoretical and practical
advantages recommend 1t The simphicity of admimstration long ago
made 1t popular with surgeons who gave the anesthetic themselves
Perhaps this deceptive ease of application has been responsible for
many of the complications now feared, 1n that proper precautions were
not taken Spinal anesthesia 1s excellent for the performance of intra-
abdomnal operauons The combination of muscle relaxation, con-
tracted bowel, quiet breathing, and lack of venous congestton 1s hard to
equal with any other method Exen though supplemental general anes-
thesia 1s used, the patients are more alert and have less “hangover”
postoperatively The renal circulation 1s spared more than with general
anesthesia All the desirable attributes of local anesthesta (Chapter 16)
are inherent 1n this technique without the consequence of systemic
reaction 1o the local anestheuic agent
But there are also certain faults to find Many patients do not hike to
‘be awake during an operation Another great deterrent 1n the minds of
physician and patient alike ss the fear of permanent neurologic damage
The possibihity of headache and paralysis contributes to lack of patient
acceptance
After extensive study of spinal anesthesia, we have drawn the con-
clusion that the complications are no greater in severity than those met
with other methods The hetnel of success lies 1n meticulous prepara-
tion of equipment and drugs, and infimte care 1 techmque
Early difficulues with spinal anesthesia were encountered because

95
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anesthetist must be anare of the problems related here, how best to
prevent them and how to treat them should they occur More important
15 the knowledge of when to avoid the method even though the patient
requests st The anesthetist should have the skull to use inhalational
technuques 1n @ manner that can be equally pleasing to the patient
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3 The anuaipated position of the patient during, operauion
4 The patient’s preoperatnve intra abdomunal pressure

One can combine the following measures to influence duration, 10~
tensity and level of block
Duration of Action of Local Anesthetics

The average duranon of anesthesia with the commonly used drugs
1s 60 munutes for procamne (Novocan), 120 munutes for tetracaine
(Pontocaine), and 180 munutes for dibucaine (Nupercaine)
Dosage

The ay erage dose of agent for individuals of varying heights and the
desired levels of sensory anesthessa are presented m Table 6 Sacral

Table 6
BODY LENGTH ~ ANESTHETIC PROCAINE* TETRACAINE}  DIBUCAINE}
(Inches) LEVEL (mg) (mg) {ml)
60 Sacral 50 4 4
Gromn 75 8 8
Kiphoid 100 12 10
Nipple 125 14 12
66 Sacral 50 6 6
Groin 100 10 10
Xiphoid 150 14 14
Nipple 175 16 16
72 Sacral 75 8 8
Gron 125 12 12
Xiphoid 175 16 16
Nipple 200 20 20

* Procane 5/ 1n cerebrospinal fhud.
+ Tetracaine 1% sol with 104 dextrose equal volumes
§ Dibucaine 11500 s0l (1 ml = 066 mg)

levels permut the performance of operations about the perineurn,
levels at the gromn allow for operation on the legs and thighs, xiphoid
levels permit Jower abdomunal procedures, and sensory levels at the
pple are for upper abdominal operations It must be remembered
that the upper Jevel of anesthesra 1s only a sensory level and that motor
aerves to muscle permutting muscular relaxation are blocked at least
several dermatomes below the sensory nerves “Thus 13 becanse of the

differentral blocking action of local anesthetics on ners e fibers of varying
size (See Chapter 16 )
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the phystologic alterations secondary to interruption of nerve conduc-
uon 1n the subarachnord space were poorly understood This has now
been largely overcome Arterial hypotension, for example, has been
shown to follow faiture of peripheral vasoconstriction or decreased
output of the heart as the result of 1mnadequate venous return A third
possibility 1s denervation of the adrenal medulla and lack of synaptic
transmussion, both followed by a deficiency 1n circulating pressor sub-
stances t1s concenable that all three may be operative at the same time
but the cause of hypotension lies chiefly 1n interruption of efferent im
pulses in the sympathetic nervous system with resultant artersolar and
venous dilatation

Respiratory tnadequacy may be assoctated with spial anesthesia just
as with other methods The cause 15 a hugh level of anesthesia leading to
block of the intercostal nerves, or, if the level 1s exceptionally hugh, to
paralysis of the phrenic nerve roots These possibilitres must be recog-
mized and treated just as 1f the patent were curanzed

PREANESTHLTIC APPROACH

During the preanesthettc visit a patient should be told that he wil be
gven spinal anesthessa Whenever fears are expressed and are ssre-
concilable another method of anesthesia should be substituted The
frightened patent will implicate spinal anesthesia 1n any complication
that occurs A careful history should be taken to elicit symptoms of
neurologic disease, even at the expense of suggesting the development
of these Frequent headache, backache, past or present neurologic dis-
ease of congemtal, infectious or traumauc orgin should preclude
selection of spinal anesthesta One must not risk exacerbation of pre-
existing disease At this time the patient’s back should be examined
to detect structural or other conditions that might male fumbar punc-
ture difficult or hazardous Superfictal infections, ankylosts, congenital
abnormalities and severe curvatures of the spine are some of the things
1o ook for

AGENTS AND TECHNIQUES
The composition of the solution to be mjected into the subarachnord
space and the techmque used for mjection are determned by the fol-
lowng factors

1 The duration, mtensity and level of block desired
2 The length of the vertebral column of the patient
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3 The anuaipated posiion of the patient during operation

4 The pauent’s preoperatine intra-abdonunal pressure

One can combine the following measures to fluence duration, n-
tensity and Jevel of block
Duratien of Action of Local Anesthetics

The average duration of anesthesia with the commonly used drugs
15 60 minutes for procune (Novocan), 120 munutes for tetracaine
(Pontocaine), and 180 minutes for dibucaine (Nupercainc)
Dosage

The average dosc of agent for sndiniduals of varying heights and the
desired levels of sensory anesthesia are presented in Table 6 Sacral

Table 6
BODYLENGTH  ANISTITTIC PROCAINT* TETRACAINE}  pIBLcAnNT
(Tches) LEVEL mg) (mg) 'ml )
@ Sacral S0 4 M
Groin 75 8 8
Naphoid 100 12 10
Nipple 125 14 2
33 Sacral 50 6 ¢
Gron 100 10 n
phowd 150 14 u
Nipple 175 16 16
n Sacral 75 8 2
Gromn 125 12 12
Xiphowd 175 16 16
Nipple 200 20 20
*
i I';'r:;l;:nS/ 1n cerebrospinal fluid

< 1/ sol with 104 dextrose equal vol
< 11500 50l (I mi = 066 gy

}::::i a}:e:::t the performance of operations about the penincum,
tevcls o (g;‘mn allow for operation on the legs and thighs, xiphoid
oupple ower abdominal procedures, and sensory levels at the

are for upper abdominal operations It must be remembered

that th

nenesi:lblgir IIC\el of anesthesta 15 only a sensory level and that motor

several dem;‘;;m:“l‘“mg muscular relaxation are bloched at least
€S be]

differential blockn, o the sensory nerves ‘This 1s because of the

size (See Chapter % él;llon of local anesthetics on nerve fibers of vary 1ng

$ Dibucain
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Addizon of Vasopressor Drug

A vasopressor drug as part ot the solution mjected nto the sub-
srachnotd space will ncrease the durauon of anesthesia We prefer
03 to 05 mg of epmephrine for this purpose, and hope for a 50 to
100 per cent increase 1n duration of anesthesia Desprte the theorete
objecuon that nerve ussue damage mught follow the dimumshed blood
supply secondary to vasoconstriction, this technique has proven safe
1n our hands

Concentration of Local Anesthetic

If sensory block alone 1s sought, a lesser concentration of anesthetic
15 needed than 1f conduction 1 the larger, more heavily myelnated
motor fibers 15 to be mterrupted If muscular relaxation, therefore, 1
not essential a weaker solutton of anesthetic can be used

Specific Gravity of Solution

The specific grivity of cercbrospinal flud 1s between 1 004and 1 008
By dissolving the lacal anesthetc 1n distifled water or 05 per cent
saline a solunion with a specific gravty less than that of cerebrospsnal
flurd (hypobaric) 1s achieved By using cerebrospnal flurd or 10 per
cent dextrose as the diluent a hyperbaric solution results Differences
1n speafic gravity, when correlated with the patsent’s position during
and after injection, can be used to assist in the spread of the anesthetic
1 the subarachnoid space If; for example, a hyperbanic solution 8
selected and the patient sits up during and after anjection, a fow level
of block can be expected Injection of a hypobaric solutton under the
same circumstances would result in a high level of anesthesia Because
of the curves mn the spmnal column (Fig 24) e hyperbanc solution will
tend to reach the third 10 sixth thoracie segments if the patient 1s
placed on s back The common mivture of equal volumes of 1 per cent
tetracamne and 10 per cent dextrose with a specific gravsty of 1023 1s
most bkely to do this, despite attempts to humut the level of block

The final selectton ot solution and techmque 15 reached in this way
The tafler the patsent, and therefore the greater the spinal cord length,
the larger the volume and amount of drug needed 1o accomplish a gnen
purpose Increased 1nira abdomunal pressure is an indication for a
reduction n volume and amount of the local anesthetic mypected Ele~
vated intra-abdomunal pressure causes back pressure in epidural vemns
which, as they dilate, encroach upon the subarachnord space and
narrow 1t ‘The anesthetic solution therefore 15 mjected mto a8 Jesser
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Fig 24 Spinal column curvatures that influence the spread of anesthetic

volume of cerebrospinal flud, and spreads over a wider area Full-
term pregnancy, ascites, abdominal tumors, mtestinal distention and
obesity are instances 1n which abdominal pressure 1s likely to be above
normal

The position of the patient on the operating table 1s an additional
factor 1n the choice of anesthetic solution Hypobaric solutions are of
value for operations carried out with a patient 1n the lateral flexed
(kidney) posison  Injection can be made with the operative site upper-
most If the Trendelenburg position 15 to be used, and a low level of
anesthesia will suffice, as for vaginal procedures, use of hypobaric so-
Iution will mimmize the hikelihood of an unnecessarily high block Ifa
cholecystectomy 1s the procedure, a high, solid block 1s needed and a
hyperbaric solution 1n our opinion 15 most reltable for this These

examples illustrate the effect of patient position on the technique
elected

Provision for Ser1al Injection

A plastc catheter or a malleable needle may be left i the sub-
arachnord space during operation Additional quantities of anesthetics
are mjected as needed Such a technique provides almost unlimited
duration of anesthesia It also affords greater controllabihity of dosage,
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particularly 1n the 11l patient 1n whom selection of a proper dose for
single mjection may be difficult We also believe that the injection of
anesthesia in small increments lessens the rapidity of onset and degree
of hypotension Thus 1s a mare difficult technique perhaps with a greater
mcrdence of p hetic log: quelae, but there are certain
advantages to 1ts use

SPINAL ANESTHETIC EQUIPMENT
Proper preparation and stenilization of equipment are most m-
portant i the prevention of neurologic sequelae Everything to be un-
jected mto the subarachnoid space can be pachaged i one tray Ifa
choxce of anesthetcs 1s desired, the drugs can be pached and auto-
claved separately and added to the trays as needed The tray (Fig 25)
should contain

Fig 25 Contents of a2 spmal tray 1 Ampule file 2 Ampules contarmng
pressor drug Jocal anesthenic and spinal anesthetre. 3 Drape for back. 4 Mediane
glass S Gauze sponges & Hemostat to prepare back. 7 Lumbar puncture needle
8 Intramusculsr needle 9 Syrmge for local anesthesna of the back. 10 Hypo
dermic needle 11 Muxing needle for spunal anesthencs 12 Symnge for spmal
apesthencs Other matenal such as gloves and stershzation indicators may be 1n
corporated 1n the tray before autoclaving
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1 Surgical gloves and towcl

2 Spinal drape {arcumasion type for the patient’s back)

3 Medicine glass, to hold ampules

4 One 5ml plan up syninge for the solution to be placed 1n the

subarachnoid space

One blunt tip #18 gauge muxing needle for the spinal anesthetic

One 2ml Luer-Lok sy ringe for procane infiltration of the back

One #25 gauge hy podermuc needle for infiltration of the shin

One #22 gauge lumbar puncture needie, 3 1/2 inches, with sty fet

One #22 gauge needle, 2 inches, for sntramuscular 1njection of

local anestheuc and pressor drug

10 One sponge forceps and sponge for preparing the shin of the
back

11 One ampule file

12 An ampule of procane for local anesthesia and an ampule of a
pressor drug

RV-J-C R B )

The trays should be used only for the performance of spinal anes-
thesia A trustworthy attendant should be assigned the task of cleaning
and rinsing needles and syringes so that contamnating substances,
particularly blood, and the cleansing solutions are remaved enurely
before autoclaving Local anesthetics should be purchased from reputa-
ble pharmaceutical firms When the trays have been assembled and
wrapped they should be autoclaved for 20 munutes at a temperature
of 260° F and 27 Ibs pressure Trays should be allowed to dry 1n the
autoclave before removal and should be marked with the date of sterili-
zation Trays are redone if not used within two weeks

If ampules of substances to be mtroduced into the subarachnoid
space are wrapped separately, they are autoclaved at the same tem-
perature and pressure but for only ten minutes This includes ep1-
nephrine, the potency of which does not appear to be significantly
reduced by such treatment If an autoclaved ampule 1s not used within
two weeks, 1t 1s discarded Drugs are not re-autoclaved Sterilization
of ampules by immersion m antiseptics should never be practiced, for
the antiseptic may contaminate the local anesthetic or pressor drug 1f
the ampule 1s cracked Detection of contamination 1s not always poss1-
ble and neurologic damage may follow the use of such a solution

ANCILLARY PREPARATIONS

These are the same as for any anesthetic It 1s especially important
that an anesthetic machine be 1n readiness for the treatment of respira-
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particularly 1 the il patent 1n whom selection of a proper dose for
single mjection may be difficult We also believe that the injection of
anesthesta 1 small increments lessens the rapidity of onset and degree
of hypotension This 1s 2 more difficult technique perhaps with a greater
mcidence of postanesthetic neurologic sequelae, but there are certamn
advantages 10 1s use

SPINAL ANESTHETIC EQUIPMENT
Proper preparation and sterlization of equipment are most um-
portant mn the prevention of neurologic sequelae Everything to be -
jected 1nto the subarachnoid space can be packaged in one tray If 2
chorce of anesthetics 1s desired, the drugs can be packed and auto-
claved separately and added to the trays as needed The tray (Fig 25)
should contamn

1z

Fig. 25 Contents of 2 spmal tray 1 Ampule file 2 Ampules contaming
pressor drug local anesthenic and spinal anesthetic 3 Drape for back 4 Mediane
glass 5 Gauze sponges 6 Hemostat to prepare back 7 Lumbar puncture needle
g Intramuscular needie 9 Synnge for local anesthesia of the back 10 Hypo
dermuc needle 11 Mixing needle for spmal anesthees 12 Syminge for spwal
anesthencs Othes satertal such as gloves and stendization mndicators may be 1
corporated 1n the tray before autoclaving
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tory emergencies An intravenous infission may be started beforehand
m patients with precarious circulation or nstituted later to combat
artersal hypotension and to provide an avenue for supplemental anes-
thesia when necessary

TECHNIQUE OF LUMBAR PUNCTURE AND DRUG INJECTION

The lateral decubitus 15 the best rouune position for performance of
umbar puncture The side to be operated upon should be lowermost
1f hy perbaric solutions of anesthetics are to be given and uppermost f
hypobaric techmques are chosen If Jumbar puncture prormuses to be
difficult, the sitting posstion may better e the bony landmarhs
In any case fievion of the lumbar spie 15 important to open the verte-
bral terlammar spaces and to separate the vertebral spines An
assistant shoutd mamtam gentle steady flexion of the back, support the
patient and prevent indecent exposure of the pauent Before donmng
Tus gloves the anesthetst should palpate the lumbar spine, and select
and marh a promising vertebral interspace An imagumary Line between
the thac crests should mtersect the spine at the third or fourth lumbar
interspinal space, both of which are well below the expected level of
termination of the spinal cord at Jumbar space two

The spinal tray 15 opened on a small table Gloves are remosed from
the tray and donned with care to avord breaks mn techmque The
anesthetsst’s hands should have been washed and dried but need not
be surgically clean The equipment on the tray 1s approached with 2
“no touch techmuque, that 15 the barrel of the syninge used for the
spmal anesthetic and the needle to be mtroduced mto the subarachnoid
space should not be handled Ampules are carefally mspected for 1n-
perfections and the solutions for clanty Suspicious ampules should be
discarded Ampules are opened with a file to avoid splintering of glass
and requsite quantities of anestheuc are drawn up and muxed 10 the
designated syringes The lumbar puncture needie must be reexammed
for sharpness and cleanliness A needle of small dameter should be
selected since lumbar puncture headache results from leakage of cere-
brospinial flmd through the dural puncture opening the larger the
needle, the larger the opeming and the greater the leakage We have
found & 22 gauge needle satsfactory for routine work and teaching

Tug 26 Details of spinal h AT of lumbar p
needle with night hand “The Jeft hand fixes the skin over the chosen lumbar mier
vertebral space B Proper position for lumbar puncture Anesthetist 1§ siting with
tus cyes at the evel of the lumbar spme Spinal tray on separate table w the right
C Proper posttion of hands 1o connect synage to lumbar puncture needle and to

2 prrate and mgect flud.
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1f bone 15 met the ncedle should be withdrawn to the subcutancous
ussues and redirected The commonest causes of faslure ate improper
posttion of the patient, selection of the wrong interspace (usually one
over the sacrum) or fatlure to advance the needle in the midhine

\When the dura has been penctrated, withdrawal of the stylet should
be followed by a free flow of clear cerebrospnal fluid Rotation of the
needle will place the needle bevel well within the subarachnoid space
and disengage soft tissues at the up Bloody fluid or lack of free flow
contrandicates mjection of the spinal anestheuc Blood-tinged flud
which clears 1s not a contrandication to the subsequent injection of
anesthetic One should never inject an anesthetic when paresthesias are
present since the needle p may ke within or against a nerve root
Permanent neurofogic damage may follow an intraneural 1njection

Having satisfied the requirements of an atraumatic puncture one
1s ready to nject the anesthetic While the needle 1s supported with one
hand agamst the back, the other hand firmly attaches the syringe up
to the needle hub (Figure 26) If cerebrospinal flud can be easily
withdrawn 1nto the syringe, the anesthetic 1s injected at an even rate of
approximately 1 ml 1n 5 seconds Syringe and needle are withdrawn
slowly as a umt after a final demonstration of free flow of cerebrosprnal
flusd 1nto the syringe Barbotage should be avorded

Following Injection

‘The period immediately following injection 1s a crucial ime The
patient 1s positioned for operation Straimng, breath-holding or move-
ment on the part of the pattent may raise the level of anesthesia to
unexpected heights Blood pressure may fall For these reasons the
anesthetsst must immediately devote hus full attention to the patient,
testing the level of anesthesia with pinprick and alternately measuring
the blood pressure All other matters are of secondary mportance
The assistant can arrange the drapes, ether screen, operating room lights
and arm rest The anestheust should record his findings and can tlt
the operating table 1n one direction or another, depending upon the
baricity of the anesthetic 1f the level of anesthesia 1s not satisfactory
Levels must be checked 1f possible for at least the first half hour after
mjection Motor power 1s assayed by aslung the patient to move his
toes, or to tense the rectus muscles by rasing the head briefly The
anesthetist s fingers placed over the imntercostal spaces as the patient
‘breathes deeply will detect intercostal paralysis

The onset of spinal anesthesa 1s noted withun one to two munutes
of 1njection as a rule Occastonally patients are seen 1n whom a delay
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Smaller gauge needles cannot be mserted ito the tough tissues of the
back When fine needles are used, larger introducing needles are
needed and the techmque 1s correspondingly more difficult

The patient should be forewarned before each manewver, this leads
to greater patent confidence and cooperation When everything has
been prepared on the tray, the shin of the pauent’s back should be
prepared with a colored antiseptic One must avord contamunation of
needles and drugs that are placed mto the subarachnoid space An
assistane can pour the anuseptic onto the sponge stueh which 15 held
by the anesthetist over a waste buchet, or the anesthetist can dip his
sponge 11to a cup of antiseptsc placed well away from the spnal tray
Beginmung at the lumbar puncture site and workung concentrrcally the
skin of the back 15 painted over a wide area The sponge stck 1s set
astde at the completion of the prep and the bach covered with the
sterile drape, so placed that the opening overhes the lumbar spime

The apesthetsst should be seated with the patient’s spue at eye
level (Fig 26, B) The slan must not be touched unul dry to avord
wetung the gloves and contammating syringes and needle A small :n-
tracutaneous skin wheal of procaimne s saised at the selected interspace
using the 23 gauge needle and the smatt Luer~Lol, synnge Infiltration
1s carried wmn the mudhine down to the supraspinous ligament Tus 1s
followed by the imtramuscular injection of a pressor drug to avoud or
muumize the expected fall 1 blood pressure which follows anestheti-
zation of sympathetic vasoconstrictor fibers 1n the subarachnod space
The 22 gauge mtramusculer needle and 2 m! syrnge are used for this
purpose with mjection through the shan wheal mto the sacrospinalis
muscles The pressor drug used and the dose chosen are a matter of
wdieidual preference and experience (see Chapter 20) Placing the
pressor drug intracutaneously or into the hgaments of the spmal
column hmuts the absorption of the pressor drug and hence its effec-
tiveness

Introduction of the lumbar puncture needle (Fig 26, 4) must be
performed dehiberately and carefully to avoid inury to the soft tssues,
Ligaments and periosteum Traumatic Jumbar punctures are probably
responsible for 90 per cent of complamnts after spinal anesthesia which
include headache, backache and sciatic radiation of pan With the
stylet 1n place the needle 15 advanced 1n the mudlne through the shun
wheal 1 a direction perpendicular to alf planes of the back, or slightly
cephalad The tissues penetrated are the prous and pinou
ligaments, the ligamentum flavum and finally the dura After experience
the begnner learns t0 disungush these structures by a sense of touch
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needed Often 1t 15 the fear of being awake or of the anesthetic ending
prematurely that makes the pauent reject spinal ancsthesia Nausea and
vomuung are common The action of narcotics used for preancsthetic
medication, cerebral ischemia, psy chic upset, traction on viscera, or the
central sumulation of pressor drugs may be responsible for the gastro-
intestinal symptoms These can be treated with intravenous sedatises
or resort to general anesthesia with mitrous oxide and intravenous
thiopental

Fate of Local Anesthetics Placed within the Subarachnoid Space

After injecuon of the local anesthetic into the subarachnond space, the
concentration 1n spinal flud dechines rapidly Analysis of ussues
affected by the anesthetic indicates that the concentration in spnal
nenve roots and gangha 1s high Small amounts of drug penetrate the
spinal cord but impairment of conduction tn the cord does not appear
to be an essential part of sptnal anesthesia The local anesthetic can be
found 1n the blood stream as soon as the mjection 1s completed, with
venous drainage the major route of departure Only a small quantty
leaves via the lymphatc system

In the blood stream the drug 1s distributed to the body tissues, but
only kidney and hiver are able to concentrate 1t above the blood level
Hjdrolysis, conjugation or detoxification of the local anesthetic may
take place 1n the crrculating plasma but does not occur in the cere-
brospinal fluid The urine provides the mamn pathway of removal from
the body These facts have been established for procaine but may apply
to other local anesthetics as well

DELAYED SEQUELAE OF SPINAL ANESTHESIA

The syndrome of decreased intracranial pressure consisting pri-
marly of headache, but occasionally including difficultres 1n hearing
and vision, 1s the most common comphcation of lumbar puncture and
spinal anesthesta The opening 1n the dura (Fig 27) made by the lum-
bar puncture needle may persist for days (Fig 28) or weeks Cerebro-
spmal fluid leaks out through this hole Formauon of cerebrospmnal
fiud may not heep pace with the loss and spinal flud pressure falls

Headache
Evidence 15 overwhelming that reduction in cerebrospinal fluid

pressure 1s followed by a characterisuc headache, appearing with
assumption of the erect position, and usually relieved by recumbency
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of 15 to 20 munutes 15 observed, perhaps because of slower diffusion
and penetration of the anesthetic through the nerve roots Farlure of
anesthesia to develop 1s most commonly related to the fact that the up
of the lumbar puncture needle was not properly within the subarach
noid space Impotent Jocal anesthetics or inadsertent omusston of an
anesthetic from the jected solution may be smplicated The term
“rachi-resistance * has been comned to describe a falure with spinal
anesthesia, but, admitting that in some indniduals a slow onset of
anesthesia occurs, we believe techmucal errors are responsible 1n the
majority of mstances

A patient under spinal anesthesia needs the same careful observation
as one under general anesthesia Respiratory inadequacy due to a high
level of spinal anesthesia may be difficult to detect if only the lower -
tercostal muscles have been paralyzed If the slightest suspicton is
aroused howeter, oxygen should be gren by mask since prolonged
munor degrees of hy poxia may termunate 1 sudden crculatory fatlure
Higher levels of mntercostal paralysis may be accompanued by 2 feeling
of suffocanon and signs of sensory and motor paralysis in the arms
When the phrentc nerve roots mn the cervical region have been blocked,
accessory muscles of resptration tn the neck will be called into action
The patient loses his vorce for lack of ability to move air and he may
lose consciousness Total paralysis of respiration 1s 2 dire emergency
Artificial respiration with oxygen and mask or endotracheal tube must
be carried out untl the level of anesthesia has receded The crculation
must be supported simultaneously

Arterial hypotension may be sad to be present durning spinal anes-
thesta when there has been a marked lowening of the preoperauve
values or 1f the sy stolic blood pressure falls below $0 mm Hg Develop-
ment of hypotension 1s more hazardous i the hypertensive patient
accustorned to a hugh level of pressure Hypotenston 1s most dangerous
of coronary or cerebral msuffictency has been noted n the past The
immediate treatment of this complication conststs of giving oxygen by
mash and the intravenous mnjection of a pressor drug  Suggested dosages
may be found in the chapter on arterial hypotension Only small
amounts should be gien wmntravenously to avord excessive elevation of
pressure At the same time a larger intramuscular mnyection should be
grven for a sustamed effect If frequent injections of pressor drug are
required a continuous nfusion of phemylephrine (Neo-synephrine)
may sustain a more steady level of pressure

The anestheust should never leave the head of the table Vocal en-
or suppl 1on with light general anesthesia may be

courag
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Presumably the ache 1s caused by loss of the cushioming cffect of the
flwd, with downward displacement of the brain and traction or com-
pression on such pain sensitn¢ intracrapial structions as nerves and
blood vessels

In aseries of 9277 spinal anesthetics studied by the authors the over-
all ncidence of headache was 11 per cent Headache occurred de-
creasingly after the fifth decade, with the greatest frequency in the
third and fourth decades (Table 7) ‘This difference among age groups

Table 7 Relation of the Age of the Patlent to Incidence of

“Spinal” Headache

NUMBLR OF STINAL SPINAL HTADACHES

At (VEAzs) ANESTHETICS Number  Per cent
10-19 537 51 10
20-29 1994 321 16
30-39 1833 261 14
40-49 1759 192 11
50-59 17136 133 8
60-69 1094 45 4
70-79 297 7 2
80-89 27 1 3
un ton 11

may be attributed to an elevaton of pain threshold 1n the aged, perhaps
10 a progressive decrease 1n sensory neural elements with 1ncreasing
2g¢ There may also be a decrease 1n elasuaty of the cerebral vessels
with aging

The maidence of headache 1s much greater 1n females (Table 8)
In part this 1s related to nclusion of obstetric cases in the female
group for headache followed vaginal delivery with the pauent under

Table 8 Relation of the Sex of the Patient to the Incidence

of “Spnal” Headache
‘NUMBER OF SPINAL, SPINAL HFADACHES
ANESTHETICS Number Per cent
Male
4063 302
Female 5214 709 ‘1
9777 folr i

e L



108 THE DAY OF ANESTHESIA

") ‘ )""\fm;?

I h
kyn

é'/ r? "/}\")“'h,‘

'y

ol

nx-

‘\R‘

Tig 27 Puncture openings in the dura A: 50X. Note '.hc
when the bevel of the needle 1s at night angles to the fibers of the dura (left) of
parallel 1o the fibers (right)

F‘g 28 Puncture opemng 1n the dura, two days old Dizmeter of needle 0 8 mm
3X. (From Fran} and Gordh Acta chrrurg Scandinav vol

94, 1946)
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neghgble complication after spinal anesthesia by the use of a 26 gauge
needle for lumbar puncture, and by the oral or parenteral administra-
tion of more than usual amounts of flud In our series, a 16 gauge
needle was employed for the introduction of a ureteral ty pe of catheter
10 produce continuous spinal ancsthesta Not only were the technical
difficuluies greater but the incidence and severty of headache and ocular
complaints were so prohsbitn e that we soon restricted this techmque to
the older age groups, wheremn headache was not as much of a factor,
or the method was reserved for those situations 1n which the greater
safety and better control with the continuous techmique were a major
consideration  For routine use and freedom from techmucal difficulty,
222 gauge needle proved to be best The over-all incidence of headache
with this needle was nearly 9 per cent, but the headaches were generally
mild

If headaches do occur, treatment can be directed logically at the pan
sources within the cramum with pharmacologic agents, or therapy can
be directed toward increasing cerebrospinal fluid pressure Increased
bodily hydration or the application of a tight abdomunal binder will
sometimes Teheve the mulder headache A second lumbar puncture
with replacement of flurd will alleviate headache iymmedrately The
reasons are not clear, but sometimes relief will be permanent after
this maneuser, despite the fact that the dura has been punctured a
second ume Neither 15 the mechamsm clear whereby the epidural
placement of flurd 15 said to relieve headache It may be due to a
cushiomung effect on the dural column of flud There 1s evidence that
some of the epidural flmd traverses the fistula to rase cerebrospinal
flud pressure directly Another possibility 1s the production of a re-
paratnve reaction 1n the epidural ussues, enough to close the opening
A word of caution must be added agamnst the practice of mnjecting solu-~
tons indiscnimenately into the subarachnoid space to relieve headache
Whenever a foreign substance 15 added 1o the cerebrospinal fluid there
1s the hazard of meningitis or arachnordiis We have heard of signs
of irritation 1n the cauda equina afier the eprdural placement of saline
soluuon  Dhrect arufical elevation of the cerebrospinal fluid pressure
should be reserved for the treatment of incapacitating headaches when

hausea \omiting or dizziness 1s protracted and when an ocular nerye
palsy seems immunent

Dafficulties with Hearing

Changes 1n hearing occurred 1n 04 per cent of our senes of 9277
spinal anesthettcs These consisted of complaints of buzzing Poppmng,
clogging of the ears, hummung, roaring or loss of heanng altogether
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spinal anesthesia in 22 per cent of the series, twice the over-all figure
The reasons for this may be extreme changes in ntra-abdormnal
pressure during labor, which could tend 1o increase leakage and heep
the dural fistula open, rapid changes 1n blood volume following de~
hivery, dehydration during labor and the lesser attention paid to pa
renteral flutd replacement after delnery Yet even if the obstetric cases
ate removed from consideration, headache sull proved more of a
problem 1 women (Table 9) It 1s difficult to relate this to a con-

Table 8 Incidence of “Spinal ' Headache According to Sex af
Patients Receiving Spinal Anesthesia for Yaginal Delivery

Are Excluded
NUMBER OF SPINAL SPINAL  HEADACHES
ANESTHETICS Number  Per cent
Male 4063 302 7
Female 4276 489 12

sututional variation between men and women wn regard to pan per-
ception or susceptibihity ‘The role of the psyche 1n the development
of headache n either sex seems neghgible To prove this pomnt we
gave spal anestheties to 100 persons anesthetized first with general
anesthettes  Although none of these people knew that spmal anes-
thetics had been admurustered, the percentage occurrence of typical
postural headache was the same as 1 the serses at large

Table 10 mndicates that the mncidence of headache dimnishes pro-
gresstvely with smaller needle diameters There was not only a lesser
occurrence but a lesser seversty and duration Headache can be made 2

Table 10 Relation of Gauge of Needle Used for Lumbar Puncture
to Incidence of “Spinal > Headache

NUMBER OF SPINAL SPINAL HEADACHES
NEEDLE GAUGE ANESTHETICS Number  Per cemt
16 839 151 18
19 154 16 10
20 2698 377 14
22 4952 430 9
2 534 37 6

9277 wu n
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Major Neurologic Sequelae

In 1950 Foster Kennedy wrote, “I'rom a neurological point of view
we give the opmion that spinal anesthesia should be ngidly reserved
for those patients unable to accept a local or general anesthetic Para-
Iysts below the waist 1s too large a price for a patient to pay 1n order
that the surgeon should have a fine, relaxed field ” The sequela most
feared 15 chronic progressi e adhesive arachnoidius, which we believe
1s a non-speaific pathologie response to an ntrathecal irrtant The
ulumate effects of chronic progressi ¢ adhesive arachnoidius are related
to a reduction of blood supply to the spnal cord Transverse myeliis
has also been described When this occurs, 1t would seem to be related
more to destruction of neural tissue by the injected substance or to an
mntraspinal or mntraneural injection than to fibrosis resulting from an
uritant The end results of either of these two processes can be paralysis
of the lower limbs, intesunes and bladder or mvolvement of spinal
cord and roots at higher levels Sensory changes alone may occur,
they obviously are less disturbing and mncapacitating

In our large series of spinal anesthetics, accurate information about
86 per cent of the patients was obtamned for at least six months after
anesthesia In some the follow-up period exceeded seven years There
were no nstances of adhesive arachnoiditis, cauda equina syndrome
or transverse myelitis

Munor Sensory Neurologic Sequelae

Residual signs or symptoms of numbness following spinal anesthesia
occurred i 0 8 per cent of the series In the majority of patients this
was restricted to the lumbar and sacral areas of the body None of the
cases had other neurologic signs, and most of the complamts dis-
appeared within six months Subjectnve complants were those of
numbness, numbness and unghng, heaviness or burnmg Sensory
defects were not always found on examination

It seems likely that these sequelae are related to the mjection of the
anesthetic drug 1nto the subarachnoid space Increased numbers of
cells 1n the cerebrospnal fluid following spinal anesthesia suggest that
2 transient stertle type of myeliis or menngitis may be produced
during spinal anesthesia Neurologic sequelae have followed the in-
Jection of various foreign substances into the subarachnoid space The
dehicacy of spmal structures and therr peculiar vasculanity almost
1avite trouble if there be trespass The encouraging aspect of the cases
reported here 1s the mimmal nature of the resultant disease We feel
certan that this good fortune 15 due to the careful application of spinal
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With few exceptions these troubles were associated with typical
postural headache, hence a decrease 1n cerebrospmnal flud pressure
must be implicated once more That there ss an anatomc communica~
tion between the subarachnord space and the cochlea 1s well known
Expenmental work by Hughson demonstrated that with a decrease
cerebrospinal flud pressure, there was a fall in intralabyriathine
pressure followed by a functional tnability of the ear to transmut high
tones On several occasions we have seen restizution of an audiogram
to normal values when cerebrospinal fluid pressures were artificially
elevated toward normal in indrviduals with headache and decreased
hearing after spinal anesthesta One mught assume that, 1 addion to
deafness, the other auditory complaints after spinal anesthesia mght
be secondary to a decreased cerebrospinal fluid pressure

Ocular Problems

Difficulty with viston also occurred n 04 per cent of the sertes
Double vsston, blurring, troubles 1 focustng and spots before the eyes
were the complaints In all but 8 of the 34 patients the visual trouble
arose 1 association with typical postural headaches We discovered
3 proved cases of lateral rectus muscle paralysis, and the symptom of
prolonged double viston in 3 other persons suggested that paralysts
might also have been present These 6 cases followed the use of 2 16
gauge needle for continuous spinal anesthesia given through a catheter
Tive of the 6 pauents had severe headaches, 1n 3 localized to the occ1-
pital area One cannot help but relate the palsies and the other ocular
complamnts 1o headache and consequently to a decrease i intracramual
cerebrospinal fluid pressure The ocular nerve palsies, 1n our experence,
came on rather suddenly a week or so after operation and persisted
from a few weeks to six months In every case there was complete
functional restitution of vision It must be assumed that an ocular
nerve palsy Tepresents an end stage of whatever ocular abnormality 1s
present Therefore, more bemgn ocular complamts may represent
phases or steps toward the final result without progresston There have
been many reported cases of cramial nerve palsy ansmng after spmal
anesthesia, but the abducens nerve usually has been involved One
theory of origmn has been that, with brain displacement and traction on
supporting Structures, a motor nerve parucularly one with a long in-
tracrarual course, could be paralyzed by pressure against osseous struc-
tures, or, 1 the passage of the nerve through the cavernous sinus
excessive venous dilatation mught produce the same effect
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anesthesia, to the choice of the pauent for this techruque, and to the
admumistrauon of the anesthetsc as deseribed

Exacerbation of Pre-existing Neurologic Disease after Spinal
Axnesthesia
Although 2 cause-and-effect relation betweent spinal anesthesta and
exacerbation of disease can rarely be proved, it 15 our opumion that
spinal anesthesia should not be gnen to 2 patent with afflichion of the
central nervous system or spmal column This admomition applies 1o
congenstal, healed, mactive and actne disease It embraces trauma,
bacterial and viral infections, deg: ne d pl and
systerme diseases with neurologic accompanunents Exceptions 1o the
rule may be made only when a type of anesthes:a other than spimal 15
potentally more hazardous or less safe 1o the hands of the person
admumstenng 1t

COMPARISON OF SPINAL AND EPIDURAL ANESTHESIA

A local anesthetic can be deposited mn the space between the dura
and the peniosteum hining the vertebral canal This 15 termed epidusal
anesthesia No openng 15 made mn the dura with thus technigue, 50
that sequelae related to changes i cerebrospinal flnd pressure are
avorded. The chuef advantage 1 ebmnauon of post-lumbar puncture
headache The local anesthetuc, although placed extradurally, does gawe
entry o the subarachnoid space, probably v the pomts of exit of
spwal nerves and blood vessels The spnal cord and subarachanod
space are thus exposed to 2 drug as part of eprdural anesthesa, though
to a lesser extent than with spwmal anesthesia The most recent modi~
fication of eprdural anesthesa 1s the techmque of wstermittent 1njection
of 2 Yocal anesthetie through a catheter placed withun the epsdural space
With the up of the catheter Iocated at the point of ext of nenves to be
anesthenzed, a segmental block can be achieved, only that secton of the
body which s 1mvolied 1 the operation bemg anesthetized

Studies of the neurologic sequelae of eprdural techmigues have oot
been as carefully performed as have those for spinal anesthessa, but the
mcrdence of such comphcanons probably would be less Hypotension
may be an accompaniment of any but hmsted epsdural anesthesia I
1the same spmal 1o0ts are blocked epiduralls or 1 the subarachnod
space, the qreulatory effect will be 1denucal. Eprdural anesthesia 1s
techmcally more ddficult to achiere and 15 therefore Jess rehable than

1nal anesthesia It1s also slower i onser, For these reasons we da not
peleve that the method will ever replace subarachnod block.



FUNDAMENTALS OF LOCAL ANESTHESIA 117

3 Ttis an sdeal method for ambulatory paticats, for short and super-
ficial operations, and 1n situations Where a recently ingested meal might
pose a threat of vonuting dunng general anesthesta If patient co-
operation 1s needed, as, for example, 1n complicated tendon repairs of
the forearm, local anesthesia 1s valuable

Some of the reasons why local anesthesia 15 not more widely used
may be Listed as follows

1 Lach of patient acceptance and the desire 10 be unconscious
during operation Part of this difficulty resides 1 an neffectual ap-
proach to the patient and lack of skill i the performance of nerve
blocks

2 The impracticaliry of rendering some bodily areas anesthetic for
operanon  Yor example, the number of mnjections, the amount of
anesthetic required, and the tume consumed 1n providing local anes-
thesia for a radical mastectomy are prohibitive

3 Inadequate duration of local anesthesia There are, however,
agents and special techmques that can prolong anesthesia

4 Rapid absorption of local anesthetics 1nto the blood stream This
may produce untoward reactions that can be detrimental to the patient
Although we understand the mechamism, means of prevenuon, and

treatment, reactions stll occur because of variauons in human re-
sponst eness

LOCAL ANESTHETIC DRUGS

Cocarne, the first local anesthetic, 1s an ester of benzoic acid and the
alcohol ecgorune Although 1t 15 a potent topical and njectable sub-
stance with vasoconstrictive properues, the early high mncdence of
reactions, dufficulty in sterilization, and lack of a synthetic product led
to a search for a better anesthetic, parucufarly for infiltration Investi~
gatons of ester combinations led to the synthesis of procamne by
Eumhorn 1n 1905 This 15 the ester of para-ammobenzoic acid and di-
ethyl amino-ethanol Procane remamns the standard for comparison
with other anesthetics Its popularity can be related to the low toxicity,
ease of synthesis, low cost, ease of sterilization and the reverstbility of
local effects The disadvantages are the lack of topical activity, and
relately short duration Newer anesthetics must be assessed according
10 these critersa, parnicularly the properuses of lack of irmtation and
:E:: :sf l:ewrsxbx\ny 1© the preanesthetic state Many so-called anes-

1 Q

n sco ve proven to be destructive to tissues and are not reversible

Subsequent studies of anesthetics have indicated that the ability to
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Local Anesthesia

FoLLOWING the discovery by Koller in 1884 that cocame could anes-
thetize the cornea, local anesthesia underwent rapid development In
the same year Halsted employed cocamne both for mfiltraion of the
skin and direct nere injecuon, wlule Cormng attempted to anesthetize
the spinal cord and nertes through an myjection 1nto the back. He per-
formed what mght have been an epidural injection Surgeons became
anterested 1 local anesthesia because of dissatisfacuon with general
anesthesta and because they could give local anesthesia themselies
After the performance of lumbar puncture by Quincle in 1891 1t was
to be expected that someone would mject cocaine 1nto the subarachnord
space This was accomphshed i 1899 by Bier and Tuffier indepen-
dently The subsequent development of local anesthesia lay in 115
application to regional nerve block and 1n the synthests and study of
new anesthetics

Local anesthessa has conunued to be popular for the following
reasons

1 It 1s easy to use local anesthettes The method 15 economical,
non-explosise, and the eq requured 1 The need for
postoperatne observation and care of the patient 15 Jessened

2 Some of the undesirable side effects of general anesthesia are
avoided A locahzed area of the body can be operated upon without the
loss of consciousness Modern studtes support the old anoct-association
theory of Crile which held that impulses from the operause area could
be harmful and lead to shock, Local anesthesta decreases the general
stress response to trauma, perhaps through terference with afferent
nerse impulses
116
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about by stabilization of electrical charges on the opposite sides of the
surface membrane

Humoral Action

Acerylcholine has been postulated to be the transmutter substance
10 the mediation of the nerve impulse It 1s said to be released from an
nactnve bound form, triggers the migration of sodium and potassium
1ons across the cell membrane, and 15 quichly hydrolyzed by cholin-
esterase Thereafter acety lcholine assumes once more 1ts bound state
Nachmansohn believes that these reactions take place within the time
limuts required for the passage of a nerve umpulse Local anesthetics
may snterrupt conduction through competitron with acetylcholine at
receptor sites

Respiration of Nerve Fibers

Actvity 1n the central and pernipheral nervous systems 1s accomparued
by the uptake of measurable amounts of oxygen, and the eltmination of
carbon dioxide Local anesthetics may block conduction in nerve
fibers without demonstrable changes i their oxygen consumption,
however, 1t may be that the expenimental methods available for this
type of study are not sufficiently sensitive

METABOLISM AND EXCRETION

Local anesthenc substances are mactnated mostly 1n the blood
stream Little destrucuon of ester compounds takes place 1n the cere-
brospinal flud Esters are hydrolyzed in plasma by enzymes that also
split acetylcholine These enzymes, derived from the liver, are called
pseudo-cholinesterases mn disunction to the true cholinesterase found
at the neuromyal junction The rate of hydrolysts of procamne by
cholinesterase in plasma has been shown to be i the order of one gram
per hour for an adult of average size In general the duration of local
anesthesia will be prolonged 1f absorption from the injection site 1s
slow and shortened if there 1s rapid destruction 1n the circulation
Thus 15 one of the reasons why epmephrnine 15 used with local anes-
thetics—to decrease the rate of absorption

The detowufication of non-ester substances 15 not understood Small

quanuttes of unchanged anesthetic are excreted 1n the urine without
regard to basic chemical structure

REACTIONS

a Many laboratory experiments and obsery atons m humans have
emonstrated that reacuons may be related to the blood concentration
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produce focal anesthesia need not be associated with an ester con
figuration The use of dibucmine (Nupercame) and more recently
hidocaine (X3 locaine) attests to thus fact Dibucaine 15 used fargefy for
profonged anesthessa A greater toxsty 1s counterbalanced by the lesser
concentrations required Lidocaine has achieved wide usage recently
because of the rapid onset of action, longer duraton of action as com
pared to procame, and because of an apparent tendency to spread from
the site of injection

Suspensions of anesthetics 1 ol hate been advocated for long-
lasung anesthesia There 15 no evidence that a gradual release of the
anesthetie from the menstritum 13 responsible for the reported long
action Rather, destrictive substances lhe benzy ! alcohol, meorporated
m the muxture, can account for the prolongation of effect

THEORIES OF ACTION

Most theories of local anesthenic action are those proposed for the
action of general anesthetics As with general anesthesia, there 15 no
single acceptable explanation for the phenomenon of local anesthesa
A good way 1o summarnize the problem 1s to relate snesthetic action 10
the known facts of transmussion of the nerve mmpuise

Electrical Activity

A nenve impuise can be described 1n terms of a predicisble pattern
of electrical disturbance Local anesthetics abolish this discharge in 2
charactensic manner Erlanger and Gasser, m studies of electneal
potentials 1 mixed nerves, discovered that fibers of different size
conducted impulses at different rates The smaller nerve fibers, those
subserving superficial pam and temperature, conducted slowly It has
been known for & long time that these small fibers are blacked fitst by
local anesthetucs, and it has been suggested thar the greater surface
area of the small fiber allows for more rapid penetration An affirmation
of thus discovery 15 the observanon that weak concentranons of local
anesthetics ntermapt conducuon i small Sbers first Thus abiliy to
block fibers differentially has become useful 1 diagnosss and therapy,
as for example m differential subarachnoid block In practice the con~
centration of local anesthetic chosen should be only that needed to
bloch the desired nerve fibers This 15 ymportant mn the prevention of
seactions to local anesthetics since the toral amount mjected can thereby
be decteased

1.ocal anesthetics also are said to block conduction 1 nerve fibers
through interference with electnical depolanzauon This 15 brought
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lungs 1s as rapd as with ntrascnous 1njection and the path to the
heart 15 2 short one An alternative possibility 1s the sumulation of a
depressor chemoreflex of the von Bezold-Jansch type

Sensitivities and Allergic Phenomena

Dermatitis due to sensitivity to local anesthetics 1s not uncommon
Urticaria 1s seen occasionally but symptoms suggestive of true ana-
phylaxss are exceedingly rare The latter corprise histamune release,
bronchoconstriction, circulatory collapse, and failure of the blood to
coagulate These reactions can be mintmized by careful query for drug
sensitivaty and other allergtc responses When a hustory of sensitivity 1s
elicited, the substitution of an anesthetic with a totally different chemi-
cal configuration may avoid trouble Shin wheals and patch tests are
unrehiable 1n predicting reactions The common symptoms of tenseness,
pallor, sweating, palpitation, dizziness, fainting, and sometimes anginal
pan, are ordinanily the effects of epmephrine that has been added to
the local anesthetic solution

The phenomena 1n the first three categories are generally conceded
10 be due to an excessive amount of circulaung local anesthetic This
means that the total quantity injected, the rapidity of absorption, and
the rate of circulation, detoxification and excretion are the ymportant
factors Since one cannot evaluate all these factors beforehand 1n ad-
dition to the unpredictability of patient susceptibility, the following
routne 1s suggested for all patients who are to recewve local anesthetics

One hundred to 200 mg of short-acting barbiturate given by mouth
beforehand will allay apprehension, and may dinimish the possibility
of reaction While there 1s laboratory evidence to show that barbitu-
rates decrease the toxic effects of local anesthetics, the amounts that

have been used 1n aumals are closer to the anesthetic than to the
sedative doses

Operating room preparations should be the same as for any anes-
thetic procedure The means for treating respiratory and circulatory
c.omphcations must be at hand A short-acting barbiturate should be
8 ven when signs of central sumulation have become evident, to avoid
subsequent convulsion The patient should be observed by an anes-
thenst throughout, engaged n conversation, and the arculatory and
respiratory signs recorded

One should try to estimate the duration of anesthesia needed and
select 2 drug accordingly Roughly, the range of action 1s one hour for
procastie to four and five hours for tetracame (Pontocane), when

epnephrine 1s used Fresh, sterile local anesthetics should be chosen
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of local anesthetic The target organs for these reactions are the cere-
brum, medulla, heart and peripheral blood vessels When the reaction
15 slow 1n development, sttmulation of the cortex and medulla precedes
a depressant phase Occasionally following the mnjection of even a nun~
ute amount of drug, respiration and circulation fail simultaneously
without warning Local anesthetic reactions may be classified as
follows

Central Nervous System St:mulation

During the course of anesthesia a patient should be observed for
warning signs of a reaction to local anesthesia, and prompt preventne
measures instituted should such signs appear Restlessness, talhative-
ness or muscle twitching may precede the onset of generalized con-
vulstons The intravenous mjection of a small dose of short-acting
barbrturate (50 mg thiopental) and the admimistration of oxygen are
mportant measures both 1n prevention and treatment

Central Nervous System Depression

Depression of the cerebral cortex leads to drowsiness, sleep or coma
As mentioned above, this reaction may follow a stimulatory phase or
may be the only central effect of certamn anesthetics Failure of resprra-
non and loss of central vasomotor control leading to hypotenston
indicate a depressant action on the medulla Severe depression can
lead to simultaneous respiratory standstll and circulatory collapse
Peripheral actons on sympathetic gangla and direct vasodilation m-
crease the hypotenswve response This rapid collapse must be detected
promptly and treated i1 the manner suggested for severe artersal
hypotension

Peripheral Crrculatory Depression

Local anesthetics depress the three properties of cardiac muscle
contractility, irritability and thythmucity These are the pharmacologic
attributes that first led to the use of procaine and 1ts derivative procamne
amude for the treatment of cardiac arrhythmias Local anesthetics,
1n addion, mnterfere with synaptic tr 1 m the
nervous system and also produce vasodilation through a direct vascular
action The sum total of these actions diminishes cardiac output, 1m-
patrs conduction 1n the heart, and may lead to arterial hy potenston and
carduac arrest Direct cardiac depression 1s probably responsible for
the high incidence of sudden vascular collapse seen when topical anes-
thetics are instifled 1o the trachea and broncht Absorption from the
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fungs 15 as rapid as wath intravenous njection and the path to the
heart 35 a short one An alternatne possibiliyy 15 the stmulation of a
depressor chemorefles of the von Bezold-Jarisch type

Sensittvitses and Allergic Phenomena

Dermatiis due to sensitivaty to local anesthetics 15 not uncommon
Uricana 1s seen occasionally but symptoms suggestine of wue ana-
phylanis are exceedingly rare The latter comprise mistamine release,
bronchoconstriction, circulatory collapse, and failure of the blood to
coagulate These reactions can be mummuzed by careful query for drug
sensitinaty and other allergie responses When a history of sensitty 15
elictted, the substitution of an anesthetc with a totally different chemi~
¢l corfiguration may avowd trouble Shin wheals and patch tests ate
unreliable in predicting reactions The common sy mptoms of tenseness,
pallor, sweaung, palpitation, dizziness, fainting, and sometimes anginal
pan, are ordinarily the effects of epmephrine that has been added to
the local anesthetic soluton

The phenomena 1 the first three categories are generally conceded
10 be due to an excessne amount of circulating local anesthetic This
means that the total quantty injected, the rapidity of absorption, and
the rate of circulation, detowification and excretion are the important
factors Since one cannot evaluate all these factors beforehand in ad-
diton to the unpredictability of pauent susceptibility, the following
routine 1s suggested for all patients who are to recen ¢ local anesthetics

One hundred to 200 mg of short-acting barbiturate grven by mouth
beforehand will allay apprehension, and may dimmish the possibility
of reaction Whle there 15 laboratory evidence to show that barbitu-
rases decrease the tovic effects of local anesthetics, the amounts that

have been used 1n anumals are closer to the anesthetic than to the
sedative doses

thglp;er;rt:;fdmom .I?l.‘repamuons should be the same as for amy anes-
complhs murc e means for treaung respiratory and circulatory
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epinephnine 1s used Fresh, sterile local anesthencs should be chosen
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The concentration 1s determuned by the character of the anesthesia
needed To feiterate, small nerve fibers, those that carry pain and
temperature sensation, need only weak concentrations {procame 05
per cent) for block, whereas larger fibers subserving muscle power,
touch and position require greater concentranons {procamne 15 to
2 @ per cent) Using several concentrations and small total volumes, one
should be able to avord the upper himits of toxicity (prowame 05 to
10gm)

Epinephrine when used 1o increase the duration of anesthesia and
prevent rapid absorption of the anesthatic need not be employed 1n
concentrations greater than 1 200,000 It should be measured m 2
svringe rather than counted 1n drops Epinephrine carries hazards of
1ts own 1n local vasoconstriction, central nervous system and cardiac
sumulation as menttoned previously If these are feared, other catechol
amunes such as Cobefrin or Kephrine may be used

A small test dose should precede the njection of larger amounts of
Iocal anesthetic Injection should be slow, as rapid mjections are pamn-
ful, spread the anesthetic, and sometimes may tear fragile, thin-walled
blood vessels One should asprrate before injecting a new area If blood
appears, the posttion of the needle should be changed before mjection
The tughest imadence of reactions occurs 1n vascular areas such as the
head, face and neck, vertebral and paravertebral regions where ab-
sorption can be rapid Severe pain, prolonged and unusual paresthesias,
or other unexplamed phenomena, should cause one to pause and seeh
explanation The most successful local anesthetic procedures are artfut
ones, n winch the patient 1s forewarned, encouraged, soothed, and the
manpulations are slow and gentle The operator must have a thorough
knowledge of the anatomy of the area injected Although mfiltration of
tissues 18 easy, the performance of specific nerve block requires con-
siderable skull and expertence For the performance of nerve blocks we
refer the reader to specialized texts for more detatled information
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CHAPTER 17

A Philosophy of
Anesthetic Records

ANESTHETIC records can be of value to patient, anesthetist, surgeon and
nursing staff If one has at regular intervals observed and recorded the
pulse rate, respiration, blood pressure and other pertiment factors, he
can more accurately determune the patient’s condition at 2 grien mo-
ment A good record of a previous anesthesia 1s of considerable help 1fa
patient has to be anesthetized agamn There are medico-legal reasons for
keeping accurate records, since their review can establish the course of
events more convincingly than recourse to memory In an article en-
utled ‘Prevention of Malpractice Claims,” Dyllon states that in a ten
year expersence of reviewing cases of alleged malpractice, he has yet
to see one 1 which the records of the anesthetic course were complete
1If one engages n the stmplest clinical research 1n anesthesia, records are
a hey aspect of data collection Here 1t must be emphasized that con-
clustons drawn from such data are only as rehable as are the origmal,
mndividual records

A fine record 1s not much good 1f the anesthesta 1s poor, wn other
words, the patient should never be sacrificed for the record There
are umes during difficult procedures when the patient demands com-~
plete attentron It would be foobish at such times to withdraw attention
from him 1n order to complete the record In the majority of cases,
however, one should be able to heep a full and detaled account of the
entire procedure

An example of a suitable record 1s reproduced here These should
be kept 1n duplicate, one for the hospatal chart, the other for anesthesia
departmental filing and analysis
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Data to be Provided on Anesthesia Records
Front of Chart
History nuniber

Date To avord misunderstanding, record dates thus 25 Dec, ’57
Ward Write the ward to which the patient 1s to be rcturned afier
the operation If the patent 1s an out-patient, write “out
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Name (Of pattent ) Last name first Print the last name and include
the usual full name and utles
Address and telephone number (This information 1s mmportant for
postoperative follow-up studies ) Enter the patient’s permanent home
address including postal zone
Age When a number 1s written alone 1t 1s understood to mean years
If the age 1s measured it months, weeks or days, write thus § months,
or 6 weeks, or 3 days
H: Record the patient’s height in inches If the height is not known,
make an estimate
W:r Record the pauents weight in pounds If the weight 1s not
known, make an esumate
Hb Record the hemoglobin 1n grams per 100 m!
Recent meal Ask the patient when he or she last ate or drank Enter
NO” 1f the patient has had nothing by mouth for at least six hours
QOtherwise write “ YES * and elaborate on the chart At the same time
ask about removable teeth, chewing gum, or tobacco 1n the mouth
Remember Infants and small children usually have had a feedmg within
four hours of the tume set for operation, injury, shock, emotional ten
ston or excessive ingestion of alcohol almost always delays the emptying
of the stomach, and, women in labor often have full stomachs
Physical status See Chapter 2 for numerical rating
Preanesthetsc medicarion Write 1n the drugs—amount, time, route
of administration and effect Note 1f sedation 1s adequate or 1f untoward
effects on circulation, respiration or nervous system have occurred If
no preltminary medication was given, write ¢ NONE
Spectal snformation There should be a place at the top of every
anesthesia record to write mformation of especral importance and to
direct notice to 1t Thus, 1f a pattent has a disease such as myastherua
gravis, active tuberculosis, or severe allergies, this information can be
of vital importance
Operative permur Be certain that the patient has granted permission
mn wriung for the performance of anesthesia and operation This 15
especially important for munors where the parent or guardsan grants
permusston Individual states vary in their requirements and anes-
thetists must be farmiliar with the legal rulings n therr communuties
Neurologic Iustory Here should be recorded the word negative
if applicable, or reference should be made to any pertinent findings
Thus 1s of value 1n medcolegal actions 1nvolving the anesthetist It 1s of
particular importance if spinal anesthesia 15 to be given
Drug lustory As ndicated :n Chapter 20 many therapeutic substances
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affect the course of anesthesa adversely Query and notation should
be made for those drugs which the patient has been taking
L P This refers to spinal anesthesia In evaluating the causes of
untoward sequelae of spinal anesthesia 1t 1s 1mportant to have some
idea of the degree of trauma caused by the msertion of the lumbar
puncture needle One should record the following the gauge of the
lumbar puncture needle, the level of msertion of the needle on the
spnal column, the type of Jumbar puncture, W hether midline or lateral,
the number of needle nsertons, the lack or production of paresthesias
and their location, the appearance of the cerebrospinal flurd—whether
clear or blood-stamned, the ease of aspiration or flow of cerebrospinal
fiud When using a catheter for senial spinal anesthesia, record the
estumated length of catheter tnserted beyond ts entry 1nto the sub-
arachnoid space
Induction S U If the induction was sausfactory, circle the S
If unsatsfactory, circle the U and state why Common causes for an
unsatsfactory induction mclude emess, retching, cough, soft tissue
obstruction, laryngospasm, excess mucus, excitement, slow induction,
apnea, respiratory depression, hy potenston, cyanosts and pulse irregu-
lanues
Arway Inthis space are recorded the details of aruificral arrway s used
duning anesthesia If a rubber or metal airway 1s passed through the
mouth or the nose mto the pharynx, write in “‘oropharyng > or “naso-~
pharyng ” Note should be made as to whether the insertion was
atraumatic or accompamied by trauma such as bleeding, chipping of
teeth, or injury to the lips
The same information regarding trauma 1s to be recorded when a
tube 15 passed into the trachea In addition, “Endotracheal * should be
circled and the followsng data supplied
Route of intubation orotracheal or nasotracheal, night or left
Number of attempts at intubation each nsertion of a lary ngoscope
or each time the tube 15 passed beyond the eprglotus counts as an at-
tempt When intubating blindly, each time the tube 15 advanced with
the expectation or hope of 1ts entering the larynx counts as an attempt
Size of tube, use of stylet
Method of intubaton unless otherwise noted 1t 1s assumed that
the intubauon was performed under direct vision with a laryngoscope
I‘fBS‘nZ tube was wserted without benefit of laryngoscope, write 1n
Unless otherwise noted 1t 15 assumed that the tube 15 u:

sed simpl
s an airway under an open or closed mask When the e

ube 1s used
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without a mask, when 1t 15 connected more or less directly to a bag,
canster, delivery tube or Y tube, note 1f the tube 1s cuffed (note
separately when cuff 1s inflated), or 1f a pack was placed 1n the pharynx

Mamtenance This space 1s for recording interesting or important
remarks, facts or events which occur during the anesthesia and opera-
tion It 1s impossible to list all such events, and m any case their sig-
mficance artes with the particular circumstances As experience -
creases, one will become better able to select what should be recorded
and what should be omirted

Record facts about the condition of the patient other than the pise,
resprration and blood pressure These include coughng, pallor, sweat
ing, and the character of the pulse or resprration 1f 1t 1s abnormal, the
presence of excessi ¢ secretions, laryngospasm, hiccough, fever, tremor,
twitching and convulsions Record also facts concerning the conduct of
the anesthesta which cannot be shown on the graphic chart, e g, the
presence of respiratory obstruction, of oxygen want, the mtroducton
or removal of the carbon dioxide absorber from the system, the wearing
off of spinal or regional bloch anesthesia It 1s important to note the rea-
sons for changing anesthetic agents or methods and fo record the tme
at which the patent’s position 1s changed, smee alterattons tn respiration
or arculation often follow such a change

Treatment used duning the procedure which 15 not recorded else-
where should be noted in this space An example 15 tracheobronchual
toilet (usually abbreviated “TBT ) which means the aspiation of
mucus or other matenal from the trachea or bronchi by means of suction
with a catheter inserted through the vocal cords or through an endo-
tracheal tube, The amount and roure of adminustranon of drugs should
be recorded If blood 15 given, a positne 1dentificanon of each bottle
must be noted here.

Facts concermng the surgical procedure which may be of sigmficance
1n resard to the condition of the panent or to the conduct of anesthesia
should be wntten Tracuon 1 the region of the gallbladder may pro-
duce changes sn blood pressure. Opening the pleural cavits usually
alters the character of the respiration Clamping of the pulmonars
artery mav nfluence the cardiovascular system The possibilines are
legion It 1s important to note the ime when these events occur and to
relate them 1o the progress of the procedure as recorded on the graphic
chart. The simplest method 15 to number the nomnons 1, 2, 3, etc,,
and to wnte a sumilar number below the lower border of the graphic
chart at the proper time scale posiion

4eemzs Record sll anesthetic and snalgesic agents and adpnants
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used The amount or strength of the agent must be included even m
the case of agents admimstered by inhalation In gencral the mamn
agent 1s the one with which the greatest depth of ancsthesia 1s obtained
(except when a potent agent has been used only for induction) When
thiopental 15 used with mitrous oxidc-oxygen, thiopental 1s considered
the main agent even though the greater part of the mamntenance may
have been accomplished by the nitrous oxide If, 1n such a casc, cther
15 added to produce greater relaxation, cther 1s considered the main
agent A basal narcotic such as tribromethano! (Avertin) should never
be considered the mamn agent unless the entire operation has been per-
formed under 1ts wnfluence withaut the addiuon of other agents, but
anesthetcs used for basal narcosts must be recorded

When spinal or other regional analgesa 1s used with the 1dea of per-
forming the scheduled operation under 1ts influence alone, 1t should be
considered the main agent even though the spinal or block fails and
another agent has to be given, however, the other agent must be listed
also In the case of spinals, record the total volume of fluid injected as
well as the name and amount of each drug used

Techmgue Record the technique or method of admumstration of
anesthetic agent Write the techmque by which a particular agent 1s
Biven directly below the name of the agent

Agents ‘Thiopental 25/ Ether
Technique v Abs to and fro

Defimuons of techmques The following methods and abbreviations
are obvious

Intravenous—I V

Subcutaneous—H or S C
Infiltration—Infilt

Block—specify

Spinal—Sp , meaning ‘single dose” spinal
Serial spinal—Ser Sp

Topical—Top

Rectal—Rect

The vanous inhalational techmques are more difficult to classify
More than one method may be used for the same agent during the same
anesthesia Changes in method should be recorded
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without a mask, when 1t 15 connected more or Jess directly to a bag,
camster, dehvery tube or Y tube, note if the tube 15 cuffed (note
separately when cuff 1s inflated), or 1f 2 pack was placed 1n the pharynx

Matntenance This space s for recording interesting or important
remarks, facts or events which occur during the anesthesia and opera
ton It 15 impossible to list all such events, and 1n any case therr sig-
nificance varies with the particular circumstances As experience in
creases, one will become better able to select what should be recorded
and what should be omitted

Record facts about the condiuion of the patient other than the pulse,
respiration and blood pressure These include coughing, pallor, sweat-
1ng, and the character of the pulse or respiration if 1t 1s abnormal, the
presence of excessiv e secretions, lary ngospasm, hiccough, fever, tremor,
twatching and convulsions Record also facts concerming the conduct of
the anesthesta which cannot be shown on the graphic chart, e g, the
presence of respiratory obstruction, of oxygen want, the introduction
or removal of the carbon dioxide absorber from the system, the wearing
off of spinal or regional block anesthesia It 1s important to note the rea~
sons for changing anesthetic agents or methods and to record the time
at which the patient’s position 1s changed, since alterations n respiration
or circulation often follow such a change

Treatment used duning the procedure which s not recorded else-
where should be noted mn this space An example 15 tracheobronchial
totlet (usually abbreviated “TBT”) which means the aspiration of
mucus or other matenial from the trachea or bronchi by means of suction
with a catheter nserted through the vocal cords or through an endo-
tracheal tube The amount and route of administration of drugs should
be recorded If blood 1s given, a positive 1dentification of each bottle
must be noted here

Facts concermung the surgical procedure which may be of sigmificance
1n regard to the condition of the patient or to the conduct of anesthesia
should be wntten Traction 1n the region of the gallbladder may pro-
duce changes 1n blood pressure Opemng the pleural cavity usually
alters the character of the respiration Clamping of the pulmonary
artery may nfluence the cardiovascular system The possibilities are
legion It 1s important to note the ume when these events occur and to
relate them to the progress of the procedure as recorded on the graphic
chart The sumplest method 15 to number the notauons 1, 2, 3, etc,
and to write a stmilar number below the lower border of the graphic
chart at the proper time scale position

Agents Record all anesthetic and analgesic agents and adjuvants
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CONTROLLED RESPIRATION~—this 1s the situation where the anesthetist
« breathes™ for the patient, controlling both rate and depth of respira-
tion, after a state of physiologic or pharmacologic apnea has been pro-
duced Apnea may be produced by one or more of the following means
hyperientilation, the administration of drugs which depress the ac-
uvity of the respiratory center, or the admimstration of muscle re-
laxants
ASSISTED RESPIRATION—tHis 15 often used instead of controlled respi~
ration to muntmize movements of the mediasunum, the diaphragm and
respiratory muscles The pauent continues to make resprratory efforts
but the anesthetist applies pressure just before or during inspiration
Pressure 35 not applied during exprration
Operation Write the complete and accurate name of the operatine
procedure If in doubt, ask the surgeon to name the operation
Surgeons Write the name of the surgeon who performs the opera-
non If in doubt as to who the surgeon 1s, ask, as this may be important
for future reference The name of the assistants should be 1ncluded
Include imials of necessary to prevent confusion
Anesthensts Write the names of the anesthetst and assistants con-
cerned
Instr  Write here the name of the instrument nurse
Posion Fill in the approprate term for the positions of the patient
duning operation
Sponge counr The anesthetist may write on this line, or the responsi-
ble nurse may sign her name
Recovery—Reflex m O R Record the condition of the patient on
leaving the operating room, 1 regard to recovery of consciousness and
reflex acumty
Fluds Write the amounts of flutds given duning anesthesia on the
appropniate lines
The Chart or Graph
Vertieal Imes 1ime
Horizontal Iines the chart may be diided horizontally into several
sections, from above downward
1" Anesthenc agents
2 Depth of anesthesia
3 Sensory level of spmal anesthesta, as determuned by pin prick

4 Graph for the record of blood pressure, pulse rate, respiratory
rate
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The open and 1nsufflation techmques are generally used without a
breathing bag or other respiratory reservour and without a carbon diox
1de absorber There are, however, exceptions

OPEN—2 system 1s open only when there 1s free escape of expired air
to the outstde and when rebreathing 1s impossible The Letgh and
Stephen-Slater valves permut this type of gas exchange

SEMI-OPEN—the line between semu-open and sem-closed may be
difficult to disunguish, but “semi-open’ 1s the proper term when an
open mask 1s surrounded or covered with towels or gauze so that the
free escape of carbon dioxide 1s indered

INSUFFLATION—the gas or vapor 1s delivered to the mouth, pharynx
or trachea and escapes by a path other than that by which it enters the
patient When insufflation 1s performed with the aid of an endotracheal
tube, 1n order to provide for expiration, an Ayre or a Y tube 1s usually
placed between the endotracheal tube and the tube delivenng the gas
or vapor

FLAGG CAN—thts simple method does not readily fit mnto any one of
these categories It 1s usually employed with an endotracheal tube so
that practically the whole of the respiratory exchange passes through
the apparatus The mcreased dead space can therefore be considerable

SEMI-CLOSED—this denotes the method in which the pattent mspires
from a system with a breathing bag nto which gas or vapor or both are
flowing at a high rate (4 to 7 liters per minute) and n which there s a
valve or other means of overflow so that during expiratton a portion of
the expired gases escape There 15 therefore some rebreatfung

cLOSED—this 1mplies that the ambient atmosphere 1s excluded from
the respiratory exchange and that none of the gas in the system 1s dis-
charged 1nto the atmosphere A munor leak around the face mash does
not preclude calling the techntque “closed ”

NO ABSORPTION—carbon dioxide frequently 1s not absorbed during
the induction of anesthesia but to use such a techmque for, more than
3 or 4 mmutes 1s unwise (Three or 4 mnutes without carbon dioxide
absorption will lead to the accumulation of about 3 to 4 per cent carbon
dioxide 1n mspired air ) Whenever the closed techmque 1s used wathout
absorption, close attention must be pard and the patient’s condition
must be assessed more frequently than usual Patients vary in thetr
sensitvity to carbon dioxide according to the degree of preanesthet: ¢
depresston, the anesthetc agents and the depth of anesthesia

ABSORPTION—the use of an absorber of carbon dioxide must be
qualified by either “to-and-fro” or “crrcle
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CONTROLLED RESPIRATION=—this 15 the situation where the anesthetist
“breathes” for the patient, controlling both rate and depth of respira-
tion, after a state of phystologic or pharmacologic apnea has been pro-
duced Apnea may be produced by one or more of the following means
hyperventilauon, the admimstration of drugs which depress the ac-
uvity of the respiratory center, or the administration of muscle re-
laxants

ASSISTED RESPIRATION—this 15 often used instead of controlled respi-
ration to mimmize movements of the mediastinum, the diaphragm and
resprratory muscles The patient conunues to make respiratory efforts
but the anesthetist applies pressure just before or during inspiration
Pressure 1s not apphed dunng expiration

Operation Write the complete and accurate name of the operative
procedure If in doubt, ask the surgeon to name the operation

Surgeons Write the name of the surgeon who performs the opera-
uon If in doubt as to who the surgeon 1s, ash, as this may be important
for future reference The name of the assistants should be included
Include rmutials 1f necessary to prevent confusion

Anesthetists Write the names of the anesthetist and assistants con-
cerned

Instr  Write here the name of the instrument nurse

Position  Fill m the appropriate term for the positions of the pauent
during operation

Sponge count The anesthetist may write on this line, or the responsi-
ble nurse may sign her name

Recovery—Reflex m O R Record the condition of the pauent on
leaving the operaung room, mn regard to recovery of consciousness and
reflex activity

Fluds Write the amounts of fluds given during anesthesia on the
appropriate lines

The Chart or Graph

Vertcal hnes tme

Hortzontal hnes the chart may be divided horizontally into several
sections, from above downward

1 Anesthetic agents

2 Depth of anesthesia

3 Sensory level of spinal anesthesia, as determsned by pin prick

4 Graph for the record of blood pressure, pulse rate, respiratory
rate
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The open and insufflation techmiques are generally used without a
breathing bag or other resprratory reservorr and without a carbon diox-
1de absorber There are, however, exceptions

OPEN—a sy stem 15 open only when there 1s free escape of expired air
to the outside and when rebreathing 15 impossible The Leigh and
Stephen-Slater valves permut this type of gas exchange

SEMI-OPEN~—the line between semi-open and semu-closed may be
difficult to disunguish, but “sermi-open” 1s the proper term when an
open mash 1s surrounded or covered with towels or gauze so that the
free escape of carbon dioxide 1s hindered

INSUFFLATION—the gas or vapor 1s delivered to the mouth, pharynx
or trachea and escapes by a path other than that by which 1t enters the
patient When insufflation 1s performed with the aid of an endotracheal
tube, 1n order to provide for expiration, an Ayre or a Y tube 15 usually
placed between the endotracheal tube and the tube delvering the gas
or vapor

FLAGG CAN—this sumple method does not readily fit into any one of
these categorses It 15 usually employed with an endotracheal tube so
that practically the whole of the respiratory exchange passes through
the apparatus The increased dead space can therefore be considerable

SEMI-CLOSED—this denotes the method 1n which the patient mspires
from a system with a breathung bag into which gas or vapor or both are
flowing at a tugh rate (4 to 7 liters per minute) and 1n which there 1s 2
valve or other means of overflow s0 that during expiration a portion of
the expired gases escape There 1s therefore some rebreathing

CLOSED—thss implies that the ambient atmosphere 1s excluded from
the respiratorv exchange and that none of the gas n the system 1s dis-
charged 1nto the atmosphere A munor leak around the face mask does
not preclude calling the techmque © closed *

NO ABSORPTION——carbon diovude frequently 1s not absorbed during
the induction of anesthesia but to use such a techmque for more than
3 or 4 minutes 15 unwise (Three or 4 minutes without carbon dioxide
absorption will lead to the accumulation of about 3 to 4 per cent carbon
dioxide mn mspired air ) Whenever the closed techmque 1s used without
absorption, close attenton must be paid and the patient s condition
must be assessed more frequently than usual Patients vary in thetr
sensttivaty to carbon dioxade according to the degree of preanesthett ¢
depresston, the anesthetic agents and the depth of anesthesia

ABSORPTION——the use of an absorber of carbon dioxide must be
qualified by erther “to-and-fro” or *“circle *
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2 DEPTH OF ANESTHESIA  When a patient 1s anesthetized the esti-
mated level of narcosis should be charted 1n the space labeled *Plane
of 3rd Stage” every tume the vital signs are recorded

3 LEVEL OF SPINAL ANESTHESIA A space 1s provided in which to
wnte the level of sensory block These levels should be determined as
frequently as practicable, but especially at the beginning and end of the
procedure

4 PULSE RATE, BLOOD PRESSURE AND RESPIRATORY RATE These are
10 be charted on the larger portion of the graph A solid dot 1s used for
pulse rate, an open circle for respiratory rate, a V for systolic and A
for diastolic pressure

The pulse, respiratory rate and blood pressure should be determied
and recorded at least every five minutes (See Chapter 8 )

Along the bottom of the graph mark the symbols denoting the start
and end of the anesthesia and of operation

Start of anesthesia — X
Start of operation — O
End of anesthesia and operation — ®

Back of Chart

The back of an anesthetic record should provide space for a summary
of the preoperative condition as well as space for postoperatiie notes
A conscientious analysis and recording of every sigmificant event 1n a
Patient’s postoperative course can provide valuable data It s common
experience to hear expressions of opmions as to the mcidence or se-
verty of a particular complication The fallibility of such statements
1s obvious Unless reliable data have been recorded and studied such
belefs deserve Iutle attention If each patents chart contaned an
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1 ANESTHETICAGENTS  Inthus section there are spaces for recording
the admunsstration of various anesthetic agents

The graphic recording of mtravenous or intrathecal agents 15 faurly
obvious Thescare usually given in measured doses at separate intervals
With serial spinal anesthesta one should make a mark in the appro-
priate space each ume the drug 1s given, and record the amount of the
dose

‘When the open method for admnstration of inhalation agents 1s
used, the agent 15 generally admumstered more or less constantly
throughout the procedure The examples below illustrate how one
mught record a2 vinethenc-ether anesthesia by the open techmque
The remarks and arrows leading from them has e been added for general
formation On an actual chart these remarks would not be recorded
1 this manner

3 30 45 £

CsMe

ETHER

VINETH
wersion” Y crosme ENDOF
OPENING = PERITON EUM  OPERATIO
PERITONEUM

M /5 30 45 /5
CrHs 11 11T
N:O 11 ]
ETHER] [ 42
VINETH| 1L 14

MIC/S’ON;PEI’WNG cﬁéf?’r’g EUM ENDE%FA
ITON. OPERATION
PERITONEUM

The first example 15 the simpler of the two In the second example
an attempt has been made to record the relative rates at which the
agents were admunstered at different tumes

The semi-closed technique would be recorded 1n the same fashion
The recording of the closed rechmque 1s a litle different As long as the
muxture of gases does not escape from the circust, the patient continues
to breathe the anestheuc agent Dunng mamtenance some anes-
thetists keep a constant small flow of the agent runming all the ume,
others add to the mixture at mntervals In addition, at umes, through
accident or design the breathing bag 1s empried All these maneusers
should be recorded For the sake of clarity and uniformrty the followng
code should be used
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Disturbances 1 Motor Activury  Paresis (partial paralysis) or com-
plete paralysts should be recorded, including all evidences (subjective
or objective) of wealness, changes 1n gat, and abnormalties of bowel
and bladder function These should be described accurately 1n ac-
cordance with accepted ncurologic terms Patients to whom spinal

h has been ad cd should be directly quesuoned for
these complications

Mental Staze  One of the hazards of general anesthesia ts the de-
velopment of psychosis Aged indwviduals ace apt to show mentat dis-
turbances of varying degree 1n the first few postoperative days Dis-
orientaton may also occur as the result of narcotics other than anes-
thetcs, a reaction common 1n the aged Emergence delinum and exci-
taton 1n the immediate postoperative period should be recorded in
detail unless the recovery room record 1s appended The therapy used
for such exctation should be noted Delayed recovery of consciousness
and the occurrence of convulsions should be histed

Resprratory Tract

Complications can be grouped together on an anatomic basss, 1e,
location 1n the respiratory passages Thus results of tracheal intubation
may be included with atelectasts and pneumomnia

Sequelae of Tracheal Intub These include delayed evidence of
trauma to nose, mouth, pharynx and larynx One should record edema,
obstruction to respiration, local infection, subcutaneous emphysema,
mediastinal emphysema (from 1njury to respiratory mucosa with tube
ot laryngoscope), hoarseness, “sore throat,” cough (see Chapter 13)

Major Respiratory Complicarions  Atelectasis or bronchopneumoma
(this diagnosis 1s made 1f the clinical course 15 prolonged, the febrile
reaction decreases only slowly, toxem:a 1s evident, and there are roent-
genographic signs of consolidanion) Miscellaneous complications 1n-
clude hiccough, pleurisy, pneumothorax, aspiration pneumorua Pul-
monary edema and pulmonary embolus are recorded under circulation

Circulatory System

Obyvious complications such as shock, hemorrhage, cardiac arrhyth-
mas, thrombophlebitis and pulmonary embolus should be recorded
Sequelae related 1o the anesthetic management of the patent such as
low blood pressure and bradycardia following recovery from cyclo-
propane, and prolonged hypertension and/or tachycardia related to
pressor drugs, should also be noted

If acute cardiac failure and pulmonary edema occur, one should
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accurate summary of the convalescence, one would be 1 a positon to
state with reasonable certainty that (at Jeast as far as experrence mn 2
particular chnie 1s concerned) the madence of postural headache fol
lowing spinal anesthesta was — per cent, or that vomuting occurred
in —~— per cent of patients recenvng ¢y clopropane

‘The source of the detmls includes the pauent, the nussing notes,
the surgeon’s notes and one’s onn observations Every patient should
be seen during the fiest 24 hours afier operatson and again on the second,
fourth and sixth postoperative days The frequency and duration of
sisits depend upon the patient’s condiion  Sufficiently close contact
should be mamtamed dunng the paugnt’s entire stay 1 the hospual
1o enable the anesthetist to record delayed phenomena such as pul
monary embolism, wound disruption, or a postlumbar puncture head-
ache which might begin on the seventh to tenth postoperative day
The number of days duning which the patuent was followed should be
recorded

Although the actual form of the postoperative chart may vary, there
are certain fundamentals to which the anesthetist should adhere as
be records the anesthetic and surgical comvalescence These will be
described according to sy stems

Central Nersous System

Headache An adequate description of a headache includes the
following Date of onser date out of bed (to analyze relationship to
early ambulation), durauon, location—~—1 e, frontal, occipital, nuchal,
etc, severity—mild, moderate or severe, psychologic or emouonal
make-up of pauent, presence of nausea vomuting, stiff neck or dizzi-
ness, felauon o posture—a nonpostural postspmal headache with
suff neck suggests 8 memngeal rntatn e reaction, disturbances of hear-
g or vision Dimness, blurring of vision or diplopia should be noted
¢ Bloching of the ears,” diminuuon in hearing and tmatus mas be
related 1o changes 1n cerebrospinal flurd pressure communicated to the
mternal ear

Dssturbances of Sensanon Under thus headmg one should list
hy peresthesta and hypoesthesia, 1 e , wcyeased or decreased perception
of any sensory modahny (touch pann vibraton, temperatuse and
posinon) Pauents who have recerved spinal anesthesia should be
specifically quesuoned for the presence of numbness, unglmg or pam
pamr:u!arl_y i the penineum or Jower extremrtites  The question can be
put casually but the answer should be recorded m each case Backache
can be recorded under the heading of sensory disturbance



CHAPTER 18

Determination of the

Depth of General Anesthesia

WiTH THE 1ntroduction of potent anesthetic agents physicians recog-
nized the necesstty of obserting the reactions of the patient to the drug
lest an overdose be grnen Durning general anesthesia the problem 1s
mofold to determune the level or depth of anesthesia, and to judge
what level 15 best for each patient from moment to moment Pre-
sumnably, the less drug the better, but enough drug must be given to
provide optimal conditions for operation consistent with the patient’s
safety It s not easy to determe where the Line should be drawn

Determination of the depth of anesthesia 1s important for a number
of reasons

1 The novice 1 anesthesia must have signposts along the path of
increasing narcosts Otherwise he 1s hopelessly lost as he begins the
adminustration of anesthesia

2 There 1s greater safety for the patent if one can determume the
depth of anesthesia with reasonable accuracy

3 A number of physiologic responses are blocked at certan levels
of anesthesta One must be able to know when such intersuption of
function has taken place, at least one should have a reasonable 1dea so
that 1f desirable this state can be attmned, 1f undesirable 1t can be
avoided Examples of such functions include relaxation of the anterior
abdomunal muscles, and relaxation of the pregnant uUterus

4 If an investigator 1s 10 confirm or extend another s obseryauons,
he must be able to duphcate experimental condiions Both sets of
experiments should be conducted under comparable circurstances—

137
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evaluate the role of parenteral flud therapy, hypoxia, respiratory ob-
struction, hypertension or hy potension as causatwve factors If signs of
coronary insufficiency (angina or infarction) develop a sumilar evaluation
should be charted

Gastromntestinal Tract

Nausea and Vonnting  Although 1t 15 difficult to weigh the sigmfi
cance of a particular cause of nausea or vomiting 1n the postoperative
period, a start can be made 1n this drrection if certamn details are re
corded These are the time of onset, duration and severnity For nausea
alone, indicate as mild, moderate or severe, for vomiung mndicate the
number of times a patient vomuted per 24 hours, the presence of gastro-
intestinal drainage, the relation to administration of oprates, and the
previous history of such sequelae

Abdominal Distention One 1s interested n the same factors as 1
the case of nausea and vormiting

Liver

Record any degree of liver damage and evaluate the role of anesthetic
management 1n its production

Kidney and Bladder

The prime concerns are oliguria, anuria and urmary retention
Hj potension, mncompatible transfustons and drugs should be evaluated
as posstble causes The therapy employed for such sequelae ss of 1n-
terest The nature of retention can best be stated by recording the
number of catheterizations per 24 hour pertods If an mdwelling cathe-
ter or suprapubic tube 1s 111 place, so state on the chart

FOLLOW-UP NOTES ON HOSPITAL CHART

In addition to the data written on the back of the chnical anesthesi2
record, follon-up notes should be made on the patient’s permanent
hosptal record Significant facts concerning the patient s postoperative
course are recorded over the signature of the anesthetist Headache,
pulmonary, cardiovascular, gastrontestinal and urinary tract compli-
cations should be analyzed from the standpoint of the etiologic role of
anesthesia

REFERENCES
Beecher H k. The first anesthesia records Surg Gynec & Obst 77 689 1940
Dillon,] B P of claims for h 18 Sept 1957

Waters, R M The teaching value of records J Indiana M A 29 110 1936



DETIRMINATION OF THE DEPTH OF GENLRAL ANLSTHLSIA 139

to the loss of conscrousness Those parts of the brmn of most recent
phylogenetic des clopment appear to be depressed first This results 1n
obtundation of ntellect, memory, integratise functions and perception
of ime and space Although this 15 commonly called the stage of
analgesia, the sensation of pain 15 not absent and the pain threshold 1s
apparently unchanged, but the patient’s reaction to pan 15 altered
If warned, the pauent w3l usually tolerate procedures that he normally
would not—that 15, minor surgical procedures and the second stage of
lzbor Recent stucies suggest that analgesta 1s more profound with
emergence mto the first stage from deeper levels of anesthesia rather
than duning induction Unfortunately, no objective sign has yet been
found to indicate the transition to Stage IT 1n which simuli may cause
the patient to react violently Kajye states that the response to stroking
of the ey elashes disappears at the bottom of Stage I This might be used
as a guide
With thiopental, Stage I 1s a stage of amnesia rather than analgesia
The patent will react, often violently, to mmor surgical procedures but
will usually not remember such reactions Ths 15 an mndication of the
lack of adequacy of thiopental as an anesthetic agent, and 1s one of the
reasons for the use of supplemental nutrous oxide or opiates (see p 87)
Stage I1, the stage of delinum, lasts from the loss of consciousness
to the onset of automauc breathing and disappearance of the Iid reflex,
here meaning the normal attempt of the eyehds to close when foreibly
opened Thus 1s a stage of unconsciousness with umnhibited action
Patients should not be sumulated 1 this stage, as responses are un-
controlled Respiration may be irregular, the pupils are didated but
react to light The pharyngeal and laryngeal reflexes are obtunded at
the lower limits of this stage, although vomuung can occur through
upper Plane 1 of Stage ITI The chief reason for rapudly increasing the
mhaled concentration of anesthetic 1s to pass through this stage quickly
With thiopenta, except for the alcoholic, muscular or apprehensive
ndwvidual, this stage 1s seldom seen It may also be absent with cyclo-
propane, chloroform and ethyl chloride
Stage III, the stage of surgical anesthesa, lasts from the onset of
automauc breathing to the cessation of respiranon Most surgical pro-
cedures are performed at this level There are those who believe that
1t1s dangerous to begin surgcal procedures before third stage anes-
thesta has been reached As John Snow putit, The surgeon wishes to
know whether the pauent will ke still under the kmfe * For more
accurate estimation of level this stage 15 subdivided mnto four parts
Plane I 15 entered when the Iid reflex 1s abolished and respiration
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1n this case at the same depth of ancsthesia Means for desenibing and
relanng anesthetic levels are therefore essental 1n research

It would be useful to be able to determine the depth of anesthesta
exactly 1n every patient at every moment We are unfortunately far
from this goal, and must therefore resort to estimates Today, these
are made on the basts of several criteria

Chinical Observation  ‘The “signs” of anesthesia recorded by ob-
servant climicians have been grouped together mto four “stages’
They require no special instruments for detection They are reactions
on the part of the patient which are present for the alert anesthetst to
observe As has been remarked, the patient ““talks to you with every-
thing but his voice—with his eyes, pulse, chest, and abdomen You
must Iisten and interpret

The Electroencephalogram  Ths 15 a specialized techmique and re-
quires expensive equipment It 1s readily applicable clinically howeser

The Concentration of Anesthetsc i Artenal Blood or End-Exprratory
Gas These are laboratory techmques The results become avatlable
munutes to hours after the samples have been obtained

The “signs and stages” will be described 1n detail since they con-
stitute the most available means for assessing the depth of anesthesia
We believe that the future holds promuse in improsed monitoring of 2
patient’s response to anesthetics through the use of objective measure-
ments Possibilitzes along this Iine will therefore also be considered

SIGNS AND STAGES OF GENERAIL ANESTHESIA

The divistion of anesthesia mto stages was recogmzed soon after
Morton’s demonstration In 1847 Plomley described three stages and
later that year John Snow added the fourth stage, that of overdose
But little was written about the matter until Guedel, faced with the
problem of traimng large numbers of techmicians 1n the First World
War, more closely defined and described the signs and stages of anes
thesta This work of Guedel s has been accepted the world over and 15
considered one of the most important contrsbutions to anesthesia These
signs and stages'wxll be seen best with those agents that provide a slow
induction and gradual increase in the blood concentrauon Thus they
apply chiefly to ether anesthesta Gillespie 1n 1943 ponted out that
depth of anesthessa could be ascertained through study of reflex action,
that 15, the manner in whuch respiration, muscle tone and various re-
flexes are modified during the deepening of anesthesia The signs to be
discussed emphasize these changes

Stage I 15 defined as lasting from the beginning of the anesthetic
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Pupiliary signs arc less reliable over the age of fifty The best attitude
1s to regard dilated pupils as a sign of overdose (save 1n second stage)
unti! 1t can be proved otherwise Lack of oxygen will also dilate the
pupils Indecd this may be the cause of dilated pupils in deep anes-
thesia
Reflex closing of the vocal cords, or laryngospasm, begins to dis-
appear 1n Plane 2 The secretion of tears gradually decreases in this
plane, though with cyclopropane lacrimation may persist longer
The respiratory Tesponse to a shin incision disappears
Muscular tone lessens as anesthesia deepens, but this 1s not always a
rehable measure of the depth of anesthes:a Muscular tone varies
enormously 1n indniduals, as does the apparent flaccidity of the peri-
toneum These are influenced by age, constitution, the degree of in-~
testina! distention and the friability of tissues The tonus of a flacad
muscle may be increased by a sumulus Thus, a gentle surgeon will
obtain as good abdomunal exposure 1n second plane as a rough surgeon
will in thurd plane Oxygen lack or carbon dioxide excess may also
cause muscle ngidity
Plane 3 15 entered when intercostal activity begins to decrease
Complete 1intercostal paralysis occurs in lower Plane 3 and respiration
1s carried on solely by the diaphragm As a consequence, the depth of
respiration 1s reduced Inspiration 1s now shorter than expiration, and
the pause between 1s longer than in lighter planes of anesthesia
Another result of intercostal paralysis 1s the production of excessive
daphragmatic movement This can be most annoying during mntra-
abdominal operauons and may lead the surgeon to ask n error to
‘ get the patient deeper  If anesthesia 1s lightened so that the inter-
costals funcuion, diaphragmatic movements will usually decrease The
same result can be accomplished by assisung the respiration so that the
dsaphragm will not have to work so hard In robust patients the latter
1s often the better course, for the surgeon may need constderable ab-
donunal relaxation Mushin has pointed out that 1f the mntercostals are
paralyzed the abdominal muscles will also be paralyzed, stnce the two
sets of muscles are morphologically the same and have the same nerve
supply
Duning general h the upper ! muscles become
paralyzed before the lower, this 1s fortunate because the anesthetist can
usually feel the upper intercostal area and take warning  Contraction
:‘f;llsh; intercostal muscles lags behind that of the diaphragm To detect
and :;a !;rll; l:n::;t observe both diaphragmatic and ntercostal acty ity
eir ume relationship When the intercostals become
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becomes regular During this plane the duration of inspiration 13
usually longer than expiration, though this may be difficult to detect
With ether or mutrous oxide respiration 1s usually deeper than normal
With thiopental this 1s rarely the case, and seldom 1s 1t true with cyclo-
propane or chloroform Respiration 1s regular with these agents, but
tends to be more shallow and slower than normal, especially if the pre-
anesthetic medication has included a narcouc Without such medication
resprration 1s more active The respiratory rate will usually merease
with panful sumulation

In Plane 1, the eyeballs usually oscillate but may become eccentrically
fixed The movement may not be apparent immedzately as the lds are
drawn back, especially if only one eye 1s inspected It 1s better to ex-
amme both simul 1sly The mo: nts may cease if the hds are
Kept open too long, but will return after they have been closed for about
30 seconds It 1s helpful to remember that 1f the eye muscles are tonic
and active the abdominal muscles are probably in the same condition

During Plane 1 the vomuung reflex 1s gradually abolished It 15
cunious that swallowing, retchung and vomuting reflexes disappear 1n
that order dunng mnduction, and reappear 1 the same order during
emergence from anesthesia The reason for this 1s not clear

‘The secretion of tears increases through Plane 1, and the respiratory
response to a shin ncision decreases In lower Plane 1 reflex closing of
the eyelids, when the conjuncuiva 1s simulated, disappears However,
we decry traumatic methods of testing reflex responses such as touching
the cornea

Plane 2 lasts from the ume the eyeballs cease moving and become
concentrically fixed to the beginning of a decrease 1n the activity of
mtercostal muscles Although this 1s true with diethyl ether, not in-
frequently with cyclopropane or divinyl ether the eyeballs will not be
concentrically fixed although alllomer signs indrcate that anesthesia 15
at the level of Plane 2 or 3

Respiration s sull regular, but tdal volume 15 dimmshed The
duranon of mspiration and expiration may be equal or exprration may
be slightly prolonged With cyclopropane or an intravenous barbitu-
rate, resprration will be more shallow than wsth ether and the impression
15 created that anesthesia 1s deeper than 1t really 1s

The puptls may begmn to dilate 1n Plane 2 with diethyl ether anes-
thesia On the whole, pupillary size 1s an unreliable guide i patients
given preanesthetic medicaton  Morphine tends to constrict the
pupils while belladonna drugs produce dilatation The effects of
morphine generally overshadow those of atropme or scopolamune
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paralyzed, passive retraction of the chest on mnspiration usually occuss
and can give a false unpression of mtercostal actnity unless the me
relatonshup is carefully observed

It 15 unwise and rarely necessary to mantan Plane 3 for very Jong
Once the surgeon has explored the abdomen, obtamned sausfactory ex-
posure, and mobihzed the organs, anesthesia can usually be ighten~d
to upper Plane 2 or lower Plane |

In mud to lower Plane 3, the reacunity of the pupil to bght 15 Jost.
With cyclopropane the pupillary hight response may be lost 1 th*
second plane The secretion of tears 1s steadily reduced as anesthesia
deepens, but may persist well into Plane 3, especially with oy clopropan®

Plane 4 lasts from the ume of paralys:s of the intercostal muscles 10
the cessation of spontaneous resprration As anesthesia deepens through
thus plane, daphragmanc actnvity and resprrators exchange become
progressnely reduced unnl breathing stops The pupils no Jonger rexct
to Iight and dilare There 1s bittle muscle tone even 1 a robust md-
vidual

Tracheal tug often appears 10 be associated with deep anesthesia and
mtercostal paralysis Waters states that 1t 15 seen also with accumulanon
of carbon dioude There 15 no sansfactory explanation for tracheal tug
It mav be due to an attempt by the muscles m the nech to augment
respiratson

Stage IV lasts from the ume of cessation of respiration to fatlure of
the arculaton It 1s entered when respirauon fails consequent upon the
ncreased concentration of anesthetic tn the central nervous svstem
Thus 15 not 1o be confused with apnea due to breath-holdmng “or
should 1t be confused with the reflex apnea sometimes seen mn the third
stage associated with manspulation of thoracic or abdomunal structures,
with penosteal, or with pharyngeal, larvngeal or bronchual srrtation

In Stage IV most reflexes are absent and the circulation 1s about 10
tai). The fourth stage 15 a premortem stage, and 1s of acaderuc mterest
only This plane of anesthesia should be produced only by mustake
Prompt steps should be tahen to Lighten the anesthesia, since esen bnef
exposure to this plans usually leads to crculators collapse The con-
centration of anesthetic in the pauent s circulanon should be lowered
by manual vennlation of the lungs with oxigen unnl spontaneous
frespiration resumes

Finally, 1t must be remembered that anesthes:a almost invanably
appears to be deeper than st actually 15 Simce 1t 15 easier to bghten
anesthesia than to decpen 1t, st 15 advisable to have a small margin of



DETERMINATION OF THE DretH of GLNIRAL ANLSTHESIA 145

example, influences the tracing A lower concentration of cther 1s re-
quired to produce a guen electrocncephalographic level when nitrous
oxide 1s present 1n the artenal blood 1n excess of 10 mg /100 ml Carbon
dioxide accumulanion also affects the clectrical pattern obtained from
the brmn At a given artersal blood concentration of ether, the addition
of carbon dioxide will produce an electroencephalographic level indi-
catne of greater depression of the brain than would be expected from
ether alone (Iig 31) Undoubtedly other influences of mmportance
remain to be rdennfied

As ongnally mtroduced, the electroencephalogram afforded a crude
ndex of cerebral cortical activty and one difficult of interpretation
Refinements have included analyses of the frequency of electrical
tracings of certain cerebral cortical action potenuals Instruments have
been designed to screen out certain frequencies and stmplify the record

Arterial Blood Values
Ether Mgm%  pCO,

Type three 102 46
Type four 125 43

WWA’M/\N‘-\/\/\,
Type four 02 72

N e e e

T T T T T

Izoo uv Seconds
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Fig 31 A companson of the blood ether concentrat
tions required to
:::’u: iemncephzlogmpmc patterns 1n the presence of nogmal and Elreovd;ec;
glvcnncch :rxxlc:g;e:;‘o:; Sh:uwm%; ct,he greater degree of narcosis produced at a
vhen arte: 1
Surg. vot 198 Toge pCO; 15 elevated (After G H A Clowes, et al
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anesthesia so that the emer of incomp hessa will not be
encountered It 1s easter to avord trouble than to get out of 1t A muddle
course, therefore, must be steered berween a too hight and an un
necessanly deep level of anesthesia

A graphic presentation of the signs and stages of anesthessa (s guen
Tigure 29

THE ELECTROENCEPHALOGRAM

An interesung means of determinng the depth of anesthesia has
been the observanon and analysis of the electrical activary of the cere-
bral cortex 1n man, as recorded 1n the electroencephalogram Changes
1n electrical activaty follow a characterssuc pattern when most general
anesthetics are gnen Seven levels of bramn depression from a waking
pattern to a complete absence of clectrical discharge have been de-
senibed for ether (F1g 30) Classification of patterns obtamned mn patients
recersing cyclopropane and thiopental have also becn made, and other
anesthetics are being studied by this method

The el phalogram 1s infl ed 1n ways just now beng
understood The addstron of mutrous oxide to an ether anesthetic, for

Normal

18t

7R —— e e

T T J

0 Seconds 20

Thg 30 Elerttaencephalographic patterns during increasing depth of ether

anesthesta in rman Pasterns 3, 4 and 5 occur dunng hight, moderate and deep surgical

anesthesta Patterns 6 and 7 ate seen dunng excessively deep apesthesia {After
A Faulconer Jr Anesthesiology, vol 13, 1952)
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example, influcnces the tracing A lower concentration of cther 1s se-
quiced to produce a given clectrocncephalographic level when mitrous
ovide 1s present 1n the artenial blood mn excess of 10 mg /100 mi Carbon
doxde accumulation also affects the clectrical pattern obtained from
the brain At a given artenal blood concentration of ether, the addion
of carbon dioxtde will produce an clectroencephalographic level indi-
catne of greater depression of the brain than would be expected from
ether alone (fig 31) Undoubtedly other influences of importance
remam to be denufied

As ongnally introduced, the electroencephalogram afforded a crude
index of cerebral cortical actvity and one difficult of mterpretation
Refinements have mncluded analyses of the frequency of clectrical
tracings of certain cerebral corucal action potentals Instruments have
been designed to screen out certam frequencies and simplify the record

Arterial Blood Values
Ether Mgm%  pCO,

Type three 102 46
Type four 125 43
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thereby Thus has resulted tn 2 mare mnformatnve record Nesertheless,
the source of brain waves remams unknow r, much of the mnterpretation
1s empinc and the pracuical utility of the record has not been established
with certainty It 15 our hope that research work 1o progress wilf permut
greater usefulness of this objective measurement

CONCENTRATION O ANESTHLTIC IN ARTERIAL BLOOD
OR END-EXPIRATORY GAS

Another means for recording the depth of anesthesia 1s to measure
the amount of anesthetic 1n artenial blood A less sausfactory but more
sumple vanant 1s the measurement of gas concentrations a the end of
exprration, 1f an inhalaton techmaque 15 being used Gas sampling can
be done via a catheter left m place n an endotracheal tube, through
openings 1n devices which connect the breathing tubes of the anesthetic
machine to the endotracheal tube, or through a needle placed 1 the
expiratory breathing tube of a circle filter system close to the patent’s
face The better the end-expiratory sample, the closer will this be toan
alveolar sample It 55 assumed that alveolar and arteral concentrations
under normal circumstances are quite close

If the concentration of an anesthetic at the end of expiration or 1
the artenial blood remans constant for 10 to 15 munutes, the vital
organs—brain, heart, ner, hidney—wll equslibrate with that concen-
wation A single sample cannot assure one that this reasonably steady
state has been achieved, but 1f multiple samplings indrcate thus 1o be
true, one can attempt a correlation between concentraton of drug, the
electroencephalogram or the clinical signs of anesthessa Efforts m this
direction reveal wide individual varabaity, reflected staustically in large
standard deviations

Pash and colleagues measured arterial blood concentrations 1 pa-
uents gnen morphine for preanesthetic medicanon and anesthenzed
with ether A correlauon was made between clinical esumation of the
depth of anesthesia and blood levels obtamned Therr data are bisted 1
Table 9 The large standard deviations are evident

Another instance of difficulty 1n correlation 1s the study of Faulconer
and co-workers relatng artertal blood levels of ether to electroen-
cephalographic patterns The subjects receved pentobarbital and
morphine prior to anesthesia Data are given in Table 10 Large
standard deviauons are agan obvious

It becomes apparent that even with the bramn at equibibrium with 2
gwen arterial blood concentration, the measurable and observable
characteristics of pauents differ considerably Peshaps the course of
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Table 8 Correlation of Clinical Signs and Ether Concentration

NUMBTR OF MEAN ARTERIAL RLOOD  STANDARD

stace L Dviivers  CrimR (mg /100 ml)  DEVIATION
Plane 1 4 48 14
Plane 2 3 7 16
Planc 3 58 105 2
Plane 4 10 135 2

Data from Hull, Matthews, Pask and Ritchie Anaesthesia, 7 243, 1952

Table 10 Correlation of LLG Level and Ether Concentration

ELECTROENCEPHALOGRAPHIC — NUMBER OF  MEAN ARTLRIAL BLOOD STANDARD
OBSIRVATIONS  LTHIR (mg /100 ml) DEVIATION

1 1 52 24
2 2 60 26
3 48 84 21
4 107 103 23
5 37 120 27
6 2 147-198 —_

Data from Faulconer Anesthesiology, 13 361, 1952

anesthesia 1n a given patient determunes his response to a given arterial
blood concentration at a particular time If during a single anesthesta
the patient has been subjected to a deep plane of narcosis once or twice
with an 1nhalational anesthetic, the effects of this may not have been
reversed or worn off as rapidly as one might believe despite the con-
trollability afforded by the pulmonary route of admimstration If this
history  of previous deep anesthesia has left an imprint on body cells
and ussue function, a subsequent increase 1n concentratton of anes-~
thetic may cause a more marhed response than 1f such an exposure had
Not occurred This could explain the variability noted between arteral
blood concentrations and a patient’s response We are not thinking of
accumulatson of anesthetic 1n the body, or of greater saturation of body
ussues as time goes on Rather there 15 the belief that reversibility of
uhalational anesthetic effect may not be as rapid as has been supposed
I this be true, the effect of a given artertal blood concentration 1s a
reflection 1n part of what has gone before during the same anesthetic
Another difficulty with end-expiratory or arteral blood concentra
tions 15 noted when efforts are made to study the depth of anesthesia 1n
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pauents who are seriously 1l Smaller amounts of anesthetcs are needed
to produce comparable climical levels of depression 1n “sick” patients as
contrasted to those who are “fit ** 'This matter 1s discussed on page 39

SUMMARY

It must be emphasized that no single chinical sign can be used as a
reliable indication of the depth of anesthesia Signs vary from patient
to patient, and from anesthetic to anesthetic They are influenced by
oxygen lack, carbon dioxide accumulauon and unquestionably by other
as yet umdentfied factors Even resort to objectve methods s dis-
appoinung, for st 1s not always possible to correlate electroencephalo-
graphic tracings or blood concentrations of anestheuc with a clinrcal
estimate of the degree of narcosis Careful observation and munute to
munute appraisal of all the chintcal signs, together with whateser other
objective measurements are avalable, provide the greatest safety for
the patent
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CHAPTER 19

Fire and Explosmn Hazard

In coMPARISON with other hazards of anesthesia, explosions oceur so
infrequently as to be relatnely msigmficant It 1s esumated that the
mortality rate from explosions 1s about one tn 1,500,000 ancsthesias
The death rate directly attributable to anesthetics 1s difficult to de-
termine, but in published reports has ranged from 1 350 to 14000
The emononal factors mmolied tn an anestheuc explosion, however,
make it feared out of proportion to its incrdence

Fires and explosions are combustive processes differing merely 1n
the speed of reaction and the magmitude of forces released Three
elements are necessary for combustion (1) a combusuble substance,
(2) a supporter of combustion, and, (3) a source of igmtion

All hydrocarbons are subject to decomposition by heat Several burn
teadily or explode when 1n proper mixture with ar, oxygen or nitrous
oude The volanle hquids and gases used in anesthes:a with the
exception of mitrous oxide are hydrocarbons and may be classified as
follows

The vapors of divinyl and diethy 1 ether, ethyl chlonde, ethylene and
cyclopropane will explode under suitable conditions Cyclopropane 1s
alleged to detonate with greater violence With the exception of ethy lene
the vapors of all these substances are heavier than ar

Trichlorethylene vapor 1s not flammable either in oxy fen or air at
ordmary temperature Hydrochlonc acid, free chlorine and traces of
phosgene may be liberated 1f the vapor 1s heated

Chioroform vapor will not 1gnite but will liberate phosgene 1f heated

Ovygen and nitrous oxtde are not explosible, but support com-
bustion Explosions have occurred supposedly with mtrous oxide alone,

presumably because of the presence of explosine contaminants derned
from the anesthes:a machine

149
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Nitrogen, helium and carbon dioxide, rather than being flammable,
are flame~quenching substances

It 15 not necessary to memorize the flammable ranges for varous
anesthetics 1n air, nitrous oxtde and oxygen The followmg general
knowledge should suffice

The ranges of flammability increase somewhat with mtrous oxude
and markedly with oxygen Thus, the general order of magnutude of the
flammable range of anesthetics 1s 1 7 10 37 per cent in aur, 1 4 to 40
per cent 1n mtrous oxide, 1 8 to 85 per cent 1n oxygen

The concentrations of flammable agents required for anesthesia are
withm the explosive range

Measures for the prevention of fires and explostons have been offered
by engineers, fire underwriters and anesthetists The most complete
set of recommendations 1s that of the National Fire Protection Assoct-
ation We endorse all protective measures which can be adopted within
Irmuts of practicability, unless their adoption mvolves substitution of a
greater hazard We do not believe that the final word has been written
on this problem and that Ralph Waters’ plea for the use of “applied
bramns” deserves as much consideraton as does rigid adherence to
measures upon some of which there 1s not yer general agreement Our
reasons for adopting this attitude include the following

1 By ngmd insistence on all NFP A recommendations, one may
substitute a greater hazard for a lesser one To sllustrate—if a child 15
scheduled for fluoroscopically controlled reduction of a fracture under
geaeral anesthesia 1in a darkened room, the potential hazards of non-
explosive thiopental or chloroform are greater than the risk of an
explosion following use of ether

2 Ecxplosions have occurred 1n operating room swites of most modern
design, i which all recommended presventive measures were ostensibly
observed

3 The evidence supporting certain claims is unconvincing, for
example, the muts of resistance for conductive flooring set by the
NFPA are not universally accepted

4 ‘There 1s a hmut to the pracncality of guarding agamst all ex-
plosnve hazards Conductivty of flooring cannot be guaranteed except
at the ume 1t was tested If a floor 1s not properly cleaned, followng 2
single day s usage 1ts conductivity may change from an acceptable to 2
dangerous figure Unless tesung 1s carnied out after each cleamng in
each area—an mmpractical procedure—such a change may not be recog-
mzed This reasorung also applies to the conductive rubber wheels of
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anesthetic machines, operatng tables and drag chains The same sort
of argument can be developed for other recommendations

For reader nterest and information we shall present 1n essence most
of the recommendations of N ¥ P A

Storage of Agents and Care of Equipment

All cyhinders, anesthetic machines with cylinders, and contamners of
olatile hquids should be stored 1n well venulated places away from
radnators, steam pipes and other sources of heat Oxidizing substances
(oxygen, mitrous oxide), supporters of combustion, should be separated
from reducing substances (the hydrocarbons), the combustible sub-
stances Under no circumstances should cylinders be refilled in the
hospital Oils and greases on equipment may be 1gnited by heat and
static electricity generated by gases flowing under pressure

Auto-owidation of diethyl ether may form peroxides which are said
to be violently explosive Formauon of such peroxides may occur
when ether 1s allowed to stand 1n the vaporizer of an anesthesia machine
not 1 use Explosions which have orignated within the anesthetic
machine have been ascribed to this For this reason, ether vapornzers
should be emptied, wicks dried, and the machme “flushed out” with

oxygen when not in use Amber glass contamers may help to prevent
deterioration

Removal of Anesthetic Vapors

Mechanical venulation of anesthetizing locations 1s not a positive
protection agamst anesthetic explosions However, good ventlauon 1s
valuable 1n mimimuzing the possibility of explosion and 1s desirable for
the comfort of personnel, removal of odors, and reduction of hazard
from spillage of combustible anesthetics

Closed System Techmque

This system of admumstrating anesthetics confines the explosive
mixture to the apparatus and patient s respiratory tract The hazard
of igrution from. sources 1s 1 d, but a greater likelihood
of serious mjury to the patient results in the advent of an explosion

Sources of Igmnon  Obvious sources of 1gmuon such as flames,
?garct;&s and matches should be banned from anesthetizing locatiens

anesthessa rooms, operatng theaters, corridors, recove
torage dlace) s 3 > Ty rooms and

Electrical wining and equipment when mstalled 1 anestheuzing

locations should conform 1o the specifications advised by the National
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Llectrical Codes and National Board of I'ire Underwnters These
specifications form the basts for locat fire codes and regulations Among
the suggestions are explosion proof switches, housings and outlets,
grounded conduts, “hinkless” and rubber coated cords, spark-proof
and enclosed motors

Static sparks probably constitute the greatest source of ignition
They may be generated 1n many different ways, and are most difficult
to control Everybody has had the experience of walking across a carpet
and discharging a sparl. when contact was made with another person
orobject Wheneser dissimtlar materials are pressed or rubbed together
electrical charges accumulate If the materials are conductors the charge
will drain off but otherwise 1t will remain for long periods on the
surface A spark will jump when charged objects are approximated
Hazardous sparks can occur by induction at considerable distances from
strong electrostatic charges

There can be no static sparkung 1f all objects concerned are 1soelectric,
1¢, at the same electrical potential This condition may be achieved by
mterconnecting all objects and persons within the *“hazardous area ™
A list of suggested measures follows

Lgquipment  In order for charges to be dissipated, the floor must
provide a path of leakage from equipment and personnel Floors 1n
anesthetizing locations should provide a path of moderate electrical
conductivity for grounding The NFPA recommends that the
measured resistance between electrodes three feet apart exceed 25,000
but be less than 1,000,000 chms If these recommendations are fol-
lowed, an ungrounded electrical system containing a ground warning
1ndscator should be provided to protect personnel from electrical shock
Ground 1s removed from an electrical system by use of an isolation
transformer Floors must be kept clean of dirt and wax and should be
tested at regular intervals for mamtenance of conductivity by the hos-
pital mamntenance or engineering department

Furniture, equipment and operating tables should make contact
with a conductive floor via metal or conductive rubber

Woolen or nylon blankets should be prohibited Cushions, mattresses
and other interposed objects should be conductive The operating
table should be fitted with 2 conductive strap to connect the bare skin
of the patient to the ground Anesthetic machines should not be covered
with dust draperies or plastered with adhesive tape because of the dan-
ger of static sparking when removed

High relatve humidity (55 to 60 per cent) reduces the danger of
static sparks In a closed system, rebreathed gases become completely
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saturated with water vapor within a few minutes Doubt has been cast
on the practscality of deliberately wetting the reservoir bag and con-
necting rubber tubes before induction of anesthesia Both interior and
extertor of tubes and bag must be wetted to remove static charges
Greater protection 15 afforded by the use of conductive rubber Main-
tenance of ugh humidity 1n the operating room 1s recommended
Personmel Making or breaking connections on anesthetic apparatus
should be carried out with both parts held by the anesthetist to main-
tan 1soelectric condions I this 1s not done, sparking may occur
between two preces of metal at different electrical potenuals
Persons other than the anesthetist concerned should be kept away
from areas of maximal accumulation of combusttble substances These
are the patient s head and the anesthesia machine If contact 1s neces-
sary, 1t should be made at a distance from these danger points
Movement of equipment and personnel, and handling of gases under
pressure, should be done 1n a manner such as to avoid generation of
static electnicity
All personnel 1n the anesthetizing areas should wear conductive
footwear, that 1s, shoes with conductive soles or conductive “‘ship-
ons ** Ideally, footwear should be repeatedly tested to assure optimum
conducuvity (less than 1,000,000 ohms) Silk, nylon, rayon or sharkskin
may be worn only beneath cotton outergarments Nylon and silk stock-
ings are permussible since there 1s close contact with the skin
‘The Horton intercoupler which provides high resistance intercoupling
(I megohm) between persons, equpment and floor during operation
15 no longer a recommended safety device The same results, that s,
the mantenance of 1soelectric condittons, can be achieved by applying
the measures already outlined
Cautery and High Frequency Equpment Surgical diathermy in-
solves high frequency currents and cuttng arcs or sparks at exposed
electrodes If the cautery 15 used during operations, 1t should be beyond
a two foot radius from the head of the patient, and 1t should be used
only 1f there 15 a suitable 1ntervening barrier, and ventilation about the
head Most diathermy machines require a grounding electrode 1n con-
tact with the pauent The current 1s led through this electrode and
avouds sparking elsewhere Occasionally the anesthetist may experience
2 shock when he touches the patient, or the patient may be burned at
the grounding electrode or at contact with other metallic objects This
:\O%L\:i: tlm;;‘roger grounding or a defect within the apparatus A
. bem:rog :memg;ner‘ 1s the use of wet cloths near the operatve field
g In the latier case the machine must be repaired
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CHAPTER 20

Arterial Hypotension

durmmg Anesthesia

“THE MORE common causes of artenal hypotension encountered by
anesthetists may be listed as follows

1 Excessive preanesthetic medication

2 The influence of potent therapeutic drugs used prior to anes-
thesia

Overdose of general anesthetics

Vascular absorption of local anesthetics

The circulatory effects of spinal and epidural anesthesia
Raised airway pressure

Hemorrhage

Surgical manipulation

Changes mn position or motion of the pauent

10 Abnormalities of the circulatory system

Voo aWn AW

Each of these categortes will be outlined briefly Under each section
prophylaxis wiil be considered Treatment will be discussed at the con-
clusion of this chapter except for specific aspects which do not have
general applicability

E Pr thetic Med.

The tendency of oprates and oprate-like drugs to lower artersal blood
pressure has been well documented A number of pharmacologic ac-
uons contribute to this, including depression of the vasomotor center,
reducton in sheletal muscle tone, depresston of respiration, and dilation
of perspheral blood yessels secondary to release of histamune or to a
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direct acuon of the drugs This circulatory depressant action often
takes the form of postural hypotension, that 1s, an intolerance to the
sitting or upright position mn a patient who has recerved an opate
Expenimentally, passtve tilt to the 50 or 60 degree head-up position
can be used to bring out a latent derangement of the circulation induced
by drugs (see p 13) The assumption 1s that the opates reduce the
ability to compensate for circulatory stresses, such as hemorrhage,
trauma or motion The larger the dose of the opate the more likely 15
ths response Rarely should one adminsster more than 10 mg of mor-
phine sulfate to healthy subjects prior to operation In patients over
65 years of age opiates should be omitted altogether A reduction 1n
dosage 15 indicated tn the debilitated or chronscally 11}

The phenothtazine drugs, when used for preanesthetic medication,
pose an even greater threat to the circulavon than do the opiates
Chlorpromazine (Thorazine) 1s an offender, but promethazine (Phener-
gan) also has undesirable charactersstics The barbrturic acid deriva-
tives, such as secobarbital and pentobarbital, disturb the crcu-
lation least when given mn 100 to 200 mg doses prior to the induction of
anesthesia

It 15 sometimes difficult to judge accurately the amount of preanes-
thetic medication that will produce desired tranquillity without un-
toward side actions It 1s obviously safer to err on the side of smaller
doses than to seck marked sedation at the price of arterial hypotension
or lessened ability to compensate for circulatory stress

The Influence of Potent Therapeutic Drugs Used Prior to
Anesthesia

Some of the drugs used 1n modern therapeutics can affect the course
of anesthesia unfavorably It 15 essential therefore that a careful history
of all medication taken be part of the preanesthetic evaluanon Drugs
of chief concern are the adrenal corticoids such as cortisone, and anti-
hypertensive or tranquulizing drugs such as reserptne or chlorpro-
mazine Knowledge that a patient has been recewving these compounds
may enable the anesthetist to avoid serious arterzal hy potension

Cortsone  Treatment with corusone for five days or more Is
associated with distinct functional depression and histologie signs of
atrophy of the adrenal cortex In response to tissue mjury, as with an
operation, such a pattent s adrenal cortex cannot produce a sufficient
amount of corticord to meet the demand Hypotension 1s usually the
chief manifestation of this adrenal msufficiency Pauent> who have
recened cortisone must therefore be continued on the drug and receive
increased amounts during anesthesia and operation
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The time required for return of human adrenal cortical function to
normal after cessation of cortisone therapy 1s not hnown Probably the
intensity and duration of treatment are factors Ifonessin doubt about
adrenal corncal function, imjection of ACTH and estimation of the
urinary steroid excretion and the eosinophil response will indicate the
extent of adrenal cortscal suppression In some clinics, patients with a
fustory of having recesved cortisone within three months of a proposed
operation will be given the drug agan as a prophylactic measure
Other chmicians advise cortisone only if the patient has been given
cortisone within three to four weehs Regardless of this, f cortisone 1s
used, doses are 1n the range of 100 mg the day before operation, 200
mg the day of operanion, and decreasing amounts for the next three
or four days 1f all goes well On the day of operation hydrocortisone 1s
given by slow intravenous mfusion When oral medication 1s tolerated
thus route 18 used postoperatively

Reserpine  Artenial hypotension has been reported following the
adminmistration of general anesthesia to hypertensive patients who have
been receiving Rauwolfia or reserpme Some workers believe that this
untoward effect 1s related to mereased vagal activity The hypotension
noted w1ll frequently respond to a vagal blocking drug such as atropine
gven mtravenously How frequenty this hypotension occurs 1s not
known, nor has 1t been defimtely related to dosage or durauon of
therapy These drugs appear to exert a pharmacologic effect for 10 to
14 days after admimistranon 1f one wishes 10 be completely safe, and
the pauent’s condition does not contraindicate withdrawal, treatment
can be interrupted two weeks prior to a scheduled operation In an

emergency, use of a vagal blocking agent may be of value

Chlorpr Arterial hyp has been observed more fra-
quently duning anesthesia 1n patients recesving chlorpromazine The
duration of action of this compound 1s brief and operation can safely
be undertaken within exght hours of mterruption of therapy

In all probabiiity addimional therapeutic agents will be developed
which may pose a threat to patients dunng anesthesia and operanon
The habit of ashing about all medications s therefore essential An

anesthetist 15 likewsse obligated to Keep abreast of the possibilities of
harm from new methods of treatment

Overdose with General Anesthetics

Oserdose with general anestheucs 1s one of the most common causes

of artersal hy potension duning anesthesia Overdose may be absolute”
y

or relatve * Inthe former instance, an amount of drug 1s administered
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1n excess of that ordinanly tolerated by a normal pauent This may
result from a sudden increase 1n the inspired concentration of an 1n-
halation anesthetic, the intravenous injection of an excessi e amount of
a barbiturate, or the rapid absorption of a drug after rectal insullation
Acute overdosage 1s likely during the induction of general anesthesia

Certain factors predispose to this type of “absolute’ overdosage
during anesthes:a As the pauent’s ussues approach saturation, the
smaller 15 the ncrement of anesthetic required to cause a rise 1n blood
stream concentration Oherdosage tends therefore to occur during pro-
longed anesthesia when large amounts of drug have been stored n the
body Overdose of irmtant volatile hquids occurs more easly if the
trachea has been intubated, for the protectn e action of laryngeal closure
1s no longer present and pulmonary uptake 15 great

In the instance of “relatne’ overdose the actual amount of drug
grven 1s acceptable for the age and weight of the patient, but represents,
at the time, more than he can withstand This sensittvty may be more
apparent than real In the presence of a reduced circulating blood vol-
ume the concentration of an anesthetic agent ncreases more readiy
thann a larger volume If vasoconstriction i other bodily areas occurs,
and bramn blood flow 1s maintained, excessnve depression can result
from the addition to the blood stream of ordmarily mnocuous amounts
of anestheties Under erther circumstance a greater concentrationt of
anestheuc would be presented to the vital organs than would be ex-
pected from the small amount of drug added (see p 39)

The prevention of artental hvpotension due to overdosage involves
o fundamental prinaples (1) admuustration of the least amount of
anesthetic compatible with adequate surgrcal working condiuons, and
(2) an agreement between surgeon and anesthenst that the opumal
depth of anesthesia 1s that which 15 safest for the patuent For example,
1f marked abdomunal muscular flaceidity 1s accompamed by hypoten-
sion, lesser relasation must be maintamed 1n the nterest of mcreased
safety

Treatment of overdosage with inhalational agents consists of a
prompt reduction m the anesthetc concentration mspired If drugs
are mvolved which must be destroyed within the body, or elimnated
by routes other than the lungs the general supportne measures listed
at the end of this chapter are indicated untl the offending substances
have been removed

vascular Absorption of Local Anesthetic Agents
The rapid absorption of local anesthetics from mucous membranes
or body nssues may cause marked hypotension (Chapter 16) The
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probable causes for lowered blood pressure include depression of the
myocardium, depression of the vasomotor center, and dilation of
peripheral vessels resultng from a direct action Prior administration
of a barbiturate does not protect agamst toxic arculatory effects An
anesthetist should attend all criucally 1l patsents scheduled for local
anesthesia and those patients in whom extensive use of the method 1s
planned regardless of physical condition One of hus responsibilities will
be the prompt recogmition and treatment of arterial hypotension

This reaction can be mmmized by reducing the total quantty of
anesthetic drug injected per unit of ume Use of concentrated solutions
and rapid injectton are the chief factors responstble for lowered blood
pressure (see Chapter 16 for proper dosage) When topical anesthesia
15 used the same prinaiples apply Application 1s made slowly and de-
liberately to avord rapid vascular absorption Cocarne (5 to 10 per cent),
which limts 1ts own absorption through a local vasoconstrictor action,
15 less likely to cause hypotension than tetracaine (Pontocaine) which 1s
not @ VasoconstricIor

The treatment consists 1n use of the general supportive measures
described at the end of thus chapter

‘The Circulatory Effects of Spinal and Epidural Anesthesia

One of the objections to the use of spinal anesthesia 1s the Likelthood
of a decrease 1n arterial blood pressure In one sertes of 500 patients
recewving spinal anesthesia, without prophylactic admimstration of a
pressor drug, the systolic blood pressure declined 25 per cent or more
from the preanesthetic level 1n 325 pauents The reasons for the fall
1n blood pressure have been discussed m Chapter 15 Briefly a reduction
in total peripheral resistance andfor a dechine 1n cardsac output have
been observed The former results from a paralysts of sympathetic
vasoconstrictor fibers to artertoles The latter follows pooling of blood
mn the postarteriolar blood vessels with a consequent reduction 1n
venous return to the heart The same alterations are associated with
the arterial hy potension seen after epidural anesthesia

A pressor substance, such as methoxamine (Vasoxy ), 10 to 20 mg,
ephednine 50 mg or phenylephrine (Neo-synephrine) 2 to 3 mg, 1n-
jected intramuscularly five to ten minutes prior to adminstration of
anesthesia will reduce the incidence of arterial hypotension con-
siderably These will not, however, prevent hypotension altogether
In our opimon this method of prophylaxss 1s indicated particularly 1
pauents 1n the older age group 1n whom vascular reactivity may be
lessened, and 1n all pauents 1n whom a decrease i systemic pressure
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may result 1n serious imparrment of blood flow to such organs as the
heart, bramn or Iner In the latter group we would place patients with
hypertension, coronary arterial disease, generalized arteriosclerosss,
and those with a history indicating impairment of cercbral blood flow
If after prophylactic administration of pressor drug spinal anesthesa
15 not obrained, the rise 1n systohic arterial pressure resulung from the
pressor drug rarely exceeds 40 mm Hg, an elevation that can occur
1n these patients from emotional upsets or exertion

To prevent catastrophes associated with a sudden reduction 1
arteral blood pressure, the anesthetist must recognize that with spinal
anesthesta such hypotension may develop almost smmeduately after
mjection of the local anesthetic 1nto the subarachnoid space Repeated
measurements of blood pressure are therefore essential untl the pa-
tient’s reaction to the anesthetic 1s fully mamifest

Treatment must be prompt and energetsc Again 1t consists of those
measures outlined at the end of this chapter

Raised Asrway Pressure

Positive pressure applied to the airway to venulate the lungs may
lower artenal pressure (Fig 32) The raised airway pressure 1s trans-
mutted to intrathoracic blood vessels The greater the pressure, the
less will be the blood flow Cardiac output diminishes 1n proportion to
the degree of mnterference with cardiac filing As cardiac output and
arterial pressure decrease, compensatory vasoconstriction 15 1utiated
via the sympathetic nervous system Normal man can tolerate reason-
able degrees of raised airway pressure through this ability to constrict
penipheral vessels

Certain changes occurring during anesthesta can erther prevent or
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enhance the decrease 1n artersal pressure following raised pressure in
the airway Theseare

Venous Pressure  Congested intrathoracic vens are less likely to
collapse 1n response to external pressure than 1f venous pressure 1s
normat Cyclopropane and ether increase central venous pressure and
afford a measure of protection Similar protection can be noted tn the
presence of constrictne pericarditis, increased blood volume, or in
congestnve heart farlure

The Tone of Abdomnal Muscles  If the abdommal wall resists the
transmutted mtrapulmomc pressure, greater pressures are transmitted
to ntrathoracic structures and more hypotension results Increasing
depth of general anesthesta, spinal anesthesia, or the use of muscle
relaxants may afford protection against raised airway pressure through
the production of abdomnal muscular relaxation

Perspheral Vasoconstnenion  Gangliome blocking agents, spinal or
epidural anesthesa, the release of hustamine followng the use of oprates
or d-tubocurarme, and the vasodilator effect of general anesthetic
agents, all may decrease the abiliry of the patent to constnct blood
vessels Compensatory constriction 1s less adequate or absent under
these circumstances and raised airway pressure consequently produces
greater degrees of artersal hy potension

The prevention and treatment of hy potension consists 1n decreasing
the amount and duration of the pressure apphed to the airnay If at the
same time pulmonary venulation becomes madequate, intermuttent
positive-negative respiration provided by mechanical venulators may
be useful, or a return to spontaneous breathing may be permutted

Hemorrhage

Arterial hypotension may follow blood loss Clinical estimation of the
amount of blood fost during an operation 1s often faulty The techruque
of weighing sponges and subtractng the dry from the wet w eght per-
mits a more accurate apprasal of the loss Replacement of blood loss
rests then on a sounder basis

The diagnosis of hidden hemorrhage 15 not always easy In the im-
mediate postoperative period occult intrathoracic or mtra-abdomunal
bleeding can be the basis for progressive hypotension If the patient
hes supine, tachycardia 1s often absent until blood loss 1s considerable
Bradycardia 1s frequently seen A pale, moist shin and a narrowed
arternal pulse pressure are suggestive

Hemodilution takes place relatv ely slowly, so that determmation of
hemoglobin or hematocrit values 1s not of great help Determinauons
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of blood volume are not helpful unless preoperatne control readings
have been made or unless the degree of blood loss exceeds the maximal
error of current blood volume methods, or 30 per cent of the ongnal
value It has been suggested that the head up ult test be used, searching
for rachycardia and hy potenston, burt this 15 a non-speaific crculatory
response and s not pathognomome of hemorrhage Occastonally
women collection of intraperitoneal blood can be demonstrated by
sagunal examumation It 1s evadent that chinical judgment must be at its
keenest mn the dagnosts of hemorshage

If blood loss of major degree 15 anticipated during operauon, a large
bore needle (15 gauge) should be placed mro a vern so that blood can
be admunustered rapedly  Blood may have to be given under pressure
If pressure 15 apphed to the surface of bloed within a coatamer, the
danger of air embolus ss great unless the utmost vigilance 1s exercised

The value of having suffictent whole blood, typed and crossmasched,
stored 11 the operating room refrigerator prior to electsve major operd
uons 15 accepted by most workers In emergencies, type O unnersal
donor blood of fow A and B titer can be used Two or three unis can
be alternated with a unut of Dextran

It must be recalled that the followmng hazards may be assoctated
wath blood transfusion hemolyue reactions, transmussion of infectious
hepatitis, pyrogenc reactions, sensitization to sttbsequent transfusions,
transfusions of masswely contamunated blood, and, m chromcally
anemt¢ patents and pattents with congestne heart farlure, overloadmg
of the arculation and pulmonary edema Blood should therefore be
admumstered only when absolutely indicated A reasonable rule of
thumb 1s that 1f 500 mi of whole blood 15 alf that 1s to be gnen to re-
place loss 1n adults, 1t 15 probably wise to omut blood altogether and
use the same volume of a plasma expander such as 6 per cent Dextran
The patient can add hemoglobmn and red blood cells to his cireulation
1 the normal manner during convalescence and may have been spared
one or more of the dangers of transfusion

Surgical Manipulation

Another common cause of artertal hypotension is that related to
surgical manipulation Hypotensive episode. are explamned usually on
a mechanical or refiex basss In the former, yenous return to the heart
may be obstructed by packs, through torston or compression of large
vems by retractors, by compression of gallbladder or kadney rests, or
by the weight of the gravid utesus or large abdominal wmors as the
patient fies supwme The sudden reduction of & previously increased
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intra-abdomenal pressure, during rapid dramnage of massive ascites or
the delrvery of a large tumor mass, may be followed by arterial hypo-
tenston Thts may be due to pooling of blood 1 dilated veins

Reflex hypotension may follow traction on such structures as the
gallbladder (Isg 33), appendix (Tig 34), uterus or mesentery (£1g 35),
ar mere simulation of the paretal peritoneum 1n the upper abdomen
If the patient 15 conscious at the time, such manipulations may also
cause pain, nausea, vomiting and shortness of breath Reflex hypo-
tenston 15 not limited to stimulation of mnirapentoneal tissues It may
also follow manipulations 1n the chest or those mvolving the pen-
osteum ot joint cavities It 1s presumed that the autonomic nervous
system 18 involved 1n these reactions, but whether the afferent impulses
of this “traction reflex” ascend via sympathetic or vagal pathways s
not clear In the upper sbdomen the intercostal nerves carry many of
these impulses The efferent path 1s probably parasympathetic with
the cardiac vagus playing a major role The effects of depth of anes-
thesia and concurrent use of muscle relaxants on the incrdence and
severity of traction should be menuoned Some evidence exists that
reflexes are mare active during light planes of general anesthesia and
may be partially or completely blocked 1n deeper planes, or by the use
of those relaxants which interfere with ganglionic transmussion (see
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Chapter 12) Mimmal gencral anesthesia, essentially analgesia, may
also be associated with lessened reflex responses These aspects deserve
further study

Gentleness on the part of the surgeon and awareness of the con-
sequences of certan surgtcal manpulations constirute the basis for the
prevention and treatment of thus type of arterial hy potension

If hypotenston 15 accompanied by bradycardia, that s, a heart rate
of 60 or less, the mtravenous jection of 0 3 to 0 4 mg atropine sulfate
may return the blood pressure towards more normal levels Ephedrine
(15 to 25 mg intravenously) 1s often effective under these circum-
stances Smce this drug acts primanly to mcrease myocardtal con-

31234

Fig 35 Continuous intra artenal pressure tracing showing abrupt reduction
of pulse pressure with traction on the mesentery of the colon of an ancsthenzed
pauent Numbers at nght ate mm Hg (Bather, K F Peterson, L H and Dripps,
R.D Anesthesiology, vol 10 1949)



ARTERIAL HYPOTENSION DURING ANLSTHLSIA 165

tractility, ats ability to reverse fn)pulcnsxon assoctated with traction
supports the belief that the lowered blood pressure may be related to a
reflexly nduced (vagal) reduction of cardiac force

Changes 1n Position or Motion of the Patient

The arculatory system of the anesthetized patient 1s less able to
compensate for stress than that of the unanesthetized This 15 par-
ucularly true of cntically 11l ndividuals Movement of these patients,
as for placement 1n the lateral decubitus, may cause a marked reduction
n arternal pressure All changes of position should be accomplished
slowly and gently, and blood pressure levels must be determined 1m-
meduately after the change 1n position Prompt treatment then can be
mstituted 1f necessary

Certain positions needed for a particular operation may be poorly
tolerated The lateral flexion required for exposure of the hidney or
adrenal gland 1s one example Operations performed in the sitting
position are not infrequently complicated by postural hypotension In
patients in poor physical condition 1t 15 wise to test the cardiovascular
response to the position needed before anesthesia 1s induced

This relatronship of position and motion to the onset of lowered
blood pressure 15 discussed 1n greater detail 1n Chapter 23

Abnormalities of the Circul 'y System

Mjyocardial infarction during anesthesia may be followed by a pro-
found fall 1n blood pressure The diagnosis of this complication 1s
difficult to mal.e and 1s rarely established until the 1schemra 1s of some
duration  Hypotension may also accompany paroxysmal tachycardia
such as occurs 1n patients with mutral stenosis who have not been
adequately digialized  Mulufocal ventricular tachycardia, noted not
uncommonly during cyclopropane anesthesia, may be so rapid as to
compromuse diastolic filhng of the heart Blood pressure then declines
Thyrotoxicosis may rarely be associated with a tachycardia of sufficient
rate to cause hypotension

Another cause of lowered arterral blood pressure, difficult to diag-
nose, 15 embolism to any of several vascular beds Emboltsm to the
brain 1s a preciprtating factor 1 hypotenston sometimes seen during
mitral commissurotomy Pulmonary embol: from perspheral veins may
oceur, as may fat embol: from fracture sites, or ammiotic flurd embol;
duning delery

Hypovolemia may
Dehydrauon,

be present prior to operation 1n certain patients
hemorrhage, loss of gastromntestinal flids, and burns
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may coniribute 1o this state If thc.;c remamn unrecognized and un
treated, the dilatation of the vascular bed associated with many types
of anesthesia can be followed by arterial hypotension The volume of
other fliid compartments may also be a factor 1a errculatory adequacy
These are mextricably related to electrolyte concentrations, so that
one must recognize that both flwd and electrolyte imbalance can be
assoctated with hy potension

A hitherto unrecognized arritable carotid sinus can be sumulated by
local manspulation occurring dunng anesthesia Pressuse i the neck
may gne rise to hypotension on this basis

TREATMENT IN GENERAL

General supportnye measures for the circulation that can be adopted
during anesthesia snclude, manly, the parenteral admunstraton of
flurds and the sojection of pressor drugs

Fluid Therapy

The rapsd intravenous admunstration of one of a variety of solutions
may be life-saving during severe arterral hypotension The vofume of
flnd g1 en rather than its compaosition 1s vital during the early moments
"The mutial sefection ts therefore based on what ss immediately at hand
Physiwological saline, 5 per cent glucose m water, a plasma expander
such as 6 per cent Dextran, one of the gelauns, or human serum al-
burun can be gnen rapidly until whole blood becomes avalable

Pressor Drugs

There are two broad groups of pressor substances (1} those with an
acuon directed pnmanly toward increasing arteriolar and venous
tone, ¢ g, methoxarmne (Vasoxyl), phenylephrine (Neo-synephrine)
and norepmephnne (Levophed) and (2) those which primanly mcrease
the strength of cardiac contraction, e g, ephedrine and epinephrine
Thss classification 15 only relatsely accurate since most of these drugs
act to increase both vascular tone and myocardial contraculuy It 1s
the greater effect i one area that justifies the classtfication

The first approach to hypotension should consist of an 1stial intra~
yenous and wtramuscular tnyectson of a pressor drug If this 15 1~
effective or if the effect 1s evanescent, one should resort to conunuous
intravenous mfusions for a more consistent and profonged effect
Occaswonally the pressor drugs may be meffectne Loss of vascular
reactnu ity to these compounds has been described by certain workers,
who allege that the ntravenous admmstrauon of 100 to 200 mg of
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hydrocortisone will restore this reactinaty The data supporting this
contention are not yct convincing, but the use of hydrocortisone n this
dosage 15 justified 1n the management of mtractable hy potension

The suggested dosage range for adults of a few of the commonly
used pressor drugs 1s as follows

SINGLE INJECTION SINGLE INJECTION N TION FOR

I M (mg) IV (mg) covTTous T v
Methoxanune 5-20 5 -
Phenylephrine 2-3 0205 10 mg /500 ml
Norepinephnne —_ —_ 4 mg /500 ml,
Ephednine 25-50 5-15 -

Epnephrine — 01035 —



CHAPTER 21

Unusual Complications
of Anesthesia

THE ADMINISTRATION of anesthessa involves the avordance and treat-
ment of many compheations These may be inherent i the patient,
the agents employed, m the techmque of anesthessa, or 1 the sup-
portne measures used Some of these complications have been dis-
cussed 1 other sections Those histed here oceur with sufficsent fre-
quency and severity to warrant separate mention and emphasis

INJURIES TO THE EYES

Careless apphcauon of a face mask, certain posiuons of the patient
on the operating table the anesthetic techmque employed, or the activi-
ties of the surgeon i prepanng the skin and operating on the head or
nech may predispose the patient to ocular wyury Open techmques with
volatile iquids are partcutacly Ihely to lead to conjunctivitss or corneal
abrasion Large masks pressing on the orbits have produced mtraocular
myuries, pessorbstal edema postoperatne numbness 1 the area of the
supraorbital nerves, and reflex vagal responses as evidenced by cardiac
stowing

In general, the best precaution agamst corneal mnjury s to hesp the
eyehds closed We do not advise sstilfation of kquid paraffin mnto the
conjunctsval sacs because anesthetics soluble n o may accumulate 1t
the paraffin The pracnce of elictting 3 cosneal reflex to determine
depth of anesthesia 1s not 2 good one because of the possibility of injury
o the cornea It may be necessary to approxunate the lids with celio-
phane tape or adhesive to heep the eyes closed, paruculaly duning
long procedures Insuitation of 5 per cent bonic acid ophthalmuc omt-
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ment or “artificial tears” now made by seseral manufacturers will
prevent drying of the cornea 1n deeper plancs of anesthesia

The tendency to call all ulcerations of the cornea or comjunctna
following open~drop anesthesia “ether ulceration” 15 mncorrect Ether
dropped directly 1nto the eye will produce epithehal ulceration that
will heal normally within 24 hours Ulceration 1s more likely to result
from trauma to the eye or drying of the eye due to carelessness on the
part of the anesthetist

The eyes should be snspected at the conclusion of anesthesta If injury has
occurred, smmediate ophthalmologic consultation must be sought
Sunple conjunctrvitis 1s best treated by 1rmgations with saturated solu-
uons of bonic acid Corneal abrasions are not only pamful but may
progress to mflammation of the uveal tract If treated early with anu-
brotics instilled locally, abrasions will usually reepithelrabize within 24
hours Pupillary dilators may be used to prevent synechiae when in-
flammation 1s present

INJURIES TO THE LUNGS
Excessive Pressures

Since the gases used 1n anesthesia are stored at high pressures, the
possibility of pressure damage to the lungs 1s ever present These
mjurnies can occur not only during anesthesia but whenever inhalational
therapy or resuscitation 1s applied The exact hnits of pressure that
can be safely applied to the lungs have never been clearly defined and
differ from patient to patient It 1s said that the pressures should not
exceed 20 to 30 em H,O, yet greater pressures may be needed to mn-
flate the lungs Whether damage will occur depends on the raprdity of
development, or the distribution of the pressure, and whether the
thorax 15 open at the tme

If hugh pressures are transmutted to the alveolt, rupture may take
place with subsequent hemorrhage and capillary air embolism, or
dissection 1nto the nterstitial tissues (Fig 36) Air in the interstiual
uissues of the lungs may rupture 1nto the pleural cavities or dissect
back through the hilum 1nto the medastinum (pneumomediastinurm)
The lung may remamn nflated with air (pulmonary mterstitial emphy-
sema) Venous return to the heart may be impeded by air in the med;-
asunum (air block) Medmastinal emphysema and air block can be
recognized by distinctly audible churmng sounds synchronous with
the heart beat (Hamman’s sign) Arr in the mediastnum can dissect

further retroper lly or sub ly, or may escape nto the
pleural cavities when the med:astinal pleura ruptures
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Tig 36 Escape of arr following rupture of the lung: 1 Subcuuncous emph)’
sema 2 Subpleunl bleb 3 Pulmomry 4
5P

P P

7 Air embolus to the heart

These accidents are especially prone to occur when there 1s free
access of pressure to the alveoly, as when the glotus 1s held patent with
an endotracheal tube Pneumothorax, mediastinal and pulmonary
mterstitial emphysema, and capillary air embolism must be recogmzed
and treated at once 1f the patent 1s to survive Often there may be Iintle
one can do, but the following measures are suggested

For pneumothorax—aspiration of pleural air and mostitution of
underwater negative pressure drainage At the same time pressure
should be applied to the upper airway to assist in reexpanding the lungs

For medmstnal and subcutancous emphy sema—a superior medias-
unotomy may be performed under local anesthesia 1if the gas 1s under
pressure and causing respiratory or circulatory embarrassment

For air embolism—the pauent should be turned head downnard ina
steep Trendelenburg position with the right side uppermost to fore-
stall arr tamponade at the outflow tract of the night ventricle Ifair s
heard within the heart, an atternpt can be made to aspirate 1t If the
heart action stops, cardiac resuscitation as deseribed 1n Chapter 27
should be nndertaken Manual sy stole of the heart may help the passage
of air embols lodged 1n the coronary arteries The head-down position
may prevent cerebral and coronary arr embolizatton

Protection aganst these acaidents can only be provided by the anes-
thetst’s careful actions and the obligatory placement of safety valves
between the source of pressure and the patient s mrway As a general
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rule gas cylinders should be opened and, where possible, flows ad-
justed before connection 1s made to the patient

Insufflation of Liquid Ether into the Lungs

The design of some anesthetic apparatus with respect to vaporization
of volatile iquids allows the possibility of msufflation of liquid ether
to the lungs The likelihood of this accident 1s increased during endo-
tracheal anesthesia Liquid ether will produce an immediate ntense
bronchoconstriction and subsequent pulmonary edema Precautions to
avoid this catastrophe include the placement of a trap between the
vaporizer and the patient, adjusting gas flows with the vaporizer out
of the aircwt, and making these adjustments before connecung the
apparatus to the patient Immediate treatment should consist of oxy-
genation of the lungs and lavage of the trachea with sterile saline solu-
tion Should the vicm survive, mflammatory reaction and pneumonia
will follow

INJURIES TO THE NERVES

Nerves can be damaged durmg anesthesia through stretch or com-
pression This occurs because the anesthetized patient cannot percerve
pam and lacks protective muscle tone Among the nerves commonly
mjured are those of the brachial plexus, the ulnar or radral nerve, the
common peroneal nerve and the facial nerve

The nerves comprising the brachial plexus are fixed centrally at the
transverse processes of the vertebrae and peripherally at the attachment
to the arm Separation of these two points may stretch the nerves with
resultant molecular damage, hemorrhage or 1schemia and development
of palsy (Fig 37) Flexwon of the head to one side with comcident
downward or backward displacement of the shoulder can place tension
on the nerves The presence of several natural anatormuc fulcrums such
as the scalene muscles, the attachment of the pectoralis minor muscle
to the coracord process of the scapula, and the rounded head of the
humerus provides additional possibtlities for tension Hyperabduction
of the arm stretches the brachial plexus around several of these ful-
crums The use of a shoulder brace, improperly applied to the soft
uissues of the cervical triangle, may not only act as an artificial fulerum
but also compress the brachial plexus against underlying structures A
shoulder brace should not be used when the arm 1s already extended on

an arm rest Lastly, the plexus may be pinched between muscles and
bone, or betweeen the clavicle and first rib
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Fig 36  Escape of atr following rupture of the lungs 1 Subcutaneous emphy
sema 2 Subpleural bleb 3 Pulmonary i 1 t Med ]
P P;

s P 6 7 Aur embolus to the heart.

These accidents are especially prone to occur when there is free
access of pressure to the alveols, as when the glotus 1s held patent with
an endotracheal tube Pneumothorax, mediastinal and pulmonary
interstitial emphysema, and capillary air embolism must be recogmzed
and treated at once 1f the patient 1s to survive Often there may be httle
one can do, but the following measures are suggested

For pneumothorax—aspiration of pleural air and institution of
underwater negative pressure dramnage At the same time pressure
should be applied to the upper airway to assist 1n reexpanding the lungs

For medastinal and subcutaneous emphysema—a supertor medias-
unotomy may be performed under local anesthesia if the gas 1s under
pressure and causing resprratory or circulatory embarrassment

For air embolism—the patient should be turned head downward in 2
steep Trendelenburg position with the nght stde uppermost to fore-
stall air tamponade at the outflow tract of the night ventricle If air 1s
heard within the heart, an attempt can be made to aspirate 1t If the
heart action stops, cardiac resuscitation as described in Chapter 27
should be undertaken Manual systole of the heart may help the passage
of asr emboli lodged 1n the coronary arteries The head-down position
may prevent cerebral and coronary air embolization

Protection agamnst these accidents can only be provided by the anes-
thetist’s careful actions and the obligatory placement of safety valves
between the source of pressure and the patient’s airway As a general
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INJURIES ASSOCIATED WITH INTRAVENOUS ANESTHESIA
AND THERATPY

Traumatic Vemipuncture

An improperly performed venjpuncture can cause great discomfort
to the patent through pam or 1n subsequent hematoma formation
We urge that local anesthesia be employed for the nsertion of large
gauge needles and adwvise against muluple attempts at venipuncture
when the puncture 15 not an essential part of the anesthetic procedure

Extravasation of Intravenous Barbiturates

Because of the intense allalimty, extravasation of strong solutions of
ntravenous barbiturates (2 5 to 5 per cent) can lead to tssue necrosis
and mndolent ulcerations Neuritis has been noted to follow extra-
vasation about a nerve If blood flow 1n a vemn 1s sluggish or obstructed,
pooling of barbiturate may be followed by thrombophlebitis When
extravasation or pooling occurs the alkaline solution can be diluted and
neutralized by the mnjection of 1 per cent procane hydrochlonde At
the same time pain and vasospasm may be relieved

Accidental Intra-arterial Injection of Intravenous Barbiturates

A rare but disastrous acaident 1s the wadvertent injection of thio-
pental or thiamylal into an artery This can occur more easitly in the
antecubital space where the brachial artery and antecubital vems are i
close proxumity When, after mnjection, the onset of anesthesia 1s de-
layed, 1f the blood 15 bright 1n color or ejects the barrel of the syringe,
one should suspect intra-artenal injection The patient will experience
intense pain as if scalding water were poured over the extremuty
Vasospasm, blanching and eventually 1schemic necrosts of ussue will
follow Hands and arms have been lost from gangrene The treatment 1s
discussed 1n Chapter 14

Mscellaneous Accidents

There are an finite number of rare accidents that mav happen
duning or following anesthesta The following 1s a parual list of such
complications obseried during the past two decades

I A child unattended has fallen from an operating table and sus-
tamned multple lacerations

2 A man carelessly posiioned for a lumbodorsal sy mpathectom)
has awakened with pressure contustons of the genitaha

3 A neurosurgical panent has sustamed third degree burns of the
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Fig 37 Tracuon on the brachual plexus A Arm at the side 1 Brachual plexus
2 Clavicle 3 Coracoid process of scapula 4 Head of humerus B Arm at nght
angle Scapula (3) begmns to rotate and brachial plexus 1s stretched only shghily
beneath the ooracmd process (1) and around the head of the humerus (2) C Am
th the shoulder hrace (1) d the scapula Brachual plexus

stretched bcncath the coracoid process and around the head of the humerus

To avoid brachial plexus injuries one must bear the possibility con-
stantly 1n mind and avoid extremes of positzon of the head and arm
When palsy results after operation, a careful neurologic exanunation
must be made and immediate measures for restoration of function
begun The latter include proper support of the arm and physio-
therapy In the case of severe myures, restitution of normal function
may not take place until six months or a year has elapsed

The ulnar and common peroneal nerves and to a lesser degree the
radial nerve are superfictal structures that may be compressed agamst
bone or stretched around bony eminences Certain operating positions
such as the Iithotomy or lateral decubitus will predispose these nerves
to iyury If the latter occurs, treatment 1s the same as that described
for brachial plexus palsies

The facial nerve may be mjured by overenthusiastic attempts at
elevatng the jaw by pressure on the ram: of the mandibles Weakness
of the muscles around the mouth 1s a manifestation of this injury Itis
usually reversible within one to two weeks



CHAPTER 22

Surgeoannesthetlst
Relationships

SuraEons and anesthetists comprise a team of physictans dedicated to
the welfare of the surgical patient The patient’s interests are best
served 1f each member of the team recognizes his responsibilities and 15
at the same time aware of the problems faced by his colleagues So far
as the anesthetist 1s concerned, his position on the team 1s clearly
defined He must be thoroughly acquainted with the patient’s medical
hustory, the operation proposed, and the possible rishs involved He
must understand the stresses that will be placed upon the patient s
bodily systems by the contemplated anesthesia and surgical procedure
He must confer with the surgeon and other consultants concerming
aspects of the patient s disease with which he 1s unfarmbiar He must
Leep the surgeon mformed of the pauent’s progress, not by the routine
recitauon of vital signs but by the mstant transmussion of mmportant
mformation He must constantly momtor a mulutude of details that
would distract the surgeon’s attenuon from the technical problems of
the operation He must closely supervise the pauent s care 1n the crucial
mmediate postoperative period when the surgeon 1s elsewhere

‘The surgeon should consult with the anesthetist before operation
and discuss the details of surgical management He must not instst upon
unnecessary speed 1n induction of anesthesia since this can be detri-
mental to the pauent He should rarely demand a particular anesthetic
or techmque since he may not know the hmits of the anestheust s
capabulittes or the potentsalities of the anesthetic agents and techniques
He must not expect cadavenic relaxation 1f this be not needed or 1f 1t
cannot be produced with safery He must understand the problems

175
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tegs from an exposed electric light bulb used to sllummnate the area
under the operating table

4 A pattent has developed marked swelling resembling parotitis
because of manual efforts to elevate the mandible during respiratory
obstruction

5 A pauent’s false teeth remoted sust prior to anesthesia and care
fully wrapped 1 gauze have then been carelessly thrown away

6 A young boy for tonsillectomy has struggled during mduction,
struck his head agamst the edge of the table, and required suture fora
laceration of the scalp

7 A pint of blood has been allowed to extrayasate mto the tissues of
the arm posstioned out of sight under the surgical drapes

It can be seen that most of these complications could and should
have been avorded
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peculiar to anesthesia and be prepared to allow time for the anesthetst
to solve them He must upon occasson agree to a rapid conclusion of
the operation 1f the anesthetist believes that the patient’s condition 15
deterioraung

A team 1s at 1ts best when 1ts members have worked together re
peatedly It takes time for an individual to learn where he fits into the
scheme of things and how his associates perform their partcular tasks
Good teamwork comes out of mutual respect A new member of the
team must prove himself worthy before he 1s accepted upen the same
basis as the others

Surgical teams workh under a vaniety of circumstances In most
operations there 1s hittle reason for tenston, but in difficult operations
or those 1n which unexpected complicatons arise, tempers may flase
and harsh words may be exchanged The care of the patient may
suffer thereby It 1s important for surgeon and anestheust each to
sisualize the other s predicament Often techmcally sumple operauons
may have to be performed under the most trying anesthetic condrtions
On the other hand, an mtricate and difficult surgical procedure can be
performed without anesthetic mcident If rrntability 15 displayed by
either member of the team, the other must assess the situation and
mummuze friction 1f possible The operating room 1s not the place for
verbal battle Words spoken in anger can be withdrawn at the con-
cluston of operation but if the patent has suffered, 1rreparable damage
may ensue

The mexpertenced anesthestologist may sometmes fear that he will
occupy a position subordinate to that of the surgeon This 1s a fear
ansing from lack of acrual experience 1n the team performance of
mtricate surgery, although the anesthesiologist may humself contribute
10 hus subordinate status by failing to parucipate fully in the medical
care of the patient The evidence that he 1s first a phystcian and then 3
competent anesthetsst will assure his acceptance as an equal with the
surgeon in the over-all care of the pauent

Confusion often exssts 1n the munds of surgeons and anesthetsts
altke as to the medico-legal responsibility 1n anesthes:a A study of
court rulings indicates that a surgeon 1s responsible for the anesthetic
only 1f 1t 15 admumstered by 2 techmeian under his direction If the
anesthetic 1s gnen by an anesthestologsst, he 15 legally responsible for
the choice of agent and the care of the anesthetzed pauent

One mught summarize the essentials of good surgeon-anesthetst re-
lanons as being mutual profe 1 confidence, under d frank-
ness, honesty, courtesy and fair-mindedness
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CHAPTER 23

Hazards of the

Immediate Postoperative Period

As AN operation draws to a close there 1s a natural tendency for all
concerned to “let down® The pressures assoctated with the surgical
procedure are over, and with the understandable desire to relax, at-
tentton may be dnerted from the patient The surgeons usually leave
the room Often the anesthetist ss left alone, y et at ths time a number of
events transpire which pose a threat to the patent’s welfare Removal
of an endotracheal tube can be followed by many hazards If a high
oxygen concentration has been used during anesthesia, sts replacement
with room air can have untoward consequences Vomung may occur

Emergence excitement may deselop Pain may begin to be experienced
by the pauent, and fear and anxsety become manufest The patents
positron 1s changed as he 1s moved from operaung table to bed or
litter Atelectasis, emboli, pneumothorax or the sequelae of inadequate
treatment of blood loss may escape detection The consequences of
these and other problems will be discussed

ARTERIAL HYPOTENSION

When the anesthetsst 1s busy disconnecting the anesthetic machine,
turning off ¢y inders and makung preparations to move the patient from
the operaung room he may not observe blood pressure or pulse for a
five to fifteen munute mtenal A decrease i blood pressure ts not un
common at this ume, and may have reached serious proportions before
1t1s recogmzed The following factors have been 1dentified as contribut-
1ng to this madequacy of the circulaton, probably others exist

180
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Change of the Paticnt’s Position or Motion during Transportation

It 1s known that passive tilt to the head-up position can be followed
by hypotension even 1n normal subjects If compensatory reflexes are
mmpaired by narcoucs, ganghonic blocking drugs or local vasodilator
substances, postural hypotension may be marked (sce p 155) The
mechamsm appears to be pooling of blood 1n the dependent lower
extremuties with a reduction 1n crreulatng blood volume This altera-
tion 15 probably the basts for the hypotension that develops when the
patient’s legs are returned from the hithotomy to the supine position
at the end of operauon (Fig 38) Awareness of this possibility 1s es-
sential Prophylaxis consists n binding the legs from toes to gromn with
ught bandages prior to change mn position This precaution 15 also
indicated at the end of prolonged operations, after those accompanied
by major degrees of blood loss, and 1n debilitated patients Despite this
precaution, blood pressure should be recorded as soon as the legs are
lowered If hypotension occurs, the legs should be elevated again
Change 1n position from the lateral to the supine may also be followed
by hypotension

Movement of the anesthetized patient can cause a reduction 1n blood
pressure This may follow transfer from table to litter or bed, wheeling
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the hitter from the operating room, or, if the patient ts taken directly
to his room, the jarning motion of an elevator We have seen cardiac
arfest as a patient was hfted from the operaung table and transferred
to the later Sumslar catastrophes have occurred dunng transpors of
anesthetized patients 1n elevators The physiologic bass for thus hypo-
tension has not been determined, but pooling of blood 1n the penphery

perhaps in the deep back muscles, 1s probable Stumulation of cutaneous
or propriocepine receptors by jouncing may be myolied, since hypo-
tensson has been observed as air currents were blown over the skin
of anesthetized pauents, or as a panless shin mason was made in 2
pauent anesthetized by subarachnowd block Local axon reflexes leading
to redsstribunion of blood may be the factor here The hypotension
assoctated with change of positon and movement demands further
study

Reduction 1n Level of General Anesthessa

As an mhalanonal drug 15 elinunated, non~volaule depressants
metabolized, or muscle relaxants detoufied, changes 1n the circulation
tahe place “Cyclopropane shock” 1s a case sn point At the end of an
anesthesia with this substance, hy potension may develop Reduction of
a previously elevated artersal carbon dioxide tenston has been smph~
cated The thesis 1s that madequate pulmonary ventlauon dunng
anesthesia occurs more often than s appreciated As a result, carbon
diowde accumulates and tends to elevate blood pressure through
centrally mediated + Tiction As 3} termunates and
alveolar venulation unproves, artenial carbon diowde tension 15 low-
ered With a lessened central stimulation vasomotor activity decreases
and blood pressure falls A simslar sequence of events can follow any
anesthetic, such as the combmation of thiopental and a muscle re-
laxant, which also may cause resprratory depression and respiratory
acidosts

Other changes follow completion of general anesthesia When a
closed system method of admmstration has been used, its removal 1
accompansed by reduction 1n respiratory resistance, reduction m the
temperature and hurmdity of the inspired asr, and reduction m the
oxygen concentration Any or all of these could be implicated m the
development of hy potension

Une d or Inadequately Treated Blood Loss

2
Failure to measure and replace obvious blood loss duning extensne
operauons may contisbute to immediate postoperative hypotension
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Blood loss may be hidden temporanly afier closure of the thoracic
or abdomunal cavity, even though drains are in place Obstruction to
outflow through these drains can occur and bleeding 1s not apparent

There are certmn chimeal sitwauons in which prolonged and pro-
found cozing of blood may occur The lungs, pancreas, prostate and
uterus appear to hiberate substances which wnterfere with coagulation
Operations on these organs may therefore be accompanied by general-
1zed oozing from the operative site Transfusions of large volumes of
banked w hole blood may also be followed by oozing which 1s difficult to
control The mechamsm of this 1s sull uncertain, but may include the
effects of excess citrate, reduced accelerator globulin, reduced platelets,
excess heparin-like substances, reduced fibrinogen and fibrinolysis
When massive transfusion 1s required, the anesthetist must be alert 1o
the posstbility of continued, generalized oozing Use of fresh frozen
plasma or fresh (1 to 3 hours) whole blood has proved helpful i im-
proving clot formation, as has the slow intravenous mjection of 10 per
cent calcium gluconate (05to 10 gm)

Embolus

Hypotension following embolization has been discussed (Chapter 20)
Although uncommon, pulmonary embolism may be the cause of sudden
hypotension at the end of operation We have been bewildered by
several such cases unul postmortem findings revealed the cause
Cerebral embol: following mutral commussurotomy commonly cause
intractable arterial hypotension Other embolt may consist of fat or air

RESPIRATORY SEQUELAE
Hypowa 15 a constant threat in the immediate postoperative period
Studies by Comroe and Botelho have mndicated the difficulties 1n the
chinical recogmuion of cyanosts One must guard against the posstbility
of unrecogmized hypovia since the signs and symptoms may be elusive
A patent should not be moved from the operating room untid the

anesthetist 1s certain about the adequacy of pulmonary ventiation and
oX} genation

Soft Tissue Respiratory Obstruction

Partial or complete respiratory obstruction 1s a common phenomenon
1 the mmmediate postoperative perod In addition to observance of
thoracic mos ement, the palm of the anesthetst’s hand should be placed
over the panent’s mouth and nose to apprecate the exhalation of air
with each breath The adage that noisy breathing 15 obstructed breath-
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1ng 15 valid, and stertor calls attention to the abnormalty With com-
plete obstruction, how ever, one must rely on the detection of respiratory
muscle activity and the absence of moyement of air agamst the sensing
hand Patents must be transported 11 a manner designed to forestall
arrway obstruction The lateral position 1s safer than the supine in this
regard. We have observed death from undetected resprratory obstruc-
tion during transportation of anesthetized patients

Vomting

Vomutng at the conclusson of operation while the pauent s sull on
the operating table 1s welcomed by many anesthetsts since 1t may
eliminate matenial which of retaned mught cause continued nausea and
retching So long as gastric contents are not aspirated nto the respira-
tory tract no harm 1s done A high index of suspicion by the anes-
theust affords the greatest protection for the patient Anyone to be
anesthetized may vomir Although swallowing often precedes vonuting,
occasionally fluid may well up 1nto the pharynx without prior warmng
All of these factors must be r bered as the op n comes to an
end

The 10 to 15 degree head-down tlt recommended by many has
Iittle value in the optnion of the authors, for if the mouth or pharynx
contains vormutus at the tme of an nspiration, 1nhalation of the ma-
terial s ikely Nor 1s excessive sumulation of the pharynx with a suction
catheter recommended This can often be the cause of further gagging
and vomuung A properly funcuomng suction apparatus must be at
hand, but st should be used judiciously Simularly, an oral airway
should not be permutted to remain 1n place too long, for 1ts presence
can stmulate vormiting as anesthesia hightens When vonuting 1s anticr-
pated the head should be turned to the side

If gastric contents enter the respiratory tract we beheve that repeated
1rngation with 10 to 20 ml stenle saline introduced through an endo-
tracheal tube 15 of value This dilutes rrritant acids or alkalt The lungs
can quickly absorb large quantittes of saline Unless particulate matter
1s aspirated, we do not believe that bronchosocpic aspiration ts superior
to the techruque just described

Removal of an Endotracheal Tube

If an endotracheal tube 1s withdrawn during a light plane of anes-
thesta, this stunufus may result in closure of the glotis Laryngospasm
can be marked and troublesome, particularly 1n infants and children
With thetr high metabolic rate and small residual volume of oxygen,
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hypovia can develop quickly This complication can be minimized by
gentleness during extubation, extubation duning decper planes of anes-
thesa, or extubation after the patient awakens Once laryngospasm has
developed, frantic efforts to inflate the lungs with oxygen may cause,
mstead, inflation of the stomach, elevation of the diaphragm, and the
likelihood of vomuting  Steady but not excessive pressure to a breathing
bag contaiming 0¥y gen 1s preferable and 1s usually sufficient The intra-
venous 1njection of 20 to 40 mg succinylcholine to relax the stnated
muscle of the larynx followed by manual pulmonary ventilation may be
needed Should nerther methed be available, insertion of a large bore
needle (14 gauge) into the trachea below the cricoid cartilage may be
bfe-saving (Fig 39) Through this needle one can inject atr with a large
syringe, or give oxygen via a rubber tube

Removal of an endotracheal tube may also reveal for the first time
that vocal cord paralysis has occurred during operation Following
thyroid surgery signs of respiratory difficulty may indicate such
damage Inspection of the vocal cords will reveal absence of movement
with respiration The surgical team should be alerted to the possible
need for tracheostomy

Fig 39 Needle throu
A. Front iew 1 Thyros
nlage B Lateral view |
for oral insufflation

gh crico thyroid membrane for tracheal re
‘esuscitation
d cartilage 2 Crico-thyrord membrane 3 Cricod car-

Tongue 2 Vocal cords 3 Rubber stopper and tubing
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Daffusion Anoxia

At the end of mitrous oxide anesthesma the pulmonary alveols and
blood contam nitrous oxide and relatnely smaff amounts of nitrogen
With the first snhalation of room asr, nitrogen begns to diffuse mnto the
blood and nitrous oxide into the alscols Because of sts greater solubihty
m blood, the volume of mitrous oxtde avalable for diffuston outward
nto the lung 15 considerably greater than the volume of nitrogen that
replaces 1t 1n blood Hence there ts & net gain mn the gas volume of the
Iung With the trachea patent, the fung does not expand, but merely
expels the muxture of gases and with 1t some oxygen The residual
oxygen 15 diduted and the partial pressure decreased by the outward
diffusion of nitrous oxide Iven a fow breaths of room awr duning 1
halation of 80 per cent nitrous oxide, as for replacement of a mash or
aspiration of the endotracheal tube, can result i a decreased artersal
blood oxygen saturation Prevention of this complication consists i
provision of 8 Ingh oxygen concentration as mitrous oxde 15 bang
elimnated Concervably this phenomenon might occur at the conclusion
of an open cther anesthesia 1if additional oxygen had not been provided

Pneumothorax

We have observed prneumotherax following brachsal plexus or mter-
costal nerve bloch, after rupture of an emphysematous bleb, 1n assocr-
ation with medwstinal emphysema, durmg dissections 1n the nech,
when air had not been adequately withdranwn after thoracotomy, or
during operatons beneath the diaphragm Exammnation of the chest
must be carried out to :dentify this abnormality, for should a tension
preumothorax be present, prompt aspiration of the air 1s essental

Pulmonary Atelectasis

Collapse of parts of the lungs behind bronchial obstruction must
also be considered Thus can occur during general anesthesia and remain
undiagnosed because the mnhalation of a high concentranon of oxygen
prevents the recogniion of hypoxta When room air 1s breathed at the
conclusion of the operation the effects of atelectasts are unmashed
Agan physical diagnosis looms large in the recognition of thus entity

Resprratory Depression from Muscle Relaxants

At the completion of anesthesta which mvolves use of one of the
muscle relaxants respiratory inadequacy may exsst These drugs
reduce respratory mumute volume as a result of the neuromuscular
blocking action upon miercostal muscles and diaphragm Effects upon
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central regulatory respiratory mechamsms may also prevatl If these
pharmacologic actions have not disappeared completely by the end of
operation, pulmonary ventilation must be assisted lest hypoxia super-
vene This undesirable sequela has occurred with all of the muscle
relaxants, even the short-acting members of the group

Restrictive or Obstructive Dressings

Insufficient aleolar ventilation may be caused by the application of
excessively ught surgical dressings after such operattons as radical
mastectomy Respiratory obstruction may also be caused by dressings
or plaster casts apphed about the head and nech Surgeons must be
warned of this posstbility as the wound 1s betng covered

EMERGENCE EXCITEMENT

Restlessness, occastonally progressing to wild delinum, 1s sometimes
seen 1n the immedsate postoperative pertod We have noted restlessness
1n 7 per cent of patients admutted to a recovery room follow:ng general
anesthesia The excitement has varied from muld restlessness requiring
restraint to delinum of such extent that litters have been overturned

For a discussion of the cause and treatment of this complication, see
Chapter 25

PAIN

Some patients have little postoperatnve discomfort, 1 others pan
may be intolerable Pain may contribute to emergence excitement
Pain also sometimes appears to cause hypotension, at least pamn relief
In some cases has been associated with a rise in blood pressure Pain,
therefore, can be regarded as undesirable, but efforts toward 1ts relief
by such drugs as morphine and meperidine must be undertahen cauti-
ously lest excessive depression of respiration and blood pressure and

diminution of consciousness follow A more detailed discusston of this
1s offered 1n Chapter 25
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Diffusion Anoxia

At the end of mtrous ovide anesthesia the pulmonary abecl and
blood comtan nitrous oxide and relau ely smali amounts of nitrogen
With the first snhalation of room air, nitrogen begins to diffuse mnto the
blood and mtrous oxide anio the ahveol: Because of sts greater solubility
m blood, the volume of utrous oxide avadable for diffusion outward
nto the lung 15 considerably greater than the volume of nitrogen that
replaces 1t 1n blood Hence there 1s 2 net gan tn the gas volume of the
tung With the trachea patent, the Jung does not expand, but merely
expels the mixture of gases and with it some oxygen The residual
ovygen 15 diluted and the partal pressure decreased by the ourward
diffusion of nurous oxide Even o few breaths of room air dunng m
halation of 80 per cent mitrous oxide, as for replacement of a mask or
aspiration of the endotracheal tube, can result 1m a decreased artenal
blood oxygen saturation Prevention of this complicaton consists
provision of 2 high oygen concentration as mtrous ovde 15 beng
elimnated Concenably this phenomenon might occur at the conclusion
of an open ether anesthesia if 2dditional oxy gen had not been provided

Poeumothorax

‘We have obsered pneumothorax following brachaal plexus or inter~
costal nenve blocl, after rupture of an emphysematous bled, i assoc-
ation with mediasunal emphysema, duning dissections in the sechs
when air had not been adequately withdrawn after thoracotoms, of
during operations beneath the diaphragm Exammauon of the chest
must be carned out to idenufy thus abnormahiry, for should a tension
pneumothorax be present, prompt aspiration of the air 15 essential

Pulmonary Atelectasis

Collapse of parts of the lungs belund bronchial obstruction must
also be considered This can occur duning general anesthesia and remamn
undtagnosed because the inhalation of a hugh concentration of oxygen
presents the recognizon of hypoxsa When room air 1s breathed at the
conclusion of the operation the effects of atelectasis are unmashed
Agamn physical diagnosss looms farge in the recognition of this entity

Respiratory Depression from Muscle Relaxants

At the completion of anesthes:a which mmohes use of one of the
muscle relaxants, respiratory madequacy may exist These drugs
reduce respiratory minute volume as a result of the neuromuscular
blocking action upon intercostal muscles and daphragm Effects upon
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central regulatory respiratory mechanisms may also prevail If these
pharmacologic actions have not disappeared completely by the end of
operation, pulmonary ventilation must be assisted lest hypoxia super-
vene This undestrable sequela has occurred with all of the muscle
relaxants, even the short acting members of the group

Restrictive or Obstructive Dressings

Insufficient alveolar venulation may be caused by the application of
excessnely tight surgical dressings afier such operations as radical
mastectomy Respiratory obstruction may also be caused by dressings
or plaster casts applied about the head and nech Surgeons must be
warned of this possibility as the wound 1s being covered

EMERGENCE EXCITEMENT
Restlessness, occasionally progressing to wild delirium, 1s sometimes
seen in the immedate postoperative period We have noted restlessness
1 7 per cent of patients admutted to a recovery room followrg general
anesthesia The excitement has varied from muld restlessness requiring
restraint to delirium of such extent that litters have been overturned

For a discussion of the cause and treatment of this complication, see
Chapter 25

PAIN

Seme patients have little postoperatve discomfort, 1 others pam
may be intolerable Pain may contribute to emergence excitement
Pain also sometimes appears to cause hypotension, at least pain relief
In Some cases has been assoctated with a rise in blood pressure Pain,
therefore, can be regarded as undesirable, but efforts toward 1ts relief
by stch drugs as morphine and meperidine must be undertaken cauti-
ously lest excessive depression of respiration and blood pressure and

diminution of consciousness follow A more detailed discussion of this
1s offered 1n Chapter 25
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CHAPTER 24

The Recovery Room

A criTicAL period 1n the surgscal pauent’s course 1s the first few hours
after operation During this time the URCoNsCious Or SEMICONSCIOUS
pattent 1s completely dependent upon others for his welfare Even the
individual who has recerved regional anesthesta and 1s w control of hus
facuities may requure prompt attention, as for hy potension
A specnally staffed and specrally equipped room has therefore been
established 1 many hospitals for the care of panents dunng this
period The benefits resulting from such a room include
Maxumal safety for pauents
2 Removal of the burden of immediate postanesthetic care from the
general nursing staff and economy tn distribution of nurses
3 Concentration of equpment needed for resuscitation
4 Opportunity for the study of problems associated with the tm-
medchate postanesthetic pertod

PERSONNEL

‘The successful operation of a recovery room depends in great
measure upon the skill and devotion of the nursing staff These di-
viduals must be dedicared to their work, for in few other branches of
nursing 1s attenuon to detail so vital and the need for immediate,
telligent action so necessary At any moment a patient s condition
may worsen Instant recognition of this change, proper appraisal of 1ts
significance, and prompt application of correcttve measures are de-
manded The luxury of being able to assign a physician to full-time
recovery room duty 1s demed most hospstals, but anesthetists must be
immediately available In some hospitals student nurses obtamn therr
only expertence 1 the care of unconscious patients while on assignment

188
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to the recovery room Under close supervision they learn the problems
and management of respiratory obstruction, hypotension, emergence
excitement and pain

DESIGN AND FACILITIES

There are certain desirable features in the design of a recovery room
Lighting should be uniform and of sufficient brightness to perrmit ap-
praisal of the changes 1n color of a patient’s shin and mucous mem-
branes The nurses’ statton should command a view of all patients, for
constant surveillance by all personnel attached to a recovery room 1s
essential During the immediate postanesthetic period separation of the
sexes 15 not necessary Nor do we favor cubicles or routne use of cur-
tams unless an attendant 1s assigned to each patient At least two
telephones are required so that 1n emergencies an open line 1s more apt
to be available A call system permitung the nurses to summon addi-
tonal help s useful A spectal area for assembling, cleaning or sterihizing
equipment, and for storing apparatus mnfrequently used, should adjoin
the pauent area rather than be a part of 1t

Resuscitation requires that oxygen and suction outlets be provided
for each patient Mashs should be on hand 1o provide inspired concen-
trations of oxygen greater than the 40 per cent afforded by a properly
placed nasopharyngeal catheter Mechanical ventilators providing inter-
muttent positive pressure as well as those offering a positive-negative
phase should be available All types and sizes of pharyngeal arrways,
endotracheal tubes, laryngoscopes, a bronchoscope, and tracheostomy
sets are essential Few drugs are useful as respiratory stumulants, but
bronchodilating agents should be at hand for patients with asthma or
with bronchoconstriction from other causes Isoproterenol (Isuprel)
and aminophy lline can be used for these conditions

For support of the circulation normal saline solution, glucose 1n
water and one of the plasma expanders must be provided Several
units of type O, Rh negatne and Rh positive whole blood should be
stored 1n the recovery room refrigerator for emergency transfustons
These are for use untl properly cross-matched blood 1s made available
In addition to the usual intravenous sets, provision must be made for
tntroducing blood under pressure Venous cut-down trays, cannulas
and plastic tubing of varous sizes are alsg part of resuscitative equip-
ment To support the blood pressure methoxamme (Vasoxyl), phenyl-
ephrine (Neo-synephrine), ephedrine and norepmephnine (Levophed)
are most often used Hydrocortisone for ntravenous use 1s essential
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Fig 40 Broad strap for i and

should adrenal cortical deficiency cxst An electrical defibrillaung ap-
paratus 1s indicated—and an external arficial pacemaker A cardiac
kat wath hnufe and thoracic retractors should also be readly available

Heart failure may occur in the recovery room Venous tournsquets
should be avatlable, as well as facthitses for the rapid removal of blood
from a vein Digitovin and more rapidly acting drugs of ths rype and
anti-archythmic sut es such as quinud procame amude and
molar sodium lactate must be stored An electrocardiograph should be
at hand

Facilittes for the management of alf types of dramage tubes are
needed, for example, gastrointestinal suction apparatus, bladder g1~
gating sets, under-water chest dranage unus and sump pumps

Broad restrammung straps (Fig  40), wristlets, arm boards and side
boards for beds may be needed for the management of severe restless-
ness Narcotics, barbiturates, chlorpromazine and apomorphine must
be available For overdosage of the opiates, nalosphune or levallorphan
15 often necessary A locked cabinet for narcotics 1s needed

Standard equipment such as blood pressure cuffs and manometers,
stethoscopes, sy ringes and needles, thermometers urinary bladder cath-
eters, emests basins, urinals and bedpans must be at hand A supply of
Linen and blantets should be kept ir stock

RECORDS

An accurate record of the patient s course in the recovery room must
be kept The vual signs (blood pressure pulse, respiratory rate and
body temperature) should be recorded as they are taken All therapeutic
measurcs should be hsted as given Pertinent observations of the pa-
tient’s appearance and reactions should be noted This record becomes
a part of the permanent hospteal record and 1s of value to personnel who
assume subsequent responstbility for the pauent, providing as it does a
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summary of the early postoperative period A copy of thus record should
also be attached to the anesthetist’s copy of the anesthesia sheet
Sequelae which must be anticipated 1n the immediate postoperative
period have been listed 1n an earlier chapter In addition to these, one
may watch for hyperpyrexia, shahing chills or a lowering of body
temperature A marked and prolonged elevation of blood pressure may
follow the use of pressor drugs, or the absorption of bladder 1rngating
flwd duning transurethral operations Gastric dilatation may occur
Embolic phenomena 1n the lungs or bran may develop Disturbing
cardiac thythms may be noted Cardiac arrest may occur These and
other challenging situations require the best in diagnostic acumen

RELEASE OF PATIENTS

The most rehable criterion for discharging a pauent from the re-
covery room 1s the good judgment of the anestheust and the nursing
staff The following appraisals are valuable

1 Stability of vital signs

2 Lack of the danger of aspiration of vomutus

3 Orentation of the pauent as to time and place

4 Abihity to mamtan a safe position 1 bed, e g, opumal position
for dramnage or adequate respiration

Discharge of some patients will depend upon the primary reason for
their admussion, that 1s, outpatients must be kept until they can walk
without dizziness or nausea Patents who have recerved spinal anes-
thesia should be detamned until the level of anesthesia begins to recede
and arterial blood pressure 1s stable

INTENSIVE THERAPY UNIT

There 15 no agreement as to the 1deal length of stay 1n a spectalized
area such as we have described The facilines of certamn Tecovery rooms
have been expanded to include an intensive therapy unit for several days
of postoperative care Desperately ill medical as well as surgical patients
can be admtted to thus area Beds rather than Itters are more suitable
for this purpose Kutchen facilities are needed and a considerably more
complex umit must be envisaged There 1s no doubt that the criticall,
1ll ndividual wall recerve the best care, day and might, 1 such a hxghly
orgamzed section of the hosprtal In some wmstitutions the recoy eri

room and the recovery ward are separate but co
ordinated umts, the
former being responsible only fi :
y for patients
oo g T bt during the early post-
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Fig 40 Broad strap for and

should adrenal cortical deficiency exist An electrical defibrillating ap-
paratus 1s indicated—and an external artificial pacemaher A cardiac
Lt with krufe and thoracic retractors should also be readily available

Heart failure may occur in the recovery room Venous tourmquets
should be available, as well as faciities for the rapid removal of blood
from a vein Digrtoxin and more raprdly acting drugs of this type and
anti-archythmic substances such as qumudine, procaine amude and
molar sodium lactate must be stored An electrocardiograph should be
at hand

Facilities for the management of all types of drainage tubes are
needed, for example, gastrointestinal suction apparatus, bladder 1rn-
gating sets, under-water chest drainage units and sump pumps

Broad restraming straps (Fig 40), wristlets, arm boards and side
boards for beds may be needed for the management of severe restless-
ness Narcotics, barbiturates, chlorpromazine and apomorphine must
be available For overdosage of the oprates, nalorphine or levallorphan
1s often necessary A locked cabinet for narcotics 1s needed

Standard equipment such as blood pressure cuffs and manometers,
stethoscopes, syringes and needles, thermometers, urinary bladder cath-
eters, emests basins, urmals and bedpans must be at hand A supply of
Iinen and blankets should be Kept 1n stock

RECORDS

An accurate record of the patient s course 1n the recovery room must
be hept The vital signs (blood pressure, pulse respiratory rate and
body temperature) should be recorded as they are taken All therapeutic
measures should be listed as given Pertinent observations of the pa-
tient’s appearance and reactions should be noted Thus record becomes
a part of the permanent hospital record and 1s of value to personnel who
assume subsequent responsiblity for the patient, providing as 1t does a



CHAPTER 25

Treatment of Immediate
Postoperatlve Pain

and Excitement

PAIN 15 percerved when patients who have been operated upon recover
consciousness followng general anesthesta, or regain normal sensation
after local or spinal anesthesia Those who have recotered completely
from general anesthesia, and those who have recewved local anesthesia,
can be questioned about the magnitude and location of pan, and an
accurate appraisal made Those who awaken more slowly and who have
not reganed control of their actions may 1ndicate pamn only by restless-
ness or excitement There are 1n addition other causes of excitement 1n
the immediate postoperative period Both pamn and excitement pose
hazards to the patient Likewise, the treatment of these conditions 1s

not without danger An approach to this dilemma will be offered n
this chapter

IMMEDIATE POSTOPERATIVE PAIN

Nearly all patients who have had an operation experience pam as
they recover from ancsthesta The early manifestation of pan 1s de-
pendent upon many factors Narcoucs used for preanesthetic medi-
cation, or those given ntermuttently as supplements to general anes-
theucs, or by single mjection prior to the completion of operation,
dimimsh Postoperative pain When narcotics are given for preanesthetic
medicauon, lintle analgesia remains after long operations Operations
mvolving extensive dissecuon and those with mncisions affected by

193
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SUMMARY

A recovery room has become an essential part of an anesthesta and
surgical service Centralization of personnel and equipment has been
assoctated with a reduction of postoperative mortality and morbidity
Only 1n such an area can the patient be brought through the early post-
operative period with maximum safety Descrving emphasss also 1s the
teaching value of this type of umt Student nurses, medical students,
interns and residents gan much from the opportunities to observe the
reactions and participate 1n the treatment of pattents in the immediate
postoperative period
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RESTLESSNESS AND EACITEMENT

Restlessness or cxcitement may anse from a combination of several
factors which include antecedent psychomotor disturbances, pain, the
prior adminustration of drugs, hypoxia, and other 11l defined factors
In order 10 treat effectnely a patient exhibiting these symptoms, the
underlying cause must be recogmzed The apparent causes will be
discussed first

Patients who suffer from psychomotor disturbances, as for example
mania, agitation or chronic alcoholism, are likely to show postoperative
excitement The anesthetist should recogmize this possibihity during the
preanesthettc visit Pauents who have been or who are under the care
of a psychiatrist should be suspect Those who are unduly concerned,
those fearful of the findings at operation, and those who tell the anes-
thetist that they are cowards and cannot stand pain are more hkely to
be excited postoperatvely

Pain may be the cause of excitement If the pauent 1s sufficiently
anake to complain of pain, the cause of the excitement 15 obvious Ifhe
1s sull partly anesthenzed, excitement may be a manifestation of pamn
uncontrolled by normal cerebral inhibition Pain may be of the in-
cistonal type, or 1t may arise from distention of a hollow viscus, as for
example the urnary bladder

Certain drugs increase the Iikehihood of development of postoperative
excitement Scopolamine, grven to normal individuals, often produces
hallucinations, flight of 1deas and agitation We have noted an increased
incidence of emergence excitement 1 patients to whom scopolamine
alone, or 1 combinauon with a barbiturate, has been given for pre-
anesthetic medication It does not appear as commonly 1f a narcotic
has been used with scopolamme The ncidence of excitement 1s less
if atropine 15 substituted for the scopolamune Phenothiazme deriva-
tives, particularly promethazine (Phenergan) alone or 1n combination
with barbiturates, may cause restlessness before as well as after anes-
thesia When these drugs are combined with a narcotic, restlessness 1s
less likely to be observed Certan individuals, particularly women, may
also respond to narcotics with excitement

msl\t/li;inf::sgrelis of oxygen lach lead to ncreased motor acuvity and
ypoxia mumics the second stage of anesthesia  Excite-

e had horsae opermots o7 head st e o PAUETS o
brocedures It may palso a ’ear n lhim e or apper abdomunal
tracheal collapse and \omlpcr:)rd e osenee of pnevmothorax,
paralysts, or with undue respiratory
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respiratory movements, as in thoracic and upper abdomrnal procedures,
are apt to be followed by severe pain Severe pain 1s a common feature
after permeal procedures which are accompanied by rectal sphincter
spasm, such as hemorrhoidectomy Complaints are more likely 1n those
with preoperative psychogenic disorders or those with emotional 1n-
stability, or when the operauon has caused unusually great concern
Reactivity to pamn differs greatly among individuals The very young
and the elderly usually show less reaction Emouonally stable and
philosophical individuals probably experience equally severe pam but
are less demonstrative

The reactivaty of patients to pain appears to be related to the degree
of anesthetic-induced cerebral cortical depression In the presence of
such depression, normal mnhibitions are removed and the indwidual
has less self-control than when consciousness 15 present In this con-
dition, restlessness may be an outstanding response to pan Objec-
tively, pain often causes a rise 1 blood pressure as well as a rise 1
heart and respiratory rate However, pain may lead occastonally to a
reduction of blood pressure In the latter instance, pamn rehef 1s fol-
lowed by a rise 1n blood pressure

The treatment of immedsate postoperative pam 1n patients who have
had general anesthesia must be carefully gauged An overdose of nar-
cotic can lead to reanesthetization and circulatory or respiratory de-
pression The first postoperative dose of narcottc should be a small one
A good rule to follow 1s that the imtial dose should be half that antic1-
pated for the patient on the first postoperative day For example, if
10 mg of morphine were ordered, the first dose should be 5 mg

In 1876 Claude Bernard noted that a small dose of morphine would
return patients to the anesthetized state after they had nearly recovered
from chloroform anesthesia Small intramuscular doses of narcotics
given to the patient still partially under the influence of general anes~
thetics will often provide pamn relief and a quietng effect We have
found 5 mg of morphine or 25 mg of mepenidine given intramus-
cularly satisfactory for thus purpose 1n about 50 per cent of a serzes of
postoperative patients Hypotenston and respiratory depresston are not
common with these doses but become disturbing with larger amounts
It 1s safer to give a second small dose of narcotic than to admunister a
large one itrally If a narcotic anal, has been ads ed follow~
ing anesthesia, patients should be carefully observed Occastonally the
combined effects of the anesthetic and the analgesic produce further
arculatory and respratory depression
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25mg to 50 mg doses Mcpenidine may be adminsstered 1n similar
fashion 1 125 mg to 25 mg doses The intravenous dose of chlor-
promazine should not exceed 2 5 mg but 1t may be repeated at inter-
vals as indicated Apomorphine may be mnjected 1n subemetic doses
(10101 5mg diluted 1n 5 to 10 ml of saline) and injected slowly 1n-
travenously

A final method of controlling postoperatts e excitement 1s the admin-
sstration of cerebral simulants, such as caffeine and sodium benzoate or
mkethamide guen intravenously The rationale 15 to hasten awakerung
and return of cerebral cortical control of emotions by increasing cerebral
blood flow and counteracting the effect of anesthetics on the bramn
These medications may cause hypotenston, retching and vomuting
Nikethamide may occasionally cause tomc or clonic muscle spasms
Intravenous 1njections should be made slowly and with careful ob-
servation We have seen prolonged hy potension and cerebral vascular
damage after the mntravenous njection of 10 mg of chlorpromazine
gnen to treat emergence deltrium

Fortunately, as the anesthetics are elminated and self-control 1s re-
established, agitation lessens and the patient becomes quiet Time,
therefore, 1s on one’s side The experience, however, may be a trau-
matic one, not only for the patient but for his attendants as well
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depressian following general anesthes:a and the use of relaxant drugs
Fually hypotension may contribute to excitation through cerebrat

hypovia
There 55 a group of patsents 1 whom the cause of excitement s nat
clear Such p have most ¢ Iy had general anesthesia Ex-

citatton has been noted after all general anesthetics, including the mtra
\enous barbiturates, but seems to be most common after ¢y clopropane
alone or when guen n combimatian with diethyl ether It often de-
velops 1n the muscular person, s those accustomed to an excessie
alcoholic intake, and mote often in the male The bachground 1 alt
these cases may be concealed anxiety, with the added effects of pre~
anesthetic medication and anesthesta

Various reasons have been propounded for this phenomenon These
mclude carbon dioxide retenuion, an emergence excitement stage
comparable to that of induction, an action ou the brau of the catecho!
anunes, epmephrine and norepinephrine or thesr metabolic products
Iiberated during anesthesia, and prolonged mamtenance of one body
posson The latter facter 15 smportant in some patients We have seen
patsents 1n whom exciiement ot restiessness has promptfy disappeared
when the patient was turned to another positon

The prophviaxs of postoperatne exaitement should be apparent
from some of the aforementioned etwologie factors “Those patients who
are emotwonally disturbed or who have psychomotor disturbances
should recenve extra preanesthetic sedatives A small dose of narcote
admintstered prior o the conclusion of anesthesra may assist i di-
smuushing emergence excitement We have found it wise not te use
scopolamine alone or mn combmation with a barbsurate 1 patents w
whom this comphication s hhely to occur We do not advocate the use
of promethazine, because of the higher meidence of agitaton before and
after anesthesia I a patent gves a history of excitement following @
parucular narcotic, we omst all narcotics or substitute one of a different
chemical ¢ 10n Measures d d to treat hypoxia or hypo-
tenston will prevent excitement based on these factors

Should excitement appear, the foliowng treatment can be applied
1f the patient has been m one position upon the operating table for a
tong period of time, 11 15 well to change this position 11 the bed or onthe
Luter If pam s a factor, a small dose of narcotc 1s usually effectnve
If hypowa appears to be the underlying cause the inhalation of a lugh
concentraron of oxygen will usually quiet the patsent In other situ-
ations, morphine or mependine, chlorpromazine or apomorphine 1s
usually useful Morphine may be injected slowly sntravenously
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actions 1n the patient Mineral and vegetable oils, ethers, esters, oxi-
dizing acids and hydrocarbon solvents cause swelling, tackuness and
more or less rapid destruction of the rubber Copper and manganese
lead to catalytic decomposition Phenols and cresols are not only de-
structn e but may subsequently lead to cutaneous burns if impregnated
mn the rubber Water, allalis and salts of mercury do hutle harm
Plastics are particularly susceptible to destruction by heat and strong
chemucals

CLEANSING BEFORE STERILIZATION

The contamunated parts of anesthetic apparatus include face
masks, airways, laryngoscope blades, suction catheters, delivery tubes,
reservorr bags, and, 1n the anesthesia machine, directional valves, carbon
dioxide absorbers and certain types of vaporization bottles Before
stertlizauon, apparatus should be cleaned of gross dirt Although soap
and hot water are used commonly for this purpose, ordmary soap 1s not
bacteriostauc The process of scrubbing equipment may be a hazard to
personnel if pathogeruc bactena are present For thus reason 1t has been
suggested that disinfection of all apparatus be carried out 1utially 1n
solutions of Wescodyne, a detergent-iodine complex (100 parts per
mullion), which 1s tuberculocidal and viricidal Scrubbing can be per-
formed wath thus solution without personal hazard The lumma of endo-
tracheal and pharyngeal airway$ can be cleansed with tight fitting, stff
bristled malleable brushes Pipe cleaners can be used for finer apertures
Other equipment should be scrubbed with brushes, paying particular
attention to crevices and angles that might accumulate dirt and secre-
uons This 15 probably the single most important aspect of care of
€quipment The brushes themselves should be pertodically sterilized
Suction catheters and metal suction tps should be rinsed with water
under pressure Adhestve tape and oily lubricants should be removed
with waste ether At the termunation of mechanical cleansing the parts
should be thoroughly rinsed 1n tap water Certain parts of the apparatus
such as reservorr bags, delivery tubes and face masks, if not used in
Patients with obvious transmussible disease, may then be hung up to
drain and dry, and can be used agam

CHEMICAL STERILIZATION

Ordinary s0aps are not bacteriostatic but soaps contaiming detergents
aI;\d bacterostatics are available The best known commercially are
1al and Gamophen, each contaming hexachlorophene These are not



CHAPTER 26

Cleaning and
Sterilization of Equipment
Used for Inhalation Anesthesia

ANESTHETIC equipment used for mnhalation anesthesia should be so
cared for that the possibihity of transmusston of infectious disease from
one patient to another 1s mimimal The esthetic aspect of using clean
equipment need not be discussed, and deterioration of equipment that
mught result from proper cleansing must be only a secondary considera~
tion The literature concerning transmussion of disease through anes-
thetic apparatus 15 confusing at best A careful eprdemiologic study
has never been carried out It ss smportant to note that pathogemc
bacteria, mncluding the tubercle bacillus, have been cultured from anes-
thetic equipment at the termination of anesthesia n fected persons
For this reason we have adopted the practice of treating anesthetic
equipment as if 1t were going to be used on ourselves There should be
sufficient equipment i an anesthetic department so that parts can be
properly cleaned while others are in use

DETERIORATION OF EQUIPMENT

Heat and chemical treatment are the two means of stertlizing ap
paratus  Both techmuques 1f o 1ously employed lead inevitably
to detenioration, parucularly of rubber parts Since equipment 1 ex-
pensive, the least harmful method should be adopted Sanders has
ponted out that the consutuents of natural rubber, the porosity, and
the chemucals used in manufacture render rubber suscepuble to de-
tersoration Some of these constiruents may be a source of allergic re-
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1s impermeable to bacteria and the transparency allows for casy 1denti-
fication of the contents

SPECIAL PRECAUTIONS IN TUBERCULOSIS

In this disease or other conditions with virulent pathogens every-
thing used during the anesthetic must be sterihzed If closed system
anesthesia 1s selected, the to-and-fro technigue should be used, since a
arcle filter 1s much more difficult to steriize We have adopted the
practice of setting astde equipment for use only 1n patents with pul-
monary tuberculosis and not for any others If the patient has a positve
sputum he should wear a mash before induction of anesthesia and the
mask should be reapplied afterward He should be segregated from
other patients The anesthetist should wear a gown and some may
prefer to wear gloves At the completion of the procedure the anes-
theust’s gown 1s placed 1n a “dirty linen” bag to be autoclaved along
with other matenal from the operating room Gloves and soda lime
are decontamunated 1n Ly sol solution, and the soda lime then discarded
All metal parts of the anesthetic equipment are autoclaved Rubber
parts are boiled 1n water for 15 minutes The anesthesia machine should
be scrubbed with a tuberculocidal chemucal The following disin-
fectants have been shown to be effective agamst the tubercle bacillus
Ethy1 alcohol, 70 per cent, 1sopropyl alcohol, 70 per cent, cresol solu-
tion saponated U S P XIII, orthophenyl phenol, p tert amylphenol
2 per cent (O-Sy1, Lehn and Fink)
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as effectnve as a hquid preparanon, pHisoHex, which contains pHiso-
derm, a detergent and 3 per cent hexachiorophene pHisoHex, howeser,
may feave a film of lanohin on rubber parts McDonald has shown thata
one-munute vigorous scrub with pHisoHex employing 40 to 100 strokes
will sterthize face masks, arrnays and laryngoscope blades aganst ordi-
nary pathogens Although hexachlorophene 1s hughly bactenostatc for
gram-posttis & organtsms, 1t 15 less so tor the tubercle bacillus and gram-
negative bacterra pHisoHex 1s hy poallergenic and non-irntatng in
contrast to most other chemtcals

Gross has described a simple, rapid and non-mjurious technique of
sterlization After gross cleansing m soap and water, a five munute
period of soalung 1n 1 1000 aqueous Zephiran (benzalhonium) ehm:
nated pracucally all pathogenic bacterra Cultures for the tubercle
bacillus were not made Soakng 1 1 1000 aqueous Zephuran for 12
hours produced sterility for all common pathogens This techmque
can be employed routinely for all apparatus, rubber and metal, that
comes 1o tunate contact with the patieats resprratory tract, being
careful to change the Zephiran solution daily Zephuran 1s mexpensi e,
rapid 10 action, non~rritaung and hy poallergequc as far as we hnow

HEAT STERILIZATION

Heat sterilization causes more detersoration of rubber and plastics
than the chemicals already menuioned but ehmunates the possibility of
allergic reactions and srritation from the fatter It 15 probably the most
reliable method of stershization when apphcable Rubber and metal
parts may be boied in water for 15 munutes for practical pucposes
Mash cushions should be deflated and endotracheal cuffs first removed
Both rubber, with a greater chance of destruction and metal parts can
be autoclaved, the usual time beng 15 munutes ac 250° C and 15 Ibs
pressure When a crcle filter has been contanunated, 1t should be dis-
assembled and all parts autoclaved

STORAGE OF CLEAN EQUIPMENT

When apparatus has been cleaned or sterilized 1t should not be re-
contanunated by careless storage or repeated handhng before use
In this connection 1t 18 worth noting that the tops of anestheric ma
chines and work tables must not be wantonly soded with dirty apparatus,
as clean equipment will become contammated  Clean equipment can be
kept 1n stertle towels or stertle containers The circular type of container
15 good to mamtain a proper shape for endotracheal tubes Transparent
plastic tubng has been used for storing catheters and tubes The plasuc
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Inadequacy of Coronary Artenal Blood Flow  There may be a de-
creased supply of blood to the myocardium or an increased demand for
blood which the coronary arteries cannot meet In the former instance,
one can 1mplicate hypotension from hemorrhage, spial, epidural or
focal anesthesta, overdosage of preanesthetic medication or general
anesthetics, tracuon refiexes, the onsct of Stohes-Adams attacks, or
rased airway pressure So far as mcreased demand 1s concerned, the
mjection of cardiac sumulants, for example epinephrine, may cause
such 2n ncrease n cardiac work and need for increased blood flow that
the supply falls behund the demand and myocardial ischemia results

The heart 1tself can be depressed to the point of cessation of actvity,
ether through the effects of reflexes or by the acuion of drugs Reflexes
ansmg from the caroud sinus, from pulmonary vagal endings of the
von Bezold type, or from mamipulations at the hilum of the lung are
examples of the first mechanism Digitalis, quinidine, procaine amide,
narcotics and general anesthetic drugs can be included mn the second
category

Oxygen lack, whatever the cause, 1s 2 potent factor in the develop-
ment of cardiac arrest Respiratory obstruction or depression 1s a com-
mon precnpltatmg event

Miscellaneous causes include electrocution, hypothermia, pulmonary
or cerebral embolus, or mampulation of the heart during operation
The list 15 not complete but ss tllustranive

Dragnoss
The following signs are suggestve of cardiac arrest

1 Absence of radial and caroud pulses

2 Inaudible heart sounds

3 Sudden pallor or cyanosis

4 Sudden pupillary dilatation

5 Respiratory standstll or apneustic gasps

6 Absence of bleeding and dark blood n the operatnve field
7 Electrocardiographic evidence of asystole

Most of these signs are unreliable They may be present because of
severe hy potension as well as of cardiac arrest We therefore recommend
the following course of action if one 1s uncertain of the diagnosis
Unless one can see the heart, or can palpate the abdomunal aorta
(through an maision already made), the only positve w ay of diagnosing
cardiac arrest 15 by openung the left chest In the rare mstance 1n which
a thoracotomy 15 performed and the heart 1s found to be beating feebly,



CHAPTER 27

Cardiac Resuscitation

CessaTION of cardiac activty or fibrillation of the ventricles occurring
in the operating room can usually be successfully treated without
subsequent brain damage 1f a correct diagnosis 1s made and if therapy
18 msttuted at once Success 1s less Iikely if such a catastrophe occurs
outside of the operating room, but an increasing number of dramatic
restorations are being reported under these conditions It would seem
worth while makling the effort anywhere if the diagnosis 1s made
promptly So-called cardiac resuscitation, however, should not be
attempted when success cannot be hoped for, 1e, 1 termnal con
ditsons, massive hemorrhage, and the ke

The anesthetist may witness cardiac arrest during induction of
anesthesia, during operation, or i the immedtate postoperatsye period
It 1s more Iikely to occur in elderly patients, in those with previous
paroxysmal cardiac arrhythmuas, 1n heart block, in digitabs overdosage,
following massrve hemorrhage, and during operations on the heart
A high index of suspicion, for whatever reason, makes st mandatory
that the anesthetst start out with an electrocardiograph, an artficial
pacemaler, Jarge gauge intravenous needles and a full complement of
drugs to which we shall presently refer It cannot be stressed too often
that successful resuscrtation demands the mstant and simultaneous
application of 2 number of appropriate measures To hesitate 1n apply~
ng these 15 to court disaster A plan of approach to the problem must
be made beforehand and implemented 1mmediately when the occasion
arises
Factors m Cardiac Arrest

There are several common factors which may preciprtate cardia¢
arrest
204
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heart mav produce myocardial irrtabihity sufficient to cause ventricular
fibnllation The primary value of drugs hes 1n increasing the force
andfor rate of cardiac contraction, once the heart has begun to beat
spontaneously To increase foree, epinephrine, 1n doses of 1 or 2 ml
of 1 10,000 solution, 1s most potent, but may be followed by ventricu-
lar fibnllaton A more controllable stmulant 1s 1soproterenol
(Isuprel) in doses of 01 to 02 mg A third drug 1s calcium chloride,
5to 10 m! ofa 10 per cent solution These compounds are injected 1nto
the left ventricle and moved through the coronary arterial system via
manual compression of the heart

If the cardrac rate 1s slow after spontaneous activity has resumed,
atropine sulfate in doses of 04 mg intravenously may release vagal
tone and cause a more satsfactory rate of contraction

While manual systole 1s being carried on, an electrocardiogram should
be taken since the electrical complexes of the heart can be a useful
gutde to drug therapy If the electrocardiogram 1s that of the so-called

dying heart,” 1 ¢, showing a “disorganized * appearance with widened
and slurred QRS complexes, molar sodium lactate solution admins-
tered intravenously may prose helpful One hundred mi of this solution
may be required, the rish of providing an excessive sodium 1on level
seems acceptable 1n light of our present know ledge

Fig 41 Method of performing manual systole (after M Codding) R Rught hand

L Lefthand H Heart 1 Rib spreader
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hittle harm 1s done providing oxygenation of the lungs can be carned
out Ths has happened to us on two occasions, 1n each the decision to
open the chest was based upon the absence of detectable blood pressure
and penpheral pulses Although the heart was beating weakly at first
sight, 1 both nstances it stopped within a few moments of exposure

TREATMENT
Cardiac Arrest

The instant cardiac arrest 15 suspected and as preparations are made
to open the chest, one can pound on the precordium with one’s fist or
needle the heart through the chest wall Both of these maneuvers can
be done quickly and are suggested because of the presence of a greater
degree of cardsac irritabulity 1n the early phases of arrest Whle these
are attemnpted, ardficial respiration with oxygen must be begun via a
face mask—~ntubation of the trachea can wait

The mesion should be made m the fourth or fifih left intercostal
space It should not extend to the sternum lest the internal mammary
artery be cut, nor, wmn one’s haste, shouid one mcise the lung The
pericardium need not be opened at the start The heart s cradled mthe
operator’s hand, and the venmtricles compressed between thumb and
fingers of one hand or fingers of two hands (Fig 41) Manual com~
presston of the heart (manual sy stole) can serve as an effectss¢ means of
moving blood to the cerebrat and coronary arterses In response to each
compression a pulse should become palpable in the carond artery If
this 18 not felt, compression 15 madequate Pupillary constiction re-
placing didatation 15 & good sign of cerebral circulation Cardiac com-
pression should be applied at the rate of 40 or 50 per minute 1 order
to ensure sufficent movement of blood This 1s about as fast as one
can go without cramping of the hand

“There must be sufficient flurd available for cardiac qutput durmg
mtermattent manual systole Blood may be pooled n the periphery
when the heart stops It 15 necessary therefore to provide flurds 1atra-
venously or mtra-arterally The rate of mnyection must be rapid if the
cardiac chambers are to fill between compressions This may involve

cutting down upon a vem and wserting a large-bore needle or cannula
Any type of parenteral fluid can be used in this emergency—~volume 1
the essential stem Once the heart begins to fill satssfactorily, beware of
overloading the urculation

Before drugs are used, the cardwc muscle should be made as pink
as possible through manual systole and pulmonary ventlation with
oxygen Ths s vatal, for the mjection of chemical agents 1nto a hypose
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Fig 42. The effect of molar sodium lactate wntravenously upon the electro-
cardiogram of a patient with ventncular fibnllaton.
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sodium lactate together with manual systole
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The Anestheus’s Role  The anestheust 1s usually the fiest to suspect
cardiac arrest If convinced of the diagnosis, he should nsist that the
chest be opened He should oxygenate the blood during the crisis and
counteract the pneumothorax Immediate mntubation of the trachea 1s
unnecessary and may cause delay 1n oxygenatton 1f there are dufficultes
i mntroducing a tube The anesthenst should palpate a peripheral
artery, usuzally the carotid, or ask someone else to do 11, to test adequacy
of manual compression He directs the rate of nfusion of fluids to
ensure adequate filling of the heart 'inally, the anesthetist makes care-
ful notes, 1f he can, as to the ume and course of events Another person
can be designated as timekeeper if one 1s avalable If the patient’s
surgean has had no expertence with cardiac resusctation or 1s unwiling
to make the move, the anesthetist should make 1t wsthout hesitation'

Ventricular Fibrallation

If the ventricles are fibrillaung the first measure to take 15 to 0%y~
genate the myocardium via manual systole With oxygen supplied to
the lungs and circulation through the coronary arterial system es-
tablished through compression of the heart, the myocardium should
lose 1ts dushuness and become pink Electrical defibnllation should
then be attempted Shochs of 160 to 180 volts and 0 1 to 0 2 second’s
duration are appled through disc electrodes The larger the mass of
the heart, the greater the voltage required Defibrillation of a badly
diseased heart 1s difficult to accomplish Fortunately mere passage of
an electrical current through the patents body will not explode 2
potentially explossve muxture of anestheuc gases To avoid electro-
cution, surgeon and anesthetist must avotd contact with the patient as
the shocks are apphed If an electrical defibriflator 1s not avafable,
asystole can be produced by wmjection of 6 to 8 mEq potassium chloride
mnto the root of the aorta The aorta should be briefly compressed
distally and the drug carred through the coronary arterial svstem by
manual systole

Defibnllaton 1s usually followed by asystole, the treatment for
which has just been outhined If the heart resumes beating wath suffi-
cient force to provide an adequate blood pressure, and if the electrical
complex 1s reasonably normal no further steps need be taken How-
ever, successful defibnilation may be followed by a spontaneous se-
version 1o ventricular fibrillatton  If the heart rate 15 very slow, €85
20 per minute of less, and the ventricular electrical complexes are wide
and slurred, molar sodium lactate solution gnen ntravenously may be

of value (Fig 42)



CHAPTER 28

Principles of

Pediatric Anesthesia

PREPARATION FOR OPERATION
Psychologic Aspects

Infants and children require special attention prior to operation
They may be unable to understand the reason for being in the hospital
and why the separation from famuly has taken place Inadequate prepa-
ranon for anesthesta, or inept handling, can produce psychic trauma
which may last for years The highest meidence of this complicauon
appears 1n the one to two year age group, then delmes gradually and
levels off at seven to eight years These sequelae can be mmnimized by
the anesthetist’s visiing the child when a parent 1s present If the
child understands that the anesthetist 1s his parent’s friend and that
he will see him again that afternoon or the following mormng, he will
be reassured Psychic trauma can also be mintmized by a display of
confidence and lack of apprehension on the part of the parents The
tmportance of the preceding statement can and should be imparted to
the father and mother by the referning physician

Preanesthetic Medication

Medicatnon admunistered at the correct interval before the child
leaves the ward will alleviate apprehension  Drugs should be given
according to the suggestions 1in Table 11, one hour prior to the time of
induction of anesthesia Weight 1n the average child 1s a better guide
to dosage than age Negro chuldren should be given the next higher dose
of belladonna drug because of a tendency to form excessive secretions
in the respiratory tract Apprehensive children should recerve the next
higher dose of narconc or barbiturate In warm or humid weather the

211
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PROGNOSIS

Damage to the central nervous system from ischerma 1s the most
important determing factor in the prognosis when restoraton of
cardiac action has been accomplished If pertods of anowa have pre-
ceded the complete cessation of cerebral blood flow assocrated with
cardsac arrest, the brain’s ability to survnve the Jarter msult may be
reduced below the four minute figure generally accepted There are
few measures hnown that can prolong this survival ume, that 1s, the
four munutes of total ischemia Hy pothermuta can be protective Perhaps
general anesthesia, by reducing cellular metabolism, may afford shight
protection

Stgns which presage recosery nclude prompt reversal of pupillary
didatation and reaction to light, return of spontaneous resprration,
cessatton of decerebrate movements, and rapid return of consciousness
and ortentation Under these circumstances complete recovery can be
practically guaranteed With severe central nemous system damage
there 1s evidence of irritability and cell destruction, such as convulsions,
fever and persistent coma Further anoxia from repeated convulsions
should be prevented with barbrrurates and Didantin The prognosts here
must be guarded The longer these conditions persist the more hopeless
the outlooh Senal electroencephalograms can provide a quantitative
means of the degree of damage and improvement

APPRAISAL

Cardiac resuscitanion has saved and will save many lwes It 1s 3
dramatic type of therapy which should be thoroughly understood defore
one s called upon to apply 1t Careful planning 1s essential to 1ts success
If possible, practce mn manual systole and defibrillation should be
sought mn the amumal laboratory to provide a bit of self-confidence
Conviction of the necessity for prompt dragnosis and mmedrate
effectrve action 1s the key to success
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Table 11 Preapesthetic Medication for Children

SECORARBITAL
MORPHINE oR SCOPOLAMINE
AGE WEIGHT IV Subcutancously PENTOBARBITAL  Subcutancously
POUNDS or Orally Rectally or
Intramuscularly or Intramusecularly
Intramuscularly
Up 10 2 mos 7~10 Ibs —_ — gr 3300
2-3 months 10-12 Ibs _— —_— gr 1/600
3-4 months 12-14 1bs —_ — gr 1/600
4~7 months 14-16 1bs — —_ gr 1/600
7-11 months 16-19 Ibs — — gr 1/600
11-18 months  19-24 lbs gr 1/96 gr /4 gr 1/600
18-24 months  24~27 lbs gr 1712 gr 1/4 gr 17400
2-3 years 27-30 Ibs gr 1764 gr /34 gr 17400
3-5 years 3040 Ibs Br 1/48 g 172 gr 17400
5-8 years 40-55 lbs gr 1/32 gr 142 gr 1/300
8~10 years 55-65 Ibs er 1/23 grl gr 1200
10-12 years 65-80 Ibs gr 1416 gr 1 gr 1200
12-14 years 80-90 Ibs gr I8 gr 1-1/2 gr 1150

To make up Morphine 1/96 Dissohe gr 1/81n 12 mi SDW* Gne 1 Omi

yn2 r 1/8in 9ml ¢ oml
]/64 gr 1/8m 8ml IOml
¢ 148 gr 1/81n 6ml 10mt

* SDW = Stenle Disulled Water

The apothcur} system has been used in this table because tablets of morphine
and scop are lable only 1n that system

dose of belladonna drug should be reduced since interference with
sweating mummizes Joss of heat by evaporatton Scopolamune 1s pre-
ferred to atropine since 1t 1s a better drying agent and offers additonal
central sedation  Barbiturates, as well as narcotics, may be guen with
the belladonna drug as a single wtramuscular mjection Barbiturates
taken by mouth can be dissolved 1 2 spoonful of syrup and given
prior to the hypodermc imection It 1s unnecessary and, we believe,
hazardous to use narcotics 1 children who are to be anesthetized by
the ¢ open drop’ method (see reasonson p 61)

ANESTHETIC MANAGEMENT
Those who anesthetize infants and children should famiharnize them-
selves with the umique characteristics of respiration and circulavton 1
the chuld, listed 1n Table 12 There should be an awareness of the spectal
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Measurement of Blood Pressure) Many apply a wide cuff and obtain
readings which are falsely low Similarly, cuffs of narrow width may
produce abnormally high readings Several sizes of blood pressure
cuff should therefore be available The proper size 1s that which will
fit the upper arm without encroaching on the axilla or antecubital
space (Fig 43) Unless the cuff covers most of the arm length 1t 1s too
small There must be available several sizes of stethoscope bell, the
smallest, for infants, bemng about 1 cm 1n diameter

Induction

Anesthesia should be induced 1n a manner to avoid further appre-
hension, erying or strugghng If the child s asleep from the preanes-
theuc medication, 1t may be possible to induce anesthesia by allowing
a muxture of rtrous oxide and cyclopropane to flow over the face by
gravity The mask 1s gradually lowered and when sufficient anesthesia
has been established, the mash 1s approximated to the face

When the child 1s awake and cooperative there are several methods
of mducing anesthesia subtly, such as  blowing up the balloon,” or

counting our loud ” Distraction 1s the essence here With a little
ingenuity anesthesta can be mnduced satisfactorly 1n the majonity of
children Any anesthetic agent and most techmques applicable to the
adult can be used for the child

Induction of anesthesta in children can be accomplished on the
ward by the rectal mstillation of a basal dose of thiopental or Avertin
Thus should be considered only when personnel are available for con-
stant observaton of the patient while he 15 unconscious An enema
should be given the evening before operation or at least four houss
preceding the instillation of the anesthetic agent Avertin flurd ords-
nanly should not be employed 1n doses of over 30 to 40 mg of -
bromethanol per pound of body weight (60 to 90 mg per kilogram)
Thuopental 1n a 10 per cent solution can be mjected through a rectal
catheter on the following dosage scale where thiopental 1s to be the
sole anesthetic agent, 20 mg per pound, preanestheucally for basal
narcosis 10 mg per pound, for the treatment of recurrent convulsions,
5 mg per pound The means for resuscitation should always be at
hand when rectal anesthetics are admunustered

Maintenance

Pulmonary Ventlanon and Temperature Regulanion  Steps must be
taken to assure adequate pulmonary venulation, to prevent heat re~
tention, and to sausfy flud requirements Techmques of anesthesia
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Table 13 Daily Fluid Requirements

WEIGHT (pounds) H.0 ml /b

525 B0-50
25-50 5020
$0-135 25-20

problems of fhnd balance (Table 13) Greater detail concerning these
matters can be ascertaned from any of several textbooks dealing with
pedatric anesthesia Vntal functions of the child should be observed,
as 1 adults Blood pressure, pulse and respiratory rates should be
recorded ar regular ntervals A careful accounung of blood lost and
flurds admunistered should be made In long operations body tem-
perature should be measured at Jeast at 30 munute mtervals to detect
fever A reasonable reduction i body temperature 15 less to be feared
and 1s often desirable

Estimations of blood pressure i mfants and small chddren are
accurate only if the proper size of cuff 1s used (see chapter on the

Fig 43 Proper placement of blood pressure cuff in the child Stethoscope 1
antecubrtal space
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should be performed and a cannula or plastic tubing serted into the
vein A transfusion set wncorporating stopeochs and a syninge to mnject
blood rapidly should be avaslable (Tg 44)

Endotracheal Anesthesia

Endotracheal anesthesia 1s not always essential i infants or chuldren
but the techmique 15 used more frequently than in adults to minmize
respiratory dead space and to improve pulmonary venulation When
this method 1s elected, great care should be exercised to prevent trauma
to soft tissue and to prevent laryngeal edema Slight degrees of edema
may lead to respiratory obstruction, stridor and consequent hypoxia
The principles imolved 1n endotracheal anesthesia are those of sur-
gically clean equipment, the avoidance of oversized endotracheal tubes,
and gentleness sn mampulauon

There are certain anatomic differences between the nfant and adult
larynx These differences have practical implications

1 The vocal cords 1n the infant are at the level of cervical vertebral
bodies 2 to 4 as compared with cervical bodies 5 to 6 1n the adult
This means that 1 the nfant the angle formed by laryngoscope and
trachea may be greater than in the adult, leading to difficulty n m-
tubation

2 The angle formed by the epiglotus and vocal cords 1s more acute
mn the infant Exposure of the infant larynx 1s thus more of a problem

3 The epiglotuss of the infant 1s short, and therefore more difficult
to elevate with the laryngoscope blade

4 The epiglotss 1s “U  shaped 1n the infant and flat 1n the adule

S In the infant the antenor attachment of the vocal cords 15 more
mnferiorly placed than the posterior attachment The opposite 1s true
in the adult A curved endotracheal tube 1s more apt to ¢ hang up” on
the anterior commussure 1 the infant for this reason

6 The larynx 1s funnel-shaped in the infant and tends to be cylin-
dnicalin the adult The funnel configuration 1s formed by the narrowing
of the larynx at the cricord carnlage The diameter of the airway at this
Point may be less than at the vocal cords Hence, an endotracheal tube
that may be accommodated by the glottic opening may not pass into the
trachea through the cricord ring Forcing a tube under these circum-
stances will lead to laryngeal irntation and edema of the lary ngeal

mucous membrane
Prior to extubation of the trachea, a catheter should be passed into
‘C‘;‘::"JZT:S‘: ;g rs;illﬁ l‘l)l: :sk of postoperative vomiung and aspirarion
pplied to remove fluid and to relieve gastric
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Fig 44 Transfusion set for sfants (Courtesy Robert Sputh) 1 Gauze covenag.
Funnel 3 Burette 4 Stopeock. 5 Injecuon synng=

that predispose to heat retention should be avoided Non-rebreathing,
open or semu-closed systems are preferable Anesthesta with the open
techmque should be accompanted by msufflation of oxygen at 2 rate
of 05 to 10 hter per minute beneath the mash to ensure adequate
oxygen 1n the inspired arr and 1o facihtate the ehmunation of carbon
dioade If the body temperature begins to rise dusmng the course of 2
long procedure, this should be countered by covered 1ce bags placed
1n the axillae and between the thighs A rummum of drapes should
cover the patient

Blood Transfusion  Blood loss must be carefully obseni ed and meas-
ured, and the need for replacement anticipated During major opera-
tions, blood should be replaced as the Joss occurs Seermngly neghgible
blood losses 1n an mfant may be of major importance 1n relation to the
blood solume Thus, 2 loss of 10 m] 1n a ten pound mnfant may equal
2200 ml loss 1n an adult Blood may be mfused at the rate of 10 ml
per pound of body weight per hour plus the estunated blood loss during
the first hour of operation ‘Thereafter the measured loss may be re-
ed volume for volume In major operations on small children

tac
P t be placed on vempuncture alone, but a phlebotomy

reliance should no
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Anesthesia for

Ambulatory Patients

General Preparations

Instructions to outpatients should be precise and preferably n
wnitten form Explanation should be made for each directive Adult
outpatients should be accompanied by a relative or friend to escort
them home, and patients should be cautioned not to drive a car These
people must be forewarned that 1t may be necessary to remain 1n the
hospatal for several hours postoperatively Physicians referning children
for outpatient operations should give the parents a list of instructions
sumlar to that reproduced here

INSTRUCTIONS TO PARENTS

Your child has been scheduled for an operation and will be put to sleep for this
procedure The safety of the anesthesia will depend n part upon your following
these 1nstructions In the hospital the doctors and nurses take care of these details,
but because your child will not come 1nto the hospital until immediately before the
operation you must assume this responsibihity

e following instructuions have bten prepared for children of dufferent ages
They are given to be sure that your child has an empty stomach at the tme of
operation If a child has food 1n sts stomach and vomits during anesthesia some of
the food may become lodged 1n the windpipe and be quite dangerous

Infants If your chuld has been receving a bottle as part of his usnal meal the
last feeding should be at least three hours but not longer than four hours before
the operation Only mulk formula or stramned fruit juice should be given—no
baby food or solid food

Chuldren Eating Regular Meals 1f the operaton 1s 1n the morning give only one
of the following at least three hours before the scheduled operation a glass of
strained frnt juice or tea with milk and sugar or skimmed mulk for breakfast
AVOID ALL SOLID FOODS CERFAL AND WHOLE MILK

If the operation 18 in the afternocon your child may have breakfast no later than
900 AM Ttus should consist of stramned frurt jusce and z cooked cereal such as
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distenuon Caunon must be exertised 1 performung tracheobronchial
toslet at the conclusion of the anesthene Strong or prolonged sucton
must be avoided and the endotracheal tbe should not be withdrawn
with the suctiomng catheter protruding, because of the possibhins of
producing farvngospasm This complhication can produce profound
anoxia

CONVULSIONS

Children who have fmver, 2cxdosis and dehydrauon are prone 1o
convulse when anesthetzed with general anesthetics Prior to opesation,
these patients should be given S per cent glucose i water mntra enoush
and the wnfusion should be conunued during the anesthenc Whea
possible, some form of Iocal or regonal anesthesia or a combmation of
barbirurate, mtrous oxide 2nd muscle relaxant should be used Inany
case, the retenuon of carbon dionide and of heat should be prevented
since these predispose further to convulsions When premonttony
twitching or fraul. convulsions occur, small amounts (25 10 50 mg ) of
thiopental must be mjected mtra enoush and the lungs nflated with
oxgen
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CHAPTER 29

Anesthesia for

Ambulatory Patients

General Preparations

Instructions to outpauents should be precise and preferably 1
wrnitten form Explanation should be made for each directve Adult
outpattents should be accompanied by a relative or friend to escort
them home, and patients should be cautioned not to drive a car These
people must be forewarned that 1t may be necessary to remaint 1 the
hosprtal for several hours postoperatively Phystcians referring chuldren
for outpatient operations should give the parents a Iist of mstructions
simular to that reproduced here

INSTRUCTIONS TO PARENTS

Your chuld has been scheduled for an operation and will be put to sleep for this
procedure The safety of the anesthessa will depend, tn part upon your following
these instructions In the hospital the doctors and nurses take care of these details,
bt because your child will not come 1nto the hospital untl immediately before the
operation you must assume this responsibility

The following wnstructions have been prepared for children of different ages
They are given to be sure that your child has an empty stomach at the ume of
operation 1f a child has food 1n 1ts stomach and vomts duning anesthesta some of
the food may become lodged 1n the d and be quite d

Infants If your child has been recenving a bottle as part of his usual meal the
last feeding should be at least three hours but not longer than four hours, before
the operation Onty smilk formula or straned frurt juice should be ginen—No
baby food or sohd food

Cluldren Eating Regular Meals If the operation 15 1n the mormung give only one
of the following at least three hours before the scheduled operation a glass of
straned fruit yuice, or tea wath milk and sugar or skimmed mlk for breakfast
AVOID ALL SOLID FOODS CEREAL AND WHOLE MILK

If the operanon 15 1n the afternoon, your child may have breakfast no later than
900 AM This should consist of stramned frut juice and a cooked cereal such as
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Fanna oatmeal or Cream of Wheat, wath skimmed mmulk. Do not give sold foods
such as eggs, corn flakes or other types of cold cereal Give nothing by mouth (thus
includes both Iiquids and solids) after breakfast

Children can face unpleasantness if told the rruth Do not make up false stones
about what will happen at the hospital The simple truth told by an understanding
parent 13 much berter than fairy tales

Bring your child to the hospital not later than one hour prior to the tme of
operation $o that he can be examned and given an imjection to make him sleepy
The wait before and after operaton s difficult for parents, but necessary for the
safe conduct of recovery from the anesthetic. A waiung room 13 provided for the
parents converuence

Outpatients should have had a history taken and a physteal ex-
amination performed A urinalysis and hemoglobin determunation are
mandatory These dara should be avalable to the anesthetist An
anesthetic and operative pernut should have been signed

Adult ambulatory patients should omut the meal prior to the tume of
scheduled operation even 1f Jocal anesthesa 1s to be used Nothing
should be ingested durmng the four 10 six hours prior to operanon
The nausea and retching that may occur during or following local or
general anesthes:a 15 less troublesome 1if the stomach 1s empty Nar-
cotics should be omutted because of the long duration of action and the
tendency to produce hypotenston, vertigo, fanting, nausea and vomit-
ng when the panent sits up or walks Atropine should be guven wntra-
muscularly 45 minutes before operation 1n those patients scheduled for
general anesthesia Barbsturates may be indicated for nervous or ex-
citable pattents The shorter acung drugs, secobarbital or pento-
barbutal, taken by mouth are preferable under these circumstances
Their admimstration may make for a smoother anesthetic course,
although recovery from anesthesia can be delayed

Qutpatients scheduled for general anesthesia should appear at the
hosprtal one hour prior to the scheduled ume of operation They will
then be given preanesthetic medication and asked to rest quietly untd
the anesthetist and surgeon are ready Clothung should be removed and
hospital attire worn to avoid soting The patient should be asked to
void and also to remove dentures prior to anesthetization

Chorce of Agents and Techmque

‘The sdeal choce for ambulatory patsents 1s local anesthesia, utilizing
mfiltration, field blocl or regional block techmques Short-acting local
anesthetic agents and mummal concentrations are preferred If epr-
nephrine 1s to be used with local anesthetics, the optimum concentration
(1 200,000) must be employed since excessive quanuties produce many
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of the so-called “reactions™ to local anesthetics {nervousness, palpi~
tation, tremor and \ertigo)

The general ancsthenc agents of choice are those that are rapidly
tken up and climinated Nitrous owide, cthylene, cyclopropane,
trichlorethy lene, diviny] ether and ethyl chlonde satisfy these require~
ments Because of lack of preanesthetic medication, mitrous oxide and
ethylene are often inadequate m providing a suffictent depth of anes-
thesia These drugs, howeser, can be more satssfactorily used in com-
bmation with trichlorethylene or divinyl ether For operative pro-
cedures requining only analgesia, tnchlorethylene can be admimnistered
in combination with mir by an inhaler Divinyl ether or ethyl chlonide
can be used with the “open drop” method, but the latter drug should
be used with care to avoid sudden elevatons 1n blood concentration
and circulatory depression Its use 1s best confined to short operatons,
such as myringotomy or reduction of a dislocanon In our hands,
cyclopropane has proved to be an effective way of anesthetizing out~
patients when a more potent agent was required Thiopental 1s 1n-
advisable because postoperative recovery may be delayed

Proper restraints, suction and resuscitatnve equpment should be at
hand duning use of these anesthetics and patients should be placed 1n
the recovery room immediately postoperatnely The period of ob-
servation should be sufficently long to rule out the possibility of de-
layed complications These mclude such sequelae as tension pneumo-
thorax after brachial or intercostal block, difficulty n vision due to
atropine, or hemorrhage from the operative site. The patient should not
be allowed 1o leave unul discharged by the anesthetist and then only
after he has demonstrated hus abihity to walk about without difficulty



CHAFPTER 30

Obstetric Anesthesia
and Infant Resuscitation

OBSTETRIC patients are usually normal healthy ndwduals Because of
this, and the fact that the majonity of women are delivered of mfants
without wcident, obstetric anesthesia often fails to challenge the anes-
thetist Anesthesia for obstetrics has therefore not infrequently been
relegated to the less experienced and 15 often poorly done

Three aspects of obstetrics deserve the anesthetsst’s parucular con-
sideration These are the dependence of the mfants hfe upon the
esents that occur during parturition, the unpredictable time of delnery,
and the fact that certamn comphicauons of pregnancy appear suddenly
and without warmng

Dependence of the Infant’s Survival upon Events Occurring
During Labor

Prenatal or neonatal death may sesult from ({) Oversedation of the
mother i an attempt to relieve the pam of Jabor The excessve use of
narcotics during labor depresses the vital processes of mfant as well as
mother (2) Maternal hypotensson which 15 not uncommon following
the use of contuuous caudal, lumbar epidural or spinal anesthes:a tor
jabor and delivery, may lead to suboxygenation of the fetus (3) Ma-
ternal asphyxsa or hypoxia The nfant normally has a low artersal
oxygen saturation Windle has shown that the respiratory center of the
anumal fetus 1s more Likely to be depressed by oxygen lack than is that
of the matuse ansmal It has also been shown that hy percapnia produces
h)pmmtdanon 1 the mother and Intle or no change in the fetus
The effects of suboxy genation and hypercapma may therefore be less
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well tolerated by the infant than the mother (4) Mcchanical obstetrical
factors (such as nuchal cord, premature placental scparation and pro-
longed labor) may nterfere with infant circulation and oxy genation

The Unpredictable Time of Delivery

This mvolves the following (1) Admimstration of anesthesia to a
panent who may have recently caten Asprration of vomutus during
general anesthesia 1s a major cause of maternal death (2) The need
for rapid admunistration of anesthetics 1o relieve the pain of the final
stages of labor To quiet the patient, high concentrations of anesthetic
may have to be given hurriedly with resultant respiratory and circu-
latory depression (3) Unavailability of attendants This may result in
the adminustration of anesthetics by unshilled indniduals as well as
the attendance upon the mother of mexperienced obstetrical personnel

The Compl 10ns of Preg

&4

(1) Hemorrhage This 1s 2 common comphication due to placenta
previa, placenta abruptio, uterine atony or cervical tears Great shill
and speed of action on the part of anesthetists and obstetricians alike
may be required to save the lives of mother and infant 1n these emergen-
cies (2) Abnormal positions of the infant These may requure profound
anesthettzation of the mother to produce utenne relaxation for podalic
version and breech extraction

ANALGESIA AND AMNESIA DURING EARLY PHASES
OF LABOR

A complete discusston of this aspect of obstetrics 1s beyond the scope
of this yolume A few points of interest will, however, be considered
Opiates, chiefly mependine (Demerol), and short-acting barbiturates
such as secobarbital, are the drugs commonly used for analgesta and
amnesia during labor Narcotics depress the respiration of both nfant
and mother Such depression 1s potentially more dangerous to the
wnfant than that from the inhalation anesthetic agents, since the latter
can be recovered from the infant by pulmonary ventilation after
delivery Even low concentrations of mhalation anesthetics may po-
tentiate the depres<ant effect of narcotic analgesics Narcotics should be
given 1o the mother sparingly and should be avoided 1n the 60 to 90
munutes prior to delivery Barbrturates and scopolamine are less de-
pressant to mother and mfant However, agitation commonly results

and occasionally one encounters a patient who responds to these two
drugs with unusually deep sedation
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The possibility of obtarmng analgesia during the first stage of labor
with whalant agents should not be overlooked Trichlorethylene can
be self-administered by the cooperative and intelligent patient Nitrous
oxide 1n concentrations of 50 to 75 per cent with oxygen can be ad
munstered by an anesthetist To be effecuve, this must be admimistered
as a utermne contraction begins The anesthetist should therefore palpate
the mother’s abdorminal wall to detect the onsct of contraction or ask
the patient to warn him when she feels a contraction first begin Nesther
of these methods ts apt to be effectiv ¢ 1€ the mother has been given large
doses of narcotics and sedatives, since she may have lost the abihiry 10
cooperate Narcotics can be omutted or the dose reduced if analgesia
with trichlorcthylene or nitrous oxide 1s provided

NORMAL VAGINAL DELIVERY
Gencral Anesthesia

Inhalation anesthesia 1s the most controllable method of obstetrical
ancsthesia It 1s usually available and can be given to the patent who
1S Crowmng, moving or uncoopetrative It 1s the most reliable from the
patient’s standpoint While any of the inhalatton agents may be chosen,
we prefer mitrous oxide and oxygen with or without small amounts of
ether Deep anesthesia 1s not required for normal vagmal delnvery
Tour liters of mtrous oxide with one and a half liters oxygen per mmn-
ute are often adequate Such a mixture 15 admimstered preferably in 2
non-rebreathing system to ard tn elimunation of mtrogen Thus faciluates
the uptake of mitrous o¥:de and hastens induction Since the majority of
patients will have had narcotics for parn relief, analgesta may be reached
within a few minutes The anesthetsst can judge the adequacy of anal~
gesia or anesthesia by observing the patient’s response to the pamn of
uterine contraction or epistotomy When the patient hes quietly during
erther of these, conditions are suttable Both obstetrician and anesthetist
should remember that sevesal are required for the develog
of maximal analgesia Both must also realize that during ight anesthesia
1t may be difficult to avoid movement of the patsent in response to pain
When nutrous oxide has been used in the manner described, the patients
are ustially awake shortly after the termunation of the delivery and
reparr This nuimmizes postanesthetic compheations

1If suitable conditions cannot be provided with mitrous oxude, ether
should be added Deep cther anesthesia 1s to be avorded since 1t causes
utesine relaxation and excessive bleeding Once the infant’s head has
veen delivered, the ether can usually be stopped Minute to minute
observation 3s necessary, however, and a return to ether may be re-

qured for repar of the episiotomy
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We da rot advocate the use of mravenors bastiturares to produce
general aresthesia for vagmeal delvers While 1deal from the pomt of
<ew of rapidite of mducuon, they poss a threar of respracory de-
pression to the mfant Should delivery be delaved bevond 2 few punutss
after drug tmecnon, the mfars areulinon mav pick op enorgh
barbrtura'e to prevent the early esablshment of resprration followag
burth,

Whenever genesal anesthes: 15 to be gven for obstetrics, the wsual
precautons must be tken. The most common problem durmg general
anesthesta for vagmmal delrvers s vonunng  Asprranon of vomrus with
resulzant obstrucnon of the 2.rwav or chem.cal prenmoenins 1s comon
and often the capse of maternal deah. Patients who have recently
eaten or m whom there 1s stsprcion that the stomach still contums foed
should not be grven general anesthesta, Spmal anesthes:a or regional
block 1s preferable. A techmque that has proved to bave ment m our
clmic has been the provision of analges:a wrth £0 per cont nrmrous
oxude and oxvgen and the mfilranon of the Ine of masion for the
eprsiotornv wrth 1 per cent procame. Nirous oxide cin then be dis~
connnued durmg the reparr of the epsiotomy

Spinal Anesthesza

The techmque for the admmistration of spmal anesthesa 1s described
m Chapter 15 Qnlv a block of the sacral nerves need be obtamed for
the second and third stages Lumbar puncture mav be performed wih
the patent sitting or m the [ateral decubrrus posmon. The drug shonld
not be myected while a urenine contraction 1s m progress, smee myecton
at this tme mav sesult 1 2 high level of anesthesia. Hvperbanie solu~
nons are usually used. If the lateral posmon 1s utilzed, the table shauld
be m reverse Trendelenburg when the patent 1s placed supme or
several pillows mav be placed under the head and shoulders to produce
the same effect. This will reduce the likelibood of 2 hugh ascent of 2
hyperbarnc soluton.

Certan problems ma anse during the admmsstration of or followmg
spmal anesthesia for vagmal delvery™ (1) The panent 1s less able to
flex the spie for lumbar puncture because of the siz= of the abdamen.
(2) Because of the mcreased abdomumal pressure, and protable redoe-
tion m volume of cerebrospmal flnd, hvperbane solunons often nse
fapidly and high levels of anesthesia mav resule, Therefore, one shoald
Leep the amount of drug and total volume myected at a mummum (S mg
tetracaine with 0.5 mi. 10 per cent dextrose) (3) If the level of Imotor
anesthesia nises too high, utenne acnon mav cease 2nd kabor will ke
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retarded (4) Hypotension frequently follows spinal anesthesia under
these circumstances, the blood pressure must be carefully observed
{5) The ncdence of headache following Jumbar puncture with ordi
nary needles for spinal anesthesta may be quite high (over 20 per cent)

Single Injection or Continuous Caudal Block

For the details of the technique of these procedures the student
should consult a text on regonal anesthesta Continuous caudal anes-
thes:a can be used throughout labor, whereas spinal anesthesia 1s used
only for the termunal stages When ¢ caudal h 15
employed properly, certain advantages accrue (1) The dose of de-
pressant drugs admuustered to the mother for pan rehef 1s reduced
(2) There 1s hitle need to adminuster general anesthencs dunng de-
Inery, thereby reducing the possshility of infant dep (3) Ma-
ternal comvalescence 18 smoother because of the dumunshed need for
narcotics, barbiturates and anesthettcs during Jabor and delneny
(4) There 15 a psychologic value in having the mother alert and able
to apprecate the arrival of her child

The disadvantages of continuous caudat are the following (1) The
method 15 time-consuming in admumstration and techmcally more
difficult than spinal or general anesthessa Anatomuc varations of the
sacrum are considerable (2) It 1s applicable only if sufficient time
ewsts pror to delnvery to perform the procedure and obtain analgesia
This usually requires a mummum of twenty minutes (3) Oucasionally
succeeding doses of local anestheucs are less effective than the msual
dose (4 Hypotension may result from the block of sympathetic
nerves {5) Infection s 2 possibiliy

The local anesthenics used for continuous caudal include prperocane
(Metycamne) 15 per cent, hdocame (hylocaine) 10 per cent 10 15
per cent, of procamne 1 5 per cent to 2 per cent When the pauent s
ready to deher, the final dose of local anesthetic 15 admunustered, the
needle or catheter withdrawn and the patsent mosed with care onto the
delnery table Close observation 1s mandatory at this ume as hypo-
tension can occur with the final mjection or with movement of the
patient

Pudendal Nerve Block

The techmque of this block will not be considered It can be per-
formed esther by obstetrician or anesthetist Good perineal anesthesia
and relaxation can be obtamned but rehief from the discomfort of uterine
contractions is pot provided It is the method of choice for pattents who
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have recently caten and those 1n whom a gencral or spinal ancsthetic
1s contraindicated It provides the same advantages of caudal anesthesia
save for incompleteness of pan relief It s technically sumpler than a
caudal block and 1s less likely to produce hypotension or result i n-
fection When combined with mitrous oxide analgesia, 1t can provide
complete comfort for the mother

ANESTHESIA TOR PODALIC VERSION

Anesthesia for this procedure differs from that already discussed
because of the need to obtan a deeper level of anesthesia rapidly to
allow for abdomnal wall and uterine relaxation, and for intra-uterine
manipulation Once the manipulation 1s complete, there must be a quich
return to a hght plane of anesthesia to permut the return of uterine
tone and 1o present excessnve bleeding Cyclopropane and oxygen are
valuable for this purpose

ANESTHESIA FOR CESARLCAN SECTION
Elective

Mothers scheduled for elective cesarean section usually receive a
belladonna drug with or without a barbiturate for preanesthetic medica~
tion We beheve spinal anesthesia to be the anesthetic techmque of
choice because of the absence of infant depression The onginal ob-~
jections voiced by obstetricians were based upon the lack of recognition
and nadequate treatment of hypotension Improved anesthetic care
makes these objections untenable The precautions mentioned n
spinal anesthesia for vagmal delivery should be observed, although
the pauents do not have uterine contractions A sensory level of anes-
thesia above I'-8 15 not needed This can almost always be obtamned with
10 mg of tetracaine, or less, with equal parts of 10 per cent dextrose
It 15 common for a high level of anesthesia to result because of the 1n-
creased intra-abdorminal pressure The blood pressure should be ob-
served frequently to detect early hypotension In the event of a lowered
arterial blood pressure, treatment should be mnstituted promptly

Once the infant has been delivered, the mother may be given a nar-
couc intramuscularly or, if necessary, small doses of an intravenous
barbiturate may be used Immediately following delwery 1t 1s customary
o gne an intravenous or intramuscular injection of ergotrate or
Pitocin to promote uterine contraction The intramuscular route 1s
preferred since hy pertension or vormting may follow the ntravenous
njection

When general anesthesia s used, cyclopropane with or without ether
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supplementation 1s preferable Every effort should be made to minumize
the tune snterval between wduction of anesthesia and delivery of the
mfant to avoid depression of the nfant’s respiration Deep anesthesia
should be avorded and muscle relaxants ate rarely necessary

Controversy exists as to the use of Pitocin 1n the presence of cyelo-
propane anesthessa Concern 15 expressed that the combination may
result in ventricular fibrillation because of coronary artetial constriction
produced by the pstwstrin which may be present 1n Pitocin Data to
support this belef are Iaching Whife we do not advocate the routine
use of this combination, we have no hesitancy n using Prtocin in well
oxygenated patients receiving cyclopropane anesthes:a, if the obstetn-
cian believes the drug must be used

Emergency

Cesarean section may be scheduled as an emergency because of fetal
distress, uterine nert1a, pehvic disproportion or maternal hemorrhage
Under these ctreumstances an mtravenous mfuston should be stacted,
with a large bore needle Blood must be available as well as a means for
rapid admimustration Oxygen should be admuustered to the mother
untl the oper ting room and surgeons are ready Anesthesia should be
nduced preferably with cyclopropane because of the speed with which
anesthesia can be obtamed While some favor the mtrous oude-
oxygen-ether sequence, we beljeve the prolonged tnduction with this
combinaton to be a disadvantage Operation should commence as soon
as possible, and the nfant should be speedily delivered, no longer than
three to four minutes should elapse between the start of anesthesta and
the ncision Abdomunal relaxatson ts generally not required because of
the lack of tone of the abdommal muscles When possible two anes-
thetists should be present, one to care for the mother, the other for the
nfant

The madence of respiratory difficulty 1s higher in mnfants born by
cesarean section than 1n those delivered vaginally Gastric suctson has
revealed that the stomachs of the former infants contain more flud
than do those delivered through the pelvis It has been postufated that
cesarean section babies may aspirate ammiotic flud at the time of
birth, or swallow this fluid, later regurgitating 1t and inhaling 1t 1ato
the lungs For these reasons aspsration of the stomach 1s recommended
for all infants born by cesarean section ‘This maneuser must not, how~
ever, take precedence over the treatment of resprratory depression of

obstruction
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ASPHY\IA NLONATORUM

The ancsthetist can assist 1n the carly detection of this condition
by affixing a stethoscope over the abdomen where the fetal heart sounds
are best heard He can determine the heart rate from munute to
minute and can wamn the obstetnician of slowing which 1s a good
indication of fetal distress Should a slow rate be detected, the inspired
oxygen ginven the mother should be increased If the heart rate does not
change after additional oxy gen, the infant should be speedily delivered

The most common causes of asphyxia nconatorum are (1) prema-
wunty, (2) narcotics given to the mother during labor, (3) overdose of
anesthetic agents, and (4) trauma of delivery The anesthetsst can do
Intle about the first and last When an nfant 1s delnered and fails to
breathe shortly thereafter, the following plan of therapy should be
adopted

Secretions, amniotic fluid and debnis should be aspirated from the
oropharynx with a rubber bulb suction device

Oxygen should be administered with intermittent positive pressure
from a bag and mask or with a resuscitator Care must be taken to
avord overinflation of the lungs or distention of the stomach Generally
20to 30 cm of water 1s the maximum safe inspiratory pressure Since
the infant thorax 15 1n a posttion of maximum nspiration, the chest
wall will not move much with nflation of the lungs Excessive move-
ment suggests ovennflation

If 1t 1s obvious that the lungs are being ventilated, tracheal intubation
1s not indicated If there 1s doubt, the glottis should be carefully ex-
posed with a laryngoscope, a small suction catheter inserted into the
trachea and secretions aspirated Often this maneuver will mnitate a
cough or start respiration If not, one should insert a sterile 14 F
endothracheal tube and continue with inflation of the lungs With this
arrway overmnflation becomes a greater possibility than ever before
Intubation of the newborn infants trachea may lead to laryngeal
edema, 1t should not be taken lightly If, however, the indication for

mntubation 1s present, one should not hesitate to proceed Aruficral
respiration may be continued indefinitely by this means

Continued failure of spontaneous respiration suggests depression of
the infant owing to narcotics given the mother, to birth trauma, or to a
congenital anomaly If there 1s reason to suspect the former, nalorphine
(Nalline) 0210 0 5 mg or levallorphan (Lorfan) 0 05 to 0 10 mg may
be imjected into the umbilical vein A total of at least 2 m! of solution

should be used to be certain that the drug gets into the infant s circula-
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tion If narconzation 15 the euologic factor, the child should begm to
breathe within several minutes If overdose of anesthetic, birth trauma
or congentrtal anomaly 1s the cause, the anatagomsts will be of no avad

If the heart rate becomes slow and feeble, ephedrine S mg or caffemne
sodium benzoate 50 mg njected intravenously may be helpful

The following procedures are not recommended (1) Slapping, con-
trast baths, and other means of external sumulation (2) Inhalatson of
carbon dioxrde muxtures—the wnfant’s arteral carbon dioxide tenston
15 already above normal (3) Pentylenetetrazol (Metrazot), mketharmde
{Coramme), alpha-lobeline and other analeptics, all these are con-
rraindicated 1n the presence of hypoxa

Obstetric anesthesta can be interesting 1f the anesthetsst partcr-
pates 1n the entire care of the mother and infant rather than confining
hss efforts to the technical administration of an anesthetic during the
rush of delwvery The proper management of analgesia with narcotics,
hypnotics and inhalational anesthetics 1s challenging The correct
chorce and admunstration of the anesthetic are demanding The suc~
cessful resuscitation of & cyanotic lunp newborn 1s a sausfying ex-
perience
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CHAPTER 31

The Management

of Narcotic Poisoning

THE CARE of a pauent suffering from an overdose of a narcotic 1s essen-~
tally that of an individual during general anesthesta An anesthetist,
therefore, can contribute much to the management of these patients
Those concerned with the admission of comatose individuals to hos-
prtals should be apprised of the wisdom and urgency of secking help
Anesthetists should respond to the call with 2all possible speed and with
a ranonal plan of treatment

Depressant drugs per se seldom cause death unless taken 1n massive
doses On the other hand, prolonged suboxygenation or arterial hypo-
tension secondary to the action of these substances can lead to 1rre-
Parable ¢ or death Establst 1t of adequate pulmonary ven-
tilation and support of the circulation therefore take precedence over
all else Once this has been accomplished, efforts at differential diag-
nosis can be begun, the remander of the therapeutic program nsti-
tuted and a guarded prognosis given The anesthetsst called for such
an emergency should take with hum an emergency or “E” kit kept 1
readiness at all umes, together with a bellows resuscitator for matnte-
nance of venulauon These ttems are illustrated 1n Figures 45 and 46

URGENT TREATMENT
of Adeq; Pul y Venulation

A patent awrway must be mamntamned through correction of soft
Uissue obstruction and removal of secretions from the air passages 1f

Establict
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Fig 45 A E kit B K !

tracheal reflexes are present and soft tissue obstruction exists, an
oropharyngeal airway will probably suffice When pharyngeal and
laryngeal reflexes are diminished or absent, the trachea should be mn-
tubated (35 French uncuffed endotracheal tube in aduits, or smaller as
indrcated) A catheter for aspirating secretions should be passed through
this tube every hour and the tube changed every twelve hours It s
removed when pharyngeal and tracheal reflexes return

Resprratory tidal exchange and minute volume must be adequate
The former can be measured for accurate appraisal Apnea, shallow
respirations, Cyanosis, subnormal saturation of hemoglobin or hyper-
capmua as shown by artenial blood analyses mdicates the need for arti-
fictal respiration A mechanica) respirator or manual rhythmuc com-
pression of an anesthetic bag wiil suffice During coma from any cause,
oxygen should be adminstered If respirations are adequate, 3 1o 4
liters per munute of oxygen can be admunistered through a catheter
placed within the endotracheal tube In the absence of an endotracheal
tube, 6 to 8 liters per munute of oxygen can be admmstered via a naso-
pharyngeal catheter

To facilitate dramage of secretions from the respiratory tract, the
Jateral decubttus position 1s best, with the head shghtly lower than the
feet Lowering of the head of the bed more than 5 degrees may 1nter-
fere with resprration through elevation of the draphragm The patient
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Fig 46 Contentsof E kat 1 Laryngoscope 2 Endotracheal tube 3 Metal
suction ip 4 Qropharyngeal airway 5 Nasopharyngeal airmay 6 Lubrnicant
7 Bite block 8 Tourniquet 9 Suction catheter 10 Jaw-opener 11 Short acung
barb 12 Ampules pressor drugs 13 Needles 14 Synnges
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should be turned from side to side hourly to munumuze hypostauc pul
monary congestion

Support of the Circul

An intravenous wnfuston of 5 per cent glucose 1n water should be
started Twenty-five hundred mulliliters of glucose and 500 ml of
normal saline should be guen every twenty~four hours by vemt If
shock ts preseat, plasma expanders or whole blood may be adicated
When necessary, the blood pressure should be masmtamed withun the
phystologic himuts for the patient by the use of vasopressor drugs The
contnuous nfusion of phenylephrine (Neo-synephnine) (10 mg m
1000 m! 5 per cent glucose in water) is advisable 1f a single mntramuscu-
lar mjection of 2 to 3mg of the same drug, or appropriate dose of other
vasopressor drug, has not elevated the blood pressure Ifa more potent
vasopressor 15 required, norepinephrine (4 mg per 1000 ml 5 per cent
glucose 1n water) 1s indicated The latter drug should not be tried first
because of the more esvanescent effect and the greater hazard of local
ussue necrosis Both solutions require careful titration If 2 pauent’s
blood pressure cannot be mamntained by the concentrations of pressor
drugs listed, these should be increased three- to four-fold

DIAGNOSIS
As mentoned, once resprratory and circulatory funcuon has been
found adequate, one can rurn to differentual diagnosts

History

Consult with the patient’s physicran andfor famuly and friends for
fusther mnformation Deternune if possible, the type and amount of
drug or drugs mvolved The following questions may be asked 1s the
mdividual 2 habitual user of drugs, or, was there concomitant use of
alcoho!® Does the patient have a history of cardiovascular, cerebral,
hepatic or hidney disease® What treatment for posoning has the pauent
had prior to adnussion® Caution do not be led astray by the demonstra-
uon of empty drug bortles The implicanon may not always be cor-
rect, and more than one drug may be mvolved

Chemucal Analysis

Parhiturates may be detected chemucally in gastric contents, urne or
blood There are also methods for deternuning certain of the oprates
Faslure of detecuion, however, should not exclude the fact that the
drugs may be present
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Suggestive Clinical Findings

Rapid, shallow respirations are more likely to follow ingestion of a
barbiturate, while slow, deep breathing ts indicative of narcotic potson-
mg Pinpont pupils suggest but are not pathognomonic of narcotic
overdosage Hypowa dilates pupils

EVALUATION OF THE DEGREL OF' CENTRAL NERVOUS
S1STEM DEPRESSION

Some attempt must be made to assess the depth of depression A
prognosts cannot be offered until such an assessment has been made
The following tests have proved of use in determimng the degree of
narcosis

Respiratory response to the inhalation of 5 per cent to 10 per cent
carbon dioade Faslure of hvperpnea to appear indicates depression of
the respiratony, center

Blood barbirurate levels Levels above 10 mg per 100 ml suggest
deep narcosis Habitual users of barbrturates may tolerate higher
levels than those unaccustomed to their use

The tracheal caninal reflex Thus 15 one of the last reflexes of the body
to be abolished Yts presence or absence 1s determined with catheter
sumulation duning tracheobronchual aspiratton Its absence indicates
deep coma

Electroencephalographuc tracings Predomunance of waves of low
frequency and low amplitude indicates deep depression

Response to the rapid intravenous injecuon of 5 ml of 10 per cent
pentylenetetrazol (Metrazol) No response suggests deep depression
while an increase in respirauon or moyement of limbs indicates a mild
depression

Absence of tendon reflexes or pupillary response to light 1s an indica-
ton of deep coma

FURTHER TREATMENT IN ORDER OF IMPORTANCE

Gastric Lavage

A considerable quanuty of unabsorbed drug may remain in the
stomach for many hours This can be removed by passage of a large
bore gastric tube with careful aspiration of the gastric contents using
10 to 20 m! amounts of normal saline Regurgitation of stomach con-
tents must be anticipated In deep coma it 1s best to prevent pulmonary
aspiration of gastnic contents by passage of a cuffed endotracheal tbe

before gastric lavage After lavage, the cuffed tube
can
< Plath oR (0 MUHIZS wathent roee e be replaced with
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Prevention of Urinary Bladder Distention

This may be obviated by the msertion of an mndw elling catheter or
by mternuttent catheterization

Prevention of Infection

Comatose mndrviduals are prone to develop pulmonary infections
Antibiotics should therefore be used prophylactically

Prevention of Damage to Lyes, Lips and Mouth

Care should be exercised to present such damage by taping the eyes
shut and by lubricating the lips to prevent drying and craching Atten
uon must be pawd to oral hygiene

Use of Analeptic Drugs

The value of these substances 1s controversial The consensus 1s that
they should be employed only after attention has been paid to the
previous measures and only 1n those patents thought to be in deep
coma Their use i patients who have experienced severe hypoxa 15
contramndicated The use of analeptics 1 associated with certamn haz-
ards These include convulsions with subsequent cerebral depression,
vomuting with the danger of aspiration of gastric contents and the pro-
duction of cardiac arrhythmias

Picrotoxsn This 1s the most potent and most dangerous of the
analeptics The suggested dose 1s 3 mg grven wtravenously folloved
by a fifteen 1o twenty minute wart for improvement in respreation or
tendon reflexes If there 1s no response, a second dose of 6 to 9 mg can
be admimstered followed by the same warting period The dose can be
tncreased gradually untl the following signs of improvement are noted
1ncrease 1 muscular tone, improved resprratory activity and returping
reflexes Muscular twitching suggests rmpending convulstons Under
these conditions picrotoxin should be withheld

Pentylenetetrazol 10 per cent Solunion (Merrazol) This drug 1s less
potent than picrotoximn The maximal action occurs within one to two
munutes and the durauon of action 1s brief Frve to 10m! should be ad-
mumstered intravenously as an imual dose This 15 increased ind
repeated as indicated

Afethy l-ethyl-gluarimude (Megmde) — The efficacy and comparattve
potency of this drug have not yet been established Once thought to be
a spectﬁc antagomst to barbrturates, 1t 1s now recogmized as a non-

speaific stimulant stlar m action to picrotoxin Rapidity of acuon
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parallels that of pentylenctetrazol The recommended dose 15 10 ml of
an 05 per cent solution gnven intravenously The dosc 1s repeated as
nccessary

Nalorplanc (Nalline) and Le allorphan (Lorfan)  These are specific
antagonssts to the narcotics (11g 47) and are of no value, even possibly
harmful, when used 1n patients depressed by other drugs Levallorphan
1s about fise times more potent than nalorphsne The intravenous dose
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Fig 47 Increase 1n respiratory rate and minute volume followmg the intra-
venous iyjecuon of nalorphine ina patient d by 1E,
Elder JD andkuing BD Am JM Sc vol 223, 1952)

of levallorphan 1s 1 to 2 mg and that of nalorphine 5 to0 10 mg Either
drug may be repeated withm two hours 1f needed

Hemodialysis

This 1s a relatively new form of treatment for barbrtura
and has not yet been thoroughly evaluated By the use of
kidney, a sigmificant proportion of barbiturate can be r
the blood stream Dialysis appears to be most effective for pattents why
have mg?t:d ovemll:elmmg amounts of drug There 15 a rish m the‘ :s:

hemodialysis so that 1t 1s no
2;“1 pancn:'s t advocated for any but seriously poss-

te poisoning
an “artificial
emoved from
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PROGNOSIS

Decep coma decs not always smply a poor prognosis However,
hypoxia as a prormnent featurc of coma worsens the prognosis and 1n
creases the hkelihood of residual corebrat damage The presence of
concomuant carchovascular, cercbral or hepatic disease bespeaks 2
poorer prognosis Absence of the tracheal cannal reflex carnes with sta
poor prognosis, as do clectroencephalographic tracings indicauve of
persistent deep narcosts Combinations of drugs such as barbiturates
and alcohol appear 1o cause death more often than 1f alcohol has not
been taken

APPRAISAL

The available data suggest that the martalny from barbuturate po:
sonng treated by supporuve therapy alone can be strikingly smalt It
15 probable that ansleptics do not increase the survival rate and may
event uicrease mortality We therefore rarely use this type of treatment
C patients req wvigilant and should never be feft
alone Observations should be recorded carefully by nurses as well a5
physicians With such carc and application of the aforementioned
therapy, the mortality and morbiduty from narcotic possontng should
be minimat
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CHAPTER 32

Fundamentals of

Inhalation Therapy

DURING the early decades of the twenueth century, hospitals mamn-
tamned oxygen tents but Little interest 1n the rational use of oxygen was
display ed by exther the medical or admimstrative staffs No attempt was
made to estumate the concentration of oxygen nside the tent, and the
majority of patients breathed a far lower concentration of oxygen than
their medical attendants realized Measurements of arternial oxygen
content, saturation or tension were confined to research laboratorzes

Gradually more dnersified methods for increasing the alveolar
oxygen tension were developed and nasal catheters, masks and hoods
came 1nto chirucal use Yet the indications for a particular device re-
mained poorly understood by most physicians, as did the operational
aspects of the equipment mvolved The nursing and orderly services
were ustally 1n charge of setng up and supervising the apparatus
selected At this stage of development the term oxygen therapy was
comed It connoted an effort—usually not verified by objective tests—
to increase the amount of oxygen available to a patient’s lungs

Attention began to turn toward the rcspxramry tract as a whole
Physician specialists in pt d the problems in pulmo-
nary gas exchange assoctated with improper posittioning of the uncon-

scious pauent, the encroachment of tumors upon the airway, and the
accumulation of secretions within the respiratory tract Anesthetists
were consulted when respiratory problems developed in patients on
all hospital services, and a subdwision of oxygen therapy was often

established within a department of anes!hesxa Anesthetssts understood
respiratory tract obstruction, they were familiar with the

239
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PROGNOSIS

Deep coma does not always ymply a poor prognoss Howeser,
hypoxia as a promunent feature of coma worsens the prognos:s and it
creases the bhelhood of residual cerebral damage The presence of
cone cardiovascular, cerebral or hepatic disease bespeaks a
poorer prognosis Absence of the tracheal carmai reflex carties with it a
poor prognosis, as do electroencephalographuc tracings mdicauve of
persstent deep narcosss Combinations of drugs such as bachuturates
and alcohol appear to cause death more often than 1f aleohol has not
been taken

APPRAISAL

The available data supgest that the mortahty from batbuurate poi-
somng treated by supportive therapy alone can be serkungly small It
1s probable that analeptics do not increase the survival rate and may
even increase mortality We therefore rarely use this type of treatment
Comatose patients require \igiant attention and should never be left
alone Observations should be recorded carefully by nurses as well s
physicians With such care and apphcation of the aforementioned
therapy, the mortality and morbidity from narcotic possoning should
be munumal
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eters should be changed from nostnl to nostnl at least every twelve
hours, for they become encrusted and the nose becomes sore

Masks

By means of face masks one can admimister higher concentrations of
oxygen (90 to 100 per cent) However, the disadvantages arc consider-
able If a good mash fit cannot be obtained, leakage will reduce the
oxygen concentration available Masks are uncomfortable for pro-
longed periods of ttme Irequently, 1n restless or uncooperative pa-
ents, the mas\ becomes dislodged Constant attention 15 mandatory
Because of the increase in dead space, carbon dioxide may accumulate
The latter factor 15 important in the use of the BLB mask, in which
there 15 partal rebreathing It 1s less important 1n the OEM or non-
rebreathing mash

Oxygen Tents or Hoods

With these devices the patient breathes from a larger volume than
with a mask Leaks must be presented and the oxygen flow mto the
tent or hood must be sufficient to prevent accumulation of carbon
diowide, that 1s, 15 liters per minute for 20 to 30 munutes when the
patient first 15 placed 1n the tent and 10 to 12 liters per munute there-
after The oxygen content of a tent 1s rarely above 50 per cent, and may
be httle more than that 1n room arr unless care s exercised to prevent
leakage The oxygen content of 2 hood can reach 90 to 100 per cent
with care When either of these techniques 1s used, the oxygen concen-
tration should be measured frequently by drawing samples from the
hood or tent through an oxygen analyzer The oxygen content may fall
below normal 1n a tightly closed tent or hood 1f the supply 1s exhausted
Constant attentson 1s therefore requred

POSSIBILITIES OF HARM FROM OXYGEN
Treatment of Chronic Hypoxia

The admunstration of high oxygen concentrations to patients with
chronuc hypoxia may result 1n coma The phy swologic basis for this 1s
probably as follows First, 1t has been shown that strong chemoreceptor
sumulation may result in sumulation of the cerebral cortex as well as of
the medullary centers A low tension of 0¥y gen 1 the artertal blood 15
2 potent sumulant to the chemoreceptors of the caroud and aortic
bodies If hypoxia has persisted for a long period, 1ts sudden removal

by inhalation of oxygen mught lead to a depression of cerebral cortical
cells and appearance of coma In addtion, the pauent with pulmonary
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of gases under pressure and they were shalled at direct laryngoscopy
The subdwision was therefore a natural one

As hnowledge of pul 3 function ac lated and the patho-
logic physiology of such respiratory diseases as pulmonary emphysema,
fibrosts and asthma became better understood, the field broadened
The smportance of factors other than the admimistration of oxy gen and
the mamntenance of a patent airway was realized The value of humidi-
ficauon of inspired gases and, the use of aerosols and bronchoddator
drugs was explored The bastc aim of this mnterest was to oxygenate
blood, to remove carbon dioade from the alveoli and to dimnssh the
respiratory effort required to accomplish these purposes This broader
approach 15 now known as inhalaton therapy, the fundamentals of
which will be presented 1n this chapter

INCREASING THE OXYGEN CONTENT OF INSPIRED AIR

If the passage of gas mto the alveok 15 ummpeded and the ovygen
content of artenal blood 1s below normat as evidenced by cyanosis or
blood analysss, the msprred oxygen concentration should be mereased
Thus can be accomphished by the following rechniques

Nasopharyngeal Catheter

A soft mbber or plastic catheter lubricated with a water-soluble
jelly 15 passed through the nose and the tip placed just above the ept-
glotus The proper distance can be estunared for each patsent by place-
ment of the catheter along the pattent’s face with the up of the catheter
at the tragus of the ear The distance from tragus to the external nares
minus 1 em 1s the approumate length of catheter to be mserted In
conscious patsents, the proper distance can be estimated by mserung
the catheter with oxygen flowing at 6 liters per minute, untul the patient
begins to swallow the delivered oxygen The catheter should then be
withdrawn about 1 em and fastened to the forehead and nose, or to the
upper lp and lower cheeh If 1t 15 advanced too far, the patrent will
swallow o¥ygen and the stomach may become distended If it 1s not
advanced far enough, the concentration of oxy gen mspired will be too
low Properly placed, and with a flow of 6 liters per munute, an oxygen
concentration of about 50 1o 55 per cent can be mamntamed i the ar
entering the trachea The owgen should be humdified by passage
through water to prevent drying of the mucous membranes The
cathetes may also be placed within an endotracheal or tracheostomy
tube, taking care not to occlude these airways The flow of oxygen i1t
these latter cirrcumstances need not exceed 4 Iiters per munute Cath-
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Consequently oxygen apnea 1s imited to a small group of patents,
such as the following (1) Pauents deeply ancsthetized with non-
volaule anestheucs, such as barbiturates, Avertin and opuates, which
depress the normal response of the center to carbon dioxide, and so
depress respiration and produce hypoxia These agents do not set up
reflexes sumulant to respiration (other than hy poxia) as does cther (see
page 57) (2) Pauents with cercbral trauma or edema with consequent
damage to the respiratory center (3) Normal individuals made severely
hypovic by exposure to low oxy gen muixtures or to high alutudes Under
these circumstances medullary depression may have been caused by
severe hypoxia, or the hy perventilation induced by hypoxia may have
lowered the arterial carbon dioxide tension to the pownt at which it
became meffective 1n stumulating the respiratory center The incidence
of this type of apnea 1s low, the duration brief, and no special measures
are needed to start breathing again

The occurrence of * oxygen apnea” does not mean that nhalation of
oxygen should be stopped It 1s merely a convinang indication of the
need for such therapy, even if artsfical sentilation 1s required tempo~
rarily It 1s far better to have an individual well oxygenated through
aruficial respiration than to have him breathing spontaneously and be
poorly oxygenated

Oxygen Toxaty

If oxygen 1s mnhaled for longer than 24 hours and the inspired con-
centration 1s greater than 70 per cent, one must antictpate the possi-
bility of oxygen towcity In normal man and animals, the inhalation of
high concentrations of oxygen for this length of ume produces signs
and symptoms of respiratory tract irritation These consist of substernal
pain, cough, dyspnea, and occasionally pneumonitss The cause of this
syndrome 1s unknown Whether a longer or shorter ume would be

required for 1ts development 1n patients with respiratory tract disease
15 also not known

ADJUNCTIVE THERAPY
Humidified Gas

In the presence of high flows of gas with low moisture content, the
respiratory mucous membranes become drs, ciltary activity 1s reduced,
Secretions thicken and are difficult to expel The air Passages narrow or
cho;ne blocked and decreased alveolar ventilation and atelectasis

evelop This sequence of events can be mintmized by the inhalation of
825 with a high morsture content Means for providing humidified gas
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emphysema usually has difficulty with the pulmonary exchange of both
carbon dioxide and oxygen As a result, a prolonged elevation of the
artenial carbon dioxide tenston occurs, and the resprratory center may
‘become snsensitive to carbon dioxide The patient’s respiration s then
driven partly by hypovta and partly by vagal reflexes from the lung but
not by carbon dioade Under these circumstances mhalation of high
concentrations of oxygen decreases tidal exchange by removal of part
of the refiex drive to the respiratory center Carbon diovide may then
accumulate to tox, narcotic levels and so further depress the cerebral
cortex

Serious depresston of the central nervous system by oxygen occurs
1 only a small percentage of patients with chronic hypowa However,
when 1t does occur, the physician faces a dilemma Untreated, the
patient may be conscious but owing to the hypoxsa, cerebral and car-
diac damage may result Treated with oxygen, the patient's artenal
blood becomes better saturated but coma ensues

Oxygen Apnen

A deeply narcotized pauent may stop breathing following a few
breaths of oxygen This has been termed “oxygen apnea’ The follow-
ing explanation has been offered for tlus phenomenon In a normal
individual, respiration 3s regulated primarily by carbon dioxide acting
directly upon the medullary respiratory center, and to a lesser degree,
by reflexes arising within the vascular system and m the arway and
lungs In the narcotized patent these reflex mechamsms become more
important m controlling respiration because all cerebral depressants
reduce the sensitivity of the medullary centers to carbon diowude In
deep anesthesta the response to carbon dioxide may be completely
lacking and the only forces mamntaining respiration may be those ansing
from the more resistant reflex mechanisms such as the oxy gen sensitive
chemoreceptors In such a condition, an abrupt correction of the
hypoxia may result in temporary apnea

The mportant question from the chimcal pomt of view 15 ‘When
may such apnea be expected to occus? ’ It may be anticspated when
oXygen 1s gren to patents whose respiratory center s no longer regu-
fated normally by carbon droxtde and who have no smportant reflexes,
other than chemoreceptos reflexes, maintaming respiration  These
qualfications exciude the majonty of patients with anowia due to patho-
logie changes in the Jungs, for the resprratory center i such individuals
1s bemng sumulated by another important reflex, the vagal stretch

reflex (Hering-Breuer)
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ance to breathing when there 1s turbulent flow because the density of
the gas mnture 1s low It probably will not change resistance to respira-
uon when turbulence 1s not a factor since the viscosity of a helium-
oxygen munture 1s shghtly greater than that of air

Oxygen under Increased Pressure

Ventilation occastonally must be assisted by raising the pressure in
the air passages above atmospheric When this situation arises, there 1s
usually suboxygenation of artenial blood so that 1n add:tion to the n-
creased pressure, oxygen should be added to the inspired mixture
Several illustrations of the utility of this therapy will be presented In
pulmonary edema the lungs become nelastic and do not respond as
readily to normal changes n intrapleural pressure The air passages
contain frothy flnd Under these circumstances increased arrway pres-
sure may expand the lungs more adequately and provide better alveolar
ventlation The additional oxygen raises the oxygen tension within the
alveol, thus increasing the diffusion gradient across the pulmonary
capillary membrane, but the mechanical dilatation provided by the
added pressure 1s probably of greater importance Simularly mn pulmo-
nary atelectasts, collapsed alveol can be expanded by increased airway
pressure Agam, the mechanrcal dilator or expansion effect 15 probably
of as much value as the additional oxygen

Oxygen can be administered under increased pressure by a bag and
mask for short periods, but a mechanical venulator 1s more satisfactory
for prolonged treatment The ventilator of choice 1s one activated by
the patient s breathing and in which both expiratory and inspiratory
pressures can be varied by the attendant It 1s not feasible 1n this chap-
ter to discuss the features of each of the many devices available The
student must become famihiar with the mechanical aspects and limits of
2pplicability of the equipment which he 1s to use Only 1n this way can
he diagnose and correct inefficient or 1mproper operation

Carben Dioxide Inhalation

A nise 1n the carbon dioxide tenston 1n arterial blood will ncrease
the rate and depth of respiration unless the resprratory center 15 de-
pressed by narcotics or disease, the muscles of respiration cannot re-
spond normally to this sumulus as mn anterior poltomyelitss, or the
lungs and chest wall are stiffened and fixed as 1n pulmonary emphy-
sema Carbon dioxide inhalatons may be used in the prevention and
treatment of pulmonary atelectasis, 1n the hquefaction of rspiratory
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1nclude the use of cold steam, nebulization of water 1 a croup tent or
standard oxygen tent, or whalation directly from a nebulizer In addi-
tion 1o water, one can nebulize a wetting agent such as propylene glycol
ot commercial preparations such as Alevaire The inhalaton of humudi-
fied gases 15 of v alue 1n the treatment of acute lary ngotracheobronchitis,
of chronic bronchius superimposed upon pulmonary emphysems, or
when bronchiolius complicates bronchial asthma

Certain cardiovascular sumul such as phrine, 150pro-
terenol (Isuprel} and phenylephrine (Neo-synephring) can dilate
bronchioles by reducing smooth muscle tone and decreasing mucous
membrane congestion through sasoconstrction This effect can be
achieved by systerme admimstration of the drugs but topical apphca-
tion 1s preferable to nummize undesirable side actions Nebulization 15
the term used to describe the formation of mucroscopic particles of
flmd These can be inhaled and becsuse of therr small size will reach
the smallest air passages To decrease the deposition of the drugs upon
the walls of larger conducting tubes, they should be dissohed m 2
vehucle such as 10 to {5 per cent propylene glycol, the combination
appearmg 1o penetrate deeper mto the lungs than when water alone 1s
used as the diluent The patient mhales the nebulized vapor for 8 to 10
rmnutes several tmes a day Secretions become more easily expelled,
the air passages are cleared and dilated and the flow of gas i and out
of the alveols 15 made easser Ths form of treatment must be used with
caunon in patients with congestsve heart fasture ewvidence of myo-
cardiai ischernta, and hypertension, sice some of the mhaled drug
reaches the systemuc circulaton

Diution of Oxygen with Helium

As Comroe and s assocuates have pomted our, awway resistance
depends 1 part upon the narwre of awrflow—which may be lanunar
(streamlined) or rurbulent The pressure required to produce larmnar
flow 1s proportional to the volume flow times a constant, which s re-
fated 1o the viscosity of the gas, st 15 mdependent of the density of the
gas The pressure required for turbulent flow 15 proportional w the
square of the volume flow times another constant related 1o the density
of the gas, it 15 ndependent of the viscosity of the gas The tracheo-
bronchal tree has hundreds of tf of branct and eddy
formations may be set up at these Turbulence or eddy formation 15
pamcularly apt to occur when there are srregulanties an the tubes, such
as nught be caused by mucus, exudate, tumor or foresgn bodies In-
halatson of 80 per cent hehum and 20 per cent oxy gen w il decrease resist-
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Death Reports

THE CONSCIENTIOUS anesthetist wall carefully analyze the circum-
stances surrounding the death of every patient who has receved an
anesthetic  After deliberation a deciston should be reached as to
whether a written summary of the events should be prepared If the
anesthetic management, viewed 1n 1ts broadest aspects, appears to
have had no influence on the fatality, a report 1s not written If anes-
thesia 1s judged to be a major contributing factor, a detailed analysis 1s
indicated In some instances a cause-effect relationship between anes-

thesta and death 1s less certain, but suggestive Examples of this include
the following

1 A pauent retches violently during the postoperative pertod, rup-
tures the abdomunal 1ncision and dies as the result of this complication

2 Severe hypotension occurs during operation and a fatal cerebral
or coronary thrombosts occurs 24 to 36 hours later

3 Luver failure follows prolonged hypotension duning or after an
operation

4 A fatal thyroid crists follows hypoxia related to respiratory obstruc-
tion during anesthesia

5 A delayed death from pneumoma or lung abscess results from
aspuration duning or following anesthesia

These cases deserve just as careful analysis as those in which death
can be directly attributed to anesthesia The careful Ppreparatton of a
report 15 of great educational value to the individual who admmistered
the anesthetic Discussion of these reports at a conference of anes-
thetists or by an Anesthesia Study C 1 15 also enligh
the aggregate such information can be used to assess the many fa
which contribute to a fatal outcome We believe that death repo:

g In
ctors
rts are
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tract secretions, and in the treatment of carbon monovide possoning
and hiccoughs

A variety of methods of admunistering carbon diode may be used
One can rebreathe from a paper bag, 1nhale 5 per cent or 10 per cent
carbon diovide 11 95 per cent or 90 per cent oxygen from a bag and
mask, or breathe 100 per cent carbon dioxide supplied by the gravity
method With the latter technique the delivery tube from the carbon
dioxsde tank 15 held three to four anches from the panent’s nose or
mouth and the carbon dioxide allowed to flow over the face If hyper-
paca does not appear within 30 seconds by the gravity method, it
should be discontinued With the other methods, two to three sunutes
should suffice

ANLCSTHESIA AND INHALATION THERAPY

Most anesthetists do not have the ume to properly direct an mhala-
von therapy unit Both services have grown m complexity and demand
to the pomt that each requires full-ume supervision We behieve that
members of the ancsthesia staff should act as consultants 1n clinical
problems pertarnng to respiratory function, but should not assume the
burdens of car¢ and distribuuon of equipment, training of personnel,
and day and might attenton to patients These are essential to the ef-
fective operation of an mhalation therapy service This chapter has
outlined the scope of knowledge which might be expected of such 2
consultant It has not been concerned with the details of creanng and
maintaning the service tself
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hours of death and discussed with the head or acung head of the
department within 48 hours of death

S VoL AW —

—
jont

12
13
14
15
16

SHORT FORM

Name last, first Race, sex, age, physical status

Date of adnussion

Date of last anesthesia

Date of death

Hospual history number

Anestheuc agents

Past hustory, including previous anesthesias

Present 1llness, physical examtnation and laboratory findings
Surgical diagnosis and proposed operation
Anesthesia—complete description ncluding  premedication,
ume given, effect, technique, course, complications and recovery
Operation—surgeon, surgical procedures, surgical complica-
tions Anesthetist’s opimion of the degree of surgical trauma
Postoperative course and treatments

Death—date, ume after operation, description

Clinical cause of death

Pathologic findings

Comments
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an essenual feature of the teaching and chnucal practice of anesthesia
An anesthetist or a Department of Anesthessa not making such analy ses
overlooks an opportunty for seif~appratsal and self-mprosement

We suggest two forms, one longer than the other, but both providing
useful information

LONG FORM

Name last, first Race, sex, age, physical status

Date of admission

Date of last anesthesia

Date of death

Hospital hustory number

Anesthetic agents

Famuly and past history, including previous anesthestas

Present illness, physical exanmunation and laboratory findings

Course n hospital prior to operation

9 Surgeal diagnosts and proposed operation

10 Anesthesta—complete descrsption including  premedication,
tume given, effect, technique, course, comphications and recovery

i} Operation—surgeon, surgical procedure, surgical complications
Anestheust’s opmton of the degree of surgical trauma

12 Recovery room record

13 Postoperative course and treatments, including type and amount
of fluds, narcotics, oxygen, analeptics, vasopressor drugs

14 Death-~date, time after operation, description (if during anes-
thesia or operation, include under 10 and 11)

15 Discusston of probable causes of death

16 Cause of death according to the anesthetist who did case

17 Cause of death according to supervismg anesthetist

18 Cause of death according to head of department

19 Moral to be drawn

20 Additonal notes

21 Autopsy findings, autopsy number

22 Cause of death according to pathologst

23 Pathology conference—date, decision

24 Anesthesa Study Commission—date, decision

25 Final deciston on causes of death (anesthesta, condition of pa-
tient, operation etc )

26 Condition mmuating events leading to death

LIRS NS N I

Report on 1tems 10, 11, 12, 13 and 14 should be written within 24
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Pre-clinieal Years

In conjunction with anatomy and physiology a clinic on artificral
\entilation may be held, correlating the property of the elastic reconl of
the lungs, the role of intrapleural pressure, and other aspects of respi-
ratory physiology with problems of respiratory obstruction and de-
pression Another clinic on the applied anatomy of regional anesthesia
1s worth-while to illustrate the value of topical Jandmarks as well as
knowledge of structures beneath the shin Anesthesta of the brachial or
lumbosacral plexus and lumbar puncture are appropriate topics Clinies
may be given on the applied pharmacology of the drugs used 1n anes-
thesta Anesthetic drugs and adjuncts are among the most spectacular
1 their action This concept 1s 1n line with current 1deas of correlated
teaching of basic science and chimical medicine

Clinseal Years

Semunars or lectures may be offered during the course 1n obstetrics
on infant resuscitation, and during the course 1n internal medicine on
the management of patients with narcotic poisoning, agitation or teta-
nus Correlation climics may be grven with surgeons on such topics as
shock, hemorrhage and trauma, or with neurosurgeons, neurologists
and radiologists, on the mechanisms and treatment of pamn Lectures
and demonstrations on clinical anesthesia might embrace the following
topics The physictan’s responsibility to the unconscrous patient, drugs
used for preanesthesic medication, principles of inhalation, mntra~
venous, spinal and local anesthesia, problems posed by pediatric and
genatric patients, and the anesthettc management of patents with dis-
eases of the heart, lungs, liver, kadneys and endocrine glands In these
lectures stems of broad 1nterest to the practiioner of medicine should
be stressed, that 15, the protean actions of the opiates, the hazards of
lumbar puncture, the consequences of hypoxia and hypotension

Pracucal mstruction 1n chnical anesthesia should be offered We be-
lLieve that among tus professional skills a physician should have the
following abilines (1) to adminuster an anesthetc and to supervise a
patient under the influence of that anesthetsc, (2) 10 recognize and treat
obstruction, depression or cessation of respiration, and (3) 1o treat

wnadequacy of the circulation The medical student should be taught
S:_&:te_ r:dthi\; }: the fl;lture :;: need not be  helpless, unable, unwilling,
The stadens o :l::ksiuc problems As a by-product of these expertences

gamn knowledge permutting him to offer better care



CHAPTER 34

Instruction in Anesthesia

WE LIVE in a thermonuclear age Should the lethal weapons of this era
be used mn warfare, huge numbers of casualties would result How
could anesthesia be provided for the treatment of the myured? Nusses
trained 1o anesthesia would be used to the huut of availability Raptd
trarung programs could be 1mitiated for medical and dental students,
service personnel, nurses, and for such iay groups as the Emergency
Asd, Red Cross, and other volunteer agencies These programs, di-
rected by anesthesiologists, would have only hmuted objectives In
addition to resuscitative measures, these would include the recognition
and treatment of respiratory obstruction and madequate pulmonary
venulation, the treatment of low blood pressure, and an acquamtance
with the signs exhibited by unconscious or anesthetized panents This
would provide indwviduals with a useful orteatation Some could ad~
mumster anesthesta under superviston Others mught be able to assume
lmuted responstbiiity once anesthesia had been induced by someone
more skilled

The threat of mass casualties and the problems 1t poses supply a
cogent reason for teaching the basic principles of the safe practice of
anesthessa Even without thus reason, there 1s justification for their
ncluston 1 medical and nursing currrcula Qur concept of the anes-
thetic tramnng of students will be developed in this chapter Sugges-
1ions for anaillary didactic reaching programs at varous levels will also

be offered
THE MEDICAL STUDENT
A department of anesthesia can comtribute to the student s education
durng all four years of the medical school program

250
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THL INTERN OR SURGICAL RLSIDLENT

The intern or surgical ressdent <hould be assigned to the ancsthesia
service for penods ranng from two to eight weeks His should be a
Wider experience than that offered the medical student, et alwavs with
adequate supervsion He should admimister nhalation anesthesia 1in
dlosed and open svstems, with eth] ether, divimv] ether, cyclopropane
and nitrous ouide, he <hould ginve thiopental and muscle relaxants by
‘em, and he mas use basal narcosis 1n the form of Avertin or thiopental
b rectum: An attempt should be made to struct him 1n the rauonale,
2natoms and techmique of direct lanvngoscopy and tracheal intubation
for use 1n anesthesia, 1n resuscitation, and as a subsutute for therapeutic
bronchoscopy

Instruction should be directed to single dose techmques for spinal
anesthesia, using vanous drugs He should be expected to obsenve and,
when possible, to perform regional blocks for diagnosis, therapy or
operaton  These should include stellate ganglion, cervical plexus,
brachmal plexus, intercostal, lumbar paravertebral, inguinal and caudal
nenve blocks

In addition to the admimistration of anesthetics 1n the operaung
room, the mtern or resident should prescribe preanestheuc medication
for the patients to whom he 1s assigned Like others in anesthesia, he
should male pre- and postoperative rounds and keep anesthesia
records

Such a period of trainung for a surgical resident subsequently will
enable hum to appreciate problems 1n anesthesta and to assess these
faore intelligently He will have a better understanding of the necessity
and value of cooperation with his colleagues 1n anesthesia

THE ANESTHETIC RESIDENT

Details of a residency traming program in anesthesia have been
published by the Council on Medical Education of the American Meds-
cal Association 1n the booklet “Essentals of an Approved Residency °
We shall add only a few observations

Formal instruction during the admimstration of anesthetics must be
a part of residency tratmung, just as simular snstruction s a part of tramn-
g 1n other specialies Although a resident should be able by his own
observation practice, discussion and reading to round out his abilities
s an anesthetist, he can learn the experience of others only by word of
mouth This cannot be had solely through observation or by resort to
the Iterature In no other way can he become fully aware of the many
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to patients with such abnormahties as narcouc poisoning, diabetc
coma, uremia, mcreased intracramal pressure, polhomjehts, tetanus,
Ludwig's angina, angroneurotic edema, bronchal asthma, cardiac fasl-
ure, asprration of vomtus or foreign bodies, asphyxia neonatorum,
hemorrhage, syncope, convulsions and nerve gas poisoning In these
condmmons emergencies wyolving the respiratory and circulatory sys-
tems must be met promptly and intelligently

Dunng his time on the anesthessa service, 2 student should ad-
muuster inhalation agents with open and closed techniques and should
admumster mravenous anesthesia and spinal anesthes:a With these
methods almost any operation can be performed satsfactondy A hnowl-
edge of a gas mactune 1s usefid since 1t teaches the student to handle
compressed gases and the apparatus offers a ready source of oxygen for
resuscitation and druficial respiration The anesthetic agents to be
used by medical students should be limited to ethyl ether, dranyl
ether, nitrous oxade, cyclopropane, intravenous barbiturates, procame
and tetracamne Other drugs may be used but 1t 1s unwise to tran
students 1n the use of substances which are more difficult to admemister
safely The reasons for fathng to emphasize the use of these should be
explaped to the student

The material to be stressed should include the followng, most of
which 15 not taught elsewhere mn medical schools the use and abuse of
preanesthettc medication, the signs and stages of general anesthessa,
the use of aruficral pulmonary ventlation, the carefl performance of 2
fumbar puncture or venspuncture, the control of the level of spmal
anesthesia, and the management of circulatory collapse One member
of the anesthessa departmental staff should be asugned to medical
students as hus sole responstbility  In order that this assignment not
become burdensome, 1t should be rotated weekly or monthly When~
ever possible, thus staff member should hold an onentation discusston
at the begimng of the teachung session make preoperative and post-
operatne rounds with the students, supenvise the admurustration of
anesthesia by the students and organuze discussion groups

Constderable tact and patience are required of both mnstructor and
student The patient must not hnow that an mnexperienced individual s
admmustering anesthessa A thorough discusston of the planned pro-
cedure should be carried out betw een the student and smstructor out of
range of the patient s hearmng Thus 1s partculardy true of wnstruction
dunng spinal anesthesia It 1s bad for a patient s morale to hear such
remarhs as “don t do thar, *or ‘you pur the needfe m too far
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ABDUCENS nenve palsy of after spinal
ancsthesia 112
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1n muscle contraction, 66
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Anzal:pnc drugs 1n narcotic poisoning,

36
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1cs 121
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open drop 61-64 See also Open
drop anesthesia
pediatnic 211-218 See also Cluldren
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spinal 95-115 See also Spmal anes-
thesia
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bility of 176
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Anesthetic resident, mstrucion 253
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small mistakes which bar the way to a more perfect techmuque These
mustakes are particularly important during the formatie period a/ien
habus become fixed, false notions become perpetuated—and when the
new resident 15 so overwhelmed with the complexsty of admimstering
anesthesia that he 1s incapable of exercising suitable yudgment This
does not mean that the beginner should not have the opportunity to
make mustakes, but rather, having made them, he should, with the aid
of his superisor, be able to assess the mustales and gamn advantage
from them The sooner one becomes profictent i the admmmstration of
anesthesia and becomes the master of rather than the slave of tech-
mcal procedures, the sooner can he free s mind (and to some extent
hss hands) and give thought to broader matters

A department of anesthesia (and physician anesthesia as a whole)
will be judged by the men traned as well as by the myestigative work
done It will be judged by the farlures as well as by the successful men
A good resident under a laissez-faire program will eventually become a
proficient anesthetist A mediocre restdent will become a good anes-
thetsst only by bemg taught—by being led to hus goal Stce the chncal
practice of anesthesia depends upon perfection of techmque as well as
judgment, the novice should adopt fundamentally sound practce from
the begimnmung  Such a plan should lead to safer anesthesia

Theoretrcal hnowJedge and technical skl avail hittle 1f an indisidual
cannot exert control of his emotions and actnssttes under stress The
physician whose mental processes “freeze * 1 an emergency may be
dangerous Surgeons are quich to sense emotional tenseness or uncer-
tamnty on the part of an anesthetist Confidence 1s thereby destroyed,
and the anesthetist’s effectiveness lessened One should attempt self-
control at all umes so that clear, logical thinking can be exercised
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preparation for operation, 211
respiratory and airculatory data, 213
Chloral hydrate, preanesthetic use, 10
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Grmlﬂtory effects 159
L as conse of

arrhythmas 54
Eptnephnine

1n carcdhac arrest 207

6 Jocal anesthesa 122

n spinal anesthesia 98

Diffusion pul an m of arterial hyp on
esthetics snd 37 dosage 167

Dimethyl 4 tobocuranne hiberanan with ether anesthesia 56
action 66 relation to emergence exatement 196
dosage 66 Equipment endotracheal 81

metabolism and excretion 67
Disiafectants for use aganst wbercle

bactius 201
Divinyl ether See Eeher dwnyl

operating room safety factors 152
storage of 153 200
Ether, divinyl 58
convulsions wath 58
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Intubation tracheal 72-83
appraisal
bhind nasal 78
equipment, 80
extubation in 79
1n asphyxia nconatorum 229
1n narcotic poisoning 232
lubnicants 82
nasal blind 78
oral 1n conscious patient 78
visual cuned blade 77
straight blade 76
postoperatne comphications 74
techmeal complications 72
techniques 74
traumatic complicauons 72
types of tubes 80
undesirable effects 73
Ischemia cerebral from cardiac arrest,
210

Isopropylarterenol 1n cardiac arrest, 207
1n 1nhalational therapy 244
Tsuprel See Isopropylarterenol

KEPHRINE with local anestheties 122
Kadney arufical 1n barbiturate poison
wng 237
notes for anesthetic chart, 136
Kresselman resusaitator 232

LABOR carly phases analgesia and am
nesna during 223

Laryngeal edema 1n children 217 229

Laryngoscope choice of, 80
use of 75 76

Laryngospasm due to intravenous bar

biturates

duning inhalation anesthesia 47
treatment 185

Larynx infant vs adult 217

La;age gastric In nardotic polsoning
35

Levallorphan in infant resuseitation, 229
1n narcotic poisorung 237
Levophed See Norepinephrine
Ladocaine as local anesthetic, 118
Laser notes for anesthenc chart 136
Local anesthesia 116-122
advantages 116
disadvantages 117
drugs 117
cﬁ‘lcfg of electrical acuvity on nerves
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Local anesthesta, for ambulatory pa
tients, 220
humoral action and 119
reactions o 120
central nervous system 120
circulatory depression 120
respiration of nene fibers and, 119
sensiivities and allergic phenomena,
121
techmique, 121
theories of action 118
Local anesthetics See Anesthenes focal
Lorfan Scc Letallorphan
Lubncants 82
Lumbar puncture technique 102
Lungs 1nury to dunng anesthesia, 169
excessive pressure 169
nsufflaton of ether, 171

MACHINE anestheuc elements of 21~
26

Malpractice, relation of records 1o 124
Mamspulation  surgical artenal hypo~
tension due to 162
Manual systole 206
Mask face fitung of 20 44
for oxygen therapy, 241
Mechanical venulators 245
Medical student instruction n anes
thesia 250
Medication preanesthetic guides to 9-
16 See also Preanesthenc medication
Medico legal responsibility 1n anesthe
sia 176
Megimide 1n narcotie potsorung 236
Membrane pulmonary diffusion of an
esthetic across 37
Mependine
effect on resprration 11
n treatment of postoperative excite
ment 197
postoperative use 194
preanestheticuse 12 13
Meters flow, 23
Methantheline preanesthetic use 14
Methods See Techrgques
Methoxarmune effect on artenal hypo
tension 159
n of arternal h

6
Methy! ethyl glutanimude 11 narcouc
poisoing 236
Metrazol 1n narcotsc poisoning 236
Metubine See Dimethyl d wbocurarine
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Hypotension, artenal, changes 1n post~ hal: h fund: I
pon or motion and 165 36-50
due 1o 1ntras enous barbiturates, 93 induction, 43
during anesthesia, 155-167 problems 1n 44
dunng spmaf ancsthesa, 106 inhaled concentration 1 36
effect of barbiturates, 88 mamntenance of 48
of spinal and epidural td p ! appl 43
159 preparation of patent 43
of therapeutic drugs, 156 pulmonary phase 36
excessine k ) pul y uptake :n 38
and, 135 respiratory obstruction dunng 44
hemorrhage as cause, 16] storage of equipment, 200
of general i and h 43

157 theoretic considerations 36
postoperatine, blood loss as cause, Inhalation therzpy, 239-246
182 adjuncuse, 243

due to change 1n position 181 anesthesia and, 246
reduction mn Jesel of ancsthesia catbon dioude 245
as cause 182 humdified gas, 243
rmsed aurvay pressure and 160D increasing sprred oxygen 240
surgical mampulation and, 162 Injuries to cyes, 168
treatment 166 to lungs 169
flnd therapy, 166 Instrucuon 1 anesthesia 250~254
pressor drugs 166 wuterns, 253
postural due 1o morphine 13 medscal students 250
effect of chlorpromazine 15 residents, anesthesta, 254
reflex, 163 surgical 253
Hypovolemua, artenial hypotension and tracheal mtubatton 75
165 Inszructions to outpavents, 220
Hypoxia chromic, oxygen therapy 10 parents 219
241 Intensive therapy, unut, 191
emergence excitement due to 195 Intern instruction in anesthesia 253
immediate postoperative 183 Internust, chotce of anesthesia by 8
Intervsew preanesthetic 3
TuxiTIo , sources of, 151 Intras hi 84—
Ind of h, 1 children, 215 94
Infant appraisal, 93
blood transfusion i 216 clinscal use 89
larynx o 217 comphcauons 91
resuscitayon of 229 apnea 93
survival of dependence upon esents artersal hypotension 93
of labor 222 coughing and laryngospasm, 92
Sec also Chaldren extrasascular myection 91 173
Infusion, 19 mtra artenial mjection 92, 173
Inhalanon anesthesiz agents for See thrombophlebius 92
Anesthetcs wnhalation temuting 93
arrway and 44 m 1 , 84
44 failure to block afferent smpulses 86
amount of anesth d, 39 d
apprassal, 49 wyurtes due to 173
care of equpment 198-201 mantenance 91
deterorauon of equipment, 198 muscle fasaiculauons after 93

drsmibution of anestheuc to ussues, 38 postanesthetic course 93
emergence frem 49 selection of patients 89
for normal saginal delnery 224 theoretic considerations 84
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Operating room, prepatation of patient
1, 18-20
Operation anesthesia dunng 124-177
Opuates, effect on arculation 138 See
Aarcoties
Opmum allaloids, preancsthetic use, 12
See Narcones
Outpatients, anesthesia for 219-221
instructions to 220
Oxygen
properties, 28
tomaty due 1o 243
Oxygen apnea 242
Oxygen consumption, regional blood
flow and 40
Oxygen p‘hyu(:\ properues m glin
ders 27
Oxygen lh:np), 239
apnea duc to 242
by face mask, 241
by nasopharyngeal catheter 240
by tent or hoed 241
dangers of 241
diluyon with helum 244
under increased pressure 245

PAIV emergence exatement due to 195
immediate postoperative 187
treatment 193
Palpation blood pressure measurement

¥
Palsy brachial caused by anesthesia
m

Paralysis vocal cord after tracheal in
tubaton, 185

Parasympathomumenc action of bar

brturates 88

of cyclopropane 55
of thiopental 88

Parents 1nstructions to 219

Parution coefficient 38

Peduatric anesthesia 211-218 See also
Cluldren

Pentobarbital preanesthetic use 10

Pentothal See Thiopental

Pentylenetetrazol in narcotic poisoning
236

Penpheral airculatory system
depression from local anesthencs 120
effect of cyclopropane 54

of ethyl ether 56

Penipheral nerves injury duning anes

P t.hcsml 171
eroneal nerves common mjui i,
anesthesia 172 ey dunng
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Phenergan Sce Prometha.ine
1 henobarbital, preancsthetic use, 10
Phenylephnine
cffect on artenal hypotension, 159
tn inhalation therapy, 244
tn narcotic poisoning 234
n of artenal hy
166
phhisohex in stenhization of equipment,
200
Physical status classification 6
Picrotoxin 1n narcotic potsoning 236
Pin index system on gas cylinders, 22,
27,29
Pitocin with ¢y clopropane, 228
Planes of anesthessa 139-14214
Pnecumomediastinum due to gas pres
sure 169
Pncumonia postoperatne, 135
Pncumomus, chermical 171
as hazard of

186
due to anesthesia 170
Podalic version anesthesia for 227
Poisorung narcotic management, 231-
238 See also Narcoric porsomng
Pontocaine See Tetracamne
Poor nisk, S
Pop-off valves 25
Positon of pauent changes dunng
wansportation  hypotension and
165 181
relation to arteral hypotension 165
Postoperative period 180-201
immediate, hazards 180-187
Postural hypotenston See Hjpotension
postural
Potassium chlonide in ventrcular fibnl-
lation 208
Preanesthetic medication 9-16
appratsal 15
barbiturates 10
belladonna drugs 14
excessive hypotension due to 155
1n chuldren 211
narcotics 12
purpose of, 10
respratory depression and 11, 12
sedatives 10
Preanestheuc peniod 2-16
Preanesthetic rounds 2-4
before spinal anesthesia 96
for children 211
Pregnancy comphications of anesthetist
and 223
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Morphune
effect on respiration, 1§
1n ureatment of postop £ excites

InDEX

Nebulization of cardrovascular stumy
lants 244
N bHutal, SEc IN Y )

ment, 196
postoperatne use, 194
postural hypotenston due to 12 13
preanesthenc use 2 13
Mouon effect of on anestheuzed pa
nent 165, lRl
Muscle £

bar

Neosugmune, antagomsm to muscle re
laxants 68

Neo-synephnine See Phem lephrine

Nenve block pudendal for obstetnic an
esthesia 227

Nene fibers electrieal actnaty, HR

biturates and, 93
Muscle relaxants 65-74

action, 65

antagomsm to 68

appratsal 71

dosages 66

cffect on cucuhwry system, 71

on respreation 6

metabolism and excretton 67

Y

from, 186
synergism with 69
Myebus, wansierse after spinal ancs
thesta 113
Ms gard:al wnfarcuon dunng ancsthesia
165

of, local
119
Nenes, myury dunng anesthesia 171
Nerious gystem  See Central nerious
sient
hcumloglc sequelae after spinal anes
thesiz 113
Neurophysiologic bases of anesthesia 42
Nikethamude 1n treatment of postopera
tive excitement 197
Nasentt} See Alphaprodine
Nitrous oxide
anesthetic use 55
diffusion anoxa due to 186
1n early stages of labor, 224
n normal sagmal delivery 224
parttion coefficrent 38
properties 27 28
N 19 narestic p

NALLL\?:. See Aalorphune 234
mn mfant 229 m of artenal hyp
11 nareonc posorung 237 1
Narcoue possoning Bberation in ether anesthesa 56
analeptic drugs tn 236 Novoean See Procame
appraisal 238 Nupercatne See Dibucane

central nersous system depression in
235

drzgnosss, 234
eSectroencephalograman 235
gastnc Inage n 235
management 231-238
prognosts, 238
treatment, 231 235
Narcotties as ¢ause of asphyxia nco
natorum 229
3n early stages of labor 223
posioperatine use 194
preanesthetc use 2
dosage 13
senstivity to 14
sde acuons §2
Nasopharyngeal catheter for oxygen
therapy, 240
Nasotracheal miubation, 78

OBsTETRIC anaigesia and amnesia 223
Obsteenic anesthesia 222230
cesarean secuon 227
comphcauons of 225
conunuous caudal block 226
early phases of labor 223
for nosmal vaginal delnery 224
for podahic sersion 227
Obstruction resmratory dursng iohala
tion anesthesia 44
Qcular problems after spinal anesthes1a
132

OEM mask 241

Open drop anesthesia
apprassal 64
errors 10 6%
mducuon 62

uonal Fire F
Narmmmcndauons for nrm, 150

preparation 61
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Secobarbital preancsthetic use, 10
Seconal See Secobarbital
Secrenons accumulation duning inhata
tion anesthesia, 47
thick, treatment of, 244
Sedatnnes preanesthenic use, 10
Sensitnaty to local anesthetics, 121
1o narcotics, 14
Shock anesthesia for patients in, 41
Signs of anesthesia 143
Sodwm lactate 1n ventricular fibnlla
tion 207 208
Sources of ignition, 151
Spinal anesthesia, 95-115
abducens palsy following, 112
2gents and techriques 96
anallary preparations, 101
arculatory effects, 159
delayed sequelac, 107
dosages, 97
equpment 100
stenihzation, 101
for cesarean section, 227
for normal vagmal dehvery, 225
headache after, 107
heanng difficulues after 111
hypobaric, 99
neurologic sequelae, 113
ocular problems after, 112
peniod following tyection 105
preanesthete approach 96
Ppre exising neurologic disease and
114

senal injection 99
specific gravity of solution 98
technique mjection, 105
lumbar puncrure 102
use of vasopressor drug 98, 159
vs epidural anesthesia 114
Spmnal anesthetics See  Anesthetics
spinal
Stages of anesthesia 138-142
Statc sparks fire hazard of 152
Status physical classification 6
S of

for inhal:

anesthesta 198
by chermucals 199
by heat 200
for spinal anesthesia 101
Smnzggo of anesthetic equipment 151

of cylinders 151

Strap restraing 190

Student medical instruction 1n anes
thesia 250
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Sucanyicholine
action 66 67
dosage, 66
in treatment of laryngospasm 185
metabolism and excretion, 67
Surgeon anesthetist relationships 175-

7

Surgical mampulation, artenal hypo
tension due to, 162

Surgical resident, instruction in anes
thesia, 253

Suntal Sece Barbuurates, intratenous

Syncunine Sec Decamethonum

Systole manual, 206 Sce also Cardiac
arrest

TABLE, operating positioning of patien
on, 18,
Tears, arufical 169
Techniques
closed system, and explosion 151
inhalauonal, 43 130
ntravenous 90
local, 122
spinal 102
tracheal intubation, 74
Temperature regulanon during anes
thesia 1n children 215
‘Tensilon, antagomsm to muscle relax
ants 68
‘Tetracaine, spinal, dosage 97
duration of action 97
Thiamylal See Barbiturates intravenous
Thiopental
complications due to 91
effect on respiration 87
equilibration of 85
fate 1n body 85
metabolism 85
rectal use 1n children 215
stages of anesthesia with 139
technique of administration 90
See also Intravenous barbiturate anes

thesta
Thorazine See Chlorpromazine
oy due to
barbiturates 92
Thit,head up as test of circulatory com
petence 13 15 162
Trachea mtubation 72-83 Seealso In
tubatson tracheal
Transfusion blood 1n children 216
reactions to 162 183
use 1n hemorrhage 162
‘Transtracheal injection 78
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P 7
20
Preparation
of children for operation, 211
of outpatients for operation, 219
of panent 18
for inhalation anesthesa, 43
for intravenous barbiturate anes-
thesia 89
for open drop anesthesia 61
Pressor drugs See Vasopressor drugs
Pressure, blood See Blood pressure
Pressure gauges, 22
Procaine as local anesthetuc, 117
of th t 92

INDEX

Recovery room, 188-192
benefits of 188
design and facilitres, 189
intensive therapy umt 191
personnel of, 188
records, 190
release from, 191
Rectal anesthests 215
Reflex tractton, 163
Relaxants, muscle See Muscle relax
ants
Reserpine effect on course of anesthe
sa 157
Reservoir bag 23

n of cardiac arrhyth

spinal dosage 97
duration of action 97
Promethazine
effect on circulation 15 156
on resptration, 11, 15
preanestheuc use, 14
[’zznyylcne glycol 1 1nhalation therapy,
43

Pudendal nerve block for normal vaginal
dehvery 226

Pulmonary blood flow, inhalauonal an
esthetics and 37

Pulmonary edema, oxygen mn treatment
of 245

n, 253
surgical wnstruction in anesthesia 253
Respiranon
controlled apnea due to, 70
depression  during mduction of 1
halation anesthes:a, 44
effect of cyclopropane 52 53
of thropental 87, 88
effect of muscle refaxants, 69
of preanesthetic drugs on, 11 12
of promethazmne 15
m chuldren 213
ob;

133
paralysis dunng spmal anesthesi2
06

H
Respuatory sequelae immediate post
183

'y tract notes for anesthetic

of surgeon 175

Pulmonary ! emph; 169 P
Pulmonary phase inhal. th

36 chart, 135
Pulmonary uptake i anes R b

thetics 38

Pulmonary ventilatron durning anesthesia
1n cluldren 215
m overdose of anesthetic 51 158

QuELICIN See Sucany lcholine

RACHI RESISTANCE, 106

Radma} nene, mury dunng anesthesa
172

Reactions transfusion 162 183

Records
anesthetic, 124-136
example of 125
follo v up notes 136
nstructions for filling our 125
hospitaly preanesthetic notes for 4
recovery room 193¢

Restlessness postoperauve, 195

Restramung strap 190

Resuscitagion cardsac, 204-210

anesthetist s role 208

tracheal, 185

Resusatator Rreiselman, 232
pulmonary 245

Reticular activating system, 42, 43

Riusk, surgical 5

Rounds preanesthetic, 2~4

SAFETY measures in prevention of fire
and exploston 151
muse of ga es 27
Scoline See Sucanvicholine
Scopolamne preanesthetic use 14
relation to postoperauve cxcitement,

195
Secobarbital effect on respiration 11
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‘Trchlorethyfene, 58
m early stages of labor, 224

Tnfluorethyl vinyt ether, 59

Tnlene Sec Trnchlorethylene

Tnmar See Trichlorethylene

Trmethylene See Cyclopropane

Tuberculosis patients, antiseptic pre
cautions with, 201'
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Vasoxyl Sce Methoxamine

Vempuncture, traumatsc, 173

Venous pressure, cyclopropane and 54

Venulation, pulmonary, dunng ancs
thena i children, 215

establishment 1 narcotic possen

fog 231

chncular 1‘ brillanion, treatment, 208

See Lther dinnyl
Vmon difficulties with after spinal an

Vs preanestheuc 2

Tubes, endotrach ce Lndotrackeal
tubes and Intubation, tracheal

d Tubocurarine esthesia, 112
athon, 66
dosage, 66

metabolism and excretion 67
synergistic action with ether, 69
See also Muscle relaxants

ULCIRATION, cther, 169
Ulnar nerves injury duning

Vocal cord paralysts after tracheal 1n
tabation, 185
Vamiting
due o nteavenous barbuturates 93
during wnhalation snesthesia, 47
from narcotcs, 12
d. , 184

172

VaLmip See Frhmmmate
Valves pop-off, 25
regulaung, 30
Vaporszation bottles 24
Vasopressor drugs
dosages 167
effect on artenal hypotension 159
use 11 spaal anesthesia 98
1 treatment of arterial hypoten
ston, 166

WESCODYNE cleaning of equpment by
199

XeNow as anesthetic 59
Xylocaine Sce Lidocatne

ZEPHIRAN 10 sterthization of equipment,
200






