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TORLEWORD

The importance of amaesthesn for children has not always heen duly
rematted Exen now 1t s not always duly remembered by the 1naesthetist
The authors of this boot <how the way by ponting out clewly how drugs
and as well the methods of their employment may be swited propor-
tonately to the young as 1s done for the adult Leigh and Belton have
gnen wings 1o practica] thought in anacsthesin and he brought, for the
first tme 1nto 1ts serene and soothing atmosphere the strange clement
of Anstotehan simphcity  Throughout the book there are numcrous m-
stances of fucidity s the descnpuion of witally amportant fentures
pediatric anaesthesta

In this exiguous preamble a fuw only will be mennoned the very
special attention one should pay to phystological processes in the mfant,
the mmportance of the dead space”, the nced for particular carc con-
cerming carbon dioxide elimination during anacsthesin the constant vigi-
fance which the anaesthetist must exercise 1bout the state of the circula-
tion that of the respiration, about oxygenation, blood replacement, and
about the care of cquipment These are a few examples of the many
outward and wvisible signs of the inward and spirstual ardour of the authors
—ardour neither headlong nor hecdless

It 15 easy to portend certain intensifications for this treatise on pediatric

anaesthesia as 1t begins its maiden voyage, ike The Ship Starting of Walt
Whitman 1

1Whitman Walt Leaves of Grass Doubleday & Company Inc New York



v FOREWORD

Lo, the unbounded sea,
On 1ts breast a ship starting, spreading all sails, carrying
even her moonsails,
The pennant 1s flying aloft as she speeds she speeds so stately
—below emulous waves press forward,
They surround the shup with shiing curving motions and
foam
It 18 easy to see that as time goes on medicine will owe another debt,
the value of which cannot be exaggerated, for our common hentage—the
relief of pain—is being enhanced meffably through the knowledge set forth
n this book leaving great legacies of thought
Thought
Alone and 1its quick elements, Will, Passion,
Reason, Imagimation, cannot die,
They are. what that which they regard appears,
The stuff whence mutability can weave
All that 1t hath domumion o er, worlds, worms
Empures and superstittons What has thought
To do with tume, or place, or curcumstance?
Shelley Hellas (Pisa, 1821)
The genius of Leigh, as 1t shines through, will stir the student of anaes-
thesia on to two at least of the first fruits of thought, namely, smagmation
and reason

WESLEY BOURNE
May 1948



PRETACE

This second cdition of Pedratric Anesthevolagy written 2 decade fter
the first edition has required complete rewnting The expansion in the
scope of this edition represents the phenomentl growth an thought and
action of this still very young speainlty, pedintnc ancsthesiology

This book ss intended primanly for those ensped n admimistening
anesthesia to nfants and children—physiciins dentists osteopaths and
nurses 1t 1s also mtended for those who 1re responsible for the over all
welfare of the infant or child—the pediatnicinns and the general prac-
toners It 1s intendud for the surgeons who require maeimum safety for
their patients and maximum facility for their operatne procedures It 1s
intended for the nurses who have the responsthility of the preanesthetic and
postancsthetic nursing carc of the mfant or child It 1s intended for the
teachers of anatomy, pharmacology, physiology nd brochemistry who
carry the tremendous responsibility of teaching the basic princples of
ancsthesiology to medical students

This book 1s divided mto four sections Scction I descnibes the pre-
anesthetic evaluauon of the nfant and child, contamming 1 bricf summary
of a large number of the pediatric discases and their effect upon the
management of ancsthesta In an effort to achieve a standardized form
of discases and to have this book serve as a ready reference, we have
followed the nomenclature of the American Medicnl Assocration We
must emphasize however, that this section 1s not tended to serve s
diagnostic text of childhood discases but 1s an endeavor to form A link

between the medienl knowledge of the pudiitnician and surgeon wnd that
of the pedatric anesthesiologist

X
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Section II covers the pharmacological effects of anesthetic agents, re-
markimg on the basis upon which the selection of anesthetic agents 1s
made There 15 a discussion of the anesthetic technics employed 1 pedi-
atric anesthesiology Also included 1n this section 1s a description of
anesthetic equipment, with emphasis placed on the necessity for con-
scientious preparation of such equipment

Section III describes our thoughts on the subject of preanesthetic
medication and preparation of the mfant and child, relating such pre-
anesthetic preparation to the management of the patient during the opera-
tive and postoperative periods

Section IV outlines the management of the anesthesia for stated surgical
procedures Again, we have adhered to the classification of operations
established by the American Medical Assaciation Also ncluded m this
section are chapters on the anesthetic management of the premature and
newborn nfant and on the postanesthetic management of the infant and
child

Since the cooperation of many persons was an essential factor in the
completion of this book, first, we must say that many times the combined
number of hours spent by the authors m the assemblage of matersal for
this edition of the book was spent by Joan Leigh in the composttion
organizatron, and innumerable retypings of the manuscript For her ability
her fortitude her devotion, and her compamonship, the authors are
deeply grateful since these characteristics of Joan are truly responsible
for cach and every stage 1n the production of this book

We wish to thank the artists Miss J Tobian Mr Deryl Davis, Mr
G W Gaw, Jr and Miss V Glass for their contributions and Mrs
Sonja Binkhorst for the compilation of the bibliography

To the excellent professional staff of the Childrens Hospital of Los
Angeles we express our smcere apprecration because without their co
operation and exceptional pediatric and surgical expersence and skall
we would not have had the opportumty to witness the difficult operations
and rare medical conditions discussed mn this book In addition, we ac-
knowledge the assistance received from the residents in anesthesiology
at Childrens Hospital duning the tume that this book was wntten These
residents contributed 1deas from varied schools of learning such as County
Hospital of Los Angeles (Umversity of Southern Califorma), White
Mecmorial Hospital, Los Angeles (College of Medical Evangelists) Vet-
erans Admmmisteation Hospital, Los Angeles, Naval Hospital of San Diego,
Mayo Chme, University of Colorado, Vancouver General Hospital, Van-
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comer, Candr Diploma Coutte McGill Unncraty, Montreal Canada,
and the Unneruts of Tolve Japan Dewrvng of specral mention 15 Mr
J 1 Smuts who, a5 adnumaritor of Childrens Hoepital unheatatingly
supports the Department of Anciheuology by providing the necessany
facthtics 1o earny on our wotk

Copy for the frontismcee was supphed by the Journal of the Medical
Association of Georgra {Vol 48, October, 1959), nd 1< reprinted wath
their permision

We wish 1o thank the publisher, The Maemullin Company for en-
couraping and unrelenting cooperition Apun a5 n the first cdition of
this book, we arc cxpecilly prateful to Miss Barbara Russell production
cditor of the Medical Public Health Department of The Macmillin Com-
pany, for her capable editonal 1ssistance and futhful sttention to the de-
tails of production Also offcring valuable assistance in the course of the
publication were Miss Artis Simonson and Miss Patricia Larson

MDL
MKB
October, 1959
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SECTION

I

e —

EVALUATION OF THE
PATIENT

The laudable ambition of every anesthesiologist to provide the best
care for the ciuld duning the preincsthetic anesthetic and postines-
thetic periods requires an eviluation and understanding of each pa-
tient To achieve this the anesthesiologist rends the detailed history,
physical examination, laboratory results and treatment recorded on
the hospital chart Any chiractenistics which might influence the anes
thetic management are examsned during the preancsthettc visit to the
patient

In the more complex and unusual cases the mnesthesiologist con-
sults with the pediatrictan or family doctor and with the surgeon

1



2 EVALUATION OF THE PATIENT

The surgeon and the anesthesiologist discuss the condttion of the
patient, the proposed operation and 1ts probable length, blood require-
ments, posturing of the patient, and other factors necessary for the
safety of the pattent and for the factlity of the surgeon

This coordinate understanding of the pattent can be achieved only
when the anesthesiologist has a knowledge of infant and childhood
disorders We have included such a summary of diseases as a ready
reference, using the classification of diseases and operations of the
American Medical Assocsation as outhned below

1 Body as a whole
(A) Psyche
(B) Generalized body disturbances
2 Integumentary system
3 Musculoskeletal system
4 Resprratory system
5 Cardiovascular system
6 Hemic and lymphatic systems
7 Dagestive system
8 Urogemtal system
9 Endocrme system
0 Nervous system
1 Organs of special sense (eye and ear)



CHAPTIR !
LVALUATION OI' THE BODY AS A WHOLE

The body as a whole may be viewed from the mental or emotional as

pects and the physical aspects that ss the psvchie and the generalized bods
disturbances

(A) PSYCHY

The pediatric anesthestologist should hwve an understanding of the
mental status of the pitient sinec this wall influence his approach to the
pauent, selection of premedication  selection of anesthetie agent and
technic and even the management of the immedinte postanesthetic period
The mental status of the prtent 1s gauged from his normal mental develop-
ment emotional disturbances and organie bran disorders

NORMAL MINTAI DrVILOPMUNT

A knowledge of normal mental progress 1s necessary for comparison
For example, by the end of the first year the infant shows 1 noticeable
awareness of his environment by pomnting his finger toward some bright
or moving object By the end of the sccond year he has acquired a jargon
and responds to command or gesture He sways rhythmically to music He
may even seem to remember a previous unpletsant episode 1n an operating
room By the end of the third year he can spenk short sentences and under-
stand simple explanations, thereby creating a better contact between him-
self and the anesthesiologist Durning the fourth year he asks mnnumerable
questtons and 1s interested in other peoplc At five he talks more fluently,
can tell a story, and knows Ius favorite television program At six the

3



4 EVALUATION OF THE PATIFNT

child adds and subtracts small numbers From six to twelve he 1s adapt
ing to school and commumty hfe and developing specific aptitudes (Fig
1) This course of development follows only if the mfant or child has had
a normal physical and mental growth

Fig 1 Children six to twelve years developing specific aptitudes

The parents pediatrictan surgeon nurses, and anesthesiologst all play
an mmportant role 1n the psychic preparation of the patient for surgery The
anesthesiologist should explain honestly and simply to the normal five-
year-old child that he will be taken to the operating room on a carrier and
that he will breathe 1nto a little bag or balloon which will make him go to
sleep, that he will awaken mn his bed after the operation with a bandage
over his eyes or with a cast on his arm whatever the case may be

EMOTIONAL DISTURBANCES

However there are children who have emotional disturbances and are
uncooperative Some develop an alarming fear of the intravenous needle
others are ternfied of the mask on their faces others are afraid of a rectal
wrstillation, and stdl others dread the postoperative nausea and vomiting
produced by ether anesthesi2a In the majonty of cases a phobia for anes-
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thern ind enrpeas ¢ m bz evgrcee by poacho Berape 19 reased domaee
o premedic wonnd 4 cheree of ~ert rd fechmic wt b eot so figh,
cnmp fa the parficed 1 ehild Repndler of the Baande, the creaenl i
turhince 1 cild s vach v etite 1 bedt eentra”ed maith more preredication
thin cu tomay fer untreated apprehenue multiphes with ech visit to
the oper sting tonm

Children who have phvoc s handicapr such v deafreve Misdeess or
lnguipe difficulties e tranquilizcd Iy enher tle whtten wod  the
wpolen word or n anterpreter s cxplanation whicheser s suiib’e To
cidm thar feam deaf children are frequenthy premedicated wath 2 birper
dosape of drups or pven b mehewn with rectal barhiturates

ORGANIC BRAIN DISORDI RS

Other children have defimte orpanic hrun disorders esther acute or
chronic Acute brun disorders mav anse from generl svstemite infections
metabolic divorders, <evere eriml npunes or ntreerinnl neoplisms
Chronic organic brun disorders include monpolism  microcephaly  hy-
drocephaly chorer spastic prrapleprr and mental retardation Children
who hne icute or chrome brun disorders must be cvalunted according
1o thur mental stitus The conscrous uncooperitive patient generally re
quires mnercised mmaunts of preanesthetic sedatines, since the tnesthesi-
ologist seldom can pply successful psschotheripy These sedatnes also
help to control the patient duning the postanesthetic pertod

In summary, the mental status of cach pauent should be classtfied as
normal emotionally disturbed of disturbed by orgamic brn disorders

(B) GINFRAIIZID BODY DISTURBANCLS

Certain conditions or discases have 1 widespread cffect on the body
Among these are

I Prenatal influcnces 6 Vitamins

2 Infectious diseases 7 New growths

3 Intoxications 8 Diseases of the reticuloendo-
: Trauma thehal system

Metabolism 9 Collngen discases



8 EVALUATION OF THE PATIENT

PRENATAL INFLUENCES

Many anomahes m the newborn have ongn m the first tnmester of
pregnancy Among these are mongohsm, gargoyhsm, arachnodactyly (Mar~
fan’s disease), Kuppel Fetl syndrome monstrosity and prematunty Many
of these are associated with other anomalies, and each patient must be
considered m his entirety Most of these patients present problems for the
anesthesiologist

Mongolism

This abnormalty 15 characterized by underdevelopment of the bramn,
hypotomeity of the muscles small mouth slanting eyes, promment epi~
canthic fold and shortened httle fingers Such nfants often have other
anomalies notably tracheoesophageal fistula and smperforate anus More
often they have a persistent gtrioventriculans commums and it s this
anomaly of the heart which causes their death following the neonatal
period  These mfants, therefore, present a greater anesthetic nsk as they
grow older

Gargeshsm (Hurler's Syndrome) (Lipochondrodystrophs)

Gargoylism 1s charactenized by delayed closure of the fontanelles mental
retardation, depression of the bnidge of the nose short, thick neck due t0
the shortened vertebral bodies hmtatson of the extension of the jounts,
particularly the upper extremities resulung in clawhke hands kyphosis,
corneal opacities macroglossia, hepatosplenomegaly, probably based on
an alteration in the fat metabolism and congemtal heart disease A patient
with gargoylism often has respiratory obstruction duning mduction of an
esthesia because of the narrowing of the nasal passages and the large
tongue He also may be difficult to imntubate because of the short neck
hmutation. of movement of the joints and his Jarge tongue One of our
patients with gargoylism has had repeated aperations for his ingwmnal
hernia which tends to recur

Arachnodactyly (Marfan’s Disease)

This disease s characterized by spideritke digts slender, clongated
fingers and toes long sarrow skull high palate pomnted ears, subluxated
lenses and very Ittle subcutaneous fat A patient with arachnodactyly
often has deformuties such as scolions, hyphouis malformation of the chest,
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ar congenutal heart discase The only child whom we hne cncountered
with the dierse was admitted to hospital for surgieal correction of his
scolioss Children with this malady are prone to respratory diserse, nd
it s secommended that respirstory depressants be omitted from the pre
ancsthetic medication

Ruippel Feil Svndrome

This syndrome 1s charctenzed by complete fusion of the cenvical verte-
brac with marked hmitation of movement The condition 1 often 1¢so-
crated with other abnormahities such 1s scoliosts, cervical nb spina bufida
and web neck Intubation in patients with this syndrome ma1y be difficult

Monstroaty

Rarcly the anesthesiolost encounters twin monsters who 1re anesthe-
tized cither for a study of the complex circulation under roentgenography,
for which they must be kept stll or for the actual seprrition

In our only expenicnce the shulls were joined and the heads of both
mnfants were acutely flexed Each of these twins required independent an-
esthetization They dicd from uncontrolitble blood loss dunng separation
of their conjoined brain tissue

Prematunty

Tufty per cent of nconatal deaths occur in premature infants  Although
the nfant seldom dies 1n the operating room, ultimate recovery 1s uncer-
tam because of the comphentions of prematunty and the disevse for which
surgery 1s performed

On the preanesthetic visit the anesthesiologst should be able ta deter-
mune the degree of immatunty of the infant The arbitrary difinition of a
premature newborn infant ss one weighing 2500 gm (S 1b 8 oz) or less
As a rule the smaller the mfant, the greater 1s the degree of immaturity
Other methods used for classifying the premature infant are 1 crown heel
length of less than 47 cm, a hend circumference of less than 33 ecm and
a thorax circumference of less than 30 cm However the weight and size
alone are not satsfactory critersa for the preancsthetic evaluation and
there are many other charactenistics which measure the hazards of immn-
tunity from the pomnt of view of anesthesiology

Before visiting the premature nursery the anesthesiologist should put
on a cap and a mask, scrub his hands, and then dress in a clen gown 1
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order to prevent mfecting the premature mfant Infections may be fatal
in the premature who fads to gamn immune bodies from the mother and
lacks the abidlity to develop them

The premature mfant usually hes 1n an mcubator where the tempera
ture 15 kept between 26° and 32° C for the very small mfant, and from
23 §° t0 26° C for the wfant close to 2500 gm Hurmdsty 1s between 55 and
60 per cent and the oxygen 1s bmsted to a maximum of 40 per cent The
wfant generally 1s lymng on his side to faciltate the escape of oral secre-
tions His skn 1s a dark red color m contrast to the bright red color of
the full term wmfant whose artenial blood 1s better oxygenated The head
of the premature mfant seems large the eyes prommnent and the sk
somewhat wrinkled because he has very little subcutancous fat He 1s i~
active most of the time

Many premature mfants are jaundiced at bith There 15 a tendency to
form edema around the buttocks and the lower extremities Some of these
infants show a sclerema or hardenmg of the tissues 1 the region of the
buttocks Sclerema 1s always a grave prognostic sign and warns the anes
thesiolopst of a probable fatal onicome postoperatively

The ears of the premature are somewhat flabby, the fontanelles are
small and often only the antenor fontanelle 1s open The cramal bones
are m contact at the sutures The greater the prematunty the more con
stant 15 thus finding About the muddle of the second week after buth
because of the rapid growth of the bramn the suture lines separate and the
fontanelles become Jarger because the bony growth cannot keep up with
the bram growth

When jedging prematunty  Parmelee places considerable emphasis on
the breasts The breasts of the full-term mfant of both sexes swell at burth
and have a discharge but ths charactenstic 1s not present m the prema
ture

The premature 15 poikidotherrue This magmfied response to his en
wronmental temperature makes the avoidance of undue heat (Fig 2) and
cold (Fig 3) mandatory Smce he readily deselops a subnormal tempera-
ture m the ordimary atmospherc he should not be removed from the

bator by the ancsthestologist for s exammauon The subsormal

temperature may be caused by heat Joss from a relatively farge body
surface by a paucity of insulating subcutancous fat and by a low heat
production from mactivity and absence of shivering The mabibty of the
premature to stabihze his body temperature 15 duc to the immaturity of
the temp e regul h
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The grester the degree of immatunty, the more difficult 1t s for the in
fint o suc) or awallon ¥ eod 1 readihv avpirated nto the funps ance the
gig reflex o wedd Since nutnition 1 poorly mymntuned the very mmn
ture mfant mud be fed through n crophapeal eatheter

1t s helieved that the premature mfant has 2 poar Morape of edlaum
phosphorus vt 1 gnd vitamin b To restore the vitwmn K de
ficteney the premyure 1 often piven S mp of sitamm K mtr ymuscularly
daily m preparition for ancstheua and surpen

Other evidence of prematunty can be obtwuned from x 11y of the long
boves and from the precence of the vanous owification centery

Belore Duting Afer Lefore Outing Alrer
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Yig. 2 Prematute infants tesponse e 3 Prenature anfints response

to warmed atmosphere (Smath © AL to cooled ptmosphere (Smth C A
The Physiology of the Newborn Infant  The §hyslology of the Newlorn Infunt
3rd ed Charles C Thomas Publsher  ¥rd ed Charles £ Thomas Publsher
Springficld 111 1959 ) Springfield 11 1959}

Estmation of the efliciency of the respiritory system s the greatest
concern of the ancsthestologest, for the lungs mny have unmwuce lieol
and numerous solid nests of cells Many of the influtable alveolt are
rudimentary with fow branches and small surface arey, and have no
pulmonary capillaries 1t 1s clear, therefore that the premature infint has
a lung with an extremely small functional respteatary surfwe  In addiion
there 15 a very meager amount of supporting tissue 5o that collipse nd
overdilatition can occur even more readily than tn the normal, full term
nwborn There 1s even greater immatunity of the cartilages of the trachea
and broncht than in the full term nfint and these wr pissiges are very
short, narrow and thin walled with Intle fibrous or elstic tissue The weak
fesprrations are diaphragmatic, and the bony thorax tends to collapse on
‘nspiration  although ths 1s not a prominent feature m the quictly sleep
mg mfant Most premature infants breathe trregularly and at birth may
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have typical Biot s respiration  charactentzed by a sudden onset of respira-
tion which continues for a short tune and then stops suddenly later com-
mencing spontaneously and then proceeding through the same cycle The
srregulanty of breathing can be changed to regular rhythm by breathmng
3 4 per cent carbon dioxide In the full term wfant, onc half of this con-
centration will produce the same result An x-ray film of the thorax may
also contribute te the preanesthetn evaluation of respiration In such a
film, residual patches of atelectasss, hyalme membrane pneumothorax or
elevation of the diaphragm may be detected before anesthesia The surgeon
might hesitate to open one side of the thorax of an nfant if even a muild
preumothorax were present on the oppostte side

On account of torpor, wregularnity of respuation and the over-all 1m-
maturity of the respiratory system no sedatives are given to premature in-
fants Because of the lack of secretions no belladonna dernatives are
needed

The premature infant usually has a very low artenal and venous pres-
sure Often the systolic pressure 1s only 60 mm of mercury The mfant
has howewver a relatively large heart, bemng over 50 per cent of the chest
diameter m the anteropostenor films of the thorax The capillaties are
poorly developed The mnfant may have a high hemoglobm at bisth which
falls to a low level duning the first three months An mnfant weighing less
than 1500 gm may show 7 to 8 gm of hemoglobin and a red blood cell
count of 2 000,000 to 3 000 000 at the end of 3 months Thw severe
anemua 1 due to the omission of won storage w the wfant normally oc-
curring during the last trimester of pregnancy when sron s transferred from
the mother to the fetus There 1» also an mncreased destruction of red
blood cells and an mmmaturity of the bone marron Red blood cell pro-
duction cannot keep up with the tremendous demand m a rapidly grow-
g mifant or with the mcreased destruction There 1s a decrease mn the
blood proteins Albummn 1s 3 55 gm and globubin s very low-—0 01 gm—
m the premature weighing 1500 gm or lower Vitamsn K defiuency causes
hypoprothrombmemua thereby increasing the bleeding tendency In addi
tron, there 15 an ncreased fragility of blood vessels and an mereased per-
meabufity of capiffaries the latter probably the result of hypoxta

Lattle 1s known of the digestine system except that there ss a low gastne
acidity

The kidpeys are affected by the Jow blood p perhaps expl
a very low glomerular filtration rate There 15 an mability to concentrate
the unine as well as difficulty in the excretion of sodwm and chlonide Dur-
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g ancsthen flurds and clectrolvice should be aither sectricted or omitted

The Moro reflex v ancomplete and wh a an attempt 1< m1de to chat
1t there s eaterron of the army and abduction of the finzers bot the
arms are not brought forward follmsng catenuon Corse tremors of the
extremuties sre seen frequenthy

The premature nfant 1s pronc to retrolental Bt roplsers 1 dicerte char-
2cterized by the formation of 1 fibrepladic membrire cosening the pos
terior 1pect of the Tens of the eve This 1 eepeenlly true of the infant
has been 1 an oapen tmosphete hupher than <0 per cent

Strabimus 18 seen quite frequenthy an this particular proup of mfnt

Tt must be remembered by the anesthestolopit that the premature snfant
generih docs not gam the normal plvacal desclopment for his age group
until he 55 about two sears of ape

INFICTIOUS DISTASES

Since newbomn infants possess extremely Dittle resistance to nfection
tiery bnown precaution <hould be taken n the preparition for anesthea
Newbom infants may deselop 1 bacteremts and dic very suddenls with
the only evidence of nfection bemng 1 mpid pulse and 1 positne blood
culture

Young 1nfants scldom develop the well known nfectious childhood
diseases as they usully inhent 4 cortun amount of immunity to these
diseases from therr mothers  Older cluldren, howeer, are subject to the
following infectious discases

Yiral Duscases

Diseases caused by wiruses include roscola mfantum measkes rubelia
(German meastes), chickenpox, smallpox, mumps, infcctious hepatits,
herpes sumplex nfectious mononuclcosts, sellow fuser, and dengee In-
fants or children with any of the following viral discases may present anes-
thetic problems

Measles 1t 1s not unusual to have an appendectoryy performed while a
patient has measles Jsolation techmic should be observed whenever the
anesthesiologist 1s 1n contact with the patient Certain complications of
measles demand atiention, such as a trachcobronchitis or a bronchial pneu-
moma and more rarely an encephaliis manifested by an tncreasing
lethargy or even convulsions

Mumps A patient with mumps has a marhed tenderness in the region
of the sahvary glands Therefore premedication should include adequate
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pam reheving drugs and the belladonna alkalords The Jatter should de
crease the pam caused by excesstve salvary secretion In some cases of
mumps there will be central nervous system pancreatic testicular, or
ovartan mnvolvement In moving the patient it 1s advisable, if an orchstss 15
present to have the serotum suspended mn a shng

Infectious Hepattis Differing from homologous serum hepatitis i that
the onset 1s abrupt and with fever, infectious hepatitis 35 usually trans
mitted by the oral route These patients have mpared hiver function and
may have a low prothrombin level with a hemorrhagic tendency requining
transfusions Acute yellow atrophy with fatal cutcome s rare

Herpes Smplex This ts normally characterized by a herpetic gingvosto
matitis which 15 panful although the virus may attack the vulva eyes
menmges nose, and skm It 1s transnutted by direct contact The stomatitis
type often interferes with nutriion because of the pan and often these
patients require analgesics before meals In the skin varicty opiates should
be omitted for they tend to mncrease the irrtagon prompting the children
to scratch The anesthesiologist should employ utmost caution to avoud
contact with the lestion and to avoid transmission to other patients

Infectious Mononucleosss This s not a very contagious disease and 15
rre m nfancy The child afflicted with the disease has malase sore throat

enlwged lymph nodes splenomegaly and somettmes an mfectne myo
carditis

Bacterial Diseases

Included n this category are the streptococcal diseases such as scarlet
fever pneumacoccal diseases staphylococcal diseases pertussis, diph
thera tetanus gas gangrene salmonellosis (typhod and paratyphoid)
shigetlosis (bacillary dysentery) gonorrhea tularemua plague cholera and
brucellosts Of particular concern to the anesthesiologist are the following

Strept 1 D, These d are charactenized by sore throat
high tcmperazure and a rish The diness vanes from a mild attack to a
wery severe one In very young children, a septicernia may occur with its
accompanying myoccarditis Pemcdbin has helped immeasurably to elim
nate the complications of these diseases although m the unrecogmized case
the surgeal wound may break down

r cal D These d usually affect the respiratory
tract The paticnt has a high fever malase and rhumus Children under
the age of six often have a penbronchial pneumonta while older chuldren
mav manifest a tvpical lobar p A rare comphication 35
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On occrion the ¢ p ate hasg poru=o o Tpntoal gnang thr «zne
ind smptome of o ppe ot Bt re s ruch i v vement
there man be dietention of thy domnach Opitee or op ate Tde drugs <hould
be ued m the promodic o 1 ordie 1o dearoaee the fospirston e
Shough ot nounwaee to doprers the tespitation fon much for fear of
poan Small doviger of hellndeans drise sre adequate to presen. scere
uons froem otntructin ghe regptton fiact In ancdhetizing children wath
preumonin we emplon the endotiachen] techme for we belicse that 1t
rrovdes better control of axvgenatier and carbon dioude chnmination
Reduction of the bads tempesstute ot lext ta notmal teduces the work of
th* heant

Staphslococeal Peavess There dicnes maw cune furunculoas im
P uto oscomvelitn of sevete food ponomny with marked vomuting and
diirther Oce ronilly staphyJococca] pncumoniy of sephicenin mav occur
Unfortunately momy of the ¢ bacten e resntint to antitnotics and in
the chromc st ite of muluple Junp or skin alscesses the patients hie 1
marbedhy reduced cardiie resenve Thes sl are severely debilitated
Some vears o we sttempred to spirate the traicheobronchiil tree of 1
patient with mulsiple Jun, ihscesses Although the patient had been chrom
<My 3l 0n the wrd for ~ome months the shight breth holding 1t the
ume of the sertion of the Inrngoscope ind the trichesl ctheter ciused
4n abrupt demisse of the patient This w s probibly due to 1 brief period
of vpoxia 1n 4 prtient with 1 reduced Girdiie resene

Pertusais Panenty with this diseise hine tenicions mucus with pr-
oxvsmal bouts of courhing 1nd vomiinge Complicitions my be due to
preumoma atcdectiss wnd emphysemy but on occastons  comvulsions
may be caused by the cerebryl anox occurning durime the prroxysmal
coughing The Ingh venous pressure produced by the coughing my give
TSt to hemorrhiges m the cyes or the nose Young nfants with their
incomplitely devcloped respicatory system smill resersorr of oxygen and
reduced muscular strength show ahirming exhhstion following the more
severe bouts of coughing Opsites miy be of vilue i the proancsthetic
medication to reduce the numbcr and seventy of coughing spells

Diphthera A pattent with diphtheriy ss often gravely all The membrane
may form in the throat and spread down 1nto the Jarynx and trichea caus-
::ir?:?:::elz:n:: rchsmr:nuon with cyanosts Other complicttions of diph-
or the eye bmmhv(\; l:eum.xy affcet the muscles of the pharynx, the palite

But the grearest dzn monts may also occur

ger stems from the exotoxin which affucts the heart
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From the viewpomt of anesthesia, a patient with diphthena should have
a continuous electrocardiogram during surgery so that T wave changes
or mterferences with the conduction mechanism, such as atnoventncular
block may be observed

Extreme care must be exercised 1 the handling of a patient with diph
theria should surgery be mandatory Sedatives should be omutted because
of the danger of respiratory obstruction If prolonged surgery 1s necessary
a tracheostomy 1s advisable, and the ancsthesia should be admumstered
through the tracheostomy tube Each patsient should be regarded as having
myocarditis As a rule however, the pechatrician believes that this type
of myocarditis should not be treated with diatalis for the stimulation of
the weakened myocardim with digitalis can be fatal

Tetamms Most mfants and children are wmmunized agamnst tetanus by
active immunization with toxord although mfection can occur in the new-
born by transmission through the umbilical cord A patient with severe
tetanus may require anesthesta for surgery involving the origimal portal of
entry of the Clostndium teran: Such a patient requires mimmal handhng
larger than normal dosages of premedication to control the tetansic con
vulsions frequent aspiration of the pharynx and at times a tracheostomy
to facshitate tracheal aspiration

Anesthesiologists often are requested to consult on the control of tetane
convulsions Barbiturates and muscle relaxants are most useful m abohsh-
mg the convulsions and loosemng taut muscles Usually the accompany-
ng respratory depression w overcome by placing the patient m a respr-
rator A tracheostomy 1s also frequently done to allow adequate suction of
accumulated secretions and to prevent atelectasts

Gas Gangrene A patient may develop gas gangrene by bemng mfected
with Clostndium welchu Sometimes such a patient has not had any vio-
Ient trauma which would warn the physwian to gve antitoun or toxoid
A patient with gas gangrene s often seriously 1l and has an elevated tem
perature and rapid pulse Milder dosages of premedication and body cool
g are mdicated In addition an anesthetic agent which 1s least depressing
to the myocardium should be chosen

Salmonellosts This includes the paratyphoid and typhoid diseases 1y-
phoid may be very severe m children and cause anorexa vomutmg ab-
domunal distention darthea bradycardta and splenomegaly In mnfants
a septicemia may occur with convulsions On occasions delnum and high
fever complicate the disease Fortunately perforation and hemorrhage of
the ntesune are rare m wfants and chiddren The anesthesiologsst should
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Shigcllne Thin diece penr Iy pre'n ¢ 2 hoh foer semnns
bloody dithen colic nd cvem thexd Ia ey boar € ef the pen
erilized hdomm ] fenderncer ind teme ity gt reay e canty el od
with appendicitn Thnd and dJectretsic Valance mu 1 be e oced g1kl
with puenter 1 flud for the Pmd ond bt dme thrcgh th~ coel un
Jes rephiced sncre wer the dinpere of ancitheua Blood e too mas be
scvere enouch to ¢ e Ahemst

Rechettanl Dhivetses

In this group e induded sphin Rocks Mountun apotted fover Q
fewer and ncdetnnilpon Most of thewe diseases are not widespread m
therr accusrence except perhaps taphus which 1s endemic in vanous parts
of the world Hawerver bronchopncumonn renal imuficiency or 1 mvo
cardis mv occur 1 1 myocarditis s suspected momtoring of the heant
with an clectioenrdio rim dunng surpery s 1dvised Dipstahis must be
used with eatreme caution

Tungal Diseases

Coccidiordomyeasts (Valles Yever) The comphications of this disease
are respirytory and moy even resemble tuberculasts

Actinomyeosis  This 1s duc to mfcction by Actinonnees bovis There
are three different types  cersicolactl tn which there 1s 1 hard swelling
the jaw and need with 4 Ainal brohdown into 1 chronic sius, the ab-
dominal type which may follow an ppendictomy nd also cause 1 chroni-
cally drmming sinus and finally the thoracic type which resembles chronic
pulmonary tuberculosis Many patients with actinomycosis become sesverely
debilitated and have typical myocrrditss caused by chronic fection or
malnutrition

Mistoplasmosis This 1s caused by Histoplasma capsulatum The severe
systemic type will produce maluse weight loss nuld diarrhen, pyrexia
and anemia Like the severe form of actmomycosts duath may occur
within a few months from the onset of the disease

Sprrochetal Diseases

Syphabis This 1s usually the congemtal type in infants and children
gefierally due to direct infection from the plicentn The carly type of con-
genital lues manulests itself before the sixth week by snuffies, mucopuru-
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Jent nasal discharge, skan rash anemta osteochondritis, hepatomegaly with
jaundice, splenomegaly and retimuis which later may lead to optic atrophy
Late congemtal lues does not show any signs until after the third month
of hfe Such an infant has a saddie nose and saber shins The deciduous
teeth are normal but the permanent teeth may be peg shaped (Hutchin
soman) There are rhagades at the comer of the mouth and nose and an
mterstitial keratitis

Spirochetal Jaundice Generally transmutted by rats, 1t 1s charactenized
by high fever jaundice, a rash, and memngeal mvolvement The kudneys
may become mvolved with a very severe reduction 1 urinary output

Ammal Parasitic Discases

Oxyunasis (Praworms) The discase 1s very widespread in children
There 15 pruritis any, and sometimes abdominal pam caused by mnvolvement
of the appendix We have scen pmworms frequently m the removed ap
pendix

Ascariasis (Roundworms) Occasionally there 1s colicky pam or respira
tory symptoms due to the presence of the larval stage m the lungs On the
whole such a patient shows nesther signs nor symptoms

Ancylostormasis (Hookworms) With this malady the child has anorexia
pallor malaise and hypochromic microcytic anema An infested patient
should be treated with sron and transfusions before anesthesia since the
anema often is severe

Trchinosis (Fapeworms) Thus may be due to iavasion by beef pork,
or fish tapeworm It may result in diarrhea, fever, and anema

Protozoan Diseases

Malaria This disease 15 the major cause of death throughout the world
It causes a high fever and may produce convulsions 1 young chuldren
but the attacks are not as regular as i adults Diarthea vommung and
splenomegaly are generally present Anemma 15 often severe Before anes-
thesia such a patent requices intravenous fluids and therapy for the
ancnua A conunuous recordng rectal thermometer should be mserted
and any hyperthermia should be corrected by piicing the patient on a mat
tress through which e water cireulates

Amecbiasis Caused by Endamoeba lustolytica st 15 characterized by
recurrent bouts of diarrhea The mvading organism may settle i the hiver
Parenteral fluids should be given before anesthesi to restore the flwd and
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have m adher ¢ offcet on 1 thnatic or afferpie paticats I as often wie
o mdude 10 inul e drup an the premedicition whenever 2 patiert
has moder e 10 mart od allerpic mandestations

Lezema WMony of these mfants are now trested sath cortisone and the
anesthe solo, 1 ¢ should be alest for 1 story of such thempy, s 10 amy
patient with lerys

Allcrgic Rhinitis (Hay Tever) This does not affect children untl about
the thurd year of hfe The child with the disease often has 4 red nose nd
Partial obstruction to brenthing I ster polyps may form 1 the nose On
occaston these polyps m1y block o nasotrichenl twbe  Anthistimunics
should be used 1n the premedic tion nd occasionally 0 25 per cent phenyl-
ephrine hydrochlonde (Nco synephrne) should be applied to the nasal
Passages prior to anesthesin

Asthima A patient with asthma generally gnes a history of allurgic
thinttis The classic case shows nasal congestion 1 persistent and castly
aroused cough prolonged difficult exhilation, hyperdistention of the bron
chioles and alveolrr ducts with adpicent areas of atelectasis In more
chronic cases there are hypertrophy of the night heart pulmonary hyper-
tension, carbon diox,de clevation, 1nd compensatory chloride depression
Pulmonary functon tests show meresed timed wital capacity and func-
tional residual capacity

Inhalation therapy with bronchodiators such as 1sopropylarterenol hy-
drochlonde (Isuprel) Improves respiratory function n many nstances and
should be carried out for g few weehs prior to elcctive surgery Blood pres-
::;:fvzhgf‘;i‘i“:e recorded during Isuprel treatment to detect carly the hypo-

of overdosage of Isuprel The asthmatic patient should be
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dicated with an antth and atropine Admumstsation of a tran
qudmng antthistammic for a few days prior 10 surgery, 2 to 4 mg per kg of
body weight every 24 hours drvided mnto 4 dosages may avord an asth-
matic attack Ether anesthesra appears to reduce or prevent asthmatc
attacks postoperatively We have occastonally used barbiturates together
with atropme for premedication and have yet to see a severe attack of
asthma befor, duning or after anesthessa by this method
Serum Sichness This has become a frequent complaimnt since the wide-
spread wse of pemalim It s ordinandy manfested by an urticarnal sk
eruption occurfing about a week followmg the myection of penicithn In
mstances of repeated surgery, as m patients with burns, small dosages of
antth for p hetic medication are supenior to opiates which
mtensify the annoying stchiness of the urticana

Drugs

Otten 1t 15 reported that patients have had abnormal responses to drugs
For example profound effects have been reported from small dosages of
barbiturates or opiates or marked nausea from opiates or oprate like drugs
Most of these stores are exaggesated but the anestheswologist cannot 1g-
nore a hstory of drug idiosyncrasy and after careful questioning should
omit the use of any drugs to which the patient reputedly has shown ag
vnusual reaction

Teterus (Yaundice)

Physiologicat cterus 1s common 1n the premature at buth and m the
normal full term mfant from two to seven days after buth Pathological
eterus 15 epcountered 1 obstruction of the bie ducts erythroblastosis,
syphuts, or sepsis

Taundiced patients often have depressed respiration and 2 slow heart-
beat probably due to the accumulation of le salts i the blood No nar-
cotic or barbiturate sedation should be given m the premedication and
the anesthesiologist should bear m mind that dunng the admmstration of
the anesthesia cardiac arrest can occur almost without warning Realizing
that these patients have a narrow safety margm the anesthesiologst might
stlect endotracheal technic so that the ventiation of the Jungs can always
be under control and the patient can be kept in a lighter plane of ancsthesa
for dosages of anesthetic agents which would not affect robust children
mught be fatal m this group
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I dema

Generlized edema is usually of eardioyatcular, hepatic, ter + or hypo-~
proteincmic ongin, and draws the attentron of the ancstheuologist to 1m-
pasred function of these systems

TRAUMA
Trauma in General

A large number of mfants and children arc snjured <cverely cach vear
Severce lacerations severed blood vessel bone frictures, skull frctures,
fracturcd backs fractured nibs, and ruptured viscera are scen frequently
Blood loss may be coprous and the patient may be i shock Severe shull
fractures may produce unconsciousness Frictured nbs may interfere with
respriration. They can also cause marked pun, and 1t mn be advisable
to rclieve this pasn by intercostal nenve blocks In severe crushing injurics
of the thorax 1 which severl ribs are fractured positise pressure breath
ing may be required

Injurics have 1o be evalunted sndividunlly If the trruma s of mamy
hours® duration and shock 1s present, blood replicemnt must be given
gradually for in these instances the myocirdium s often weakened by
hypoxta and cannot handle lnrge amounts of blood quickly without scvere
cardiac dilatation and subsequent denth Shock conditions from blood loss
if prolonged may give nise to Jower nephron nephrosis

Patients unconscious from intrmcramal njunies should recenve no seda-
tne

Blast Imuries

Blast injury may produce numerous small hemorrhages 1n the lung and
a tendency ta pulmenary edema If it 1s necessary to anesthetize a patient
who has been subjected to a blast injury, the anesthesiologist should re-
duce the depressant in the premedication to 1 muntmum and select 1 technie
of anesthesia which will enable the use of positive pressure breathing

Burns

Burns are one of the commonest severe traumatic injuries m children
The major dsaster 1s general body trauma, measurable mainly by the
surface extent and partly by depth A rough estimate of this may be made
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premedicated with an antthistamme and atropine Adminsstration of a trag-
quiliztng antrhustamime for a few days prior to surgery, 2 to 4 mg per kg of
body wesght every 24 howrs divided mto 4 dosages may avord an asth
matic attach Ether anesthesia appears to reduce or prevent asthmatic
attachs postoperatinely We have occasionally used barbiturates together
with atropwe for premedication and have yet to see a severe attack of
asthma before duning or afier anesthesia by this method

Serum Sichness This has become a frequent complamnt since the wide-
spread use of pemcilin It 15 ordinanly mamfested by an wrhicanal shin
eruption occurring about a weel followmg the mngection of pemallm In
wstances of repeated surgery, as wn patients with burns small dosages of
antihistaminies for preanesthetic medication are supenor to opiates which
intensify the annoying rtchimess of the urticana

Drugs

Often 1t 15 reported that patients have had abniormal responses to drugs
For example profound effects hase been reported from small dosages of
barbrturates or oprates or marhed nausea from opiates or opiate ble drugs
Most of these stones are exaggerated but the anesthesiologist cannot ig
nore a history of drug idiosynerasy and after careful queshioning should
omut the use of any drugs to which the patient reputedly has shown an
unusual reaction

Jeterus (Jaundice)

Phystologteal 1cterus 15 common 1 the premature at birth and 1 the
normal fulf term mfant from two to seven days after birth Pathological
scterus 18 encountered m obstruction of the bile ducts erythroblastoss,
syphilis or sepsis

Jaundiced patents ofter have depressed respuation and a slow heart-
beat probably due to the accumulation of bile salts m the blood No nar-
cotic or barbiturate sedation should be given m the premedication and
the anesthesiologist should bear m mund that donng the admmmstration of
the anesthesia cardiac arrest can ocour almost without warmng Realming
that these patients have 2 narrow safety margm the anesthesiologst nught
select endotracheal techmc so that the ventlation of the Jungs can always
be under control and the patient can be hept m a highter plane of anesthesia
for dosages of anesthetic agents which would not affect robust children
smught be fatal mn this group
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longed time Beeause of frequent cxposure to rahation, the ancsthesiolo
gist now wears 1 detector badpe He should not cxeced cxposurc to more
than 300 mulliroentgens por week

MFTABOI ISM

General Nutntion

During the preanesthictic visit the anesthesiologist should evatunte the
patient from the standpoint of his generl appearance The pale, asthemc
child with Little subcutancous fat and 1 transparent shin docs not with
stand the ancsthetic or surgic] stress 26 well 1s the vigorous  healthy,
sthemc child

Mud and 1lectrolyte Balance

In pedutric patents, the muntentnce or restoration of nermal fud
and clectrolyte balince often demands prioruty over the operition An in
fant or child within a few hours can either lose or accumulate hrge quint

"ties of water and salts, enhancing the nisk of anesthesin and surgery For
example, a dehydrated patient with his consequent reduced blood volume
may go quickly into shoch dunng inesthesir In the mfant or il pauent
the regulatory mechamism of the hidney, adrenal cortex, pitmtiry glinds
and parathyroid do not function efficiently 1 controlling the tnteentl en
vironment

The history, physical exammation and Ibortory findings offer climeal
guidance to flurd and clectrolyte imbalance, which ¢ be determined ac-
curately only by extracellular fluwid changes and the only extr icellular flud
seadily accessible to the chinician is the blood There mny be the following
mmbalances
«

I Extracellular fliid volume excess or deficit

2 Extracellular fluid total salt conccn(rauon excess or deficit

3 Extracellular flud h bal such as potissiim excess or

defieit caleium excess or deficit or more 1mportint to the anesthestologist the
acid base imbalances The latter clude metabolic acidosts and alkalosis and
respiratory acidosis and athualosts

I Volume Imhalances

A Txtracellular Iuid Volume Txcess
Chinscal Causes

t Parenteral admimstration of excessive sodium chloride solution
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by the rule of 9 1 older chddren the head 1s 9 per cent, front of trunk
18 per cent back of trunk 18 per cent, each lower mb 18 per cent, each
upper Iimb 9 per cent 1 nfants, allowance must be made for the rela
tively large head

The early response of the tissue to the burn 1s a considerable loss of
plasma wmto the burned area, hemoconcentration, oliguna, reduced blood
volume, low blood pressure, and a rapid pulse mdicative of low cardrac
output

Reduction of senal function one of the most serious complications of
burns, 1s detected by ohguria hemoglohmurna elevation 1 serum non
protein mtrogen, sodium, and potasstum  and ncrease i body weight
The elevated potassium results m the hyperkalemic patient who 1s sus-
ceptible to hypotenston from anesthetic agents A subsequent diurests
lowers the serum sodwm and potasstum and decreases the body weight
The lowered serum sodmwm and potassium, i turn decrease mtestinal
penstalsis and muscle power, with consequent dilatation of the stomach
and mtestme, such dilatatron may be reduced by a nasogastric tube Gross
flind and electrolyte mmbalance can be fatal during the early stages of a
burn and must be corrected nsofar as possible before anesthesia

Another complication mnfection of a large burn wound mny give nise
to a septicerma, detectable by rapid pulse, elevated temperature, Jow blood
pressure and possibly a posttive blood culture This infection may cause
a senious myocarditis

Respiratory comphcations may be laryngeal or pulmonary edema from
mhalation of fumes at the time of the burn although the puimonary edema
also could be caused by excess flnd admmustration Burns of the thorax
may limit expansson of the chest thereby reducing comphance

Other grave signs mn the burned patent are lethargy, mental confuston,
coma and occasionally decerebrate ngidity

Raduation Inguries

Radiation mjuries are due to alpha beta gamma, or neutron radation
The latter three are more penetrating and may cause a cessation of mytosss
of the cells or a swelling fibrosis and hyahmization of the stroma They
may also cause thrombosis and fibrosis of the blood vessels The acute
radwation syndrome may follow onc of two courses first the patient has
pausea ‘omiting prostration midd diarthea Jiukopemia  anemia, and
fever and death occurs five to ten days after exposure, and sccond the
patient has paifor weakness and cachewa and death occuss after a pro-
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potassium 5 mLq
calcium 7
chlonde 114

Butler s Solurion
cach luer of which contmins

sodium 40 mlq
potsstum 35
chlonde 40
Ihctate 20
phosphate 50

(and 577 dextrose)

Solution for the Aeonate
cach liter of which contuns

sodium 25 mEq
potassium 20
magnesium 3
chlonide 22
lactate 23
phosphate 3

In the abose solution for the infant up to the end of the first month of
Uife, the concentrations of clectrolytes have been decreased becruse of the
physiological immaturity of the mfants hidney with 1ts mability to con
centrate

Not any of these homeolytic solutions arc employed if there 1s evidence
of hidney adrenal, pitustary, or parathyroid dysfunction In fact an mutinl
hydrating solution of normal saline (360 ml per sq meter of body surface)
s given, and voiding should commence within 45 munutes Homeolytic
solutions are often administered according to body surface area, which 1s
calculated according to the nomogram tn Figure 4 In the severely dehy-
drated patient, the daily dosage 1s 3000 ml per sq meter of body surface
In the moderately dehydrated patient, 1t 1s 2400 ml per sq meter of body

surface, and the daily mantenance dosage 1s 1500 ml per sq meter of body
surface

II Concentration Imbalances

A Extracellular Tluid Total Salt Concentration Excess (Hypernatremia)
Climcal Causes
1 Decreased water intake

2 Excesstve admustration of electrolytes
3 Loss of fluid nto burned areas
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Chimical Dindings

Hoarseness

Shortness of breath

Rapid weight gain

Dustention of the peripheral veins

Moust rales m the lungs

Edema of the tissues observed dunng surgery
Blood volume increase

Increased tissue fluid volume

N AWM

Laboratory I'ndings

1 Hematocrit hemoglobin and red blood cell count below normal
Treatment

‘Withhold flmds

Comment
These patients are prone to pulmonary complications postoperatively

B Extracellular Tlmd Volume Deficit (Dchydration)
Chmical Causes
1 Reduction 1n intake of flwd
2 Acute loss of flmd
3 Vomuting
4 Diarrhea
5 Fastulous drainage
Clinical Nndings
1 Stupor
2 Depressed fontanelles
3 Sunken eyeballs
4 Increased body temperature
5 Loss of body weight—in the infant or small child a weight loss of
more than 10 per cent indicates a severe flmd deficit
Dry skin
Lost elasticity of the skin
Depressed gastrointestinal activity
aboratory INndings
Blood volume decreased
Elevated hemoglobin hematocnit and red blood cell count
Oligunia
High specific gravity of the unne
Chlonde absent from the urine

MAWN-MN ©IR

Treatment

Homeolytic solutions
Ringer s Hypotomic NaCl 06%
each hter of which contains

sodium 102 mEq
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5 Renal depresaon (oligunia)
6 Rapid heort rate
Laboratory Iindings
1 Plaisma wodium above 140 mlg/lner
2 Plasmn chlondes plus hicathanate sons above 130 mbg/liter
Treatment
Administer 57 dextrose 1 water
B Iatrcellutar 1Tuid Total Salt Concentration Deficit
(Mater Intoxication) (Hsponateemin)
Clntcal Causes
1 Excessine dimhing of water of excessive parenteral fluids without ade
quate renal excretion
Chnieal Yindings
Gam i weipht
Warm mout flushed shin
Blood pressure normal or raised
Pulse rate normal
Veins distended
l.oss of antention confusion stanng aphasia
Increascd intracranial pressure
Comulstons or unconsciousness
Nausea and emesis
10 Renal depression
11 Interstiial edema of lungs and hypenentilation
Laboratory Iindings
1 Intraceltular fluid volume excess
2 Plasma protein hemoglobin hematocnit and red blood cell count low
3 Plasma sodium (125-133 mEq/hter) chlondes potassium and non
protemn mitrogen (1f no anuria) Jow
4 Plasma chlondes plus bicarbonate tons less than 120 mEq/lter
5 Speaific gravity of unne Jow
Treatment
1 Restrict water intake

2 Administer 3¢ sodwm chlonde solution (should be admimstered
slowly)

R R R S

Examph

20 kg child with 125 mEq of Na (140 mEq/hter 1s normal)

Amount of water = 607 of 20 hg which 1s 12 kg or 12 liters of water
Each Diter of body water has a deficit of 140—~125 = 15 mEq

Therefore, 12 Iters of body water have a defictt of 12 x 15 mEq = 180 mEq
3% sodium chlotide has 51 mEq of Na/100 ml

Therefore, to supply 180 mEq

1581—0 X 100 = 350 ml of 3% sodwm chloude
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Cliniexl Yindings

1 Central nervous system stimulation (patient excited or mamacal)

2 Tissues dehydrated
3 Flevanon of body temperature
4 Thust and dry tongue
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5 Renal depression (oligunia)
6 Raprd heart rate
Laboratory T'indings
1 Plasma sodium above 140 mEq/hter
2 Plasma chlorides plus bicarbonate 1ons above 130 mEq/liter
Treatment
Admnister 5% dextrose i water
B Ixtracellular Tuid Total Salt Concentratron Deficst
(Water Intoxication) (Hyponatrem:a)
Chimeal Causes
1 Excessne dnnking of water or excessite parenteral fluds without ade
quate renal exerction
Clinteal TNindings
Gain n werght
Warm mosst flushed shin
Blood pressure normal or rarsed
Pulse rate normal
Veins distended
Loss of attcntion confusion staring aphasia
Increased mtracramal pressure
Convulsions Of UNCONSCIOUSRESS
9 Nausea and emests
10 Renal depression
11 Interstitial edema of lungs and hyperventilation
Laboratory Lindings
1 Intracellular flurd volume excess
2 Plasma protein hemoglobin hematocnit and red blood cell count low
3 Plasma sodmum (125-133 mEq/hter) chlondes potasstum and non
protein nitrogen (1f no anuna) Jow
4 Plasma chlondes plus bicarbonate 1ons less than 120 mEq/hter
5 Specific gravity of urine low
Treatment
1 Restrict water intake

2 Admimster 3% sodium chlonde solutton (should be admumstered
slowly)

DN AW D WLN -

Example

20 kg child with 125 mEq of Na (140 mEq/ltter 15 normal)

Amount of water = 60% of 20 kg which 1s 12 kg or 12 liters of water
Each Iiter of body water has a deficit of 140—125 = 15 mEq

Therefore 12 liters of body water have a defiest of 12 X 15 mEq = 180 mEq
3% sodium chlonde has 51 mEq of Na/100 ml

Therefore to supply 180 mEq

180

37 % 100 = 350 ml of 3% sodium chlopde
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Comment

Often this condition 15 not recognized until the onset of the signs and
symptoms postoperatively

T Compositional Imbalances
A Potasstum Excess

Clinical Causes

1 Severe tissue damage (as in trauma or burns}
2 Severe kidney disease

3 Excessive admimstratton of potassium

Climieal Findings
1 Gastromtestinal excitation which may cause nausea colic or diarrhea
2 Weakened myocardium

Laboratory T'mdings
1 Electrocardiogram
(a) High T waves
(b) Decrease i amplitude of R wave
{c) Absence of P wave
(d) Depressed S T segment
(e) Increased duration of QRS complex
2 Usually increased plasma potassium

‘Treatment
1 Avoid additional potassium
2 Ad 1 ml cal gl (10%) intravenously slowly with

patient momtored by electrocardiograph
B Potassium Defiat

Chnical Causes

Chromic pyloric obstruction

Ulcerative colitis

Healing phase of burns

Intesunal fistula

Duarrhea

Prolonged al ration of p free
Repeated 1njections of ACTH or cortisone
Diabetic acidosis

Vomiting

10 Diuresis

11 Gast 1 tube d

12 lleostomy

—-

CoewaunhwN

Clmeat Findings
1 Moderate deficit
(a) Weakness
(b) Neuromuscular excitation
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2 Severe defiait
(a) Ncuromuscular depression
(b) Gastrointestinal depression (ileus)

Laboratory Mindings

1 Electrocardiogram
(a) Prolongation of Q T interval duc to low, broad T wave
(b) Inversion or lowening of T wave
(c) Depression of S T segment
(d) Low voltage

2 Alkalosts refractory to sodium chloride or acidosts refractory to sodim
Iactate

3 Decreased plasma potassium

Treatment

1 If Nidney fun g P added to hyp Ringer s solution

Dosage
40 to 60 mEq per sq meter of body surface per day administered over
the full 24 hour flurd supply
C Calaium Excess

Climical Causes

1 Hyperparathyrotdism

2 Excessive vitamun D admumistration

3 Excesstve intravenous calcium admunistration
Chinical Yindings

1 Hypotonicity of the muscles

2 Deep bony pain

3 Cavitation of the bones

4 Renal concretions

L:zbomlury Tindings
Electrocardiogram (arranged in order of severity with increasingly
ronzed caleium)
(2) Vagal bradycardia
(b) Sinus arrythmia
(c) Ventnicular extrasystoles
(d) Ventncular tachycardia
(e} Ventncular fibnllation
2 Plasma calcium elevated
3 Umnnary output of calcium increased
Treatment
1 Exclude calcium tons
2 Reduce cardiac irntability with barbiturates

D Calerum Defiat

Chimical Causes
1 Intesunal fistula
2 Pancreatic fistula
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3 Generalized pentonihs

4 Surgical removal of parathyroid tissue
> Steatorrhea

6 Blood transfusions

Climcal Tindings
1 Neuromuscular excitation
2 Gastrontestinal excitation
3 Thssue excitation
4 Mpyocardial depression
Laboratory Findings
1 Electrocardiogram
(a) Prolongation of Q T interval
2 Deereased plasma calcwm phosphate may be elevated
Treatment
Ad slowly cal 1 travenously USP 10% with pa
tient monstored by electrocardiograph

In addition to the climcal entiies of potassium calcum and sodum ex-
cesses and deficits, there are composihonal smbalances which result from
combmations of deficits and excesses of sodium chloride orgamic acids,
potassium, and carbonic acid For the normal concentration of cations and
amons see Figure 5

In this group are listed metabolic alkalosis and acidosis and resparatory
acidosis and alkalosis It 1s very important for the anesthesiologst to rec-
ognize these imbalances since they should definitely infl his
ment of the anesthesia

The pH of the blood 1s proportional to the carbome acid and the base
bicarbonate, and this constitutes a representative buffer system which can
be very rapudly adjusted by the lungs and kidneys Diseases and anesthetic
agents and technics interfere with both respiration and kidney function and
handicap the effectiveness of the buffer systems particularly the carbonic
acid base bicarbonate one

In acid base bilance the carbonic acid and base bicarbonate 15 kept 1n
1he proporuion of 1 20 or 1 35 mEq 27 mEq

E Mectabolic Alkalosis (Base Bicarbonate Excess) The first important
compositional 1mbalance 15 metibolic alkalosts It may be caused by the
mgeston of large amounts of sodium bicarbonate, or by loss of chloride
through vomiting or gastric suction When chlonde 1s thus lost sodwum 1s
left betind to form excessive sodium bicarbonate, and thus to weight the
base ticarbonate side of the rano Metabolic alkalosis may also be due
to loss of potassium through vomiting gastric suction ot through the kid.

&'
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Tig 5 Acid base composttion of blood plasma (Reprinted by permission of
Harvard University Press from James L Gamble Chemucal Anatomy Physiolog)
and Pathology of Extracellular Flud Copynght by J L Gamble 1942 Copynight
by the President and Fellows of Harvard College 1947 and 1954 )

neys In such a metabolic alhalosis there 1s an imncrease mn the base bi-
carbonate The pH of the blood becomes more alkalite than normal, and
the carbon dioxide combining power ts usually mcreased

Chinical findings 1n uncompensated metabolic alkalosis may consist of
tetany or convulsions or there may be no abnormal signs at all

Laboratory findings include an alkaline urine However, if there have
been great losses of flwd or a severe loss of gastric juice through vomiting
or gastric suction the urine may actually be acid in alkalosts

Compensation includes respiratory depression and an increased excre-
tion of sodium bicarbonate by the kidneys If compensation 1s successful,
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METABOLIC ALKALOSIS

Balance—Prior to Onset of Alkalosis
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the carbonic acid base bicarbonate ratio 1s maimntamned at 1 20 (Fig 6)
If comp ton 1S not ful 1t 15 mcreased 1n favor of the base bi-
carbonate, with a resultant elevation of the plasma pH above the normal
It of 745

Therapy 1s directed towards supplying chlonide thereby removing excess
sodium or other base from the base bicarbonate side of the carbonic
acid base bicarbonate ratio Normal saline 1s used by some and hypotonic
Ringer s solution 1s used 1n infants by others When metabolic alkalosis
1s accompanied also by potassium deficiency then potassium 1s added to
the mtravenous fluids

The pediatrician and the surgeon attempt to correct the alkalotic state
with intravenous sodium chlonde but frequently when the patient arrives
for surgery, such as pyloromyotomy he stll has metabolic alkalosis
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On the preancsthetic visit to the patient, the anesthesiologist should
observe carcfully the frequency and depth of resmirition since patients
with metabolic alhalosis compensate for 1t by 1 depression of respiration
1t 1s important, howeser, not fo depress the resprratton to the pomt of
hypoxia Thercfore, 1t ss advisable to omit or mut sedatne drugs pre-
operatnely

Endotracheal ancsthesta may be uscd, but the anesthesiologst should
either allow the patient to mamtun spontancous respirations or should
simulate the preoperitine respiration which allows retention of carbon
dioxsde It 1s apparent that hyperventilation in these patients will 1ggravate
the alkalosts by engrafting 2 respuntory alkalosis on an already present
metabolic alkalosts, thereby producing tetany

F Metabolic Aaidosis (Base Bicarbonate Deficit) The next type of com-
positional imbalance coming under the general headng of acid base 1m-
balance 1s metabolic acidosis The climcal causes of metabolic acidosis
most frequently encountered by the ancsthesiologist are severe mfections
as 1 appendioiis  dharrhea  diabetes melhitus, nephnitis, and excessive
normal saline infusions Taking appendicitis as an example excesses of
ketone bodies such as § hydroxybutynic acid and acctoacetic acid are pro-
duced because of decreased intake of carbohydrate In an effort to mam-
fam body homcostasis, the hidneys cxcrete these abnormal acids with
sodum, thus decreasing the amount of available base bicarbonate, and
effect hightening the basc bicarbonate side of the carbomic acid base bicar-
bonate ratio The result 15 a disturbance of the normal 1 to 20 ratio m
favor of the carbonic acid side of the ratio The pH of the plasma becomes
more actd than normal, and acidosis or acidemia exists

Certain body mechanisms attempt to compensate for the acidosis The
Iungs increase their action i an effort to blow off carbon dioxide, and thus
fo Dighten the carbomc acid side of the carbonic acid base bicarbonate
balance The kidneys attempt compensation by increasing acid excretion
and combming these acids with the ammoni radical thus conserving
sodium (Fig 7)

Although the pH of the urine 1s usually more acid than normal m act~
dosis, 1t may actually be alkaline when kidney infection occurs or 1n
children under one year of age

It the compensatory mechanisms are successful then the normal ratio
of carbonic acid 1 base bicarbonate 20 1s mamntained If these mechanisms
are not successful, then the ratio ts lowered The carbon dioxide combin-
tng power 1s decreased 1n metabolic acidosis

Chnical symptoms of metabolic acidosts include hyperpnea which 1s 1n
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METABOLIC ACIDOSIS

Balance—Prior to Onset of Aaidosts
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rcality a compensatory effort of the lungs to blow off carbon dioxide In
addition, there 1s weakness progressing 1n severe cases to disorientation
and stupor The plasma pH 1s acid in uncompensated metabolic acidosis

Treatment 15 directed toward supplying water to repair the flurd deficit
and sodium to support the base brcarbonate side of the carbonic acid base
bicarbonate ratio In most cases of metabolic acidosis there 1s a pro
nounced extracellular flurd volume deficit

In the management of metabolic actdosis carbohydrate 1n the form of
5 per cent dextrose 1n water or 1/6M sodium lactate 1s employed

When Jarge amounts of saline are unwisely given the excess of chlonde
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in the plasmn removes sodwm from the base biearbonate side of the cnr-
bonic cid base bicarbonate rtio This relatine excess of chlonde tends
to produce acidosis The tendency 15 incrensed if sodum Ieaves the extra-
cellular fluid and enters the cells as it sometimes does i potasstum de-
fictency, thus 1ceentuating the chlonde cxcess

Since patients with metabolic 1ctdosis withstand anesthesia poorly, they
are usually gren 5 per cent dextrose 1n water ntravenously before anes-
thessa It 1s quite apparent that if one gives large amounts of sedative
drugs to these patients before anesthesin he will handicap the compensa
tory action of the body by reducing the hyperpnen He will 1lso impair the
kidney function In the choice of anesthetic agents and techmies he should
avoid anesthetic agents such as cthyl cther which increase metabolic aci-
dosis and dehydration In his choice of techmc he should select endo-
tracheal anesthesta so that he may reduce the dead space 1n the respiratory
tract and have a suitable method for ventilatton of the lungs to maintamn
the body compensatory action by kecping the alveolar carbon dioxide at
a low level

G Respiratory Acidosis (Carbomie Aaid Excess) Respiratory acidosts
1s caused by retention of carbon dioxide with a resultant increase of car-
bomic acid n the blood Emphysema and preancsthetic sedative are the
most hkely causes in the anesthetic cases With the ncrease of carbonic
acid 1n the blood, the carbonic acid side of the carbomic acid base bicar-
bonate ratio 15 increased and the pH of the blood 1s more actd than normal
To compensate for this there 1s a shift of chlonde mto the ntracellular
flurd The kidneys excrete acid and reabsorb base while the lungs attempt
to compensate by hyperventilation and exhalation of increased amounts of
carbon dioxide (Fig 8) But in emphysema on account of the loss of
elasticity of the Iungs and the decrease of air flow m them the hypercapnia
cannot be reduced easily In the instances of respiratory acidosts from seda-
tion however the carbon dioxide can be reduced more readily by hyper-
ventdation In fact throughout the anesthesia the anesthestologist should
;ll:tcmpt management of respiratory acidosis by hyperventilation of the

ngs

H Respiratory Alkalosts (Carbomic Acid Deficit) Respiratory alkalosis
1s caused by any condition which increases the excretion of carbon dioxide
through the lungs with a resultant decrease of carbon dioxide of the blood
(Fig 9) Hyperpnea from oxygen lack encephalitis or hysteria can readily

do this The effect of this hyperventilation may be to produce tetany or
convulsions
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RESPIRATORY ACIDOSIS
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The urine 1 these patients becomes alkaline because the kidneys ex-
créte bases and retamn acids

Sedative drugs tend to decrease the ventilation and to reduce the amount
of exhaled carbon dioxide, and are therefore often advisable

Protein Metabolism

Amylordosis This 1s believed to be a deposition of a complex protein
within the cells of the reticuloendothelial system It 1s most commonly ob
served after 1ong-cntinued suppurative conditions such as tuberculosts,
syphilis, empyema, Or osteomyelitis, and also in nonsuppurative discases
such as arthriis The spleen, liver, and kidneys are affected most fre-
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quently, although the intestine may also be mvolved, particularly the ileum

The increasing deposition of the amyloid causes a pressure atrophy of
the parenchymal cells As hepatomegaly and splenomegaly mcrease ascites
and edema in the lower extremities occur with alburminuria common early
i the disease The patient often has some anemia and marked emaciation
Lipid Metabolism

Many of the discases charactenzed by abnormal lipid metabolism are
stll understood poorly, and the brief summaries presented will serve as a



34 EVALUATION OF THE PATIENT
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The urnine 1n these patients becomes alkaline because the kidneys ex-
créte bases and retain acids

Sedative drugs tend to decrease the ventilation and to reduce the amount
of exhaled carbon dioxide, and are thercfore often advisable

Protein Metabolism

Amyloidosis This 15 believed to be a deposition of a complex protein
withmn the cells of the reticuloendothelial system It 1s most commonly ob
served after iong contnued suppurative conditions such as tuberculosis
syphulis, empyema, or osteomyelitss, and also 1n nonsuppurative diseases
such as arthnis The spleen, Iiver and kidneys are affected most fre-
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hypertrophy with 4 decreased efficieney of eardine contraction Rarcly cm
cardiac glheogen discase be diagnosed before death, but af the cardine
shidow 15 enlarped by x r1y without apparent cause, the possibility of this
discase should be considered

Mitrogen Metabolism

Porphana This condition 1s charactertzed by an mcrease 1n the vanous
porphyrns 1n the urine nd feces The urine appeanng normal when first
passed devclops 1 deepeming burgundy wine color on standing If the dis-
ease 1s congenutal, the patient shows hypersensitnaty to ultraviolet rays,
and any cxposed shin may become erythematous esiculated nd crusty,
stmilar to the common cold sore

The acute toxic type of porphynia may occur following long ngestion
of barbsturates or acctanald or i acute infections, anemis, or hver dis-
eases

The acquired 1diopathic porphyrtr may be precipitated by infection 1t
1s mvariably fatal Charactenized by nervousness msomnia muscle weak-
ness loss of reflexes and mental disturbances this disease may also be
accompamed by abdominal pain and nausea Diagnosis may be made only
on the presence of the increasing porphynins in the unne, for patients with
this type of porphyria do not have photosensitivity It has been reported

that porphyria mcreases and prolongs the respiratory depression of bar-
biturates

Heat Regulation

The maintenance of body temperature depends upon the heat produc-
tion and the heat loss

Heat Production The prematuse infant produces approximately 26 cal-
ones per sq meter of body surface per hour The normal newborn pro-
duces at the rate of 25 5 caloties per sq meter of body surface per hour
A child two years of age produces 50 calories per sq meter of body surface
per hour as does also a child during puberty but following puberty the
heat production drops progressively The adult produces about 35 calortes
per sq meter of body surface per hour Since the body surface of the -
fant and young chuld 15 considerably higher proportionally to that of the
adult one can see clearly that the two-year-old child produces much more
heat than the adult according to their respective weights

For every kilogram of body weight the tnfant has 700 sq ecm of body
surface whereas the adult has 200 sq em of body surface On a weight
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rough directive to the anesthesiologtst 1n the management of the anesthesia
Gaucher’s Disease Splenomegaly 1s the most outstanding characteristic
of this disease There 1s a hypoplastic anemia a leukopenia and a reduc
tion in platelets Hemorrhages occur readily from the shghtest trauma
Emaciation and mental deterioration may occur later i the disease, nd
children with Gaucher s disease also have poor reststance to nfections
Niemann Pich Disease Confined almost entrely to Jewish puople, this
disease 1s of familtal origin It 15 manifested by enlargement of the spleen
and liver due to the accumulation of large reticuloendothelial cells
Lipemia This abnormal fat metabolism may be due to increase either
i the nentral fat cholesterol or phosphohipids It 15 assoctated with other
diseases In nephrosis and hvpothyrowdism, the cholesterol esters are -
creased markedly In diabetes and pancreatitis and 1n some of the anemuas
manly the neutral fat is increased In liver disease there may be lipemsa
Progressive Lipodystrophy This conditron shows a disappcarance of the
subcutaneous fat 1 the face chest and upper extremmties but the fat re
mains i the hips and lower extrermties The onset may occur as early as
the second year of hife but as a rule shows up later m chiidhood The skin
has a transparent appearance and the muscles are pronunent Although
not usually physiologically serions the disease does cause disturbing con-
figuration

Carbohydrate Metabohsm

Ordinary forms of diabetes and hypoglycemia bemng famihar to most
physicians, will not be discussed hete

The metabolism of certain children 1s inadequate to handle some forms
of sugar In levulosuria and galactosuria the liver cannot convert levu-
lose and galactose to glycogen Some children with galactosurta show
hepatomegaly and mental retardation Pentosuna smay follow ingestion of
large quantities of fruit juice or berries and 1s mconsequenttal

Glycogen Disease (von Gierhe’s Disease) This disease 1s characterized
by large accumulations of glycogen mn the hiver heart and kidneys The
basic difficulty seems to be in a failure of glycogunolysis The smooth
muscle 1 patients with pylonc stenosis often contamns an excess of gly-
cogen 1f the hver 1s affected predomunantly there 1s often enlargement of
the abdomen There may be bouts of ketosis hypoglycemia, and recurrent
vomiting Often the diagnosis can be confirmed by the presence of hypo
glycemia and ketosts The discase 1s not necessanly fatal

In some cases the glycogen deposit 1s predominant n the heart causing
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hvpertrophy with a1 decteaced efficiency of eardine contraction Rarcly ean
cardiac ghoopen dicerce be dingnoced before death but af the eardine
shidow 15 enlfargcd by a ray wathout apparent cause, the possibitity of this
disease should be conudered

Mtrogen Metabolism

Porphvna This condition 1s charactenized by an inerease 1n the various
porphyrins tn the unine and feces The unne appeaning normal when first
pasced devclaps 1 deepenimg burgunds wine color on standing If the dis
€8¢ 1s congenitsl, the patrent shows hypersensitinaty to ultrivolet rys
and 2ny exposed shin may become erythematous vesiculited and crusty,
simifar to the common cold sore

The acute toxic type of porphynia mny occur followng long ngestion
of barbiturates or acctanalid or n acute nfections anemtas, or Iinver dis-
eases

The acquired diopathie porphyrin mny be precipitated by nfection It
Is manably fatal Charictenzed by ncrvousness nsomma muscle weak-
ness loss of reflexes and mental disturbances this dsease may also be
accompamed by abdomnal pun and nausen Diagnosts may be made only
on the presence of the mereasing porphyrins i the unine for patients with
this type of porphyria do not have photosensiivity It has been reported

that porphyria increases and prolongs the respiratory depression of bar-
biturates

Heat Regulation

The masmtenance of body temperature depends upon the heat produc-
tion and the heat Joss

Heat Production The premature nfant produces approximately 26 cal-
ortes per sq meter of body surface per hour The normal newborn pro-
duces at the rate of 25 5 calories per sq meter of body surface per hour
A child two years of age produces 50 calories per sq meter of body surface
Per hour as does also a chuld during puberty but following puberty the
heat production drops progressively The adult produces about 35 calores
fer 5q meter of body surface per hour Smnce the body surface of the m-
ant and young child 15 considerably higher proportionally to that of the
i}lldult one can see clearly that the two year old child produces much more
eat than the adult according to ther respective weights
sur}:m' every kilogram of body weight the mfant has 700 sq cm of body
ace whereas the adult has 200 sq cm of body sutface On a weight
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basis, the premature nfant produces 2 20 calories per kg of body weight
per hour The normal newborn dunng the immediate postnatal period has
a very low heat production of 175 calones per kg of body weight per
hour, but this production rises rapidly, and from the end of the first month
mto the third year 1t 1s well over 2 calones per kg of body weight per
bour Ths 1s 1n sharp contrast to the smoldering furnace of the adult who
develops only 1 calorie per kg of body weight per hour The reduced heat
production during the first few days of life can be accounted for by the
fact that during this period there 1s no shivering Furthermore activity 1s
somewhat reduced, although the infant undergomng vigorous crying can
ncrease 1ts heat production by 65 to 200 per cent

Heat Loss The heat loss in the newborn 1s large because of its rela
tively large surface area and 1ts comparatively meager subcutaneous layer
of insuwlating fat Modifying this heat loss 15 the lack of perspiration m
the newborn

All these features are even more exaggerated mn the premature or poorly
developed infant These infants regain temperature loss very slowly As
well the mature mfant 1s better prepared to adapt to 1its environment by
an Increase in 1ts vasomotor response so that often 1t will show much
higher rectal than skin temperature The premature infant, on the other
hand shows striking parallelism between skin and rectal temperatures

Hypotherma

Cachectic infants may develop hypothermia before operation unless they
are kept 1n an mcubator or a warm room This applies also to infants who
have been fed intravenously for two or three days before operation These
fants often have shallow respirations later even further depressed by
cooling m an air condttioned operating room

Hypertherma

Very hot weather excessive drapes, severe mfections dehydration or
large dosages of scopolamine or atropine may result 1 an elevation of
temperature Under any of these circumstances the patient has overworked
respiratory and arculatory systems and exhaustion of these systems may
be prevented by cooling the patient before surgery A pulse rate of 160 can
be slowed to 100 a respiratory rate of 80 per minute can be reduced to
30 or 40 per munute, and a body temperature can be lowered from 42° C
to 35° C 1f this cooling procedure 15 enforced the patient wall have a
better opportunity of surviving the operative period
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In the premature and the newborn, heat regulation 1s particularly 1m-
portant smee the advent of ur conditioned operating rooms In such 1
room an mnfant 1 a few hours may lose several degrees of temperature
In spitc of the advantages of hypothcrmia 1o some conditions, 1t 1s be-
lieved 1mportant to mamtan body temperaturc i the premature, the
neonate, and the cachectic infant Conscquently, the anesthesiologist raises
the operating room temperature for such a patient or places him on 2
plastic mattress through which circulates warm water, and then regulates
the temperature of the patient which 1s recorded continuously by a rectal
thermometer The normal mfant beyond the neonatal pertod and the child
scem better adapted to resist alterations mn body temperature

VITAMINS

Vitamm Deficiency

A maternal history recording the sntake of vitamimns dunng pregnancy
1s mvaluable, since the newborn infant may suffer from avitammnosis This
1s also true of infants who have been deprived of adequate vitamun mtake
as a result of artificial feeding

Vitammn A Vitanun A may be deficient i the diet 1n hepatic or pan-
creatic disease, or ntestinal disorders when there 15 lack of absorption of
vitamin A Children with this condition fail to gain weight, have mght-
mares and may have some dryness and scahiness of their skin

Vitamm B; (Thiamne Chlonde) (Benben) This occurs in infants who
are on artificial feedmgs or whose food 1s overcooked Patients are 1rri-
table lose thewr appeute vomut, have constipation and edema The heart
may be affected, resulting mn tachycardia, cyanosis, shortness of breath
and cardiac enlargement If nervous system signs predominate, there will
be drowsiness, loss of tendon reflexes, and peripheral neuntss

Vitamin B_ (Riboflavin) With this deficsency the patient has loss of
weight smoothness and redness of the tongue, redness of the cornea photo-
phobia, and excessive lacrimation

Vitanun B; (Pyridoxine) The most outstanding sign 1n this condition
1s convelsions which may occur early m infancy but are more marked dur-
mg the second month of Iife

Nuein (Pellagra) Children with niacin deficiency have weakness, loss
of appetite, and erythema on the exposed parts of the body If the disease

1s severe, there may be gastromtestinal symptoms, swelling and redness of
the tongue
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basis the premature mfant produces 2 20 calories per kg of body weight
per hour The normal newborn during the immediate postnatal period has
a very low heat production of 175 calonies per kg of body weight per
hour but this production rises rapidly, and from the end of the first month
mto the third year 1t 1s well over 2 calones per kg of body wesght per
hour This 1s 1n sharp contrast to the smoldering furnace of the adult who
develops only 1 calorie per kg of body weight per hour The reduced heat
production during the first few days of life can be accounted for by the
fact that duning this period there 1s no shivening. Furthermore activity 15
somewhat reduced although the mfant undergomng vigorous crying can
mcrease its heat production by 65 to 200 per cent

Heat Loss The heat loss in the newborn 1s large because of its rela-
trvely large surface area and its comparatively meager subcutaneous layer
of insulating fat Modifving thuis heat loss 1s the lack of perspiration 1
the newborn.

All these features are even more exaggerated in the premature or poorly
developed infant These infants regamn temperature Joss very slowly As
well the mature mfant 1s better prepared to adapt to its environment by
an increase o 1ts vasomotor respomnse so that often it will show much
higher rectal than skin temperature The premature infant on the other
hand, shows stnking parallehsm between skin and rectal temperatures

Hypothermia

Cachectic infants may develop hvpothermia before operation unless they
are kept m an mcubator or a warm room This applies also to mnfants who
have been fed intravenously for two or three days before operation These
wnfants often have shallow resprrations later even further depressed by
cooling 1n an air-condihoned operating room

Hvpertherrua

Vers hot weather excessne drapes severe mnfections dehydration or
large dosages of scopolamine or atropine may result in an elevation of
temperature Under any of these circumstances the patient has overworked
respiratory and arculatory systems and exhaustion of these systems may
be prevented by cooling the patient before surgery A pulse rate of 160 can
be slowed to 100 a respiratory rate of 80 per minute can be reduced to
30 or 40 per mimute, and a body temperature can be Jowered from 42 C
to 35° C If this cooling procedurc 1s enforced the patent will have a
better opportumts of sunaving the operatne penod
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pam reheving drugs before an operation, he should be given the same for
preanesthetic medication

DISFASES OT THE RETICUI OENDOTHFITAL SYSTI'M

This wcludes Hand Schuller Chrstinn syndrome, Letterer-Siwe disease
and costnophilic granuloma These three diseases are charactenized by
granulomatous changes m the reticuloendothelial system

Hand-Schuller Chnstian Syndrome

This serious chromc disease, occurring usually before the age of six
years classically shows defects in the membranous bones such as the skull,

exophthalmos and drabetes mstpidus Diffuse infiltration of the lungs may
oceur

Letterer-Sine Disease

This 1s a rapidly fatal disease of infancy or early childhood In addition
to the defects 1n the bony skull there are splenomegaly hepatomegaly
anemta and skin eruptions

Eosmoplilic Granuloma

Occurring 1n older children, this disease 1s often charactenized only by
bony defects tn the skull bones It 1s the ruldest of the three mentioned
diseases of the reticuloendothelial system

COLLAGEN DISEASES
Rheumatic Cever

Rheumatie fever is more likely to cause permancnt damage to the myo-
cardium and valves of the heart than any other acute infection It 15 sub-
Ject to recrudescence When the fever 1s endemic 1t 1s more hkely to recur
n the winter months Therefore, any elective surgery should be under-
taken dunng the summer months

Although antibiotics and salicylates have done much to modify rheu-
matc fever and its effect on the myocardum there are times when the
anesthesiologist 1s required to anesthetize children who are cardiac cripples
from the discase Any drugs which would mterfere with the contractiity
of the myocardwum are dangerous Large rapid intravenous Josages of bar-
biturates spinal anesthesia, or deep ether ancsthesia should be avoided
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Vitamin C (Ascorbic Aad) (Senrvy) Seen most frequently between the
age of seven months and two years, vitamm C deficiency results in 1n-
table pattents with tenderness of the extremties, probably due to sub
peniosteal hemorrhages The gums are purphish and swollen, and there
may be depression of the sternum The banes may show a typical ground
glass appearance i the x-rays There may be blood cells m the urine

Vitanun D (Ruchets) This s usually due to madequate wtake of vitamn
D or lack of the ultraviolet rays of sunshine It generally does not occur
until three months of age, at which time 1t 1s charactenized by cramotabes
delayed closure of the fontanelles, delayed dentition pigeon breast de-
pression 1long the msertion of the diaphragm deformuty of the pelvis
poor muscle tone with protrusion of the abdomen weakness and const-
pation The bones fracture easily Serum calcium may be normal unless
tetany occurs Serum phosphorus 1s decreased and alkalne phosphatase 15
mcreased

Vitamm K A newborn infant may have massive pulmonarv or abdom
mal hemorrhages, the frequency of which is decreased if the mother has
had witarmn K before the dehivery of the infant However if the mother
has not had vitamm K and tume 1s available before operation on the mn
fant, he should have 4 to 10 mg ntravenously to reduce the hemorrhagic
dathesis Such ad ation of K 1s thought to decrease the pro-
thrombin time to near the normal levels

Hypervitammosis

[s] Uy the hestol s 3 patient who has been too
vigorously treated with vitamins particularly vitammn A These patients
have carotenema resulting m a hight yellowrsh discoloration of the skin
but there 1s no discoloration of the conjunctiva Thus carotenema 1s usu-
ally eastly d d from d -

However the excess vitamun mnvades the ltver and spleen and the pa-
tient may suffer anemia and leukopenia

NEVW GROWTHS

Statistically there 1s an increase it mahignancy among nfants and chil
dren n recent years It &5 usually of a very fulmmating type producing
extreme emaciation malnutriton and anemia Patients with malignancy
are very il with mmpaired myocardial function and each patient must be
considered mdivdually Jf the child has been recenving large dosages of
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because they may cause a precipitous drop in blood pressure and acute
cardiac failure

Rheamatoid Arthnitis

Rheumatoid arthnitis 1s a slow, progressine disease affecting the lungs
pencardium  lymphatic tissues, skin, and later the joints The onset which
may be acute or gradual does not occur ordmanly until after the second
year of Ife It 1s charactenized by fever jomt pamns (especially of the
hands and feet) weight loss, clammy skin muscle aches, and tremors
The jomnts are swollen shightly tender, with imited motion and they be-
come charactenstically spindle-shaped, covered by shiny, smooth skin
Tachvcardia, penicarditts large lymph nodes, large spleen, renal disease,
and subcutaneous nodes (especially along the ulna and spme) may occur

Laboratory findings show leucocytosrs increased sedimentation rate
and a reversed albumn globulin ratio There may be a hypoplastic anemia
and an elevation of the serum polysaccharides X-rays of the bones show
slight widening of the jomt spaces and, later, osteoporosts of the bones

In order to prevent the cnippling kyphosis which may occur with rheu-
matoid arthntis a patient 1s often gnen a course of cortisone therapy,
necessitating the anesthesiologist s attention to continued steroid replace-
ment

BIBLIOGRAPHY

1 Jackson K. “Psychologic Preparation as a Method of Reducing the
Emotional Trauma of Anesthesta in Children ® Anesthesiology 12 293~300
1951

2 Jackson k. Winkley R Faust, 0 A. and Cermak E G “Problem of
Emotional Trauma 1n Hospital Treatment of Children” J.4 M.4 149 1536~
38 (Aug 23) 1952

3 Jongkees L B W “The Psychic Efiect of Hospitalization and Surgical
Interventions on Children™ Ann Orol Rhin & Laryng 63 145-50 (Mar)
195+

4 Petersk J T “Emotional Aspects yn Anesthesa” J Am A Nurse
Anesthensts 20 109-12 (May) 1952

5 Plunkett, R J (ed) and Hayden A. C (asst ed) Standard Nomen
clature of Diseases and Operations 4th ed Published for the Amernican Medical
Association by the Blaksston Drvsion of the McGraw Hill Book Company
New York, 1952

6 Susman E. “Some Psychological Patterns of Deafoess ™ 4 J Austraha
2 830-31 1958



THE INTECUMIATARY SISTEM 45

ssndrome, and, ff metibohc alkalosis is present, sodium chloride should
be admimstered before surgery

Ichthvous

This condition varies from shght dryness of the shin to very marhed
scaling Even a newborn infant may manifest the discasc by a marked dry-
ness of the shin A patient with ichthyosis may desclop a rise i tempera-
ture with small dosages of atropine For this reason the body temperature
should be momtored 1nd controlled as i dysautonomia

Ehlers Danlos Syndrome

Particular attention to carcful handling 1s the pnime requisite i the
management of these patients for their shin 1nd joints are especrally sus-
cepuble to injury ‘The svndrome stself 1s mamifusted by hyperelasticity and
friability of the shin with hyvperestensibility of the jomnts

Sclerema Neonatorum

This usually fatal discase, characterized by hardening of the tissues,
generally commences around the buttocks and tghs and then spreads
cephalad, gradually mmvolving the upper part of the body The tssue
neither pits nor swells but merely becomes a firm 1nelastic mass, thus
differentiating 1t from the less serous disease scleroderma

According to Parmelee sclerema 1s the result of solidification of the
subcutaneous fats due to lowered body temperature Characteristically
fetal fa1 15 Jow 1n oleic acid and high 1n palmitic acid content and since
fat of this composwion has » gh melting pomt 1t can readily solidify
at low temperatures

One preoperative and five postoperative fatal cases of sclerema m the
newborn were seen by the authors 1n a two month period Since this ex-
perience a continuous recording rectal or esophageal thermometer has
been used to momitor the temperature of infants under six wecks of age,
and m addition careful attention 1s directed toward mamntenance of the
nrewbom s body temperature by means of a heated operating room and a
heated pad on the operating table Since the implementation of this pro-

cedure the absence of sclerema neonatorum appears to confirm Parmelee s
hypothesis



CHAPTER 2

EVALUATION OF THE INTEGUMENTARY
SYSTEM

Pediatric dermatologists attribute many of the diseases of the integumen-
tary system to emotional disturbances and some of the diseases described
below mav be of that ongin However, several other mntegumentary dis
eases are either congemtal or traumatic in ongin Because of widespread
systemic effect these diseases may influence anesthetic chowce and man
agement

PRENATAL INFLUENCES

Riley-Day Syndrome (Dysautonomia)

This syndrome which occurs mamly n Jewish chidren, has several
characteristics which influence the anesthetic management The tendency
to have an exaggerated reaction to rmid anxiety 1s controlled by icreas-
ing the sedative 1n the premedication and by supplying sedatives postoper
atively In these patients the absence of sweating causes pyrexia there
fore body temperature should be momitored and controlled by body cool-
ing Absence of lacrimation may result 1n corneal ulceration but this 1s
forestalled by the mnstllation of 5 per cent boric acid ointment and taping
the eyelids closed Indeed 1n lengthy procedures the eyehids may even be
sutured shut Extreme fluctuations of blood pressure may occur varying
from the awake, alarmed hypertensive preinduction state to a sudden pro
foundly hvpotensive state following induction Therefore hght planes of
anesthesia should be mamtained Protracted vomiing may be part of the

44
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Ruptured alveolt 1n the deeper recesses of the lung may cause an escape
of pulmonary gases which travel up the blood vessels into the medsstinum
and later mto the subcutancous tissucs of the neek  Subcutancous em-
physema m the neck followng 1 trachcostomy generaity indicates that the
shin 1s closed too tightly around the trachcostomy tube

The presence of subcutancous emphysema demands an mvestigation
mto the causes, since 1t mvanably indicates an smpured respiratory sys-
tem It would also suggest that Torcelul artificial ventitauion of the lungs
mught increase the respiratory embarrassment

Cicatnx

Extensne cicatux of the body often indicates a prolonged period of
previous treatment, resulting in a mounting phobia of further treatment
Consequently, profound sedation and an understanding approach to the
patient are cssential

Cicatrix of the shin of the nech or mouth becomes a problem only
when 1t tends to immobulize the lower jaw, drawing 1t closer to the thorax
The advsability of a preoperative trachcostomy should be discussed with
the surgeon, since, 1f obstruction to respiration should occur during anes-
thesta 1t might be very difficult to establish the patency of the airway
either by intubation or an emergency tracheostomy

Contusions

In spite of laboratory tests showing normal bleeding and clotting times,
the possibility of a bleeding tendency n a male patient who 1s covered
with numerous unexplained bruises should not be overlooked Nasal -
tubation 1n such a patient may imtiate a stubborn epistaxis

We can recall a tonsillectomy betng performed tn such a patient 1n which
more than three hours were spent trying to stem the flow of blood from
the fauces Eventually transfusions had to be admimistered and the carotid

artery ied This mcident happened even though the bleeding and clotting
times were recorded as normal

CYANOSIS
Acrocyanosis

Acrocyanosis m the hands and 1 the feet or 1n the feet alone occurs
n many 1nfants duning the first few hours of Ife It may represent a shght
degree of shock which the infant has suffered 1n his passage through the
birth canal or 1t may be due to nadequate expansion of the lungs In the
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Congenital Ectodermal Dysplasia

In this famihial disease the patient demonstrates edentulism, sparseness
of the hair atrophy of the nails, glossiness of the skin, with frequent ab-
sence of sweat and sebaceous glands

There are two types, hudrotic and anlidrouc A patient with the hidrotic
type can control his very labile temperature by profuse perspiration, while
a patient with the anhidrotic type 1s subject to greater vaniations in tem-
perature since he lacks the ability to perspire

Patients with congemital ectodermal dysplasia may show an extreme rise
in temperature from a heated environment or from any of the belladonna
drugs like atropme or scopolammne These drugs must be used with cau
tion, and a continuous recording of the body temperature must be hept
preoperatively, operatively, and postoperatively The anesthesiologist must
be prepared to cool the patient if the temperature rises

INFECTIONS

Impetigo
Since impetigo 1s very contagious 1n the newborn, strict 1solation tech-
nic must be employed to prevent the contammation of other infants

Furunculosis

Multiple furuncles of the skin occur rarely n children under five years
of age, although a condition closely akn to 1t 1s seen 1n the marasmic mn~
fant A marasmuc infant often shows multiple abscesses i the sk with
very httle inflammation Children who have had pyemic infection for a
long penod of time are increased anesthetic nisks, probably because of a
reduced myocardial reserve

TRAUMA

Subcutaneous Emphysema

The presence of subcutaneous emphysema may be due to gas gangrene
but usually indicates a rupture of the alveall bronchioles or any other
part of the respiratory tract The escaping pulmonary gases may cause a
pneumothorax, and if 1t 1s & tenston pneumothorax not only will the
mediastinum be pushed to the opposite side but also the gas itself can
escape through a perforation m the chest wall passing mnto the subcutane-

ous tissues
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Ruptured alveoli 1 the decper recesses of the lung may cawse an escape
of pulmonary gices which travel up the blood vessels into the mediastinum
and later into the subcutancous tissues of the nech  Subcutincous em-
physema 1n the neck following = tracheostomy generally mdicates that the
shin s closed too tightly around the trichcostomy tube

The presence of subcutancous emphysema demands an investigation
mto the causes, since 1t nsvanably indicates an impured respiratory sys-
tem It would also suggest that forceful artificial ventilation of the lungs
might crease the respiritory embarrassment

Creatnx

Extensne creatrix of the body often ndicates a prolonged pertod of
previous treatment, resulung 1in a mounting phobin of further treatment
Consequently, profound sedation and an understanding approach to the
patient arc essential

Cicatrix of the shin of the nech or mouth becomes a problem only
when 1t tends to immobilize the lower jaw, drawing 1t closer to the thorax
The advisability of a preoperative trachcostomy should be discussed with
the surgeon since, 1f obstruction to resprration should occur during anes-
thesta, 1t might be very diflicult to establish the patency of the airway
etther by mtubation or an emergency trachcostomy

Contusions

In spite of laboratory tests showing normal bleeding and clotting times,
the possibility of a blecding tendency 1n a male patient who 1s covered
with numerous unexplamed bruises should not be overlooked Nasal 1n-
tubation 1 such o patient may mmtinte a stubborn epistaxis
m::’:t;ﬂan rtelfall a tonsillectomy being performed 1n such a patient m which
the fauce: Eree hours were spent trymg to stem the flow of blood from

‘ventually transfusions had to be administered and the carotid

artery tied This incident happened even though the bleeding and clotting
umes were recorded as normal

CYANOSIS
Acrocyanosis

mfuncarocyanoms n the hands and in the feet or n the feet alone occurs
degm:yofmfanls during the first few hours of ife Tt may represent a shght
shock which the infant has suffered 1n his passage through the

burt]
h canal, or & may be due to madequate expansion of the lungs In the
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latter, inhalation of high concentrations of oxygen cures the cyanosis In
persistent cases, the possibility of congemtal heart disease must be en-
tertamed

Generalized Cyanosis

Generalized cyanoss 1s indicative of either respiratory or cardiovascular
disease of extreme severity

No cvanotic patient should be depressed with preancsthetic sedatives
nor should he be given any anesthetic agent which does not allow a high
concentration of oxygen to be admimstered conjontly
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CHAPTER 3

EVALUATION OF THE MUSCULOSKELETAL
SYSTEM

DISCASCS Or' THE BONES
PRENATAL INFLUENCES

Osteogenesis Imperfectum (Fragilitas Ossium)

The ratefied bones of patients with osteogenesis imperfectum are sus-
ceptible to 1nnumerable fractures, therefore movement of such a patient
should be done wath the assistance of the orthopedic surgeon 1n order to
avoud further fractures of the paticnt’s fragle bones Since deafness often
accompanies this disease, 1t may be difficult for the anesthesiologist to
€stablish rapport with the Ppatient

However, due to the marked flaccidity of the musculature, frequently

only analgesta 15 necessary, and Iight planes of anesthesia are suffictent
this condition

Ostcopetrosis (Marble Bone)

The opposite of osteogenesis imperfectum this familial disease exhibits
an increased density of the bones However they are bnttle and can frac-
ture very easily and movement of these pattents should be carmed out
with the same degree of care as outhned for osteogenesis imperfectum
Visual and auditory defects may also be noted in this condition
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Leontiasis Ossium

This particulatly well named hereditary disease 1s characterized by an
overgrowth of the cramum, cspecially notable 1n the frontal region, giving
the child a leomne appearance This 1s further heightened by flattenming of
the nasal nidge, hollowing of the cheeks, and an increased intraccular space
(hypertelorism) The vision may be threatened by the growth of bone
around the optic nerve To save the viston 1t may be necessary to free the
aptic nerve often a ttme consuming procedure because of the thickness of
the bone Intubation 1s often difficult because of hmitation of mandibular
excursion

Pectus Excavatum (Funnel Chest)

The cause of the depressed sternum 1s unknown, but some hereditary
factor 15 believed to exist Generally present at birth or very soon there-
after, the disease sometimes occur< 1n more than one member of a family

In the more severe afflictions, the attached cartilages are depressed As
the ribs grow the sternal depression increases, and the thoracic cage fails
to ncrease i ngidity i the normal manner Consequently durning 1n
spiratton the sternum retracts as the abdomen protrudes, and with this
paradoxical breathing the stomach may readily become distended wath air

Not all patients with pectus excavatum require surgery for the condition,
but this decision can be made by the time the patient 1s three or four
years of age Surgical correction 18 a twofold therapy elimimation of
cardiorespiratory distress, and correction of the deformity for psycho-
logical reasons

In the extensive operation for pectus excavatum, massive blood loss
may occur, therefore blood must be rcadily available

INFECTIONS

Osteomychtis

Acute ostcomyelitis 1s no longer a surgical discase and even the chronic
form 1s rare however chromic osteomyeliis or tubcrculosis of the bone
may cause amylod disease and reduced cardiac reserve Such a patient
often has depression of respiration with ordinary dosages of premedication
Hypotension and even cardiac arrest can occur with a shght increase in
the amount of anesthetic agent
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TRAUMA—TRACTURLS

Fractures of the Tarpe Bones

The scvere blood Yoss occasioned by fractures of the Ihrge bones may
at times result 1n 1 shock state which 1s correctly treated wtih blood trans-
fusion If open reduction 1s performed further blood loss will undoubtedly
occur, adequate blood replacement ts cssentl and must be anticipated

DISEASES DUE TO MLTABOLISM, GROWTH, OR NUTRITION

Renal QOsteodystrophy

In this disease there 1s osteoporosis, decrease m blood caleim and in-
crease 1n urinary calctum The osteoporosis necessitates careful movement
of the patient The decrease 1n blood calcium may gee a relatine hyper-
halermia with depressant effect on the myocardium The increased urinary
calcium may produce renal pelvic calcul and infection The extent of these
lestons determines the anesthetic risk involved

Osteitis Fibrosa Cystica

Due to hyperparathyroidism areas of bony structure become rarefied
The affected bones are fractured easily, and gentle movement of the pa-

tient 1s essential We have never encountered any unusual anesthetic com-
phcations due to elevated blood calcium

DEVELOPMLNTAL

Micrognathia

See Chapter 4 Pierre-Robin syndrome (p 80)
NFW GROWTHS

Malignant Bone Tumors

The common varieties of malignant bone tumors 1 children are chon-
drosarcoma, fibrosarcoma and Ewings sarcoma These tumors £grow so
rapidly that their presence 15 detected early before the health of the patient
has deteriorated

Usually an amputation of the 1nvolved limb 1s attempted Prior to am-
putation the patient s blood should be typed and cross matched for pos-
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sible blood transfusions, while heavy premedication relieves the patient of
postoperative discomfort and pam

DISEASLS OF THE JOINTS

INFECTIONS

Mandibular Jomnt

Infection of the mandibular jomnt usually restricts the movement of the
mandible increasing the difficulty of oral mtubation therefore, blind nasal
endotracheal intubation may be preferable However a severe degree of
fixed occluston necessitates an elective tracheostomy before major surgery

DISEASES OF THE MUSCLES

PRENATAL INFLUENCES

Myotonia Cong (Th ’s D )

Ths 1s charactenized by intermittent bouts of mcreased tone mn groups
of muscles i the body Since the disease may be due to excess acetylcho
Iine, 1t 1s ntensified by potassum or anticholmesterase drugs such as
neostigmine (Prostigmin)

These patients should be given one and a half times the standard dosages
of atropmne or scopol for pr hetic medication thus reducing
the respiratory tract secretions and protecting the heart from cholinergic
effects

Muscular Dystrophies

These patients often show easv fatigue because of imtial muscular
hypertrophy and subsequent muscle fiber replacement by fibrous connec~
tive tissue The gravest hazard 1s pneumonia since such children may lack
an effective cough The lightest of premedication 1s essential while muscle
relaxants and deep anesthesia are avoided

DISEASES DUF TO DISTURBANCE OF INNERVATION OF
MUSCLES

Mjyasthenta Gravis
Neonatal This disease 15 often transicnt The patient demonstrates mus
cular weakness weak Moro reflexes a feeble cry and poor sucking and
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swallowing reflexes accompimed by mashlike ficies Immedinte relief of
the symptoms by injecting intramuscularly 0 1 ml (1 0 mg) of edrophomum
chloride (Tenstlon) confirms the diagnosis of neonatal myasthenia gravis

Neonatal myasthenia gravis may occur n nfants of mothers who have
myasthema gravis

Juvemle Often recognized by a bilateral ptosis and masklihe facies,
further mamfestation of this discase 1s by weakness of the muscles of the
neck, trunk, and Iimbs The pupils arc usually constricted These patients
have difficulty in learning to walk, while older children tire more readily
The diagnosis 1s made on the marked improvement following the mmjection
of 02 ml (20 mg) of edrophonium chlonde Neostigmine 1s a valuable
therapeutic drug Curare or stmilar drugs have a long lasting effect on pa-
tients with myasthenra gravis or on patients with a past history of the dis-
case, and their use 1s avorded Omussion of this precaution may cause a
very prolonged apnea

DISEASES DUE TO DISORDERS OF METABOLISM

Ossifying Myosiis

Progressive ossifying myositis may be seen 1n the newborn, but usually
oceurs later 1n the first decade of Iife The muscles of the neck and back
are often predomunantly affected However, contraction of the muscles of
respiration may also be hindered In such nstances, reduced dosages of
sedative drugs 1n the premedication permut the fullest activity of the respira-
tory muscles

BIBLIOGRAPHY
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CHAPTER 4

EVALUATION OF THE RESPIRATORY
SYSTEM

Since the welfare of the patient 1s dependent for the mamn part upon
the efficient conveyance of oxygen and carbon dioxide by the resprratory
and cardiovascular systems evaluation and management of these systems
must of necessity occupy the prmcipal attention of the anesthesiologist
However during development m the mfant many morphologic and physto
logic changes became mamfest all of which affect the choice and manage-
ment of anesthetic techmes In this chapter the respiratory considerations
will be discussed

ANATOMY

Therax

In the newborn the thoracic cage 1s seminigid and easily retracted by
the descent of the diaphragm The ribs horizontally onentated at birth
begin therr oblique orientation toward the end of the first year and com-
plete this onientation by the end of the fourth year (Fig 10) The perimeter
of the thoracic cage mncreases 50 per cent during the first year but only
10 per cent during the sccond year since the thoracic cage cnlarges volu
metrically both by descent of the diaphragm and change n angulation of
the nibs At birth the level of the daphragm s i the region of T8 9
while at matunty it 1s at T9 10 with the left leaf of the diaphragm shightly
tower than the nght

Although at birth the thoracic cage appears to be occupied by the rela
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Fig 10 (Abore) Honzontal position of ribs at birth (Belon) Oblique posttion of
ribs at end of fourth year
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tively large heart and great vessels, in later infancy developmental changes
enlarge the thoracic cage and rapidly provide more space for the expand
mg lungs

Mouth and Oronasopharynx

The newborn and infant are accustomed to nasal breathing Adenoids
rarely obstruct respiration until the child 1s beyond infancy However, the
large tongue of the infant and his edentulous state result mn close appost
tion of the tongue and palate with consequent obstruction to the oral
airvway

Larynx
The larynx 15 positioned more cephalad 1n the newborn than i the adult
with a fusion of the thyroid and hyoid cartilages (Fig 11) The small epr-

Cricord carblage
| cartiloge Trachea
Thyror 4
carhlage L Trachea carhlage Esophagus
Cricord
Cricod carhlage
cartilage Esophagus

Thymus

infant Adult

Fig 11 (Left) Cephalad posttion of larynx 1n newborn with fusion of thyrod
and hyoud cartilages (Right) More caudad position of Jarynx in adult with separation
of thyroid cartilage and hyoid bone (Eckenhoﬁ' 1 E Some Anatomic Considera
tions of the Infant Larynx Infl A T 4 " logy
12 403 1951)

glottis usually corresponds 1n relative size to that of the lower Jaw Smce
1t 1s V-shaped, stiff and extends more posteriorly over the entrance to the
glottis, mtubation n the newborn 15 generally more difficult than i the
older child or adult The posterior cartilaginous portion of the vocal cords
1s about the same length as the antenor ligamentous portion (Fig 12)

As the mfant develops the increase 1 the length of the vocal cords is
brought about by an mcrease i the ligamentous portion
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Thyrod cartiloge

Rema glottidis

Voca! cord

Vocal process
of arytenod

=

Arytenoid cartiloge

Trachea

Iig 12 Larynx
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of young child

transserse scction  Anterior liganmentous
portion lengthens with age (Echenhoff

£ Some Anatomic Considerations
of the Infant Larynx Influencing En
dotrachcal Ancsthesia ™ Anesthesiology,

12 404 1951)

The trachca extends from the vocal cords to the carina At birth, 1t lies
to the night of the nudline but lnter on moves more medially It 1s em-
bedded 1n loose conneetne uissue, and s shifted casily to enher side by
changes 1n the intrapleural pressure Generally speahing the bifurcation
of the trachea in the first ycar lLies between the thied and fourth thoracic
vertebrae, from two to six years, between the fourth and sixth thoracic
vertebrae, and from scven to twelve years, between the fifth and sixth

thoracic vertebrae

The trachea grows from 4 cm at birth to only 6 3 cm at twelve years of
age while the sagittal diameter at birth 18 5 mm and reaches 16 5 mm
the adult (Fig 13) The diameter of the trachea in the newborn 1s there-

Age Length Diameter (Engel)
Sagrttal Coronal
Months cm mm mm
0-1 40 50 60
1-3 38 65 68
3-6 42 76 72
6-12 43 70 78
Years
1-2 45 94 88
2-3 50 108 94
34 53 91 112
4-6 54 —_ —_
6-8 57 104 110
8-10 63 -_— —
10-12 63 93 124
12-14 64 —_ _—
14-16 72 107 135
Adult 9-15 165 144

Fizg 13 Dimensions of trachea from birth to

adult hfe (Engel S The Childs

Lung Edward Arnold (Publishers) Lid , London 1947)
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fore relatively large compared with that of the adult and signifies a large
anatomucal dead space The trachea and bronchi mcrease rapidly mn cali
ber during the first few months of life but the rate of mcrease 1s not quite
so rapid from then on to the end of the fourth year From the fourth year
to the begmning of puberty there 1s very shight increase in diameter, but
with the onset of puberty and contimumg to adult Iife there 15 once agam
a rapid increase m the diameter of both the trachea and bronchi

In the newborn the shape of the trachea 1s maintaned by the carulagt
nous nngs which are immature and soft mn structure While there are
numerous glands 1n the tracheal wall they are not developed completely,
probably accounting 1n part for the paucity of secrction n the trachea
during the first week of life For this reason, anticholnergic drugs are
necessary only 1f the anesthesiofogist desires to obtund vagal reflexes

Bronchn

The bronchi angle more sharply from the trachca n the mfant under
one year than in the adult

At birth the caliber of the night bronchus 1s shightly larger than that
of the left and this ratio 15 mamtained unti} aduit bfe (Fig 14) Up to
the age of four years the combined area of the cross sections of the two
mam bronch gradually mcreases over that of the trachea and in adult
Iife 1s 40 per cent greater

Fig. 14 Caliber of ng\t bron
chus 1s larger than the left m
sfants and children
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Lungs

The lungs may be described in terms of three cones first, the hilum
which contuns only bronchi blood vessels glnds and nerves, all umited
by loose connective tissue, second the central aren next to the hilum
wheresn lie the bronchy, arteries, and vemns with lung tissue i the inter-
space, beyond this, 1nd toward the pertphery, 1s 1 third zone composed
of lung tissuc and broncholes the expansile portion of the lung

At birth, the bronchioles are very delicate, but the muscle layer com-
mences to grow thicker and clastic fibers increase in number and size
during the first year of lift Consequently for the first few months of Iife
the infant s lung has a paucity of firm supporting structure and a minimum
of clastierty, both conditions favoring either pulmonary hyperdistention
or atelectasis with mimmal inttinting cause

The mamn functional part of the lung consists of alveolar ducts, the
central spaces giving rtse to the cup-shaped alveoli In the walls of these
alveol: are fine elastic fibers 1 few conncctive tissue cells, and pulmonary
capillanies Alveolar ducts arc extremely small, and since they dilate gradu-
ally during the first few days of life some climicians believe that if opera-
tions on the newborn are delayed for a few days there are fewer respira-
tory complications during and following anesthesin The subsequent in-
crease 1n the size of the lungs probably results chiefly from an increase
the size of the alveolar ducts and the alveol Due to the marked 1mma-
tunty of alveolation and abundance of mesenchymal tissue in the infant
the specific weight of the lung tissue at birth 1s about four times that of the
adult and even at the age of four years 1t 1s still twice that of the adult
Such a microscopic structure suggests that the total resprratory surface 1s
relatively smaller 1n the newborn than in the older child

PULMONARY PHYSIOLOGY

Mechantes of Respiration 1n fhe Newborn

From an anatomical comparison of the respiratory systems of the nfant
and the adult physiological differences are expected 1n the two age groups
A companson of the results of some pulmonary function tests that have
been made are Dhisted 1n Figure 15

The newborn ifant breathes through his nose and does not adjust
readily to mouth breathing The dommnant muscle of respiration 1s the
diaphragm and 1ts degree of excursion 1s Iimited by the large liver spleen
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and abdominal contents At birth the nbs are elevated, so that little m
crease mn the size of the thoracic cage can be obtamed throngh the con
traction of the intercostal muscles In fact when there 1s a demand for 1n
creased pulmonary ventilation, there may be marked indrawing of the
serurigid anterior wall of the thorax as the diaphragm contracts and de-
scends

2 5 kg Infant 70 kg Adult
FRC 70 ml 2400 ml
TV 15 ml 500 ml
Rate 34/mmn 12/min
MV 498 ml 6000 ml
vC 140 ml 4800 ml
AV 355 ml/min 4200 ml/min
FDS 5 mt 150 ml
pCO; 32 mm Hg 40 mm Hg
Compliance 5 ml/cm H,O 100 ml/cm H_ O
O, consumption 12-20 ml/mm 250 ml/min
CO_ eltmination 14 ml/min 200 ml/mn

Fig 15 Comparison of normal pulmonary function values in infant and
adult (Infant pulmonary function values adapted from Coock C D Lucey J F
Drobaugh J E Segal S Sutherland J M and Smith C A Apnea and Respira
tory Distress in the Newborn Infant Physiologic Background Resuscitation and Sup
portive Technics  New England J Med 2534 565 1956 Adult pulmonary function
values adapted from Comroe J H Jr Forster R E Dubois A B Briscoe W A
and Carlsen E The Lung Chnical Physiwology and Pulmonary Function Tests The
Year Book Publishers Inc Chicago 1955)

The differences 1n normal respiratory measurements between the new-
born and the adult are shown 1 Figures 16 and 17

Functional Residual Capacity Ths 1s the volume of gases remammg mn
the lungs at resting expiratory level In the normal patient this represents
the reserve of air in the lungs The normal infant has a small reserve,
which coupled with high oxygen consumption accounts for the hypoxia
that can occur In two or three minutes It 1s suspected that the residual
capacity may be even lower the first few days of life before the infant
has had time to expand his alveol

Tidal Volume This 15 the amount of air mspired or expired during each
resprratory cycle (Fig 18) A nomogram (Fig 19) has been devised
which enables the determmation of the optimum tidal volume when the
frequency of respiration body wesght, and sex of the patient are known
The nomogram has only a theoretical value 1n pediatnic anesthesia because
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Normo! Newborn

IRV == 90m
1C=105m!
VC=140ml 17 -
TV =15ml
ERV =35ml
FRC=70m!
RV =35ml

Fig 16 Diagram of pulmonary volumes in the normal newborn (Adapted from
Cook C D Lucey J F Drobaugh I E Segal $ Sutherland J M and Smith
C A Apnea and Respiratory Distress 1n the Newborn Infant Physiologic Back

%;;und Resuscitation and Supportive Technics  New England ] Med 253 565
6)

the cuffed endotracheal tube which ordinarily assures a completely closed
system seldom 1s used except m older children Consequently, there 1s con-
siderable escape of gases either around the mask or around the endo-
tracheal tube, making 1t impossible to use the tidal volumes of the nomo-
gram

Pneumotachographic tracings indicate that anesthetic agents and tech-
mies on the whole tend to depress the optimum tidal and minute volume
of the mnfant and child (Fig 20) Maximal tidal volumes n early mfancy
are shown n Figure 21

Frequency of Respiration The newborn mfant has a comparatively
small thoracic cavity which 1s occupred by a relatwvely large heart and
closely packed lung tissue composed of small and only slightly expanded
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Male Adult .
RV=33L
IC=38L
VC=48L
TV = 500m|
ERV=IL
FRC=226
RV=I2L

Fig 17 Diagram of pulmonary volumes m normal male adult (Comroe J H
Jr Forster R E Dubors A B Briscoe W A and Carlsen B The Lung Chmcal
Physiology and Pulmonary Function Tests The Year Book Publishers Inc Chicago
1955)

alveolar ducts For thss rcason the infant 1s dependent more on mcreased
frequency of resprration than on increased tidal volume to overcome hy-
poxia or hypercarbia (Fig 22)

As the infant grows older the thoracic cage enlarges and alveolar ducts
expand allowing for greater vanations m tidal volume Consequently 1f
there 1s 2 demand for increased alveolar ventilation changes n tidal vol
ume often take precedence over changes in frequency of respiration

Minute Yolume Minute volume 1s the product of tidal volume and the
frequency of respiration It 1s threc or four times larger in the newbom
than in the adult on a comparative weight basis This mncrcased minute
volume 15 achieved by the greater frequency of resprration of the new-

born
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1 month 23 cc
3 months 41
6 months 51
12 months 78
2 yeurs 136
4 ycars 140
5 years 215
9 years 395

Tig 18  Tidal volume from on¢ month to nine ycirs of age

Bady Bosal Tidol Volume
"e"gh’ cc at 24 C saturated 2;?32:3;
. with water vapor eyclesfmn
Corecto stobe oppled or vq od 50
Dolyoct 1y Add10% 45 T
£ e Add3iioreochd qeeFoboe
7 9977 ectol) 40 =
Altt d Add 5% for each 2000 ft g
above sea le ef <
8- Mitblea dotd_go_ the o Add 20% kE -
Troch ofomyo d__d rach 1 1 b to
9 "5 bfodt o of me equal fo ¥4 the body we ght 30
2dd dd adspa ewthg_th o oppaar s
10— 43 of me of oppo atvs o d mask deod space
B 25 g
12 K
1 z
15 v
203 80
254 100
%07 150
40 ]
50-] 200
60 - 250 2
o, 300 3
80 3
1oo§ a0 / N
1205 2 500
150 _ 2600
200+ 709
250 3 900 8

Fig 19 Nomogram for predicung the o)
pimum tidal volume from the breathin
}requtncy body weight and sex of the patient (Radford E P Jr Ferns B Gg
dr and Krniete B C Chnical Use of a Nomogram to Estimate Proper Ventilation
uring Aruficial Respiration  New England J Med 251 878 1954 )

Complance This 1s the easc of expanston of the lung as measured from
the volume response of the Jung per umt of pressure applied and 1s ex-
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Male Adult . e mmc— e m—————

IRV=33L

IC=38L
VC=48L )
TV =5Q0m|
ERV=1L
FRC=226
RV=12L

Fig 17 Diagram of pulmonary volumes mn normal male adult (Comroe J H
Jr Forster R E Dubois A B Briscoe W A and Carlsen E  The Lung Climcal

Phstology and Pulmonary Function Tests The Year Book Publishers Inc Chicago
1955)

alveolar ducts For this reason the mfant 1s dependent more on mcreased
frequency of respiration than on mnereased tidal volume to overcome hy-
poxia or hypercarbia (Fig 22)

As the infant grows older the thoracic cage enlarges and alveolar ducts
expand, allowmg for greater vanations n tidal volume Consequently if
there 1s a demand for increased alveolar ventilation changes n tidal vol
ume often take precedence over changes mn frequency of respiration

Minute Volume Minute volume 1s the product of tidal volume and the
frequency of respiration It 15 three or four times larger 1 the newborn
than m the adult on a comparative weight bisis This incrensed minute
volume 1s achieved by the greater frequency of respiration of the new
born
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1 month 23 cc
3 months 41

6 months 51
12 months 78

2 years 136

4 ycars 140

5 years 215

9 yeurs 395

Tig 18  Tidal volume from one month to mine years of age

Body Basol
asal Tidal Volume
we;ghl cc ot 24 C saturated ;ly'::\:::uncg
with water vapor cycfes/mlrl
6-} Corecto stobooppledas qu d 50
14 D lrat ty Add10%

£ Add 5% fo eoch deg ¢¢ F obo e

99°{ ectal)
Ale d_ Add 5% for ea h 2000
obo 6 3eale el
M tobolro do d _ ge ethe o Add20%

7 16

S
&
Infants—»

f
1 _h otomy & d_dot ch ot 1butos
9~ S bt oct 0 vol me equol fo %3 the body we ght 30
Add dd_dp cewtho ik _aopp ot
101 Add of me of appa ohus o J mak dead spoce

2
o
<
150 3
700
200 800
250 4 900 8 X

Fig 19 Nomogram for predictin,
g the optimum tdal volume from the breathin,
;requency body weight and sex of the patient (Radford E P JIr Ferris B Gg
dr and Kriete B C Clinieal Use of a No am to E Proper Ventil
unng Artificial Respiration  New England J Med 251878 1954 )

Complrance This 15 the case of expansion of the lung as measured from
the volume response of the lung per umt of pressure applied and 1s ex-
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Male Adult
IRV=33L
IC=38L
VC=48L
TV =500ml
ERV=1L
FRC=226
RV=12L

Fig 17 Diagram of pulmonary volumes in normal male adult (Comroe J H
Jr Forster R E Dubois A B Briscoe W A and Carlsen E The Lung Chnical

Physiology and Pulmonary Function Tests The Year Book Publishers Inc  Chicago
1955)

alveolar ducts For this reason the infant 1s dependent more on increased
frequency of respiration than on increased tidal volume to overcome hy
poxia or hypercarbia (Fig 22)

As the infant grows older the thoracic cage enlarges and alveolar ducts
expand allowing for greater vanations m tidal volume Consequently 1f
there 15 a demand for increased alveolar ventdation changes in tidal vol-
ume often take precedence over changes in frequency of respiration

Minute Volume Minute volume 1s the product of tidal volume and the
frequency of resprration It 1s three or four times larger in the newborn
than m the adult on a comparattve weight basis This increased minute
volume 15 achieved by the greater frequency of respiration of the new-
bomn



Rate per Tidal Air Respiratory Volume
Agein Days Mumte per Breath per Minute
ml ml
Range Range Range
1day of rth 27-82 10-27 225-1187
2 27-62 12-25 436-1704
3 23-66 12-30 465-1103
5 25-70 15-26 550-1452
7 28-59 14-23 490-1222
9 32-80 13-27 6811663
1 32-72 25-25 806-1774
Adult (av ) 18 4500 7100
Fig 22 Illustration showing wide range an frequency tidal volume and minute

volume n the infant (Deming J and Hanner 1 P
J Dis Chid 51823 1936)

Respiration 1n Infancy  Am

Day of Life
Farst few hours

1

PRS- RTINS

Benedict Talbot

050
080
074
073
075
079
082
081
080

Fig 23

Respiratory exchange ratio (respiratory quotient) in newborn (Benedict
F G and Talbot F B The Physiology of the New Born Infant Character and
Amount of the Ratabolism Publication No 233 Carnegie Institution of Washington

Washington DC

1915 )

Human fetus before labor
Human nfant before breathing
Human infant dunng first week
Premature infant dunng first day
Human adult

0O, per Kg per Minute
125 ml

150 m

1

64-79 ml

63-64
39 ml

m}

Fig 24  Oxygen consumption in infants and adults per kg of body weight (Smith

C A The Physiology of the Newborn Infant 2nd ed Charles C Thomas Publisher
Springfield 11

1951)
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Fig 20 Pneumotachogram of a mine year-old boy weight 272 kg (60 1b) with
a Luft onfice attached to a mask cyclopropane anestbesta (Inhalation above the base
lme Exhalation below the base line )

From Optimum
Preumotachogram (Radford nomogram)
Rate of respiration 30 30
Tidal volume 123 mi 145 4 150 (dead space == 295 ml
of mask)
Minute volume 3690 8850
Maximum inspiratory 9 47 liters
flow rate
Maximum expiratory 828 Iiters
flow rate

Maximum Volume of One

Age Respiration (crying)
1 day of birth 160 ml
2 171
3 136
4 181
6 147
8 173
10 149
Adult 3500

Fig 21 Vital capacity in newborn and adult (Deming J and Hanmer J P
Respiration n Infancy Am J Dis Cluld 51823 1936)

pressed i mulliliters or hters of volume and centimeters of water pressure
1t has been shown that 1n the infant the compliance 15 less than m the adult

Oxygen Consumption and Carbon Dioxide Elummation In the new-
born, the rate of oxygen consumption 1s shightly higher than carbon di
oxide ehmmation (Fig 23) However both these rates are considerably
gher per kg of body weight than in the adult, perhaps accounting in part
for the rapid onset of hypoxia and hypercarbia 1n the newborn infant
(Fig 24)
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Immatunty of Respiratory Centers Periodicity of respiration s observed
frequently in mfants and 1s 1 depression of respiration resulting from im-
matunty of the respiratory centers Sedatives in the premedication tend to
cxaggerate it

Decrease 1t Body Temperature In cachecuc or very young infants, a
decrense n body temperature mny produce an apnea of long duration
Therefore, these patients should be kept i 1 heated environment to mam-
tain normal body temperature during the preancsthetic, anesthetic, and
postanesthetic periods Sedative drugs should not be given An exception
1s seen 1n some nfants with congenttal heart disease who can be carried
to a low temperature without the occurrence of apnea

Incfficiency of Respratory Muscles

Discases Among discases causing an inefficiency of respiratory muscles
arc pollomyehtis myasthensa gravis and congemital amyotonia  Artificial
respiration, trachcostomy, and tracheal asprrations may be necessary to
mmprove pulmonary ventilation beforc anesthesia Sedative drugs should
be omitted Many of these patients, although apparently cured, will de-
velop ntercostal muscle paralysis 1n the light stages of anesthesta Post-
operatively, the respiration should be watched closely, and tracheal aspira-
tions performed when the cough reflex 1s suppressed

Injunies An Erb-Duchenne paralysts 1s a birth inyury of the third, fourth
and fifth cervical nerves mvolving therr branches to the phremic nerve
(Fig 25) The paralyzed diaphragm elevates on snspiration on the affected
side and descends on nspiration on the intact side Consequently, mn all
cases with a typical Erb Duchenne position of the upper limb, chest fluoros-
copy should be done before anesthesia Fortunately, the paralysis seldom
lasts longer than the first three wecks of hfe, and for this reason, any elec-
tive surgery should be postponed

The dysfunction ss ordinarily mummal Omussion of sedatves in the
premedication and employment of endotracheal technic to assist respira-
tion duning anesthesia preserve pulmonary function, however, postopera-
tvely hypoxia must be prevented

Imitatton of Movements of the Thorax

Kyphosis Kyphosis of the spine cn reduce the size of the thoracic and
abdominal cavities and m the extreme stage the ribs tmpinge on the pelvis
This not only 1mpedes the movement of the ribs but also restricts meas-
urably the dixphragmatic movement For the most part there 15 a gradual
mcrease in the size of the bony thorax and the breathing 1s largely nter-
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PULMONARY CIRCULATION

Efficient pulmonary function depends upon the adequacy of alveolar
ventifation  diffusion of gases across the pulmonary membrane, and pul
monary capilary blood flon The latter 1s dependent upon right ventricular
output and bears a close relationship to Jeft ventnicular output or systemic
circulation In uncomplicated cases an efficient systemic crrculation usually
means an adequate pulmonary capiiary blood flow

FACTORS AFFECTING PULMOMNARY PHYSIOLOGY

Preancsthetic pulmonary evatuation must depend largely on the clhimcal
estunation smce many of the pulmonarv function tests done with pneu-
motachograph plethysmograph or spirometer have not reached a practs
cal point in pedsatrics

The anesthestologist should be conversant with the history, physical
exammnation and x-ray exammation which led to the dagnosis of pul-
monary complications He should have a knowledge of pulmonary com-
phications and therr effect upon respiratory function The following major
classifications wil be used to describe these complications

Depression of respsratory centers

Incffictency of respiratery muscles

Lymtatton of movements of the thorax

Linstatson of mosements of the lungs

Pulmonary diseases

Decrease i functioning lung trssue
Obstruction to respiration

Depression of Respiratory Centers

Increased Intracramial Pressure or Cerebral Trauma Patients with this
disease may have hypoua and hypercarbia ansing from thur slow and
shallow respiration In fact they mav requise artsficial respiration before
armung m the operating room  therefore drugs which mught further de-
press the respiration should be omtted m the premedication

Metabolic Alkalosis Metabolic alkalosis from vomsung or from pro-
longed gastnic suction causes a compensatory slow  shallow respiration
In such patients with depressed respwation sedatives should be omitted
from the premedication smce further depression may threaten oxygena
won Howeter dunng anesthesta hvpenentlabion m the presence of an
endotracheal fube which reduces the dead space must be avoided other
wise an operatine or postoperative alkalotic tetany can readily occur
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Sclerodermn This hardeming of the shin may occur an nfants and
thereby limut excursions of the thorax  Consequently, adequate pulmonary
ventilhton must be mauntuncd before, duning, and after anesthesia

Scleremn Scleremn 1s 1 hardeming of the muscles in the infant, which
gradunlly extends up from the buttocks, mvolves the upper cxtremitics
and later the muscles of the thorax, imiting to 1 marked extent the move
ment of the thorax

Abdominal Distention Severe abdominal distention 1s onc of the most
frequent causes of restriction n the movement of the diphragm (Fig 26)

Fig 26 Dilated stomach

Infants may be born with a tremendous distention from a rupture of the
intestine with pentonitis 1n utero In these patients the abdomen 1s often
tense, and there 1s marked elevation of the draphragm with severe restric-
tion 1n 1ts movement Compensatory enlargement of the bony thorax often
occurs With this increased abdominal pressure there may be an elevation
of venous pressure It 1s surprising how well these patients accommodate
gradually to extreme abdominal distention and live with a reduced respira-
tory function In some instances, the abdomen may be severely distended
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costal These patients should have mimmmal sedation The management of
the anesthetic period 1s difficult, and if depressant drugs are used during
the anesthesra assisted respiration through an endotracheal tube may be
beneficial throughout the procedure Postoperatively, these patients are
prone to respiratory infections but they are usually old enough to co
operate and to do deep breathing exercises

¥
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Fig 25 High right duaphragm with phremc nerve paralysis

Fortunately one does not often see such a respiratory cripple today
because of the early diagnosis of the kyphosis at which time corrective
measures are adopted

Pectus Excavatum Thoracic deformuties such as pectus excavatum or
funnel chest, may mn some circumstances mterfere with the expansion of
the thorax However, the degree of pulmonary dysfunction 1s ordinanly
minimal (See also p 50)



THE RISPIRATONY SYSTH A 71

e e e e

Fig 27 Large heart of the newborn limiting lung movement

stramned by the elastic recoil of the lungs but the patient becomes gradu-
ally cyanotic unless artificial respiration with slight positive pressure 1s
:nsmuted Here oxygenation 1s provided by mimmal pulmonary ventila-
lon

In two cases of bilateral pneumothorax diffusion respiration with oxy-
£en was maintatned for a few hours and the gases were withdrawn gradu-
ally from the pneumothorax through a needle by removing small mcre-
ments of air, about 10 ml at a time It was fortunate that 1 both patients
the holes i the Iung tissue scaled spontaneously and pulmonary ventda-
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but has lost the abdommal ngidity of peritonitis so that the movement of
the diaphragm 1s not restricted

Preoperatively, patients with abdomnal distention should have a stom
ach tube mserted to remove any pases or flurds Prior to intubation, these
patients should breathe high oxygun concentrauons and respiration should
be asststed gently during surgery If there s a hugh tra-abdomunal pres-
surc which 15 maintaiming an adequate venous pressure, the opening of
the abdomen and the escape of the bowel may cause an acute collapse of
the patient therefore, blood should be given mtravenousiy At times, cal-
cum gluconate 100 mg preceded by mtravenous atropme 0 06 mg may
be necessary to mamntam adequate crreulatton However, thes. measures
may not be sufficient, and 1t may be essential for the surgeon to replace
the evisccrated bowel 1n order to increase the venous pressure Signs of
this crculatory faillure are often made cvident by marhed pallor of the
patient and a severe bradycacdia

Following surgery the daphragm does not return immediately to 1ts
normal lower level and postoperatively these patients may require oxygen
therapy (maximum 40 per cent) for some days

Lumitation of Movements of the Lungs

Heart Disease In congental or acquired heart disease, the fathing heart
may become extremely large and occupy a considerable volume of the
thorax as may extensive pericardal effusion thereby definitely limsting
the movement of the lungs (Fig 27)

Fluid 1n the Pleural Space Sometimes the pleural space will be filled
wuh flud This may be from secretions blood, or chyle

or T P thorax Pneumothorax 1s caused by
mpture of an alveolus and may orngwmnate from vigorous crymg or from
overactive artiffictal re.prration at birth It may accompany emphysema
of the lungs

A simple pneumothorax 1s not 1s dangerous as a2 positive pressure one
n which the gases leak out through a hole 1n the lung mnto the pleural
cavity and cannot return through the same opening The pleural pressure
therefore will rise gradually and even displace the medastinum  thereby
embarrassing the circulation (Fi, 28) As a rule the diagnosis 1s made
by the gradual protrusion or enlargment of the thorax and gradual de
crease of respiratory excursion on that side

In some instances the pneumothorax may be biateral If so the thorax
seems to be enlarged and to move freely on wmspiration since it 1s not re-
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Fig 29 Left congenital diaphragmatic herma with shift of mediastinum to nght

and 1 bowel shad 1n abd, cavity

The management of the anesthesia requires extreme care, since mncreased
Intrapulmonary pressure may increase the pneumomediastinum This 1s
another 1nstance m which the oxygenation should be maintained dunng
anesthesia by gentle inflation of the lungs even at the expense of a hyper-
carbia

Congenital Duaphragmatic Herma This usually occurs n the left chest,
and there 1s frequently no expansion of the left lung, the opposite lung
beng hyperdistended (Fig 29) These patients may have had bouts of
cyanosis, but generally they appear to be m a remarkably good condition
and well oxygenated In fact, they often have g deceptively healthy pink
color which may be due to o hypercarbia Occasionally these patients are
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Fig. 28 Raght positne h causimg shift to left m
1be newborn

tion was restored gradually Both these patients had hyperpnea postopera-
trvely, probably due to the hypercarbia

Pneumomediastimum  This 1s due to the accumulation of air 1n the medi-
astinum It may have 1ts ongin 1 vigorous crymg or overactive artificial
resprration  Or it May €ven anse from a surgical procedure which causes
trauma to the lung tissue The dragnosis can be confirmed by a lateral
x-ray of the chest m which the accumulation of air 1s seen usually just
beneath the sternum This 1s a serous condition which may not only em
barrass resprration but 1s even more hikely to embarrass cireulation
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Fig 31 Microscopic section of newborn lung Colored portions represent hyaline
membrane lining alveoli
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rushed to the operating room mn extremus, and, often dramatically hfe-

saving, an emergency thoracotomy 1s done to permit the escape of dis-
tended loops of bowel

Fig 30  Atelectasss of night Jung with medmastinal shift to night

Pulmonary Discases

Decrease m Functiomng Lung Tissue

Atelectasts Most frequently a chuld who cries at birth opens up his
alveol and the cyanosis disappears He then becomes pink, very active
and has a rapid heartbeat with good expansion of his thorax on inspira-
tion Other infants at birth do not cry or may have a very fecble cry Re-
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mumng cyanoti, they may have 1 <low heartbeat and the thorix may
not expand on insption In frct the conteaction of the daphrigm my
bring about 4 protrusion of the abdomen nd 4 marked retriction of the
thorax on msprration X ry of the chest shows mereased opicnty of the
lung fields (Frg 30) Sometimes even high oxygen concentrations produce
no mprovement 1n the cytnosis most of the oxypen bemng drn nto
the stomach on mspirition The remunder goes mto the trichen and
bronchi 2 hittle of 1t reaching the pulmonairy ctrculition Some mfants do
not show this extreme prcture but do hive some ¢yanosis n the feet nd
hands An attempt has been made by pedintriciins to improsve the pul-
monary physiology before procceding with the surgery  This treatment
may consist of oxygenation and the nsertion of 1 tiny catheter mto the
trachea to promote coughing or pamnful stimulation to promote cryng
These measurcs tend to expand the small alveolar ducts and open up
the arcas of atclectrsis The best results have been obtuncd with the
newborn who shows areas of atelectasis by x ray which scem to dis-
appear with the above treatment This particular group often survive
prolonged opecrations and have a comparatively uncventful recovery
puniod

Another method of improving the condition of the severely cyanoti
patient 1s to give oxygen with intermittent positive pressure

Hyalme Membrane This complication 1s more common 1n the premna-
ture than sn the full term infant and 1s also more prevalent m infants
delivered by Cesarean scetion Hyaline membrane 1s often nssoctated with
secondary or resorption atelectasis (Fig 31) The periphery of the lungs
1s most heavily affected

Figures 32 and 33 represent an abnormal newborn with a restrictive
lesion reduced residual capacity and reduced vital capacity Such a lesion
would also show no reduction 1n the timed vital capacity

Other pulmonary conditions such as previous lobectomy cysts (Fig 34)
or tumors of the Jungs hemorrhage nto the lung (seen occasionally
the newborn) pneumonia (Fig 35) lung abscesses bronchiectasis fibro
cystic disease of the lung pulmonary congestion pulmonary edema (Fig
36) and sarcodosis reduce the amount of functioming lung tissue and
wnterfere with diffusion of gases across the pulmonary membranc

Obstruction to Respiration

Perhaps no other impediment to pulmonary physiology occurs as fre
quently 1s obstruction to respiration



Normal With Respiratory Distress

FRC 70 ml 40 m! ~43%
v 15 ml 13 m! “—13%
Rate 34/mun 64/min +-88%
MV 498 ml 872 ml +75%
vC 140 mi 70 ml —50%
AV 355 ml/mm 250 ml/mn —30%
FDS 5 mt 85 ml +70%%
pCO, 32 mm Hg 40 mm Hg +25%
Complance 5 ml/em H,O 15 ml/ecm HO ~70%
PW 1450 gm cm 5800 gm cm +300%
CO, elimmnation 14 ml/mn

O, consumption 12-20 mi/min

Fig 32 Companson of pulmonary function tests i normal and respiratory
distressed newborn (Cook C D Lucey J F Drobaugh J E Segal S Sutherland
J M and Smith C A Apnea and Respiratory Distress in the Newborn Infant
Physiologic Background Resuscitation and Supportive Technics, New England 7
Med 254566 1956 )

Respirotory Distressed Newborn

iRV=7?
IC=7?
VC=70ml
TV=13mi
ERV="?
FRC=38m}
RV =7

Tig 33 Diagram of respiratory volumes i a respiratory-dntressed newborn
(Adapted from Cook € D Lucey 3 F Drobaugh 3 E Segal S Sutherland J
M and Smuh C A “Apnea and Respratory Distress in the Newborn Infant
Physiologic Bachground Resuscitation and Supportive Technics New Lngland J

Med 254565 1956)
76
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Fig 34 Cyst of left lung

Oronasopharyngeal Obstruction Posterior or the rare anterior choanal
atresia or stenosis occludes the nasal air passage (Figs 37 and 38) If it
18 bilateral oral or mouth breathing 1s mandatory Such an mfant 1s ad-
mitted usually as an emergency m the first few days of hfe To prevent
the tongue from adhering to the hard palate (Fig 39) the airway 1s kept
patent by erther opening the mouth keeping the child crying or msert-
g an oropharyngeal awrway (Fig 40) The corrective operation 1s

?c‘r:e as soon as possible and patency of the nasal air passages 1s estab-
1shed
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Fig 35 Usual type of diffuse widespread pneumonma seen in newborn

Increased secretions severely fractured nose, deviated septum polyps
and other tumors may also cause varying degrees of nasal obstruction

When children who are subject to obstructive allergic rhimtis (hay
fever) are to be anesthetized an antthistaminic should be given preopera
tively In additton ether because of 1ts sympathommetic properties 1s
selected as the anesthetic agent

Some children are prone to epistaxis If this 1s not related to hemor-
rhagic disease 1t may be caused by ulceration of the nasal septum Inser-
tion of suction catheters or nasal endotracheal tubes should be avoided

Children up to the age of about twelve years may have hypertrophy of
the adenotd tissue with consequent obstruction to the nasal airway The
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Fig 36 Microscopic section of lung with pulmonary edema
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Fig 35 Usual type of diffuse widespread pneumonia seen in newborn

Increased secrettons severely fractured nose, deviated septum polyps
and other tumors may also cause varying degrees of nasal obstruction

When children who are subject to obstructive allergic rhimtis (hay
fever) are to be anesthetized an antihistaminic should be given preopera
tively In addition ether because of its sympathomimetic properties 1s
selected as the anesthetic agent

Some children are prone to cpistaxis If this 1s not related to hemor
rhagic disease 1t may be caused by ulceration of the nasal septum Inser
tion of suction catheters or nasal endotracheal tubes should be avoided

Children up to the age of about twelve years may have hypertrophy of
the adenoid tissue with consequent obstruction to the nasal awrway The
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Nasal cawity

Persistent membrano
obstructing choana

Pharyngeal tonsil—,

Fig 38 Infant with choanal
atresta showing retraction of chest
and indrawing of lips corrected
by oropharyngeal airway

danger, however of obstruction from adenoidal tissue 1s seen rarcly until
the patient 1s at Jeast one year old

A child may push a foreign body mto his nose We have seen numerous
instances mn which one nostril has been blocked by a foreign object Most
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tonstllar abscess may be encountered in the nfant or child If such an ab-
scess has to be wnased and drained, complete obstruction to respiration
may occur catly 1n ancsthesia

Foreign bodies, aberrant thyrowd ussue, tumors, and angioncurotic
edema may also block the pharyngeal airwiy

Laryngeal Obstruction Laryngomalacsa, characterized by incomplete
development of the cartilages of the epiglottis, 1s frequently seen 1 a chil-
dren’s hospital These children have an nspiritory obstruction, since the
epiglottis, aryeprglotte fold, and arytenoid are flaccid and are aspirated
mto the larynx on mspiration Usually, this condition subsides by the
middle of the second year of life

Fig 41 Lateral view of infant with Pierre Robin syndrome

An alarming condition called epiglottitis an infective process causing
great enlargement of the epiglottis may be seen n children admitted to
the hospital as emergencies Diagnosis 1s made usually from a respiratory
obstruction and the voice which sounds as if the back of the throat were
full of food In confirmation direct laryngoscopy discloses a huge edema-
tous supraglottic mass Tracheostomy 1s mandatory Even light general
anesthesia or attempted intubation may prove fatal, and local anesthesia
1s preferable The tremendous enlargement of the epiglotts 1s caused by
edematous fluid extravasating nto loose areolar tissue on the anterror sur-
face of the epiglots This edema 1s not pronounced on the postenior of
the epiglottis because of the ngidly adhercnt mucous membrane (Figs 42
and 43)

Numerous papillomas of the vocal cords may occur in some children
These have to be removed periodically to prevent serious obstruction to



80 EVALUATION OF THE PATIENT

of these have been detected accidentally when passing a nasotracheal tube
which pushes the foreign body into the pharynx

Pharyngeal Obstruchon Some anatomical lesions and anomalies such
as cysts and tumors at the base of the tongue obstruct the oral airway
Mongoloids have a small mouth (microstomia) and m some cases have
a hypertrophy of the tongue

Thumb holding
lower hp down m
Index finger { k

holding jows open

Fig 39 Oral obstruction from valve  Fig 40 Method of msertion of oral
like action of tongue agamst hard airway
palate

The edentulous infant breathes nasally If the nasal mr passages are
partially blocked, as soon as the infant 1s anesthetized the tongue adheres
jike a valve to the hard palate and he becomes obstructed Pressurc of the
anesthesiologist s finger 1 the submandibular area will increase the fre-
quency of this obstruction Instead, the head should be extended and the
mandible separated from the maxila opening the oral cavity

Pierre-Robin syndrome 1s a congenital anomaly of the newborn, char-
acterized by a hypoplastic mandible and a glossoptosis (Fig 41) This
backward displacement of the tongue causes considerable respiratory ob
struction The obstruction disappears by the end of the second year

Most children breathe freely even though they have hypertrophied ton
sils However, mn the very narrow faced child, hypertrophied tonsils can
meet m the nudhine and cause evident obstruction soon after commence
ment of anesthesta

Although relatively uncommon today, a large retropharyngeal or pent



Fig 43

Sagstal section of nfant s epiglotuis showing marked edema antenorly
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respiration In fact, 1t may be dangerous to give them any sedatives with
out first viewing the larynx and determining the magmitude of the tumor
These papillomas tend to disappear spontancously at puberty

Paralysts of the vocal cords, tuberculosis, laryngotrachcobronchitis, and
foreign bodies may reduce the size of the glottc aperture

In some mstances, a laryngeal web or subglottic web mmmediately be
low the Jevel of the cricoid cartilage 1s seen mn the newborn

At times, edema of the larynx following mstrumentation or diph
therta 1s seen In the newborn, the glottic aperture has an anteroposterior
diamcter of 7 mm and a width oppostte the posterior commussure of 4 mm
Edema of 1 mm will cause 2 marked reduction of the 14 sq mm aperture
of the glotus to 5 sq mm Subglotuc edema i the region of the cricod,
which 1s the only complete cartilaginous ring 1n the trachea may cause 2
severe respiratory obstruction

Certam drugs such as barbiturates or cyclopropane, too early msertion
of an oropharyngeal arrway or regurgttation of secretions may bring about
a glottic spasm Some of these spasms are alarmmngly sustamed Ether at
umes will produce a laryngospasm but as soon as the wmtating ether 15
removed the patwnt breathes, so, on the whole 1t does not produce the
alarming sustamed comphication that occurs with barbiturates or cyclo
propane

Tracheal Obstruction The trachea may be partially occluded by foreign
bodies secretions blood acute tracheitss, diphtheria, enlarged thyroid
gland lymphoma, cystic hygroma or mediasttnal tumor

Tracheal stenoss 1s another complication which may be encountered
usually as the sequel to a hugh tracheastomy performed i the presence of
1ocal mfection

Low down in the trachea just above the carna a congenital anomaly
in the form of a vascular ring may encircle the trachea completely, caus-
mg obstruction duning not only mspiration but also expiration Since the
anomaly 15 present from birth noticeable hyperdistention of the alveoh
may occur Both lungs may be emphy a d caused by
the obstruction to expiration with consequent atr trapping

Bronchual Obstruction Pauents with bronchicctasis and considerable
secretions are best prepared by a period of treatment which includes deep
breathing exercises postural dramnage, and tracheal aspirations The pa-
tient operated upon m the cardv afternoon Tas often had an opportunity
to clear out the secretions from the respiratory tract These secretions may
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be so coptous that followmg the inducnion of anesthesia and the intubn-
tron 1 polycthylenc eatheter should be passed down the trachen to pro-
mote coughing and further evacuation of sceretions The patient should
at this time be 1n the Trendelenburg position with strong suction avail-
able, for the secretions are sometimes thick and tenncious Between aspira-
tions the suction tube should be cleansed 1 water wnd the pateat allowed
to breathe high oxygen concentrations It 1s of considerable benefit to
asprrate the trachea through the endotrachenl tube nt frequent intervals
dunng surgery since 1 far better cough reflex 1s present at this time than
will be present postoperatively, although postoperative tracheal aspirations
are also very beneficnl

Asthmatic paticnts may have thick tenacious secrctions occluding many
bronchi Prior to clective surgery a1 peniod of treatment with bronchodi-
lators and intermittent positive pressure breathing may mmprove the gen-
eral condition of the patient bestdes having a specific effect upon the pul
monary function Patients so treated may show a marked improvement n
their imed vital capacity, maximum breathing capacity and reduction n
their residual capacity However, sometimes surgery 1s urgent, and mn these
Instances we employ an adrencrgic hke agent ether

Foreign bodies will at times occlude a bronchus completely and at other
times there will be a ball-valve effect wherein some of the gases escape
into the lungs on msprration and the lungs become hyperdistended with
gases

Rarely bronchiolar spasm occurs due to stmulation of the trachea by
Irritating gases or occasionally from admimstration of cholinergic drugs
such as neostigmine (Prostigmmn) However, adequate atropime n the pre-
medication usually prevents this bronchoconstriction

Occasionally atresia or stenosis of a bronchus may develop and 1s
usually diagnosed from the bronchogram (Fig 44)

Another possible cause of obstruction 1s bronchomalacia Although
rare the anesthestologist should keep 1t m mind as a cause of complete
occlusion of 2 bronchus On one occasion dunng the removal of a cyst
of the lung the opposite bronchus became completely occluded due prob
ably to a shift 1n the mediastinum On another occasion when the bron-
chologist was examimng the trachea he found that wflation of the lungs
was impossible until the nfant was changed from the flexed to the ex-
tended position (Fig 45)

Pulmonary function tests on wfants and children with these obstruc-
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and fect It may be duc to 1 muld degree of pulmonary sufficiency, since
positne pressurc breathing with an ynspiratory pause of 2 or 3 scconds
at 10 cm of water pressure may cure it Third, there s generalized cyan-
osis, mdicating 1 severe degree of sespurtory wsufficiency or congenital
heart discase

Fig 45 Shoulder pad providing cervical and upper thoracic extension with improve
ment of airway Slocum tube 1s strapped in place with adhestve tape

Cyanosis of respiratory origin 1n older children 1s generalized and de-
notes severe pulmonary insuffictency

2 What 1s the rate of respiration? Considerable prognostic value has
been placed upon the respiratory rate of the newborn There are three
groups 1n the newborn first, those who breathe approximately at the rate
of 40 per minute from birth on without significant fluctuation second,
those who breathe over 60 times per minute mn the first hour and subse-
quently decrease to normal levels, and third, those who breathe around
40 per minute at birth then increase to over 60 per minute and remam
at a lugh rate for 2 or 3 days Many of the premature infants belong to
this third group 1n which the prognosis 1s generally unfavorable

A rapid respiratory rate due to pulmonary msufficiency 1n older children
1s usually due to interference with the diffusion of gases across the pul-
monary capillary membrane

3 What s the rhythm of respiration” Normal infants have a regular
thythm during the first 2 or 3 days of life, and an wrregular periodic breath-
Ing by the end of the first weeh This periodicity continues for weeks
Periodicity of breathing immediately after birth suggests an insufficiency
of resprration and may be due to one of the following depresston of the
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Fig. 44 Bronchogram in four year-old showing stenosis of the left bronchus with
atelectasss of the left Iung

tive lesions would show a reduced timed wital capacity but no reduction
n vital capacity a reduced breathing capacity and an ncreased residual
capacity

On the whole, the anesthesiclogist must depend upon certain chmcal
signs for an assessment of the pulmonary system What are the chimcal
signs and what simple diagnostic methods are available to the pediatric
anesthestologist?

1 Has the pauent cyanosis? In the newborn infant there are three
types of cyanosis First there 1s Jocalized cyanosis of the head—unrelated
to resprratton—which 1s atinbuted to pressure during pregnancy or de-
Inery Resembling the local traumatic asphyxia of crush mjury this type
of cyanosis does not respond to oxygen therapy and disappears spon
taneously Second, there 1s acrocyanosis which 1s confined to the hands
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respiratory centers from farge dosages of sedatives admimstered to the
mother inmedtately before delivery, cerebral injury, and low body tem
perature The most frequent cause 1s immatunty of the respiratory centers
and lungs of a premature nfant The premature nfant requires constant
attention Movement or feeding may bring on an apnea in a very small
premature, and gentle massage or stimulation may be required to remiti
ate respirations and avoid a fatal apnea

4 What 1s the shape of the thorax? Is 1t the normal cvlindrical shaped
thorax of the infant with the honzontal nbs and expanded lungs? Is 1t
the bell-shaped thorax of the infant with the declined nbs and unexpanded
Jungs?

§ Is there dyspnea? This can be determined by the simultaneous ex
amunation of the costal and diaphragmatic components of breathing The
most practical test to determme the type of dyspnea 1s to apply a close
fiting mask and breathing bag to the face A normal tidal volume with
a prolonged emptying or filling of the breathing bag denotes an obstruc
tion to respiration Such a lesion would give a reduced timed wital ca
pacity A reduced tidal volume without a prolonged emptying or fillmg of
the breathing bag denotes a restriction to respiration Auscultation of
breath sounds and percussion are also part of the anesthesiologist s means
of diagnosts

Confirmatory information relating to the above-mentioned chmeal signs
may be obtained from the report of the patient’s chest film
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thoracic cavity Weighing 19 5 to 23 5 gm itially, during the first year of
hfe the heart weight doubles At birth both ventricles are of equal weight,
for the walls arc of equal thickness however, during the first six months,
the left ventnicle grows more rapidly and becomes twice the weight of the
nght ventricle At birth, s 1n adult Iife, the night atrum s larger than the
Teft

As a rule the ductus arteniosus s obliterated antomically within the
first two months of life, but closes functionally soon after birth The fora-
men ovale 1s thought to be seiled nnatomcally within the first year, al-
though 1t 1s nonfunctioming s soon as the pressure 1n the left atrium 1s
greater than 1n the nght atnum, occurning usually with the first breath or
cry of the nfant

The ductus venosus, i utero carrying most of the blood from the um-
bilical vemn nto the mferior vena cava closes anatomucally n less than
one month after birth, but closes functionally as soon as the umbihcal cord
1s clamped

BLOOD VESSELS

In the newbom and especially in the premature the major blood vessels
have developed to a greater maturity than the penpheral vessels, which
do not exhibit the charactenstic multipheity of finer loops until a few
weeks following birth At birth however, the largest of these peripheral
vessels form an abundant anastomotic network, capable of effictent gase-
ous transportation and exchange

NORMAL PHYSIOLOGY

The pedratric anesthesiologist should monttor the cardiovascular sys-
tem continuously throughout the operatron But to do this mtelligently,

h: must be famihar with physiological values and be able to interpret
them

COURSE OF CIRCULATION BEFORE AND FOLLOWING BIRTH
Antenatal (Fig 46)

From the placenta the majority of oxygenated blood passes through the
umbilical vein shunting 1nto the sinus venosus where 1t 1s Jjoined by venous
blood of the portal ven This mixed blood enters the ferior vena cava
and flows imnto the right atrum A large portion of the blood from the
mferior vena cava passes to the left atrium through the patent foramen



CHAPTER 5

EVALUATION OF THE CARDIOVASCULAR
SYSTEM

Evaluation of the cardiovascular system s a difficult tash for the pedt
atric cardiofogist This difficulty 35 magmfied for the pediatric anesthest
ologist who must not only understand the sigmficance of the cardiologist s
exanpnation and diagnosis but then in cooperation with the surgeon
gwide the patient through a penlous operyive and immedinte postopera
tive period

The following mformation gathered from our assoctates from the liter-
ature and from our own experience can serve only as a guide 1n estimat
mng the condition ot the cardiovascular system However a review of the
cardinal anatomical and physiological dnata 15 essential to good anesthesta

NORMAL ANATOMY

Famtltanty with the notmal anatomy of the circulatior provides a basis
for understanding the physiology On the whale, anesthestologsts are much
better acquawnted with the cardiovascular system of the child than of the
fant For this reason the larger part of the ensumng discussion will be
devated primartly to the anatomy of the infant

HEART

The shape of the newborn heart 1s more comcal than that of the adult
and 1t occupies a more obhque position n the chest due to a lgh da-
pheagm

At bicth, the heart 15 relotively large filthng a considerable part of the
90
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small rusidual continues the tour of the lesser circulation via the pul-
monary circuit to the left ventricle

To summarize, both the right and left ventricles are pumps of the sys-
temic circulation, carrying blood to all parts of the body, but partrcularly
to the umbilical arteries and placenta for oxygenation (Fig 47)

Right
pulmonary ortery

Heod and Patent ductus

upper imbs

Placenta Umbilical artery

Fig 47 Outlme diagram of antenatal cwrculation (Reprinted by permission
of the publishers and The Commonwealth Fund from Helen B Taussig Congenttal

Malformations of the Heart Cambrid
ge Mass Harvard University Press Copyright
1947 by The Commonwealth Fund )} Pne

Postnatal

Closure of the umblical arteries elevates the aortic pressure while pul-
monary expansion and ventilation decrease the resistance m the pulmonary
vascular circuit lowering pulmonary artenal pressure Closure of the um-
bilical vein mcreases blood flow through the portal vein and at the same
tme the smus venosus shuts Constriction of the ductus arteriosus and
subsequent mise m pressure 1n the left atrium, closing the foramen ovale,
separate the heart functionally into the right and left sides The nght
‘entricle 15 now the pump for the pulmonary circulation and the left ven-
tricle the pump for the systemic circulation
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Fig 46 Diagram of antenatal circulation (From Human Embrvology by Bradley
M Patten 1953 Courtesy of Blakiston Division McGraw Hill Book Co )

ovale thence into the left ventncle and aorta, supplying the coronaries
and cerebral circulation with oxygenated blood The remamder of the
blood 1n the nght atnum denved from the infenor and supenor venae
cavae, enters the night ventncle and pulmonary artery, with most of 1t
directed pnmanily mnto the aorta through the patent ductus arteriosus A
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Whether auscultatory or oscillatory methods are utihzed, thesc recom-
mendations nre obligatory for proper values to be obtwined in this essen-
tal measurement Recommended cufl widths are

0-1 yer 25 em
1—4 years 50 cm
4-13 \ears 8-9 ¢m

The normnl systolic blood pressures are shown m Figure 49 The di-
astolic pressure 1s ordinanly about 35 mm Hg below the systolic

Age mmHg
Newborn 20-60
Ist week 60-80
Ist year 80-85
1-6 years 85-90
6-12 years 90-105

Fig 49 Average systolic blood pressure from birth to twelve years

Venous

Venous pressure can be approumated by lowering the intravenous m-
fusion bottle to the point where venous blood just begins to flow back
mto the infusion set At this point, the height of the fluid level mn the
bottle above the nght atrral level 1s the venous pressure normally 15-6
mm Hg or 2-7 cm of water

BLOOD VOLUME

The normal blood volume of infants and children 1s about 75-90 ml
per kg of body weight with a considerable portton of the blood tvolume
m the visceral vemns of the abdomen At birth there 1s a poor distribution
of blood 1n the periphery where the capillanes are smaller and fewer
number Blood volume must be mamtamed if shock 15 to be avorded
Therefore if blood loss 1s anticipated or the patient 15 anemuc matched

blood must be obtaned and a cut down performed before surgery (Fig
50)

CIRCULATION TIME

Circulation time 1n infants has been measured by many mnvestigators
using varied technics It 1s not surprising, considering the different circu-
latory routes which they have tested that the circulation times recorded
should vary all the way from 4 4 to 15 scconds
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HEART RATE

‘The cardiac rate of a normal mfant has considerable range Vagat stim
ulation may cause a bradycardia, activity may cause a tachycardia An ap
proximation of heart rate in the wfnt 1s lsted 1 Figure 48

Fetal 130-160 2 weeks 133

Bisth 180 2 months 130-133
£0 mimnutes 170 6~12 months 113-127
1 bour 134-136 1-2 years 100~110
24 hours 123~136 2-4 vears 96-108
1-8 days 124-130 4-10 years RO~100

Fig 48 Normal heart rate from fetal life to ten years (Smuth C A The
Phvsiology of the Newborn Infunt 3rd ed Charles C Thomas Publisher Spriag
field 1 1959)

CARDIAC RHYTHM

Sinus arshythmia  charactenized by an mncerease s heart rate dumng
mspiration usually 1s not seen during the first year of hife when the heart
rate 1s comparatively rapid Appearing during the second year when the
heart rate 1s slower 1t 15 exaggerated by deep breathing, but disappears
with tachycardia resultmg from crying from anticholnergie drugs, or from
sympathommetic drugs such as ether However extrasystoles are fauly
common dunng the first three months of Iife

INTENSITY OF HEART SOUNDS

Heart sounds are well heard through the thin chest wall of the new-
born Any dimnution suggests some carduc dilatation and dimimished
force of myocardhal contraction and can be terpreted as reduced cardac
output

A continuous, reliable, and sensitive cardiac momtor in the form of a
stethoscope strapped to the chest of the patient and connected to the ear
of the anesthesiologist 1s used routinely in all cases

BLOOD PRESSURE

Artenal

Accuracy of the ment of blood p i the penphery s
contingent upon (1) proper cuff width ind (2) completc extrenuty en
circlement by the mnflatable portion of the cuff
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dehydrocholic acid {Decholin) method, had an average circulation time
of 105 to 119 scconds This time was reduced by 1 to 3 seconds when
children were 1n the ercet position Al the quoted circulation times for
children arc much shorter than 1n the adult, generally thought to be about
22 seconds

BLOOD VOLUMI TLOW

This represents to a large extent the efficiency of the circulation, how-
ever, unfortunately, there nre no defimite data on the volume flow of blood
It has been estimated that the ventricle of the heart of a 35 kg infant
should pump about 520 ml per munute, but cstimations by Wiggers give
an output of only 240 to 350 ml per minute The strohe volume i these
cases 15 about 4 5 to 5 ml

From these estimates, the newborn heart has a blood volume flow per
minute of approximately 135 ml per kg of body weight, as contrasted to
the adult flow of 62 ml per kg

The high artenal blood volume flow 1n the newborn could be postutated
from Poisewlle’s law

art (Py — Pp)

Blood volume flow =
8 X wviscosity X length

measured 1 dynes/cm?

1 = radius of the vessel

P = pressures measured at two different parts of the vessel
viscosity = viscosity of the blood

length = length of the blood vessel

It 1s obvious that r* 1s the most dommant factor If, for example, all
other parts of the equation remained constant, then increasing the radis
of a blood vessel from 1 mm to 2 mm would increase the flow sixteen
times Since, anatomically, the great vessels of the newbom are relatively
Targer than those of the adult the large radius of these vessels more than
compensates for the increased viscosity of the newborn mfants blood

Foremost 1n regulating the blood volume fiow in the vemns 1s the vis a
tergo, the propelling force mparted to the arteral, capillary and venous
blood by the strength of the myocardial contraction

Other factors affecting the venous blood volume flow are the intra-
thoracic negative pressure caused by the elastic recoil of the lungs, the
changes 1n intrathoracic pressure brought about by breathing especially
msprration known as vis a fronte and which 15 particularly high m the
Infant with respiratory distress the attraction of venous blood to the heart
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One of these studies, by Lawrence Slobody et al, found no connection
between circulation time n these wnfants and activity, crying sex, color,
or weight Three premature snfants studied had circulation times close to
the average for newborns

Crrevlation time m childeen from three to fifteen years seems to remam
fauly constant increasmg only shghtly with age and refated more to
weight than to herght In the senes quoted s Figure 51 no relation was
found between cuculation time and blood pressure, pulse or respiratory
frequency One hundred and eighty-two normal children, tested by the

Age Circulation Time Circulation Time
years range {seconds) average (seconds)
3-6 80-120 105

69 75-155 104

9-12 75-140 1o
12-15 100-160 119

Fig. 53 Circulation time from 3 to 15 years {Dechobs method)
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ABNORMAT ANATOMY AND PHYSIOLOGY

METHOD OT 1 VAT UATION

An accurate cstimite of the conditton of any cluld s cardiovascular sys-
tem can be achieved only by studying lus lustory, physical cxamination,
and dingnostic tests reported by the pedintnic cardiologist, radiologist, and
pediatncian It ss therefore evident that the management of the anes-
thesta becomes an individualized procedure for each prtient, particularly
the patient with an bnormy cardiovaseuhir system
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. Tig 53 Diagram showing decreasing heart rate and increasing P R mterval with
esser ncrease 1 QRS and Q T intervals from birth to sixteen years (Ziegler R F

Llectrocardiographtc Studies in Normal Infants and Children Charles C Thomas Pub
lisher Springfield 11 1951 )

History

The history of the patient s mother may be revealing for a hypertensive
mother may have a hypertensive nfant or a diabetic mother may have
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by the descent of the atrioventricular junction during ventricular systole,
and, finally, the propulsion of the venous blood in the extremuties by vol
untary muscle contraction

ELECTROCARDIOGRAM

The heart 1s sometimes monitored by electrocardiography m the new
born, 1n very 1ll patients, 1n cardiac patients, and 1n patients with arrhyth
muas Therefore, since the anesthesiologist will not have the skilled services
of a cardiologst for all lis difficult cases, he requires a basic knowledge
of the normal clectrocardiogram

Ziegler has studied extensively the normal electrocardiogram patterns
tn both infants and children, and from his excellent work we have gained
formation about the normal complex, illustrated in Figure 52 The PR

Fig 52 Normal electrocardiograph
complex of infant who has a short PR
interval compared with that of the adult !
(Ziegler R F  Electrocardiographic
Studies in Normal Injants and Children -—P R
Charles C Thomas Publisher Springfield
1 1951) —

QT

snterval fepresents atnal activation and atrioventricular conduction while
the Q T mterval represents the electrical mpulse producing systole of
the ventricles In the newborn imnfant, the average P R mterval 15 0 099
second and the Q-T nterval 1s 0294 second However with age and de-
creasing heart rate these mtervals increase and in the adult the average
P-R mterval 1s 0 20 second and the Q T nterval 1s 0 36 sccond (Fig 53)

A typrcal electrocardiogram 1n the newborn shows right axis deviation
a pronunent Q wave n lead 2, and a R wave with lower amphitude in lead
2 than lead 3 Dunng the first three weeks of life the T wave 1s some
umes absent m lead 2 (Fig 54) Between three and six months of age
the electrocardiographic pattern changes to the adult type
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ABNORMAT ANATOMY AND PHYSIOI OGY

METHOD OF 1 VAIUATION

An accurate estimite of the condition of ny child s cardiovascular sys-
tem can be nchicved only by studying s history, physical examnation,
and dragnostic tests reported by the pediatric cardiologst, radiologist, and
pedatnican It 1s therefore evident that the management of the anes-
thesia becomes an indnidunlized procedure for each patient, particularly
the patient with 1 ibnormnl eardiovasculir system
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ksﬁ;-,, 53  Diagram showing decreasing heart rate and increasing P R anterval with
Elser mcrease n QRS and Q T intervals from birth 1o sixteen years (Ziegler R F

. ectrocardiographic Studies in Normal Infants and Children Charles C Thomas Pub-
sher Springfield I 1951 )

Histony

The history of the patient s mother may be revealing for a hypertensive
mother may have a hypertensive wnfant or a dibetic mother may have
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an mnfant with a hypertrophied heart However, the history of the patient
1s generally more significant Retarded development and growth, lessened
activity, cyanosis, squatting, syncope, or convulsions suggest congemtal
cardiovascular disease

A history of rheumatic fever suggests acquired heart disease, while 2
background of congestive heart failure treated with digitahs wamns of m
creased myocardal irmtability Epimephrine, calcium chlonde, or cyclo
propane may augment this irntability On the other hand patients may
have been treated with quimidine, which has the opposite effect from digt
talis and decreases the myocardial irritability In these instances anes
thetic agents such as ether or intravenous barbiturates may cause an abrupt
fall n blood pressure

1 2 3 AVR

Fig 54 Diagram of typical electrocardiograph complexes of an mfant in the
first three weeks of bfe (Ziegler R F  Electrocardiographic Studies s Normal In
fants and Chuldren Charles C Thomas Publisher Springfield I 1951 )

It 1s important to note a history of previous operations on the heart
For example, a previous left-sided Blaloch operatton indicates that the
blood pressure cuff should be applied to the nght arm

Physical Examunation

After studying the physical exammation report on the patients chart,
the anesthesiologst venfies the following pomts m particular on his visit
to the patient Is there a normal healthy color generalized cyanosis or
cyanosis localized to the upper or lower part of the body? Is the child
physically underdeveloped? Is there noticeable paucity of subcutaneous
fag? 89 the blood vessels stand out prominently in the neck or over the
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thorax? Is the front of the chest pushed forward and deformed, or does
the chest exhibit pulsations? Is there clubbing of the fingers and toes?
What are the blood pressure, the heart rate and rhythm?

Radiological Report

A thoracic x-r1y and particularly the fluoroscopic report of the thorax
relay a sigmificant story of the dynimucs of the cardiovascular system to
the anesthesiologist The x-ray report of the films of the chest usually 1s
not sufficient, and we prefer to display the films m the view box duning
surgery In this way, the anesthesiologist obtains a picture of the chambers
of the heart and the size In addition he notes the degree of vascular en-
gorgement i the peripheral arcas of the lung, indicating diminished or m-
creased pulmonary vascular perfusion

Hemogram

Elevated hemoglobin, red blood cell count, and hematocrit indicate a
compensatory responsc to hypoxia Generally, the greater the degree of
hemoconcentration, the greater the degree of hypoxra, and 1t 1s 1mperative
that these patients with marked hemoconcentration be kept hydrated On
the other hand some cardiac patients have hemodilution, and as a result
blood transfusion may be necessary before surgery

Electrocardiogram

The child s electrocardiogram should be studied and the cardiologist’s
interpretation noted The anesthesiologist should be familtar with the spe-
cfic electrocardiographic pattern for the cardiovascular disease mvolved,
for only through a knowledge of particular electrocardiographic patterns
can the anesthesiologist employ the ECG as a cardtac momitor during
surgery

Unnalysis

The complete uninalysis record should be studied A patient with cardio-
Vvascular disability often shows albumin, concentrated urine and a few
red blood cells 1n the urine all due to congestion of kidney glomeruly

Cardiac Cathetenzation
This provides information concerning
1 Pressures 1n the chambers of the heart and m some of the great

vessels
SIS S & n‘lm
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2 Degree of oxygen unsaturation i chambers of the heart thus dem
onstrating the presence and/or direction of a shuat

3 Systemic flow, calculated from the following formula based on the
Fick principle

Sy flow _ Oy P {ml/mn) x 100
{mi/nmun) Q_content of arterral blood (vol Yo ) mimus
O_ content of mixed venous blood (vol %)

4 Pulmonary flow calculated as follows

Pul y flow __ Q_consumption (ml/min) % 100
(ml/mmn) ™ 'Q, contnt of arterial blood (vol % ) munus
O, content of pulmonary artery blood (vol %)

§ Volume of a left-to night shunt, expressed as follows

Left to nght shuat __ Pulmonary blood flow (mi/mumn) mmus
{ml/min) T systumic blood flow {mi/mun)

6 Volume of a night-to-left shunt expressed as follows

Right to left shunt _, Systemtc blood flow {mi/mun) minus
{ml/nun) = putmonary blood flow (mi/min)
7 Cardiee wdex {cardiac output expressed m hters per sg meter of
body surface) The cardiac output can then be readily compared with
that of a normal chid

Angi i hv and Aortography

Angrocardiography, wheremn radiopaque dye 1s myected mnto the \em
and seral films of the chest are taken, demonstrates the size and shape
of the heart chambers and vessels and majy also confirm the presence of
a right to left shunt

Aortography 1 which the radioprque dye 15 njected into the brachial
or femoral rtery may confirm the presence of a left to nght shunt

CONGFNITAL ANOVIALIES AND DEFECTS O THE
HEART AND GREAT VESSELS

Congenital anomalies of the heart and great sessck alter to varymg
deprees, the hemodynamucs of circulation Some of thest defeets can be
50 severe as to be mcompatible with life wiile others are amenable to
surgcal correction W ith subsequent improvement or cure To date cardiac
surgeons have improved the daily ewstence and prolonged the hie span
of patents with pulmomic stenosss tetralogy of Fallot vemtnicular und
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atrmal septal defeet patent ductus arteriosus, coarctation of the aorta,
vascular ring, and mmor degrees of transposition of the vessels The ulti-
mate result depends to a large extent on the type of anomaly, the degree
of defect, and the effect upon the circulation

Congemital heart disese may be divided mto acyanotic and cyanotic
tipes In the acymnotic type there 1s either no shunt or a left-to-night
shunt, as occurs 1n atrial and ventricular septal defect, patent ductus arten-
osus, anomalous pulmonary venous dramage, and coarctation of the aorta
A left-to night shunt mcreases the pulmonary blood flow, causing a com-
pensatory mcrease m pulmonary vascular resistance and pulmonary artery
pressure  Such mncreased pulmonary vascular resistance restrams the -
creasing pulmonary blood flow However, because of the congestion from
increased pulmonary blood flow, these patients are suscepttble to pneu-
momitis pneumoma, and chest colds explamnable n part by compression
of the bronchi from the engorgement, thus dimunishing bronchiolar secre-
torv dramage

Cyanotic congenital heart disease implies a right-to-left shunt These
patients have hypervolemra, ncreased hemoglobin red blood cell count
and hematocnit, decreased plasma volume, thrombocytopema, and hypo-
fibrinogenerma  The pH 1s usually normal, but there 1s a reduction 1 both
pCO_ and bicarbonate On the other hand, the fixed acids particularly
chlondes and protemns are increased

Atnal Septal Defects

An atnal septal defect (Fig 55) 1s an opening between the two atria
and may be one of two types The ostium primum 1s an aperture low n
the interatnial wall close to the ventricular septum and tricusprd and aortic
valves Operative closure may mterfere with conduction or cause valvular
distortion  An ostium secundum 1s an aperture high n the mteratrial wall
close to the base of the heart and 1s corrected more readily The closure
of the defect decreases the volume of the pulmonary blood and increases
the systemic volume

In atnal septal defect, the flow of blood from the left atrium to the
night atrium constitutes a recirculation of much of the blood returned
from the lungs and n addition the nght atnum receives a somewhat
reduced volume of blood from the systemic circulation through the m
ferior and superior venae cavae The night atrium becomes distended
from the effect of large volumes and high pressures on 1ts thin wall

Similarly, the nght ventncle and pulmonary artery are dilated by the
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high pressure transmitted from the nght atrum, markedly mcreasing
the pulmonary blood flow Over a peniod of time, two to four decades,
the night ventricle gradually dilates and fails, mamly due to increasing pul
monary artery pressure Concomutant changes are seen i the smaller
pulmonary arteries and arterioles, where intima 1s thickened by fibrous
proliferation, greatly narrowing therr lumna

Right lung Superior vena cava Left lung

Fig 55 Atnal septal defect—
diagram of ostium secundum (Re Atrial
printed by permission of lhesep,owe(aﬂ
publishers and The Common {secundum)
wealth Fund from Helen B
Taussig Congerital Malformations
of the Heart Cambridge Mass
Harvard University Press Copy
nght 1947 by The Common inferor vena cava
wealth Fund ) Pulmonary artery

Cyanosis does not occur in an atrial septal defect until the pressure mn
the nght atrium exceeds that n the left atnum and there 1s a night to left
shunt of unoxygenated blood The heart rate 1s moderately ncreased,
while blood pressure 1s normal or shightly low 1n all extremities

While hemoglobin, hematocent, and red blood cell count are usually
normal or occasionally below normal, blood volume 1s increased moder-
ately

The heart 15 greatly enlarged and globular in the roentgenogram The
nght atnum nght ventricle and pulmonary artery are dilated, with the
oblique view particularly, showing great prommence of the nght atrium
The pulmonary artery branches are dilated and pulsate showing hilar
dance upon fluoroscopy and the peripheral vascular lung markings are
nereased

By electrocardiogram night axis deviation sigmfying night bundle branch
block 1s seen There are very large P waves indicative of night atnal en
largement Wide, notched QRS complexes occur

Results of cardiac catheterization are tllustrated in Figure 56
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Ventncular Septal Defects

Ventricular septal defects arc often associted with major vascular
anomalies near the heart and will be discussed under that subject Here,
however, we refer to the pure forms of ventncular septal defect, which
may be muscular (in the muscular part of the septum), membranous (1n
the membranous septal portion), or infravalvular (at the junction of
heart pulmonary trunk, and aorta)

Pulmonary
Aorta arery

Fig 56 Atnal septal defect—dia
gram of cardiac catheterization Arrow
indrcates  left to night  shunt  Numbers
mside heart chambers indicate oxygen
saturation those outside mdicate blood
pressures

In the severe form or large defect, oxygenated blood passes from the
left ventricle to the right ventricle and s assoctated with pulmonary hypet-
tension The patients may have retarded growth bouts of cardiac failure
and frequent attacks of pncumonia Both ventricles become markedly en-
larged pulmonary vascular markings are mcreased and the hlum may
even show pulsations on fluoroscopy The electrocardiogram may show
night ventricular preponderance Closure of the defect decreases pulmonary
blood volume and mcreases systemic circulating volume

Results of cardiac catheterization are 1illustrated 1n Figure 57
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Fig 58 Tetralogy of Fallot—
diagram  showing abnormalines ~ Aorto
(Reprinted by permussion of the
publshers and The Common
wealth Fund from Helen B Taus
sig Co ! Malf of P 4
the Hearr Cambridge Mass stenosis
Harvard University Press Copy
nght 1947 by The Common
wealth Fund ) Right ventricle hypertrophy
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Tetralogy of Fallot
Tetralogy of Fallot (Fig 58) consists of

1 Stenosis of the pulmonary artery or infundibulum
2 Overnding or dextroposition of the aorta

3 Membranous ventricular septal defect

4 Right ventricular hypertrophy

The blood flows from the night ventricle mto the 1orta or left ventricle
producing a right to left shunt Therefore 2 small amount of blood flows
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Pulmonary
artery

Aorta

Fig 59 Tetralogy of Fallot—dia
gram of cardiac catheterzation Num
bers nside heart chambers ndicate oxy
gen saturation those outside mdicate
blood pressures

through the pulmonary circulation, and a large amount of poorly oxygen-
ated blood flows through the systemic circulation Squatting increases
nght heart filing essential n order to maintamn cardiac output This hy-
poxic state causes an elevated hematocnt and hemoglobm, a lowered
systolic and elevated drastolic pressure, and a rapid pulse Blood volume
1s mereased A combination of increased blood wviscosity with decreased
myocardial tone tends to produce stasis of the blood and consequent
cerebral accidents

One of the specific laboratory and chimeal determmations which ards
the dragnosis of this condition includes the chest x-ray, presenting a typi-
cal boot shaped configuration of the cardiac shadow due to the absent
pulmonary conus Rught ventricular enlargement 15 noted with reduced
vascular markings 1n the periphery of the lung fields The electrocardio-
gram shows night axis deviation, while the usual results of cardiac cath-
eterization are as slustrated in Figure 59 Thereby confirming a nght-to-
left shunt angiocardiography demonstrates simultaneous right and left
ventrieular filling with poor filling of the pulmonary artery

Surgical treatment 15 designed to mcrease pulmonary bloed flow either
by 1 Blalock-Tausstg operation wheremn the subclavian artery 1s anasto-
mosed to the pulmonary artery, by a Potts Smith procedure anastomosing
the aorta to the pulmonary artery or by an operation i which the pul-
monary obstruction 1s excised and the ventricular septal defect reparred
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Esscnmenger’s Complex

This complex 1s similar to a tetralogy of Fallot, but there 1s neither
pulmonic stenosis nor night ventncular hypertrophy It 1s ordinanly classt
fied with ventricular septal defects

Congemital Aortic Stenosts and Subaortic Stenosis

Aortic stenosss may be congemtal or acquired The congemtal vanety
may be valvular or subvalvular Occastonally there 1s a duatation of the
aorta distal to the stenosss, the so called poststenotse ddatation

The congemtal type may not be diagnosed untl the child 15 two or
three years of age, at which ume the left side of the heart 15 frequently
hypertrophied Blood pressure often shows a low systolic and small pulse
pressure, although if there 15 any degree of mcompctence, systohic and
diastolic pressures are both low

X-rays of the chest demonstrate left ventnuular enlargement with post-
stenotic enlargement of the aorta showmg marked pulsations on {lucro-
scopy Mild cases show normal ECG however, when stenosn s severe,
ECG shows signs of left ventricular hypertrophy

Smce the left side of the heart cannot be cathetersized 1n this wstance,
carduac catheterization shows nothing definitive Suggestive evidence 1s a
raised pulmonary artery pressure Angiocardiogram may be performed by
percutaneous puncture of the enlarged left atrium or left ventricle, demon-
stratung the stenotic aortic valve

Pulmomc Stenosis

Pulmome stenosis (Fig 60) may be either valvular, or infundibular
proximal to the valve The nght ventricle hypertrophies and the nght
atnum enlarges

The flow of blood through the lungs 15 dimmushed and the blood 15
dammed back mnto the right ventricle and night atrium Such a patient
does not squat because the right heart 1s overfilled with blood at & high
pressure In addinon cyanoss 1s rare, smee there 1s no nght to-left shunt
unless there 15 a patent ductus arteriosus Substernal or parasternal regtons
may Uift with the pulsations of the right ventricle As one mught expect
there 1s no hemoconcentration The heart may be normai n size or shghtfy
enlarged, and the right ventricle 1s hypertrophied, but not dilated

X ray examination of the thorax discloses a normat or shghtly enfarged
heart with fullness of the pulmonary conus, probably due to poststenotic
dilatation Further scrutmy will reveal prominent pulmonary aricries
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g 60 Pulmonary stenosis—dia
gram of dcfect (Reprinted by permus
ston of the publishers and The
Commonwcalth Fund from Helen B
Tausstg Congerutal Malformanons of
the Heart Cambridge Mass Harvard
Untversity Press Copyright 1947 by
Pulmonic stenosis The Commonwealth Fund )

and, in addition, decreased vasculanization of the peripheral lung fields

Extreme night axis deviation 1s exhibited by the electrocardiogram, even
greater than that seen 1n tetralogy of Fallot, with evidence of maximal
nght ventricular hypertrophy

Angrocardiogram shows a narrowed stenotic valve or infundibulum be-
tween the nght ventricle and the pulmonary artery Since there 1s no septal
defect, there 1s no immediate filing of the left heart 1 a pure pulmonic
stenosis However, additional important diagnostic mformation 1s gamned
during cardiac catheterization whereby a high night atrial pressure 1s re-
vealed, accompamed by a markedly increased night ventricular pressure,
with a very low pulmonary artery pressure (Fig 61)
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Fig 61 Pulmonary stenosis—cardiac
catheterization data  Numbers 1nside
heart chambers indicate oxygen satura
tion those outside :ndicate blood pres
sures
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Tocuspid Afresia

Tricuspid atresia s a sentous congenital anomaly with marked stenoss
of the tricuspid valve and shunting of blood through an atral septal de
fect from night to left atum It ventucle and systemic crrculation Left
ventricular hypertrophy results Pulmonary blood flow 1s through erther
the patent ductus arteriosus or ventricular septal defect, together vith
collateral circulation through the bronchial artenes Cyanosss 15 mathed
at an early age with engorgement of the nech vems and hepatomegaly

Radiwologtcal exammnation of the chest confirms the enlargement of the
Ieft ventrcle and shows dimmution n size of the pulmonary vessels Elew
trocardiograph shows left vuntricular prepondirance

Surgical cure 1s esther by opening the tricuspid valhve a Blaloch-Taussig
operation or a Potts-Smuth operation The Iikelihood of underdevelop
ment of the pulmonary blood vessels makes the outcome of any of th.se
operations problematscal

Aorta

Patent ductos
arteriosus

Fig 62 Patent ductus arterio
sus—showing defect (Reprinted
by permission of the publishers
and The Commonwealth Fund
from Helen B Taussig Congent
tal Malformations of the Heart
Cambrnidge Mass Hanvard Um
versity Press Copynght 1947 by
The Commonwealth Fund )

Patent Ducfus Arteriosus

Persistent patent ductus artertosus (Fig 62} extends from the aorta
wmmediately distal to the ongm of the left subclavian artery, to the pul
monary artery just proximal to ats bifurcation A persistent patent ductus
artecrosus vartes constderably m width, length, and shape

Since 1t propels both systemic and pulmonary blood the heart becomes
moderately enlarged with hypertrophy of the left ventricle and the Ift
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atnum As the pulmonary rtery pressure fiscs 1t may n addition cavse
hypertrophy of the mght ventricle and the pressure an the pulmonasy sys-
tem may exceed that 1a the systemic, causing resersal of the left to night
shunt Hypenvolemn 1s, nturally, 2 concomutant finding

Chest film 1n early cases reveils 1 normal sized heart which enhrges
greatly as the disease progresses, with carly enfrgement of the left ven-
tncle Because of incrensed blood flow 1n the pulmonary artenes and the
high pulmonary pressure, vascular marhings in the lungs are emphasized
Hich pulmonary pressure s further senfied in the fluoroscopic exarmm
ton by the marked pulsation of the puimonary nrtenies

Electrocardiogram often confirms left ventricular hypertrophy, and Inter
shows nght ventricular hypertrophy

Diagnosis 1s generally made climeally without cathetenization However,
with reversal of blood flow, the diagnosis may be more dificult at which
tmu cardiac catheterizanon (Fig 63) 1s helpful 1 estabhishing the diag-

Pulmonary
Aorta artery

Fig 63  Patent ductus arteriosus-—
diagram  of cardrac  cathetenzation
figutes Numbers inside heart chambers
ndicate oxygen saturation those outside
wndicate blood pressures

nosis the most convincing evidence being passage of the catheter through
the patent ductus The pulmonary artery oxygen content 1s higher than
that of the nght ventricle, but this 1s not always a conclusive finding
Retrograde aortogram shows the dye passing directly from the aorta
through the patent ductus into the pulmonary arteries With high pul
monary pressure demonstrated by cardiac cathetenzation the anesthesiolo-
£1st1s aware that there 15 considerable increase m the sevenity of the dis-
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Tricuspid Atresia

Trcuspid atresia 15 a serious congenital anomaly with marked stenosis
of the tricuspid valve and shunting of blood through an atrial septal de
fect from right to left atrium, left ventricle, and systemic circulation Left
ventricular hypertrophy results Pulmonary blood flow 1s through either
the patent ductus arteriosus or ventnicular septal defect, together with
collateral circulation through the bronchial arteries Cyanosis 1s marhed
at an early age with engorgement of the neck vemns and hepatomegaly

Radiologreal examination of the chest confirms the enlargement of the
Ieft ventricle ana shows diminution 1n size of the pulmonary vessels Elec
trocardiograph shows left ventucular preponderance

Surgical cure 15 either by opening the tricusptd valve a Blaloch-Tausstg
operation, or a Potts-Smith operation The hhkelthood of underdevelop
ment of the pulmonary blood vessels makes the outcome of any of these
operations problematical

Acrta

Patent ductus
arteniosus

Fig 62 Patent ductus arterio
sus—showing defect (Reprinted
by permussion of the publishers
and The Commonwealth Fund
from Helen B Taussig Congem
tal Malformations of the Heart
Cambnidge Mass  Harvard Um
versity Press Copynight 1947 by
The Commonwealth Fund )

Patent Ductus Arteriosus

Persistent patent ductus arterniosus (Fig 62) extends from the aortt
immediately distal to the ongin of the left subclavian artery to the pul
monary artery Just proximal to its bifurcation A persistent patent ductus
arteriosus varies considerably m width length, and shape

Since 1t propels both systemic and pulmonary blood the heart becomes
moderately enlarged with hypertrophy of the Ieft ventricle and the left
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cyanosts 1n the lower extremmties The feft ventnicle nereases n size and
subsequently the left teum may enlarge, with & systemic blood pressure
which 1s conuiderably tugher m the rms than i the legs

X rays of the chest show an enlarged left ventricle, scen 15 1 postenior
bulge 1n the left 1ateral oblique film In the anteroposterior view, round-
ing of the apex 1s noted Notching of the nibs 1s scen, duc lo mcreased
pressure wn the tortuous ntercostal vessels and there 1s absence of any dis
tinct aorhic arch scpment

Subclovian artenies form
collateratls with ntercostats

Internol
mammaory

Fig 64 Coarctation of the
aorta (Reprinted by permission
of the publishers and The Com
monwealth Fund from Helen B
Taussig Congenital Malformanons
of the Heart Cambndge Mass
Harvard University Press Copy

nght 1947 by The Common
wealth Fund )

epigostnic

Electrocardiogram may be normal, and evidence of left ventricular hy-
pertrophy occurs only in a few mstances However, ncomplete nght bundle
branch block 1s common, and the P wave may be broad and notched

Right cardiac cathetenization 1s of httle value, for most of the compli-
cating anomalies are on the left side of the heart, however the retrograde
aortogram will show the stenosis and also the poststenotic dilatation It wall
also give some indication of the amount of collateral circulation The

anesthesiologist ss often called upon to anesthetize these infants for the
retrograde aortogram

Persistent Double Aortic Arch (Vascular Ring)

Vascular ring consists of those anomahes of the aortic arch which cause
symptoms of tracheal or esophageal compression or both The vascular
nng may be formed by a double aortic arch, a double ductus arteriosus.

s
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ease Although the cardiologist 1s not always definite about the presence
of a reversal of blood flow, this fact may be confirmed later when the
chest 1s opened and the pulmonary artery pressure can be measured The
eventual course without operation may be cardiac fadlure or subacute
bactenal endocarditis

Pulmonary aortic Window

If the truncus arteriosus does not completely divide so as to separate
pulmonary artery and aorta, a small residual communication between the
aorta and pulmonary artery will persist just above the valves, although
the main pulmonary artery still anses from the mght ventricle and the
aorta from the left ventnicle This aperture can be closed surgically, un
like the condition known as truncus artertosus m which there 1s a common
ventricle and the pulmonary artery and aorta are still one common trunk

Coarctation of the Aorta

Occurning as a localized stenoss of the aorta distal to the origm of the
left subclavian artery, coarctation of the aorta may be divided into 1n
fantle and adult types In the infantile type, the upper part of the body
1s well supplied with oxygenated blood from the carotid and subclavian
arteries The lower part of the body 1» supplied through the ductus arten-
osus which opens into the aorta distal to the stenosis The pressure being
low 1n the descending aorta, some of the poorly oxygenated pulmonary
artery blood can pass mnto it However should the patent ductus close the
condition may become critical, smce the Jower portion of the body has
mmmal bloed flow through the stenosed aorta and collateral vessels Smce
the infantile type does not usually respond well to surgical correction, we
shall confine our remarks mostly to the adult type

In the adult type, the stenosts 1s distal to the patent ductus arteriosus,
and even though the early days of the infant may be precarious, i most
cases 1t 15 possible to postpone operation ten or twelve years allowing for
greater development of the collateral curculation through the branches of
the subclavian arteries connecting with the mtercostals and branches of
the nternal mammary jomng the inferior epigastric arteries (Fig 64)
Atresia of the gortic 1sthmus may be present necessitating resection and
grafting rather than end to-end anastomosis As mn all cases of stenosts,
there may be poststenotic ddatation

Often these children are somewhat robust and have no hmitation of ac-
uvity Nor are there signs of failure until later on when the work of the
Jeft ventricle has become excessive There may be, however, some shight
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1 the pulmonary artery there 1s dilatation of both central and peripheral
pulmonary vessels, with dilatation of the nght ventncle often demonstrated
by lateral view of the chest

The clectrocardiogram displays broad or notched P waves, but cardiac
catheterization 1s not of great value beeause of the presence of the shunts
which tend to change their direction from time to time

Operation for this comphication 1s 2 difficult technical procedure and
the results at the present time are gencrally disappointing

Anomalous Pulmonary Venous Conncction

This condition 15 due to persistence of a connection between the former
fetal splanchnic plexus and cardinal venous system coupled with fadure
of the left atrium to jomn the pulmonary blood vessels Therefore, the
pulmonary vems dram into the nght atrum instead of the left This
anomalous pulmonnry venous connection may also represent an anomalous
position of the atrial septum

ACQUIRED DISEASES OF THL HEART

In the past few years improved methods of treating acquired heart dis-
eases have resulted m a marked reduction mn the number of children with
the consequent permanent sequelae Nevertheless, we consider 1t advisable
to include a classification of acquired heart diseases smce when a patient
has such a disease 1t presents problems for the anesthesiclogist

Rheumatic Fever

At one time rheumatic fever was the major cause of acquired heart dis-
ease 1 children, and often they were anesthetized for the removal of their
tonsils, considered to be the source of the mnfection On occasion, also,
children with rheumatic fever were mustakenly operated upon for ap-
pendicitis. Today, if surgery upon an infant or child with rheumatic fever
1s mandatory we would suggest adequate premedication, avordance of
overdosage of anesthetic agents particularly ether and barbturates and

?nladequate supply of oxygen These patients readily develop cardiac
atlure

Bactenal Endocarditis

With modern chemotherapy, bactenal endocarditis has become exceed-
mgly rare However, occasionally a positive blood culture 1s obtamed in
congenital heart disease Most frequently subacute bacterial endocarditis
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anomalous mnominate or left common carotid arteries, or by an aber
rant night subclavian artery given off by a descending left aorta and pass
mg either between the trachea and the esophagus, or posterior to the
esophagus

The vascular ring gives rise to no cardiac signs or symptoms, but as was
ponted out 1 Chapter 4 (p 82), there can be considerable occlusion
of the trachea with the patient dying in infancy from either pneumonta
or hypoxia Often these patients on account of difficulty with respiration
hyperextend their heads to facilitate breathing

By x-ray the barum swallow may show indentation of the esophagus
or the tracheogram may demonstrate narrowing of the trachea

The anesthesiologist should keep i mind the probability of hyperdis
tention of the pulmonary components distal to the stenosis

Transposition of the Great Vessels

Here, the aorta anses from the right ventricle and the pulmonary artery
from the left ventricle However, there may be many other assoctated
anomalous conditions Since the supertor vena cava and inferior vena cava
empty mto the right heart and the aorta nises from the right ventricle,
the systemic system heeps recirculating venous blood With pulmonary
venous dramage nto the left atrium and the pulmonary artery ansing from
the left ventricle, there 15 a recirculation of oxygenated blood through the
lungs In other words there 1s, essentrally, a dissociation of the two sys
tems However, patients with transposition of the great vessels do not
necessanly die at birth, for there 1s often a communcation between systemic
and pulmonary systems, through either a persistent patent ductus artert
osus, atnal septal defect, or ventricular septal defect

Such infants have a history of severe cyanosis at birth and if they sur
vive any length of time, they are markedly underdeveloped and may even
be unable to walk Physical examination shows a severely cyanotic wmfant
with the cyanosis often more severe m the upper part of the body He
has marked dyspnea engorged neck vessels and enlarged hver, and his
heart enlarges very rapidly 1n the first few weeks of hfe Here, too, blood
volume 1s considerably increased

On x ray, the heart 1s generally enlarged Often this 1s a night ventricu-
lar enlarg but t of the ntercc 1on between the two
systems, there may also be left ventricular enlargement The mediastinum
1s narrow, stnce the pulmonary artery 1s altered 1n its position, lying be-
hind the aortic arch However, because of ncreased flow and pressure
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1s an accompamment of this disease Therefore, ancsthesin may be haz
ardous for <ome time After the acute phase of the disense During ancs-
thesta the danger signs are il an blood pressure, 1regulir slow pulse
and a prolonged P-R mterval

Some patients with onc of the rare muscular discases such as Fried
recch s ataua or progressive muscular dystrophy may develop myocardial
disease, although part of the myocardial weakness may be due to mac-
tiaty of the patient and bears a strihing resemblance to the myocardal
disease scen in prolonged bedridden patients The heart of such 1 patient
on x ray 1s often small and clongited, probably duc to disuse atrophy

Perhaps the most important consideration 1s to remember that the
presence of any of these causative factors may mvolve the myocardium
Occasionally, however the anesthesiologist has no warning of the pres-
ence of myocardial discase Onc patient with prolonged illness from an
anal atresta had cardiac arrest on two separate occasions when smalt
ncrements of ether were added to provide muscle relaxation Following
this expenience when the patient subsequently visited the operating room
he was hept 1n extremely hght anesthesia with no myocardial effects but
conditions did not factlitate the surgery On the next two sessions in the
operating room, this patient s heart was monitored carcfully and frequent
recordings of blood pressure taken, and although four years of age, he
showed a marked blood pressure fall with the ntravenous njection of
20 mg of thiopental sodium (Pentothal sodium)

Diseases of the Pencardium

Pericarditis may be caused by rheumatic fever uremua, purulent infec-
tions wviral diseases, rheumatord arthritis tuberculosis neoplasms, cysts
or chromc constrictive lesions Anesthesia 1s hazardous 1n these patients
We shall descnibe the diseases i detail because of their serious and some-
times fatal prognosis

Acute Pencarditis In children 1t 1s associated with rheumatic fever and
other collagen diseases septicemia and uremia although n some mn-
stances the etiology 1s unknown Myocarditis may be an associated finding

As soon as the pericardial sac 1s full the pressure mounts as more
fluid 1s secreted with greater compression on the heart and great vessels
Because of the hmitation of diastohe filling cardiac output drops and
the contraction of the ventricle becomes more rapid but less powerful

These patients have a low systolic pressure and high diastolic pressure

-
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1s due 0 Streptococcus viridans accurning i patients with chromse rheu
matic heart disease or congenual heart disease notably patent ductus
arteniosus and ventricular septal defect

An important feature of this disease 1s the anemia, which tvarably m
creases the hazard of anesthesa However, no particular modification of
anesthetic management 15 required for these patients

Myocardial Discase

Myocardiat disease 15 not always readidy detectable, for the cardinal
signs of cardiac enlargement accompanied by changes in the S-T
and T waves are not always present However, the anesthesiologist can
scarvely overlook severe myocardial disease mamfested by congestive heart
falture In primary myocardial disease ongmating from excessive plycogen
storage 1 the heart and from erythroblastosis fetalss, the patients seldom
Ine beyond the first year of life

Subendocardial sclerosts {(subendocardial fibroelastosis) may not be evt
dent untid the end of the first year of hife, but its chief danger hes m the
poor diastoltc fithng

Many of the exanthcmatc mfections may depress the myocwrdum
These include hepatitis measles, poliomyelitts, encephalitis pneumoma
tul pococcema, nfectious mononucleoss, rickettsial disease
nfluenza mumps, and yellow fever However 1t 1 difficult to detect the
degree of mvocardial involvement unless there are changes m the efectro
cardiograph

There are several inflammatory diseases of the heart other than those
caused by the exanthemata, which may be characterized by a sudden on
set of left and night heart failure with dyspnes cyanosis pallor, hacking
cough gallop rhythm and a low-voltage ECG tracing These patients
present a serious anesthetic problem and should be given mummal amounts
of p dication and hetsc agent Ether and sntravenous barbiturates
because of therw tendency to produce depression of the myocardwm are
exceedingly hazardous unless used with extreme caution

Duphthenia deserves special mention because of the cffect of the exo
toxin upon the heart Patients with this disease may develop atnioventncy
jar block and severe shock and sudden death ss not nfrequent Distant
heart sounds or gallop rhythm are ominous signs One of the authors has
<gen a patient with diphthena die suddenly on the op g table Hyalme
degeneration of the cardiac muscle which may take weeks to regenerate
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anesthesiologist should be lert for signs of overdosage with digitalis, no-
tably an imntable myocardium wherein the irntability 1s increased by vaso-
pressors, calctum preparations, epinephrine, or cyclopropance

Endocrine Discases

Thyrotrd Two abnormnl thyrod conditions, hyperthyroidism and hypo-
thyroidism, affect the heart

Hjyperthyroidism does occur rarcly in children, but seldom before the
age of twelve years These patients have myocardial simulation, produc-
ing tachycardia and increasing cardiac output, although the heart 1s seldom
enlarged 1n this age group The systolic blood pressurc 1s elevated Like
many patients with a stimulation of theiwr heart, the electrocardiogram
shows the typical elevation of P and T waves with a shorteming of the P-R
mtenval

Hypothyroidism may be erther congemtal (cretinism) or acquired (juve-
nle hypothyroidism) These children are mentally sluggish and have the
charactenstic physical features of this disease, exhibiting bradycardia and
decreased blood pressure The heart 1s grossly enlarged from dilatation,
and microscopic sections demonstrate fatty infiltration In many mstances
the disease 1s complicated by an anemia which may be partially responsi-
ble for these cardiac effects The electrocardiogram shows small P and T
waves, but the QRS may be normal

Parathyrords Hyperparathyroidism 15 usually due to overdevelopment
of the glands or to chromic renal disease, such as glomerulonephritis or
pyelonephrtis There 15 a bradycardia with shorteming of the Q-T interval
due to hypercalcerma The anesthesiologst should keep 1n mind the possi-
bility of mncreased cardiac wntability from hypercalceruia when selecting
his anesthetic agents

Hypoparathyroidism presents the oppostte picture, ncluding hypocal-
cemia, with resulting tachycardia and lengthening of the Q-T interval
the electrocardiogram The anesthesiologist should be aware that there 1s
a decreased quantity of that excellent cardiac stimulant, calcum Its resto-
ratton by the use of calcium gluconate 1s advisable before anesthesia since
such patients can readily show myocardial depression with certain anes-
thetic agents

Pancreas In most instances the diabetic 1s well under control when
presented for elective surgery The potassium level of the blood 1s usually
close to normal, and he has been given adequate nsulin and glucose
However 1t may be necessary upon occasion to anesthetize a diabetic



118 EVALUATION OF THE PATIENT

with a low pulse pressure Unlike the normal patient their svstohe blood
pressure drops during inspiration {pulsus paradoxus), with marhedly dy
tended and nonpulsating neck vemns

X-rav reveals a large heart shadow, while the electrocardiogram shows
marked decrease i amphtude of all waves

If 1t 15 necessary to anesthetize such patients, it 15 mmportant to with-
draw as much pencardial flmd as possible before anesthesta

Chronic Adhesive Pencarditis In thus disease an enturely different pre
ture 15 seen, usually developing after many attacks of acute rheumatic
fever The heart becomes enormously hypertrophed as the percardil
adhestons restramn effective systolic contraction The heart contmues to
hypertrophy and may even deform the anterior thorax, while the cardiac
reserve becomes mcreasmgly dumushed These patients may be presented
for correctnve surgerv

Electrocardiogram reveals tachycardia low amphtude QRS and T waves
and abnormal shape of the S-T segment X-ray may show an enlarged
heart and congested pulmonary vessels

Chrome Constnictive Penrcarditis Tn this disease there are no adhesions
between the two layers of the pencardium but the percardium self be-
comes thickened and fibrous, often caleified It 15 generally due to tuber
culosis This vanety of pericarditis presents obstruction similar to the acute
type, since there 1s limitation of diastole There 1s no cardiac enlargement
but as i adhestve penicarditis, it may be complicated by gross portal con
gestion and » therefore, often accompanted by ascites

Operative correction cansists of resection of part of the thickened pent
cardium to allow free carditac expansion

In both types the disease must be quiescent before operation, as shown
by normal temperature, normal <edimentation rate and correction of any
anemia Insofar as possible the patients general health must be well
established

Congestive Heart Falore

Although congestive heart falure 1 more coramonly seen n chrome
cardiac or resprratory disease 1t also occurs frequently n acquired dis
eases of the heart One of the most important carly signs in children 1s
hepatomegaly accompanted by weak heart sounds rapid pulse cardimac
enlargement and 1 older chidren, pulmonary or generalized edema
There may also be palior or cymoss and distention of the vems n the
seck These patients are often treated with digitahis preparations and the
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Vitamit Diseascs

Vitamin B deficrency (beriber1) may cause nght heart failure with
tachycardia, enlargement of the liver, edema, 1nd all the signs of con-
gestive heart farlure, while deficiency of vitamin € (scurvy) occastonally
causes cardiac enlargement from the resulting anerma In vitamm D de-
ficiency (rickets), the only cffect on the heart 1s by direct cardiac com-
pression from the rachitic chest deformity, but vitamin D excess produces
hypercalcemia with the same cardiovascular cffects as hyperparathyroid-
1sm, causing increased rrtability of the myocardium

Ancrma

Acute hemorrhage results 1 tachycardia low blood pressure, and de-
hydration, the well-known picture of shock, however, patients with chronic
anemta usually have only a moderately low blood pressure and a moderate
mcrease i the heart rate The electrocardiogram shows a definite de-
crease I voltage, with all complexes reduced Such pattents with thewr
reduced myocardial contractility, reduced blood volume, and chronic
hypoxia readily develop shock during induction or maintenance of anes-
thesta Correction of the anemia can be attempted with blood transfusion,
but these patients require careful and slow transfusion smce therr circu-
lation readily becomes overloaded A high venous pressure warns that
cardiac failure may be immunent

Renal Diseases and Idiopathic Hypertensive
Cardiovascular Disease

Some chronic nephritics later in the course of the disease develop hy-
pertension which generally accompanies the retention of urea and other
mtrogenous products of metabolism Occasionally however, a child will
develop a hypertension similar to essential hypertension as seen m the
adult and no cause can be discovered Any drug or technic which might
cause a precipitous drop n blood pressure should be avoided It should

also be remembered that a child with essential hypertension can die without
warning

Trauma

Apart from the acute anemia caused by hemorrhage trauma can pro-
duce many additional cardiovascular effects Any penetrating wound of
the heart may produce cardiac tamponade or the myocardium may be
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child with mfection whose diabetes cannot be controlled before the i
fection 15 ehmnated By the time most of these patients arnve for anes
thesta, thev are n acidosis and hvpokalemia, with an extremely rapid
heart rate If the duration of the surgery 1s beyond a few munutes, the
heart should be momitored with continuous electrocardiogram Low T
waves and prolonged Q-T nterval suggest a potassium deficiency which
should be rectified The flud and electrolyte balance of this type of pa
tient requires the skill of an expert

A severe yuvenile diabetic mav have complications such as atheroscler
osis and degenerative changes i the glomeruh with resulting hypertension

Pitmtary There are a large number of prtustary diseases affecting the
cardiovascular system among them bemg Cushmngs syndrome, which 15
due to a basophil tumor of the pitwitary Tt 1s rare n children but results
i hvpertenston when 1t occurs Giganusm may produce cardiac dilatation
and hypotension Simmond's disease, often associated with hvpothyrond
1sm, results m low blood pressure and slow puise

Adrenals Addison’s disease may occur as a result of congenital ab
sence of the adrenal cortex, from destruction of the adrenal cortex, or
from madequate secretion of adrenocorticotropin These patients have a
small heart hypotension, and mcreased serum potasstum Preparation m
most cases of this nature consists of the admmmstration of hydrocortisone
norepmephnne, whole blood, and mtravenous flusds contaimng saline

Hyperadrenocorticism 1s caused either by therapy with corticotropin or
by an adrenal cortical tumor It causes the same cardiac effects as a baso
phil adenoma of the prtwstary gland These patients have hypertension and
a lowered serum potassium

Pheochromocytoma 1s usuallv a tumor of the adrenal meduila but can
be located m any of the sympathetic gangha These patients have cardrac
enlargement rapid pulse and hypertension The excess production of
norepwmephrine and epinephrine may be a hazard since 1t sumulates and m
creases the uritability of the myocardium

Surgieal removal 1s the treatment but the actual pracedure 15 dangerous,
for mampulation of the gland may flood the circulation with excess nor-
epincphrine and epmephrme The hesiolog) however should b
prepased for the notceable decrease n norepmephune and epwephnne
with resulting hypotension following the removal of the gland and should
be ready to admumster continuous norepinyphsine mtravenous drip at this

ume
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Disorders of Rate and Rhythm

We have often employed the clectrocardiograph as a momitor of the
cardiovasculr system It may provide carly detection of untoward effects
of anesthetic agents and related mtrvenous drugs, as well as giving carly
warning of hypouin We now mahe it 1 practice to use the clectrocardio-
graph to monttor the cardiovascular system in the more difficult cases such
as congenital heart discase

Paroxysmal atrial flutter can occur at times 1n the premature This
may be accompanied by shallow respiration and cyanosss, but the mfant
generally recovers from the flutter in the first few months of Life

Premature beats are common mn the nfant i the first three months of
Ife, and paroxysmal tachycardia in nfants and children 15 comparatively
common Occasionally, however, 1t may be accompamed by restlessness,
mereased respiration, pallor, and cyanosis Ultimately, emesis, cardiac en-
largement, and even failure may occur if not treated The usual treatment
1s digitalization

During anesthesia the anesthestologist should be aware of any sudden
change m cardiac rate A bradycardia (Fig 65) may indicate acute hy-

it

Fig 65 Electrocardiogram (Lefr) Normal rhythm (righs) bradycardia 1n acute
hypoxia and overdose of anesthetic agent

poxia or overdosage of anmesthetic agent A severe acute hypoxia may
show bradycardia, low take-off of the S T segment, and widening of the
QRS complex (Fig 66) An apical rate greater than 200 per mnute
usually indicates a ventricular tachycardia, and may be due to overdosage
of anesthetic agent or hypoxia Immediate detection of the cause and cor-

I IR

Tig 66 Electrocardiogram  showing left to night moderate hypoxia to severe

hypoxia
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brmised by a crushing mjury to the chest Valvular rupture, particularly
of the aortic or mutral valve, has been known to occur and 1s mvartably
fatal 1n a short period of time

The most frequent cardiac arrhythmia following mjury 1s atnal flutter
or fibrillation, although paroxysmal tachycardia, heart block, and extra-
systoles may also occur

If 1t becomes necessary to anesthetize a child who has recently had a
traumatic mjury, especially a blow or crushing mjury to the chest, the
anesthestologist must remember that the danger of myocardial damage
may be serious, and should proceed cautiously

Endocardial Fibroelastosis

Occurring frequently with any congenital cardiac defect, this condition
has also been found in an apparently normal mfant one month of age
Cardiomegaly and cardrac falure occur, with the electrocardiogram show
1ng left ventricular hypertrophy The prognosis 1s very serious, and death
usually occurs before two years of age Many attempts have been made
to correct these surgically, with httle satisfaction, the latest being poudrage
to increase myocardral circulation

Neurocirculatory Asthemuz (Reduced Cardiac Reserve)

There are several cardiac conditions 1n this classification In infants
they contribute many of the cases of cardiac arrest, but very little 1s known
about speaific cardiac damage, except that 1t appears to occur in any pa-
tient with nsufficient cardiac reserve

Such hearts are often small but there are no other special characteristics
The anesthesiologist should read the history of the patient carefully Any
patient convalescing from an acute illness any patient with a chronic 1n
fection or with malnutnition or any patient who has been m bed for a
long time apparently develops a small heart with httle or no rescrve
Hypoxia or slight overdosage of anesthetic agents readily causes arrest of
these hearts and 1t 1s advisable to employ a cardiovascular monitor
throughout induction and of the anesthesta Any brady-
cardia or diminution of precordial heart sounds will require mstant action
on the part of the anesthesiologist Immediate ventilation of the lungs with
a high percentage of oxygen, removal of the anesthetic agent, and intra-
venous calcium gluconate admimistration are essential As well no anes-
thetic agent should be selected which would further depress the myo-
cardum, for example, cther, halothane (Fluothane) (2-bromo 2 chloro-
1 1 1 trfluoroethane), and large dosages of barbiturates
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rection are imperative for ventricular tachycardia often precedes ventricu
Iar fibnllation A tachycardia below 200 usually suggests a sinus tachy
cardia The electrocardiogram s now a recognized diagnostic safety ad
for the anesthesiologist even though he perhaps 1s not qualfied to make
the finer diagnostic distinctions
Cardiac arthythmias due to cardiovascular disease may be present pre
operatively, arrhythmias from other causes may occur dunng anesthesia
or postoperatively A brief classification follows, proceeding from the more
nnocuous arrhythmias to the serious ones
Arrhythmias with Smus Pacemaker
1 Sinus tachycardia
2 Swus bradycardia
3 Simus arrhythmia
Arrhythmias with Ectopic Pacemaher
1 Ectopic beats
2 Ectopie tachycardia
(a) simple paroxysmal tachycardia
{b) ectopic atrial tachycardia
(¢} paroxysmal atral tachycardia with block
(d) atnia) flutter
(e) atnal fibnifation
(f) ventricular flutter and fibrillation
Arrhythnuas Caused by Conduction Defects
1 Sinoatrial block
2 Atnoventriculir block
first—with long P R terval
second—occasionnlly P not conducted to ventricle
third—complete dissoctation of atnia and ventncles
3 Cardiac arrest
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CHAPTER 6

EVALUATION OF THE HEMIC AND
LYMPHATIC SYSTEMS

HEMIC SYSTEM

Prior to anesthesia, every patient should receive a complete bload ex-
amnation, mncluding hemoglobin, red and white blood cell counts, differ-
ential cell count bleeding time, and clotting time With this preliminary,
and certainly mimmal, study completed, the hemic system must be evalu-
ated further 1n terms of the blood and the blood-forming organs

BLOOD

The Erythrocyte

Hemoglobin  Since the most important constituent of the erythrocyte
from the standpomnt of anesthesia 1s the hemoglobin the variations 1 the
oxygen dissociation curve must be considered carefully

If the oxygen dissociation curve of the ammal fetus, as outlined by
Barcroft can be assumed to be analagous to that of the human, then 1t
must be noted that the human fetal curve 1s shifted further to the left
than 1t 15 1n the adult, thus favoning mcreased oxygen saturation of the
hemoglobin at low oxygen tensions—a most favorable situation for the
Placental transfer of oxygen from mother to mfant With the approach of
burth thus curve moves rapidly to the nght however dunng the first six-
teen weeks of life and even longer 1n the premature, the curve may still
be to the left of that of the adult This position of the oxygen dissociation
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careful metening of ancsthetic agents to avoid atona of their hypotonic
muscles and depression of their cardiovascular systems, adequate oxygen
and pulmonary sentilation, for increasing cyanosis from hypoxia 1s not
deteetble readily, carly and ndequate blood replicement for surgicat
blood loss, since they o into shock readily Furthermore, 1 hemoglobin
determmation must be done within a few days before surgery, for infants
and children ean develop severe anemua far more rapidly than adults
Phystological Anenua The mother stores ron dunng her Iast tnmester
and transfers an adequate supply to the fetus so that the normil full-
term newborn has a hemoglobin around 20 gm per 100 ml of blood (Fig

67) From this period on there 1s a gradual decrease n the hemoglobin
of the neonate

Normal Hb Valves
{from Diamond M N 1945)

Fig 67 Diagram of normal hemo
globin values from birth to twelve years
(Reprinted by permission of the pub
1 24812 lshers and The Commonwealth Fund
2 2 4 from K D Blackfan and L Kk Dia
H € g mond Atlas of the Blood tn Children
z §° > Cambridge Mass Harvard Umversity

Press Copyright 1944 by The Com
Age monwealth Fund )

Accompanying the red cell destruction of physiclogical anerma  there
will be an elevation of serum bilirubin A positive van den Bergh test
(hyperbilirubinemia), usually evidenced by jaundice or so called icterus
heonatorum 1s present m 50 per cent of infants from the first to fifth
day of Iife, but 1s more severe and prolonged 1n the premature The re-
leased bilirubin 1s removed from the blood by the liver but the imma-
tunity of the liver i the newborn retards the removal Infants with severe
1aundice tend to have temperature instability lassitude and anorexia and
therefore demand careful anesthetic management In particular sedatives
should be omitted 1 the premedication

Lutle can be done to prevent the normal physiological anemia of the
first three months of Ife However if from birth the infant 1s treated with
Iton anemra may be avoided from the third month onward
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curve certaanly favors uptake of oxygen 1n the hemoglobin of the neonate

The Normal Erythrocyte Prcture The full term infant has a red blood
cell count of around 6,000 000 to 7 000,000 per cu mm, accounting largely
for a spectfic gravity of 1 060 to 1 085 of the blood Fifteen per cent of
these red blood cells are nudleated, but this pescentage begins to drop by
the end of the third day and by the end of the first week has reached 1
per cent

The total red blood cell count decreases rapudly from birth to the third
month of hte, at which tim¢ 1t averages about 4,000,000 per cu mm ns
mg gradually to about 4 500,000 per cu mm at the end of the third year,
the specific gravity of the blood at thus tume 15 1 048 to 1 050 As a con
comstant finding the hematocnit at urth 1s approximately 52 per cent and
it atso falls somewhat rapidly durng the first threc months of life to the
regon of 45 per cent

The men diameter of the red blood cell at birth 1s 8 6 ¢ Throughout
the first year of hfe the macrocytes are replaced by smailer red blood cells
so that 1t the end of the third month the mean diameter of the red blood
cell 15 about 7 7 p As the smaller red blood cells merease 1n number, the
mean chameter of the red blood cell decreases to 73 1t by the end of the
first year

The mean corpuscular volume 1s 110 cubic mucrons at birth and de
creases to 90 cubic microns by the third month, at which level 1t should
remain throughout life

Vanat and Abnormat of the Erythrocvie

Erythrocytosis In some instances there 1s a marked increase i the red
blood cell count often accompanying chronic hypoxia from pulmonary
disease or from heart disease The most mmportant pomnt for the anes-
thessologist to bear i mind 1f there s markedly elevated red blood cell
count 3s that thrombosis can readily oceur, for the viscosity of the blood
1s increased by the increased cellular clements Ether, except i very low
concentrations, dehydration or depression of circulatton must be avoided
n such patients

Anemma Far more common than a polycythemua ts ancoma  affordmg
a constant threat to the Jife of the patient since the lowered oxygen carry-
sng capacity of the blood enhances the nish of surgery and anesthesia The
anesthestologist should heep i mind that anemuc pauents sequice  hghter
sedative premedication, for they depress very eastly cautious induction,
for thess ease of mduction may result 15y overdosage of anesthetic agent,
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be abdomunal pun, jundice, and wekness A splenectomy, mdicated
any patient with this discase, will produce a remusston of the hemolysis and
the ancminn

On the other hand, in acquired hemolytic anemua, the patient may not
actually show ancmia unless there has been bleeding, but if there has been
bleeding the patient will hnve 2n extremely low hemoglobin

In congestne splenomegaly (Bantis syndrome) thrombocytopenia 1s the
predommant characterisuic The presence of moderatc anemta, leuko-
penia, and csophageal or gastnie vances are other symptoms of this dis-
ease The surgical treatment ts erther a splenectomy or a portocaval shunt
to tmprove the collateral circulation If there 1s a history of episodes of
hematemests the passage of a large traumatizing stomach tube might rup-
ture the varices and cause a severe hemorrhage

In the severe form of Mediterrancan anemia {thalassemia or Cooley’s
anemna) there 1s hypochromic microcytic anemia commencing 1 the first
year of Iife, and sometimes 1s accompamed by shight jaundice There may
be considerable enlargement of the liver and spleen The blood picture
shows anisocytosts porhilocytosis, basophilic stippling, decreased fragility
of the red cells, reticulocytosis, and some nucleated erythrocytes X-ray
of the bones shows a thinming of the cortex and a widening of the medulla
due to marrow hyperplasia A splenectomy 1s done usually to relieve the
discomfort produced by the very large spleen The anerma in these pa-
tients must be treated with transfusions before surgery

In thrombocytopenic purpura, generally developing before the age of
SIX years, there 15 often a severe anemia, most frequently caused by bleed-
g from the skin, nose, gums, and unnary tract, and occastonally by
bleeding nto the central nervous system Petechiae splenomegaly, and
fever may be present tn patients with this disease The charactenstic blood
picture shows thrombocytopenia delayed clot retraction, and prolonged
bleeding ume ¥f conservative medical treatment does not cure the dis-
ease, as 1t does 1n most patients a splenectomy 1s indicated Splenectomy

1s followed by reduced bleeding time and a return to normal of the platelet
count

The Normal Leucocyte Picture

The white blood cell count drops from an average of 20 000 at birth
t0 10 000 1n the third month of Ife at which level 1t remains throughout
the first year It further decreases to about 8000 at the fifth year and
maintains this level throughout childhood

At birth the polymorphonuctear leucocytes predomimate being about
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Pathological Anemia The diagnosis and treatment of a pathological
anemia falls primanly withm the province of the hematologist Neverthe
less, a useful guide to the anesthestologst s found m Diamond s tabula
tion of the pathological anemuas, wherem 1t 15 noted that 61 per cent of
the anemuas of mfancy and childhood are secondary to infection while 27
per cent are secondary to dietary or blood absorption defects The re
mamder a relatwvely small percentage, 1s comprised of those associated
with prematunty or heredity and those secondary to blood loss toxins,
or such diseases as leukemia, aplastic anemua congestive splenomegaly,
etc It would be beyond the scope of thus book to attempt a discussion of
the causes and effects of all of the anemias m detail, however, a few are
deserving of special mention to the anesthestologist

Prematurity may mfluence the blood picture profoundly m that the
hemoglobin may drop to § or 9 gm during the first three months of Iife,
with a corresponding drop of the red blood cell count to about 3,000,000
Although compatible with Ife and normal actvity, 1t must be stressed
that such blood does not have the normal oxygen carrymng capacity, and
that such an mfant will develop hypoxia much more readdy

Erythroblastosts fetais may occur wm the offspring of an Rh positive
male and an Rh negative female, or 1 the mfant of an Rh-negatne mother
previously transfused with Rh positive blood Therefore, 1 order to avord
future possible difficulties, an Rh negative mfant or child should not be
transfused with Rh-posittve blood The dragnosis of erythroblastosss fetalis
1s made ordinrtly on the basts of progressive anemua jaundice, and marked
edema It 1s confirmed by the laboratory tests of an Rh negative mother
and an Rh positive infant The mother 5 blood 1n these cases also has a
high anti-Rh titer and the mnfant s blood shows a positive Coomb s test

Sickle-cell anema occurring almost exclusively 1n Negroes 1s charac-
terized by the sickle-shaped erythrocytes, an abnormal type of hemo-
globin and usually has its onset during the first decade of life Any severe
msult especially hypoxia, may mitiate a sickhing crisis which may subse-
quently prove fatal

There are five pathological anemsc diseases which are treated surgically
by splenectomy and thercfore are of spectfic nterest to the anesthesiolo-
st congenial hemolytic anemua, acquired hemolytic anemia, congestive
splenomegaly Mediterranean anemma and thrombocytopenic purpura

In congenital hemolytic anemua there are nuld anemia, spherocytosts,
reticulocytosts, nucleated erythrocytes and ncreased osmotic fragiity
Urne and feces are dark and mcereased of urobiinog
These mnfants may have periodic hemolytic crises at which tumes there may
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Hepann

Hyperhepanmemin mny be caused by arradiition acute leukemia, or
mahignant bone diserse Blood loss must be accurately rephwced during
surgery and postoperitnely of the panent continues to bleed

BLOOD 1 ORMING ORGANS

Spleen

There are very fow diseases involving the spleen which do not at the
same time 1mvolve other parts of the body Chronic infections may cause
amyloidosis of the spleen but will generally involve the hiver Apart from
any general systemic effect which diseases of the spleen may produce, the
other problem concerns the size of the spleen and its adhesions Con-
sideration of this problem should mfluence the anesthesiologist in his
choice of anesthetic agent and technic since on occaston the spleen 1s
adherent to the Ieft leaf of the diaphragm and during the removal of the
spleen a pneumothorax may occur, thercfore, endotracheal technic, af-
fording positrve control of the respiration 1s advisable

Bone Marrow

One of the important and relatively frequently seen diseases m children,
especaally under the age of five years 1s leukemia Although of many
vaneties, all forms of leukemia at one stage or another affect the bone
marrow resulung n the gradual replacement of normal marrow substance
by leukemoid cellular structure The surgery attempted on these patients
1s scldom major the greater portion bemng confined to biopsies However
great care must be exercised 1n the choice and conduct of anesthesia, for
these patients are often quite debilitated with fever anemra, low blood
volume and hemorrhagic tendenctes

LYMPHATIC SYSTEM

Lymphangioma or hygroma mvolving the base of the neck 15 common
moinfants and children It somctimes 1nvolves extensive dissection 1nto
the thorax with severe blood loss and possible production of a pneumo
thorax

Chylothorax, caused by the severing of the thoracic duct dunng pre-
V10us surgery 1s another comphication which may confront the pediatric
anesthestologist From an anesthetic pomt of view, 1t presents difficulty in
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55 per cent of the white blood cells, but the proportion drops to about
30 per cent m the third month A gradual increase i proportion occurs
to the twelfth year, when the count again reaches the same level as at
birth The eosmophil count, elevated on the first day drops to adult level
by the second weeh Lymphocytes and monocytes, on the other hand, are
only about 30 per cent of the white blood cells at birth, increase to about
60 per cent in the third month, and then decrease to the twelfth year
The monocytes drop from a high level of 10 per cent on the first two
days to the adult level of 07 per cent at the end of the first month

Platelets

The platelet count at birth 15 about 350 000 and declines to about 250,-
000 by the third month maintaming that count throughout hfe

Blood Protems

Albumin and Globulin The newborn and more particularly the pre
mature has hypoprotemema n companison with older children Accord
g to Rapoport, 1n the newborn the albumm 1s 3 76 gm per cent and the
globulin 1s 134 gm per cent, whereas in the older child the albumin 1s
470 gm per cent and the globulin 1s 2 03 gm per cent These figures seem
to indicate that n the newborn the globulin deficiency 1s more marhed

Fibninogen On the rare occasion one has a patient who fails to form
fibrinogen and f this patient 1s not given infusions of fibrinogen prior to
surgery, he may bleed to death

Prothrombin

The prothrombin level n infants 1s half that of the adult During the
first three days of Ife the prothrombin time 1s lengthened probably ac
counting m part for the deaths which occur 1n this period from hemor-
rhage into the lungs or skull After the first three days the prothrombin
time shortens However usually such hypoprothrombinemia can be avoided
1f the mother or the mnfant 1s treated with vitamin K

Thromboplastinogen

Infants with a low thromboplastinogen also have a prolonged clotting
ume The hemophiltacs fall into this category but only 50 per cent of
the hemophiliacs show a prolonged cloting time during the first month of
Iife



CHAPTER 7
EVALUATION OF THE DIGESTIVE SYSTEM

NORMAL ANATOMY AND PHYSIOLOGY OF THE
DIGESTIVE SYSTEM OF THE INFANT

The digestive system of the newborn 15 proportionately longer than that
of the child Well-developed glands are seen mn the mucosa The muscular
layers of the stomach and duodenum are poorly developed but lower m
the colon they show good development

During the first twenty-four hours following birth the bowel nds itself
of mecomum Following this, 1t 1s prepared to handle a relatively large
amount of milk but even within an hour of birth a gas bubble i the
stomach can be detected by roentgenological exammation Infants, there-
fore, are able to swallow at birth and 1n addition, have peristaltic move-
ment although such movement sppears soon after a meal and 1s most
active for the first two hours following ingestion

Of particular interest to the pediatric anesthesiologist 1s the fact that the
stomach at birth empties more slowly than duning any other period of
life In an investigation of a group of mfants one week to six months old
1t was found that 30 per cent emptied therr stomachs i five hours or
less 27 per cent from five to eight hours, and 43 per cent required more
than eight hours The premature was slightly more rapid and a greater
percentage had empty stomachs in less than five hours

In most mstances once food has left the stomach 1t passes much more
rapudly through the rest of the intestne especnally the colon Food in-
gested by the newborn may appear 1 the stool m httle more than etght
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that chyle may encroach on the lung tissue, resulting 1n a condition sim
lar to a pneumothorax

Lymphosarcoma, Hodghin’s discase, and other diseases onigimating m
the lymphord uissue may produce severe anemua, hugh fever, and general
debility In addttion pleural effusion and partial destruction of various
body organs may be present n later stages of these illnesses, therefore
careful evaluation of the functional capacity of the patient 1s essential
before proceeding with any anesthesia
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portion budding Iater branching to form the bronch: nd the lungs, while
the posterior develops mto the csophagus At this time, faulty develop
ment gnes nise to tracheoesophageal fistuly, stenosis, or atresia

The commoncst congerital anomaly of the esophagus s a tracheo
esophageal fistula

Tracheocsophageal Tistula

Type I (Fig 68) The type most frequently cncountered 1s a blind
upper csophagenl pouch combined with 1 fistulous tract extending from

Esophagus
{blind pouch)

Trachea
Fistulous tract

Fiy, 68 Diagram of tracheoesophageal
fistula Type [ showing blind upper pouch with
fistula from trachea to lower esophagus
the postertor trachea to the lower esophagus, emptymg mto the stomach

The diagnosis 1s usually cstablished by x-ray, demonstrating the following
conditions

1 A soft rubber catheter passed down through the esophagus curves acutely
When 1t reaches the bottom of the pouch (Fig 69)

2 Air soon finds its way readily 1nto the stomach and intestine through the
fistulous opening tn the trachea

3 A patch of pneumomtis 1n the upper lobe of the night lung suggests that
the fistulous opening 15 close to the epartertal bronchus

Three pamts of particular to the anesthesiol

are

I Ingested food may spill over from the blind esophageal pouch and be
asprrated into the trachea The newborn has very little defense for the gag
l‘eﬂ’cx 15 50 poorly developed at this age

Gastnc contents may be regurgitated up from the stomach through the

?;;:la 1nto the trachea thus causmng a pneumomtis usually 1n the upper nght
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hours, whereas food wgested by the adult does not appear i the stool
untit twenty four hours after eating

For the hrst few hours of Iife the contents of the digestive tract are
sterile The stomach secretes hydrochlonic acid pepsm, and rennm and
the pancreas secretes hipase and trypsin The efficiency of lver function
has been very difficult to estumate, but 1t 15 believed that 1t shows some
tmmaturity, deduced from the fact that 1t demonstrates an mability to
keep pace with the removal of bilirubin from the blood which has been
denved from hemolysis during the fiest few days of hife

In summary, the stomach of the mfant may be distended with arr within
a few hours of birth, and once feeding 1s commenced, 1t 1s difficult to teil
when the stomach has emptied, tor peristalsis 1s so indefimte At all times
the anesthesiologist should be prepared to cope with regurgitation of
vomutus 1 the mfant

CONGENITAL DISEASES OF THE DIGESTIVE SYSTEM

Swnce they require surgical correction early m Ife most of the anoma
Les of the digestive tract are famihar to the pediatnic anesthestologst
Some surgeons treat these anomalies as emergencies, others believe 1t 1s
advantageous to wait until the end of the first week when the infant has
become better adapted to his environment

Cleft Lip and Palate

1f one or both maxilary processes fail to fuse to the frontonasal proc-
ess, facial fissures or unilateral or bilateral cleft ip or palate may occur
Thus 1s apparently a hereditary condition, we have seen the leston n three
generations of the same famuly

Rarely are cleft bp and palate associated with other abnormahties of the
body but on occasion we have seen the lesion combined with a micro-
gnathia—a small lower jaw~-and glossoptosts (Pierre Robin syndrome),
and twice we have anesthetized children who had cleft Iip and palate
and cyanotic congenital heart disease

Patients with cleft hip and palate are very difficult to manage because
first the operauon 1s generally done when the patient 1s very young and
sccondly the malformation makes ntubation difficult, but if the patient
1s not mtubated there 15 a constant threat to the asrway

Congemtal Malformat of the E

About the fourth week of embryomc life the foregut divides mto the
anterior and posterior portions The anterior becomes the trachea this

Phag
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Esophogus with fistulous
— /opcnmg to trachea

Stomach filled
with air

Ng 70 Diagram of tracheo
esophageal fistula Type 2 show
ing fistula from upper esophagus
to trachea and fistula from lower
esophagus to trachea

Esophagus

Trachea

Esophagus
Stomach

A\

Fig 71 Diagram of tracheoesophageal
fistula Type 3 showimng fistula from upper
esophagus to trachea and blind lower esopha
geal pouch

of course there are no gas bubbles i the intestine on roentgenologcal
exammation and gentle venulation of the lungs 1s permissible during an
esthesia, for there 15 no danger of overdistention of the stomach

Thirty per cent of children with tracheoesophageal fistula have asso-
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Fig 69 Xray of tracheoesophageal fistula Type 1 showing soft catheter 1
blind upper esophageal pouch gas in the stomach and right upper lobe atelectasts

3 Posttive pressure applied to the pulmonary system may readily result m
gastric dilatation frequently the source of serious pulmonary embarrassment

Type 1 (Fig 70) A second type of tracheoesophageal fistula consists
of a fistulous tract running from the upper portion of the esophagus to
the trachea and a second fistulous tract running from the lower portion
of the trachea to the esophagus thereupon emptying mto the stomach
From the point of view of anesthesia this type 15 very sumilar to the first
type

Type I (Fig 71) In a third type of tracheoesophageal fistula a
figtulous tract extends from the upper part of the esophagus to the trachea,
but the lower end of the esophagus ends 1n a blind pouch In these cases,
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Mechel's Diverticulum

This 1s a remnant of the viteline duct running from the sleum to the
umbilicus As a rule this condition 1s not dingnosed until Inter in hife when
1t may become infected nd resemble acute appeadicitis, may develop a
peptic ulcer or it may be recognized from tatestinal hemorrhage Ancmia
should be corrected before surgery with blood transfusion

Imperforate Anus

In this instance the rectal pouch ends blindly at varying distances above
the anus, which 1s mmperforited Fistulie from the rectum to the lower
gemtounnary system and other congenital anomalies are not uncommon
Of particular concern to the anesthesiologist 1s an associated congenital
heart discase, esophagel atresta omphalocele, or atresia of the ntestine
The surgical repair of these additional intestinal anomalies greatly pro-
longs the operatnve time

Megacolon (Hirschsprung’s Discase)

This 15 a congenital disease due to the absence of ganglion cells in the
myentenic plexus of the rectosigmoid portion of the descending colon As
a consequence there 1s a marked dilatation of the descending colon and
severe abdominal distention In mfants a colostomy 1s performed n the
ganghonic area just distal to the aganghonic part of the bowel, and later
inhfe when the infant1s over 11 4 kg the aganglionic part of the bowel 15
resected Dehydration of these patients 1s a serious threat at all ttmes

Celiac Syndrome and Meconium Ileus

Celiac syndrome includes several diseascs such as cehiac disease, con-
genntal fibrocystic disease starch intolerance and nfantile steatorrhea
Children with cehac syndrome are pale undemourished have marked
abdominal distention and may have a chromic cough

Of the celrac diseases the anesthesiologist most frequently encounters
congemtal fibrocystic discase or mucoviscidosis m which there 1s an ex-
cuss of mucoprotein m the pancreas lungs liver sweat glands salivany
glands and digestive system The disease 1s caused by an insufficiency of
the pancreatic enzyme trypsin which normally digests the viseid muco-
Protemn Since a large number of these nfants mmprove and may recover
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ciated anomalies, the most common of which 1s congenital heart disease
The anesthesiologist must keep this fact 1n mind for 1t may interfere con
siderably with the management of the anesthesta and the prognosis of the
patient

Congemital Hypertrophic Pylonc Stenosis

This condition 1s characterized by reduction 1n the lumen of the pylorus
due to hypertrophy of the inner circular muscular layer, and usually be
comes an acute problem when the mfnt 1s about two or three weeks of
age Of cheet concern to the anesthestologist 15 the high mtestinal obstruc
tion resulting 1n vomuting, malnutrition dehydrition and metabolic alk
losts, all of which must be corrected before surgery Gastric suction should
be mstituted to prevent the aspiration of vomitus

Congenital Atresia or Stenosts of the Intestine and Colon

With arrested dcvelopment of the intestmal tract duning the first trt
mester, an atresta with complete block or stenosis with partial block may
occur If the obstruction 1s m the duodenum, the problem 1s essentrilly
the same as pyloric stenosis and the subsequent vomuting produces meta
bolic alkalosis Gastric suction should be nstituted to decrease the posst
bility of asprration 1n these cases

If atresia or stenosts occurs in the lower intestinal tract another diffi
culty may face the anesthesiologist should there be increased abdominal
distention and pressure Increased venous pressure elevation of the dia
phragm and decreased pulmonary volume may be the result Sudden re
duction of the intra abdomnal pressure from mciston of the peritoncum
pools the venous blood m the abdomen lowers venous pressure, decreases
night heart filling and reduces cardiac output Sudden pallor will occur
and the intestine may have to be packed back tnto the abdomen to restore
the cardiac output

Malrotation of the Intestine and Colon

This condition 1s due to mcomplete rotation of the cecum resulng 1n
a volvulus with obstruction to the third part of the duodenum Striking
abdomnal distention may occur n utero in these patients Anesthetic prob
lems are similar to those of congemtal atresia or stenosts of the intestine
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If general peritonitis 1s present 1 far more serious condition exists on
account of the scvere dehydration metabolic acdosss, rapid pulse rate,
and high temperature  Correction of the dehydration ncidesis and espe-
cally, towering of the body temperature make these patients 4 sifer anes-
thetic risk

Intussusception

In intussusception, part of the ileum or cccum 1s telescoped into the
contiguous colon It 1s generally a progressive discase which becomes very
serious duning the first twenty-four hours The majority of patients are
under one year of age usually well nounished, and in good physical con-
dition

Intussusception usually presents signs of intestinal obstruction with
vomiting and as the discase progresses dchydration and shock may occur
In fact 1f untreated, the patient may rapidly become moribund At times
a considerable amount of blood 1s lost through the rectum Dehydration,
acidosis, and anema are usually partially corrected by the surgeon before
anesthesia

Polyps of the Digestive Tract

Polyps of the digestive tract are often 1n the rectum However they do
not present an anesthetic risk unless the blood loss has been severe enough
to cause an anemta If there 1s anemua, a blood transfusion before surgery
1S necessary

Peptic Ulcer

Peptic ulcer can occur m young nfants and 1s not recogmzed as a rule
untl a perforation or hemorrhage occurs Children, on the other hand
give very similar chnical signs and symptoms to those of the adult, and 1f
the ulcer has been present for some time maltnutrition, mtestmal obstruc-
ton, and anemia from hemorrhage may occur

Ulcerative Colitis

Chronic ulcerative colitis may occur at any age Often of abrupt onset
with frequent bowel movements, the disease usually mnvolves the descend-
ing colon by numerous ulcerations which may perforate These patients
are often dehydrated malnounished, and anemic thus decreasing the myo-
cardial reserve and enhancing the anesthetic hazard
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from the disease during the first year of Iife eluctive surgery 1s usually
delayed However, this 15 not possible i one fifth of the cases of mucovis
cidosts which develop meconium ileus This acute mtestnal obstruction
the surgeon attempts to cure by removing the ispissated meconum

The anesthetic evaluation and management should take cognizance of

1 Preanesthetic x rays of the chest for evidence of pulmonary ivolvement

2 Avoidance of drymng agents in the premedication to muntmize viscosity
of the pulmonary secretions

3 Restoration and maintenance of flurd and electrolyte balance, since flud
and salts are lost through vomiting and sweating Excessive loss of sodium
chlonde 1n the sweat 1 a hot environment may causc heat prostratton and
rectal temperature should be monitored preoperatively operatively and post
operatively Inadequate fluids may cause a further mncrease 1n the viscosity of
the bronchial secretions

Duphlications of the Digestive Tract

Duplications of many parts of the digestive tract can occur Gross re
ported 68 lesions of various shapes and sizes ansing from the esophagus,
stomach small mtestine and lasge intestine Most of them are ntimately
attached to the adjacent portion of the digestive tract

ACQUIRED DISEASES OF THL DIGESTIVE TRACT

Appendicitis

Appendicaitis can occur n mnfants under one year of age, but the ma
jonty of cases are found mn children from six to twelve years of age The
younger the nfant the more serious the disease since mfants and young
children lack suffictent omentum to Jocalize the discase Of concern to
the ancsthestologist are the r1se n temperature, 1crease in pulse rate, von
tting metabolic acidosis with the appearance of acetone and diacetic actd
w the unne Chiddren exhubit this ketosts much more frequently than
adults since even very short pertods of carbohydrate deprivation markedly
reduce the carbohydrate metabolism Incompletely oxidized fatty acids,
p-hydroxybutyri. and diacetic appear m the blood stream and urme,
with a small amount exhaled as acetone through the lungs The mcrease
of ketone acids mn the blood reduces the concentration of bicarbonate 1on
Inasmuch as dehydration 1s also present in many instances of acute ap
pendicitss, 1t 15 advisable to give 5 per cent dextrose m water parenterally
before surgery
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Food

The ancsthesiologist must Always sk the question—when did the pa-
tient last cat? Glucose mn water or other sweetened clear flds can be
given by mouth up to two hours preoperatnely Solid foods, including
milk, should be discontinued orilly six hours preoperatively in infants and
children

In emergency surgery which by necessity has to be performed soon
after a meal, an effort 1s made to wash out the patients stomach How-
ever, complete emptying 15 rarcly nccomplished, and during anesthesia,
if premonitory signs of emests such as salivation and retching occur, the
nfant should be put immediatcly on his side in the Trendelenburg pos:-
tion or cven held up by the feet and the oropharynx suctioned An unco-
operative child may be ancsthetized ightly while on hus side in the Trendel-
enburg position the pharynx stimulated with the tip of the suction and
emesis promoted As a final precaution, the child 1s anesthetized, and an
endotracheal tube nserted to guard the atrway It 15 our custom to use
the latter method

Distont of the St ¥

The stomach may become distended by air (Fig 72) and cause con-
siderable respiratory embarrassment, and n these circumstances 4 stom-
ach tube should be passed Aur mngestion 1s greatest when there 1s obstruc-
tion to respiration In all instances of testinal obstruction, such as pylornc
stenosis atresta of the bowel, nt ption, strangulated hernia or
volvulus, the nfant should be anesthetized with a stomach tube 1 place
sice sient regurgitation of stomach contents may be overlooked until

cyanosis draws attention to the aspiration of stomach contents into the
lungs

Bowel Habits

A history of a recent acute diarrhea wams of dehydration and severe
loss of sodwm and potassium Flwd and electrolyte imbalance should be
at least partially corrected before anesthesia

Enema

An ordinary soapsuds enema 1s advisable the night before the opera-
tion of the chuld has not had a bowel movement that day Postoperative
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CONGENITAL DISEASES OF THE LIVER

Obstructive Jaundice of the Newborn

The obstruction 1n the biliary system may be due to atresia, red blood
cells, inspissated bile cysts or tumors These marasmic infants with ob
structive jaundice may have cirrhosis of the ltver, with portal hyperten
sion splenomegaly elevated direct and ndirect van den Bergh, reduced
prothrombin, and moderate anerma The unne 1s darkly pigmented, acd
m reaction, with traces of albumm Surgery 1s undertaken with the hope
that a correctable cause can be found however in most mstances the
surgeon 15 disappomted These deeply jaundiced malnounished infants
lIive a surpnisingly long time and endure prolonged anesthesia and surgery
except m the terminal stages of therr disease

CONGENITAL DISEASES OF THE ABDOMINAL WALL

This classification includes mgumnal hermia, diaphragmatic hernia and
umbilical hernia the most serous of which are the congenital hemta of
the diaphragm and the omphalocele

Omphalocele

From the sixth to tenth week of fetal ife the viscera protrude mto the
umbilical cord After the tenth week the abdommal cavity enlarges and
the viscera are withdrawn from the umbilical cord mto the abdominal
cavity If this withdrawal does not occur, the viscera remain m the um
bilical cord and give nse to omphalocele The condition 1s a surgical
emergency

Durmg surgery when the attempt 1s made to replace the viscera m 2
small abdommnal cavity serious cardiovascular impawrment may result
from the clevated venous pressure and subdiaphragmatic pressure In
doubtful cases the surgeon may cover the mtestine with skin alone

SPECIFIC PRCPARATION OF THE DIGESTIVE TRACT
FOR ANESTHESIA AND SURGLRY

Following the evaluation of the digestive tract the anesthesiologist
should make certain preparations for the of the anesthesia
He 15 particularly concerned with the presence of solid food 1n the stom
ach distention of the stomach the bowel habits and the necessity of an
enema
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Food

The ancsthessologist must 1lways ask the question—when did the pa
tient Jast cat? Glucose m water or other sweetened clear flds can be
gnen by mouth up 1o two hours preoperntinely  Sohid foods, ncluding
milk, should be discontinucd orally s1x hours preoperatively in tnfants and
children

In emergency surgery, which by nccesaty has to be performed soon
after 2 meal an cffort 1s made to wash out the patients stomich How-
ever, complete emptying 1s rarcly accomplished, and durning anesthesta,
f premomitory signs of emests such as salvation and retching occur the
infant should be put immedintely on his side 1n the Trendelenburg posi-
uon or even held up by the fect and the oropharynx suctioned An unco-
operatne child may be anesthetized hightly while on hus side 1n the Trendel-
enburg position, the pharynx stmulated with the tip of the suction and
emests promoted As a final precaution, the child 15 anesthetized, and an
endotracheal tube inscrted to guard the awrway It 1s our custom to use
the latter method

Distention of the Stomach

The stomach may become distended by air (Fig 72) and cause con-
siderable respiratory embarrassment, and n these circumstances a stom-
ach tube should be passed Air ingestion 1s greatest when there 1s obstruc-
tion to respiration In all tnstances of ntestinal obstruction, such as pyloric
stenosis atresta of the bowel intussusceptron, strangulated hernia or
volvulus, the mfant should be anesthetized with a stomach tube place
since silent regurgitation of stomach contents may be overlooked until

Cyanosis draws attention to the aspiratton of stomach contents mto the
lungs

Bowel Habits

A history of a recent acute diarrhea warns of dehydration and severe
loss of sodium and potassium Fluid and electrolyte imbalance should be
at least partially corrected before anesthesia

Enema

An ordinary soapsuds enema 1s advisable the night before the opera-
tion if the child has not had a bowel movement that day Postoperative
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Fig 72 D of

and by air 1n newborn with considerable
encroachment on thoracic cage

hyperthermia thereby 1s reduced to a mmmum In addition cleansing of

the lower bowel prevents evacuation on the operating room table should
a rectal anesthetic agent be employed
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CHAPTER &
EVALUATION OF THE UROGENITAL SYSTEM

NORMAL ANATOVIY

The Indn=n s compesad of o2z to two million ets called nephrons.
each nzphron comesuny of 2 glomentdus a fine perwo-k of ceplunss eo-
doed m a funasl<hepad collecung structire, which coatrmuss zs the
proumal comeload nklt: Ths descends m 2 Ioag loop m the medela
of the Indney subceguendy ascendang to the prowmuty of the dozmemuies
o form the dastal come’laed tuonle This, ;o tom, empiies 1 o the od-
fzctmgz twblle whch fmelly ends m the palvis of the hndazn

Ths glorerdus g2is 1is Pood sopplv from aferent arteno'as of the
renal zriemy The afieren zreno’e deades mito the cepliznss of the glo-
eetdes, and these . ¢ w0 form the eferent artzmo’s Surrounding the
pourz! and distal comvo’uted twbalzs, the effievent aneno'z drmdzs 0
many trenches which fizzllv Lare to form the renad vermn

At bath, he Ludney 2lthough possessmr 2l sts nezphrons, shows con-
<derab 2 ymmarian ©f glomereh asd tobules. The ceplllan it o e
glomerues remams covered with fetal eprthelinm urdl the ssoond ver
of bfe The lud~zv of the prematire mfant mav have a lzree prmmber of
even Mot 1mmature Bephreas The badder of the mfzxm and voung 34
1s located at a higher J=v.1 11 the abdomunal caviny than 1 the 2dult, there-
fore at umes esther 1 ria be palpated or 2n area of dollozss perepseed.

CONGENITAL DISEASES OF THE URQGENITAL SYSTEM

The vrologreed svs em ke 2l otber systemas of the bodv 18 subject 1o
saneties of underdaselepment The ectopic kudaes fails 10 ascend from

148



THT UROCENITAL S3STI M 149

the sacral to the lumbar region while the polycystic kidney s filled with
congenital cysts Extrophy of the bladder 15 cxemplified by 1 urinary
badder with absent antertor wall and with vrine appeanng directly on the
shiy surface, 1n surgical correction, primary closure may be attempted or
a new bladder may be constructed from intestine However excisionl
correctton may be necessary in patent urachus where the unnary tract
between the bladder and umbihcus persists beyond fetnl hife

Obstructine Congemutal Malformations

Obstructive congemital malformations arc comparatively common
ctuldren and include congemital absence of one ureter reduplication of
ureter, megaloureter  bladder nech obstructton  urethral valves ureteral
diaphragm, meata: stricture 1nd occasionally atony of the bladder asso-
ciated with spina bifida

Hypoplastic Kidney

Infants may be born with agenesis of the kidney and although they
have been able to survive intrautenine life, their extrauterine existence is
short ived Potter has been able to show that agenesis of the kidneys often
accompanies a particular facies i which the ears are soft, flabby and
anse mn a more caudad positon The eyes are far apart, and the epi-
canthic fold 1s prominent

Associated with the hypoplastic kidney many other renal and bladder
anomalics or diseases may be present, such as polycystic kidney, hydro-
nephrosis pyelitis or cystiis Generally, the dragnosts 1s not confirmed

until cystoscopic examnation and pyelogram or cystogram have been per-
formed

NORMAL PHYSIOLOGY

The function of the kidney 1s to mamntamn homeostasis of the body
working constantly to keep the body fliud and its various constituents
within normat range The kidney mamtains this relative stability by filter-
Ing the complete blood volume many times daily through the glomerul
and selectively reabsorbing urinary water or urinary substances mnto the

blood At times, the tubules cxcrete substances and water from the blood
mto the urine

Filtration through the glomeruli 1s a physical process governed by the
pressure n the glomerular capillanies This pressure ts 1 turn, opposed
by the osmotic pressure of the proteins m the plasma while transfer of
substances i the tubules from the urine to the blood or from the blood

.



CHAPTER 8
EVALUATION OF THE UROGENITAL SYSTEM

NORMAL ANATOMY

The kidney 1s composed of onc to two mitlion units called nephrons
each nephron consisting of a glomerulus, a fine network of capilfanes en
closed m a funnel-shaped collecting structuse which continues as the
proxmmal convoluted tubule This descends in a long loop mn the medulia
of the kidney, subsequently ascending to the proxmmuty of the glomerulus
to form the distal convoluted tubule This, 1n turn, emptics into the col
lecting tubule which finally ends s the pelvis of the Lidney

'E‘he glomerulus gets its blood supply from afferent arteriofes of the
renal artesry The afferent arturofe diides nto the capilfaries of the glo
merulus, and these umte to form the efferent arteriole Surrounding the
proxmmal and distal convoluted tubules the efferent arteriole divides into
many branches which finally unite to form the renal vemn

At buth the kidney although possessing all its nephrons shows con
siderable immatunty of glomernh and tubules The capiflary tuft of the
glomerulus remamns covered with fetal epithelum until the second year
of life The kidney of the premature wnfant may have a large number of
even more immature ncphsons The bladder of the mfant and young chidd
1s Jocated at a higher level in the abdominal cavity than o the adult, there-
fore at times erther 1t may be palpated or an area of duliness percussed

CONGFNITAL DISFASES OF THE UROGENITAL SYSTEM

The urological system like all other systems of the body, 1s subject to
vaneties of underdevelopment The ectopic kidney fails to ascend from

148
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1t has been hypothesized that the hugh orgamc acid values are due to
the ancrobic breakdown of glucose and glycogen 1nto Inctic acid with the
liberation of cnergy Lactic 1aid never breaks down to its final end prod-
ucts, carbon dioxide and wAter, conscquently the lactic acid level in the
blood 1s ligh It 1s believed that the administration of glucose by supply-
ng an ancrobic source of cnergy lengthens the survival time of the new-
bomn when subjected 1o hypouc conditions

Premature Newborn Child
CATION ANION  CATION  ANION CATION  ANION

HCO, 168 220 270
Cl 1030 1070 1040
Organic acids

(lacuc pyruvic) 178 30 60
Inorganmic acids

(SO, and PO,) 61 55 30
Protemn 124 148 160
Na ? 1420 1420
h ? 78 56

Fiz 73 Serum electrolytes of the premature normal newborn and child (The
information in this figure 1s adapted from many tables and from the text of

Cherical Anatomy Physiology and Pathology of Extracellular Fluds by 1
Gamble )

The normal adult kidney n its maintenance of acid-base balance has
three methods of conserving body base

1 By conversion of dibasic phosphate to monobasic phosphate How-
ever the wnfant kudney has 2 marked ncapacity to change dibasic phos-
phate to monobasic phosphate In fact 1t has only 10 per cent of the adult
concentration of phosphate n the urine

2 By excretion of free acids This method 1s well developed 1n the new-
born with part of the following acids being excreted in the free state
uncombined with base

Normal
urtic acid
lactic acid
hippunic acid
pyruvic acid v

Abnormal Organic Acids
acetoacetic actd
B hydroxybutyric acid
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to the urmne 1s gaverned by both physical and humoral factors Many of
those processes are familiar to the reader such as salt and water retention
regulated by the adrenal cortex and postertor pitwitary gland

Most of the evidence obtamed from kidney function tests, such as
mulin, urea and para-amunohlippuric acid clearance, mdicates that the
mfant has better developed glomerular filtration processes than tubular
function and that he 1s far less efficient 1 mamtaning the volume and
composition of s body flmids than the child over two years of age This
fact accounts for the mfants daidy fluctuations of body fluds and their
composition

The immaturity of kidney function t the nfant readily allows over
hydration when saline solutions are admmstered, for the infant hidney
cannot easily excrete sodiwm or chlorides Therefore, the mfants weight
can readily and rapidly mcrease from such overhydration, with sudden
pulmonary edema as the ever-turking consequence The newborn, par
ticularly seems to have fewer postoperatine complications when fluids are
given sparingly rather than abundantly

There 1s 1n the mfant an nsensible fluid loss from the Jungs and the
skin of 1 0 ml per kg of body weight per hour, double the loss for the adult
In fact one of the advantages of premedication with a belladonna deriva
tnve such as atropine or scopolamine 1s the conservation of body flurds by
mamtmmng mnsensible fluid loss at a mmmum We have all observed the
coprous diaphoresis and respiratory tract secretions during anesthesta when
the drying agent has been omitted

Acud base Balance Function of the Kuidney

In order to recall the function of the kidney in mamtaming acid base
balance 1t 15 best to review bnefly the serum electrolytes of the prema-
turely born the normal newbarn and the child In Figure 73 are tabulated
the differences i the cations and the amions of the serum Sodwm, the
prncipal catton 1s 142 mEq per hter in the newbom and child, while
potassium ss 7 8 mEq per iter in the newborn and only 5 6 mEq per liter
1n the child

The concentration of amons m the newborn suggests a metabolic act
dosis chuefly due to an excess of the norgamc acids However Figure 73
mdicates only 3 mEq per liter of organic acids, mostly pyruvic and lactic
acds, for the full-term newborn It 1s suggested by some although not fully
substantiated that the figure should be higher based upon findmgs that the
premature mifant shows a very hugh concentration of organic acids m the
serum about 18 mEq per fiter
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Blood 1 No ancmin

2 Total plasma protein reduced serum albumin often markedly re
duced and may be lowered to about 04 gm per 100 ml of blood
(normal 1s 4 gm per 100 ml of blood) serum globulin normal
or increased
Cholesterol incrensed
Sedimentation rte inereised
$ Serum calcium decresed beenuse of the low protein leved non
1onized blood ¢ ilcium bang usilly bound to the protein anion
Chlorides increased
Serum sodium bicarbonate and pH reduced
Nonprotein mitrogen and blood urea nitrogen within normal hmuts
if there 1s no added pl urca par hippuric acid
and inuhn clearances are normal or close fo normal
X ray of chest shows a smalf heart

FAgy

a

]

Moderate premedication should be employed since such a patient often
has a marked reduction 1n his basal metabolism X-rays of the chest may
reveal pleural effusion which should be reduced before surgery, if pos-
sible as should any ascitic fluid be aspirated

Lower Nephron Nephrosis

This 1s charactenized by severe ohguria or anuna, hypertension and
uremia It may be seen after blood transfusion reactions, extensive burns
or crushing injuries  Chnically 1t 15 often accompanied by shock with
accompanying elevation of the nonprotein mitrogen, sodium, and potassium
levels

Pediatricians treat these patients with just enough flmd to compensate
for losses from the digestive pulmonary, and mtegumentary systems With
the onset of dresis, there may be a noticeable loss of electrolytes, usually
evident by the appearance of hypochloremia and of course, requiring
Proper and immediate electrolyte replaccment

It 15 seldom necessary to anesthetize these patients mn the anunic phase,
however should 1t be necessary to anesthetize a patient recovering from a
lower nephron nephrosis the inclusion of an antthistaminic 1 the pre
medication will reduce considerably the postoperatve emesis This 1s par

ticularly true 1n many burned patients who come frequently to the operat
Ing room for debndement and skin grafting

Acute Glomeruloncphnus

\ Often ansing one to three weehs following an upper respiratory nfec
101 or sore throat the typical pathological lesion 15 a hyperemic inflam
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3 By the facture of from gl or ammo acids
The ammonia replaces the fixed bases i the tubules and returns them to
the blood This productron of ammoma m the hidney to replace fixed
bases, such as sodsum and potassium 15 exceedingly well developed in the
wfant and ammonia production 1s even greater than mn the adult

In summary, the newborn kidney has the following charactenistics

Decreased glomerular filtration

Decreased ability to reabsorb sodium potasssum chlonde and water
Increased evcretion of pyruvic and lactic aud

Marked difficulty n comverting b: to dibastc phosph.
Well-developed prod h

Abthity to excrete free acids well

[= W A NV R sl

Of mam concemn to the hesiologist in the ance of acid base
balance 15 the coordmation of hidney function and respiration Any de
crease of alveolar ventilation elevating the pCO, of the blood (ruspira
tory acidosis) stumulates the distal tubules of the hidneys to reabsorb base
bicarbonate The converse 1s abso said to occur, that s any increase of
alveolar ventilation thus Jowenng the pCO. of the blood (respiratory alha
losis) restramns the distal tubules of the Lidney from reabsorbing base bt
carbonate

Mictuntion

During the first few months of Ife mictunition 15 governed by a spmal
reflex If 1s an automatic act and has an abrupt beginmng without stram
mg and a sharp ending without dnbbling It 1s not unusual for the young
mfant to imtiate unexpectedly a forceful stream on the operating room
table However, as the nfant grows older higher centers and eventually
the cerebral cortex govern the spmal reflex sa that by the age of three
years the child usualls has complete control of muctuntion

ACQUIRED DISEASKS OF THE RIDNEY

Nephrosts

This disease 15 characterszed by on msidious onset of edema wath
ohiguria but no hyperiension  hematunin  or measurable imparrment of
ktdney function Patients with nephrosis are usually srntable

Laboratory Tests

Urine Marked proteinunia due to wcreased permeabihity of glomerulus to
protemn
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body to this degree of acrdity It might be advisable to prepare the chronic
glomerulonephnitic patient for anesthesin and surgery by gradunlly reduc-
ing the acidosts with intravenous antieidotic solutions

However since these patients nre often on the verge of tetny the
anesthesiologist 1 situntions where marked mmbalance 1s present should
be prepred to 1dmimster 1 ml of 10 per cent calaium gluconate slowly
mtravenously 1t ntenvals throughout the operation until 1 maximum of
01 gm per kg of bodv weight has been given

-

Chrome Pyelonephntis

In early childhood practically 10l patents with chrome pyelonephntis
have a history of pyurin usually associated with some focal or purulent
nephnitis The pediatnicran generally examines the child for hidney damage
by restricting his fluid ntake for 24 hours and determinming the urinary
specific gravity at the end of that period It should be normally at least
1022 If chromic nephntis 1s already present, a specific gravity of at
least 1022, normally actieved cannot be obtamed Smmilarly, the blood
urea mitrogen nonprotein mitrogen coeffictent  usually within the regron
of 044, may reach levels as high as 090 chiefly because of the mise 1n
blood urea mitrogen values As was observed in chromc glomerulone-
phritis, the carbon dioxide of the blood may be low, the calcum low and
the phosphate high while 1n chronic pyelonephritis the unine has a tre-
mendous number of pus cells and markedly posttive albumin reaction

These children are anesthetized for investigation by retrograde pyelog-
raphy Since the discase 1s a chronic one, ample time 15 afforded to correct
the low scrum cal and to adr antibrotics  usually selected on
the basts of urnnary cultures and sensitivity studies

Embryoma of the Kudney (Wilms’ Tumor)

Seen 1n early mfancy and childhood this 15 a tumor, metastasizing to
the lungs, which arnses from the kidney tissue Usually smooth 1n outline
and pamnless 1t may grow to a large mass before detection The kidney
function 1s normal but urinalysis may show some red blood cells while
the intravenous pyelogram ordmarily shows some distortion of the renal
pelvis and calyces Preoperatively 1t 1s sometimes difficult to distinguish

an embryoma from a neuroblastoma which may anise from the medulla
of the adrenal gland
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matory lesion of the glomerulus There may be hypertenston accompanted
by headache, vomiting and visual disturbances With the hypertension
cardiac faslure 1s often present

Laboratory Tests

Unne Marked proteinuria with casts and blood
Blood 1 Ancma
2 Ramd sedimentation rate for about three months during the acute
phase of the disease then in the favorable cases the rate profongs
3 Elevated nonproten nitrogen
4 Decreased salt and fuids (these should not be restrscted in pa
tients with acute glomerulonephntis for the tubules are unable
to reabsorb sodium potassium chionide and water)

The anesthetization of a patient with acute glomerulonephritis 15 far
more serious than the anesthctization of the patient with nephrosis Amy
anema should be corrected before surgery, and cardiac farlure treated If
the accompanying signs of hypertensive encephalopathy are present, opiates
should be omutted from the premedication and barbiturates reduced

Chrome Glomerulonephntis

Fallowing the acute phase of glomerulonephrus, the glomerulus may
become scarred The nephron may permanently lose s capaciy for the
tubular reabsorption of sodium and water, and concentration mn the distal
convoluted tubule becomes mmpossible Consequently 2 fixed low specific
gravity 15 observed w the urine The urca clearance at this time will be
stmular to the wulin clearance because of the mcapacity of the tubular
cells to absorb urea

The chronic nephntic often remans anemuc and has a metabohc act
dosts due to the mcrease 1 his blood of acid phosphate sulfate and or-
ganic acids while there 1s a corresponding reduction m bicarbonate The
rise 1 the serum acid phosphate 1s accompanied by a fall i the calcum,
and sametimes this drop may be sufficient to produce tetany The serum
potasswm also falls IF there 1s serious mvolvement of the kidney tubules,
the body loses a valuable substitute for fixed bases, namely ammona
with ammonta reduction there 1s a lack of a substitute for sodum m the
unine

Many of these chrome nephritics remain 1n a state of acidosis and hy-
poprotemnemia In fact they may become accustomed to a carbon dioxide
as low as 9 mEq per liter ouly possible because of the adaptability of the
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Normal and Abnormal Constituents of the Unne

Normally, the urinc contains the cations—sodum, potissium, calcium,
magnesium and ammomin and the 1nons—chlonide, 1aid phosphnte, sul-
fate orgamic acids creattmne unic acid, urer, and 4 small mmount of

dissolved carbon dioxide Howewer, other substances such as barbiturates
may be excreted 1n the urine

Spectfic Gravity

On the first day of lfe, the specific gravity vanes from 1 008 to 1 018,
although the average 1s 1 012 (Fig 75) Rusing duning the first three days
Speaific grawity
1022
1020
1018
1016
1014
1012
1010
1008
1006
1004

Tig 75 Specific gravity of

1002 urine 1n the first twenty-one days

of life (Thomson J  Observa

1000 -y tions on the Unine of the Newborn

! 7 4 21 Infant Arch Dis Childhood 19
Day 169 1944)

to reach an average of 1015, the specific gravity then drops on the fifth
day to about 1009 where 1t stays for approximately the remamnder of the
first month of life increasing later on

Perhaps of more 1mportance 1s the determination of renal urmary con-
centrating ability and this can be ascertamed only by restricting flud 1n-
take Any patient unable to concentrate urine requires further investigation

pH

The pH of the urine vares considerably from that of the blood plasma,
and the newborn 1s often on the acidotic side with a pH of approximately
50 often due to the conservation of bases by the kidney with an excre-
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URINALYSIS

All patients before anesthesta and surgery should have a urinalysis be
cause a pathologicil condition such as diabetes or nephnitts may be de
tected In one instance a child following a tonsillectomy failed to recover
consciousness Postopuratnve catheter spccimen of urine suggested that the
child was in a diabetic coma, subscquently confirmed by physical and
blood cxaminations Routine unnalysis 1s valuable from a medicolegal
pomnt of view, should postoperative complications anse 1n providing ev)
dence that a particular conditton did or did not exist preoperativelv

Unmnalysis should include volume of unine specific gravity pH, pro-
tem, glucose acetone, diacetic acid and a nueroscopic examination of the
sediment from a centnifuged specimen

Volume of Urme

Because there s httle flurd mtake, the excretron of uninc m the first
three days of hife 1s low (Fig 74), and the totil loss of fluds from the

Number of
Day ¥ olume (ml} Range (ml) Infants
1 195 0-68 35
2 206 0-82 29
3 360 0-96 26
4 648 5-180 26
5 1033 1-217 23
6 1245 42-268 19
8 1510 59-330 17
10 1900 106-320 6
12 2270 207-246 2

Fig 74 Average daily volume of unine m first twehe days of hie (Thomson
I Obscrvations on the Urine of the Newborn Infant Arch Dis Childhood
19 169 1944)
wmtestinal tract and from the shin and lungs causes a loss 1n weight during
the first three days Durning this period 1t may be difficult to obtan a spect
men of urine because of the low excretton and since many of the opera
tions m this age group are emergencres they are done quite often with
out wating for a unnalyss On a weight basis, the newborn and the
chld excrete more urtne per kg of body weight than does the adult The
edematous premature however may excrete much more unne than the
normal newborn, as the edemn subsides
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fusion of § per cent dextrose 1n water, or 1n the young nfant, by 2 5 per
cent dextrose in water subcutincously

However, if the acctone bodies occur n the urine together with glu-
cose, then the patients condition should be imvestigated, for this 1s sug-
gestne of diabetes Ocensionally, diabetics may have abdomunal pamn
resembling appendiesis They may, ndeed, have appendicitis, or other con-
ditions requiring surgery If so, great care must be excrcised m the prep-
arauon of the dibutic child for surgery (Sce Chapter 9, ¢ Evaluation of
the Endocrine Svstem’ pp 162-63 )

Microscopie Txamination

A microscopie examination 1s performed to determine the presence of
erythrocytes, Jeucocytes, epithelial cells and/or casts, for they are indica-
tive of renal discase

The selecuon of anesthetic agents i patients with urological disease 1s
a delicate one for no onc agent or combmation of agents as yet available
15 :deal Ether does not appear to be the most s tlutory 1n many cases since
1t produces metabolic acidosis n all fants under one year and m 50 per
cent of children from one to twelve years of age Primarily, ether acidoss
tesults from the production of acid phosphate, sulfates and lactic acid,
while, 1n addition, renal function 1s further suppressed by this anesthetic
agent Yet, to consider agents, the barbiturates frequently exhibit a pro-
longed effect when admmstered 1n the presence of kidney dysfunction,
while cyclopropane may result 1 respueatory acidosts by reason of respira-
tory depression

Preventive measures must be mstituted by the anesthesiologist to re-
duce the deletcrious effects of the agents and techmcs he must employ
For example he should make everv effort to avoid mcreasing an already
mounting metabolic acidosis by the supersmposition of a respiratory aci-
dosis thus endotracheal anesthesia 1s generally selected m these cases 1n
order to reduce dead space Ventilauon 1s enhanced either manually or
mechanieally and elimmation of the anesthetic agent 1s factlitated usually
by a wise choce of agent one ehiminated pnmanly and readiy through
the pulmonary system Only after careful evalnation and meticulous at-
fention to details can the anesthesiologist hope to help these often chron-
ically 111 patients through a surgical procedure
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tion of frec acids, indecd, a fortuitous arrangement of nature However,
if there has been an ingestion of base, the urine swings to the alkaline side

Unless a freshly voided specimen s collected, pH determmations are
of no value, for bacterii i themselves can produce ammonia 1n the unne,
thereby giving a higher pH

Protemn

The anesthestologist should know how to interpret protemnuria Is it
physiological or pathological? Premature infants usually have protein m
therr urine while the full term newborn may have protemnuria after the
first day and persisting even nto the sccond week Orthostatic protemuria
due to emotion, fatigue, and durmng adolescence 1s physiological even
though the cause 1s not clear, but belicved duc to disturbances n renal
arculation As the name wmplies, protein appears n the unne when the
patient 1s 1n the upright position

On the other hand there may be sigmficant proteinuria i severe dehy
dration heart failure Wims’ tumor pyelonephritts acute or chronic
glomerulonephritis, nephrosts lower nephron nephrosts from burns or
crush mjuries peritomtis osteomyelitis and upper respicatory 1nfections

Glucose

Glycosurna 1s encountered if the chuld has ingested large amounts of
sweetened fluids candies or has been given a large quantity of glucose
mtravenously A large amount of the glucose passes out with the glo-
merular filtrate and exceeds the quantity which can be reabsorbed by the
tubules

The presence of glucose in the unne 15 often pathologieal if accom-
panied by acetone bodes, and must be so nterpreted until proven other-
wise

Acetone Bodies

If acetoacetic and B hydroxybutyric acids occur 1n the urine without
glycosuria, 1t 1s an mdication that there 1s an wncrease 1n fatty acids i the
blood thus revealng a metabolic acidosis Frequently young mfants wall
show acetone bodies and dracetic actd in their urme because of incompiete
combustion of fats This occurs with the omisston of one or two feedings
since the glycogen stores are depleted to such an extent that the nfant
utilizes his fat This should be corrected before surgery by intravenous 1m-



CHAPTER 9
EVALUATION OF THE ENDOCRINE SYSTEM

Although the field of endocrinology 1s still undergoing many changes
with 2 number of blank pages to be filled we will outhine briefly some of
the present-day concepts regarding the followmng glands thyroid, para-
thvrold pancreas, pitustary, and adrenal

THYROID GLAND

Hyperthyrotdism

This does not often occur before twelve years of age and 1s sumlar 1
mamfestation to hyperthyroidism in the adult If removal of the gland 1s
anucipated the patient should be prepared carefully for surgery with
antithvroid medication sedation and bed rest

Hypothyroidism

In this group are the congenital type or cretinism and acquired juvenmle
hypothyroidism, exiubiting mental sluggishness dry skin large tongue
Poor muscle tone hypotherria bradycardia with cardiomegaly, and de-
creased pulse pressure Tissues are myxedematous These patients are
gwven their usual dosage of thyroud on the day of surgery however seda-
Uve drugs 1n the preanesthetic medication are reduced m accordance with
the sevenity of the disease, since the basal metabolic rate 1s subnormal
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CONGEMTAL MALFORMATIONS OF THE SEX GLANDS

Cnyptorchidism

Cryptorchidism or nondescent of the testes, may be bilateral or um
lateral As a rule surgical treatment s carned out before puberty, and
stldom 1s any effect on the duvelopment of the child noted except that
created by his awareness of the fact that he 1s not quite normal

Heterosexual Dovelopment

Even though there are many different classifications i b val de
velopment the most frequent ones coming to the attention of the anes
thesiologist are those which demonstrate abnormahiies of the external
genntalta Such patents are usually presented at an early age for a bopsy
of their gonads chiefly for the purposc of determming whether to bring
up the children as males or females In other such as cliton
dectomy, the approach to the emotional problem of the patient the avord
ance of erection and the prevention of blood loss are considesations for
the anesthestologist

TUMIORS OF THE SEX GLANDS

Tumors of the gonads, mamfested 1n mfancy or childhood may be
etther berugn or malignant and seldom have any profound or undue effects
upon general systemic bodily functions unless as a result of massive growth
or advanced metastatic nfiltration
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with the sevenity of the disease and complicttions For clectne surgery,
the chuld <hould enter the hospital several dws prior to surgery and the
dabetes brought under optiml control

PITUIT ARY GLAND

Hypopitwitansm

Panhspopituttansm or Stmmond s disense 1s rare n childhood, resulting
usually from destruction of the pituitary  As expected, organs such s the
adrenal cortex the thyroid and the gonads which are under the control
of the pituitary, may show hyponctinity

Diabetes Insipidus In this disease there 1s hypofunction of the posterior
lobe of the pitwrtary with deficiency of the pressor and antidiuretic prin-
ciple producing polvunia ntense thirst, constipation dehydration and de-
creased cardiovascular effictency The specific gravity of the urnine 1s low
blow 1012 and uwsually remams below 1005 even when the patient 1s
tested by dehydraton However, some cases respond to the pressor and
antidiuretic principle of the posterior pituitary with an increased unnnry
specific gravity

Froehlich’s Syndrome (Adiposogemtal Dystrophy) and Laurence Moon-
Biedl Syndrome Both of these syndromes demonstrate obesity and sexul
mfantiism but 1n addition, there may be increased intracramal pressure
and often a congemtal heart lesion associated with Froehlich s syndrome
The possibility of increased intracranial pressure suggests that 1 harmful

overdosage of opiate or opate ke drugs or other respiratory depressants
could eastly be given

Hyperpitwtansm

Gigantism Caused by eosinophilic adenoma of the pitwtary, this con-
dition 1s exceedingly rare mn children There 15 overactivity of the growth
hormone of the pitutary gland, producing elongation of the bones and
Increased stature early in hfe No other functions seem to be affected at
this time

Cushing’s Syndrome Cushing s syndrome or basophilic 1denoma of the
pituitary produces hyperadrenocoricism Typical signs and symptoms are
enlargement of the tissues around the face, neck and trunk hypertension
weakness and pam 1n the back An excess production and retention of

salt and water cause the edema Hirsutism acne and chtogal enlargement
may also accompany the discase
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PARATHYROID GLANDS

Hyperparathyrotdism

Usually an adenoma or diffuse hyperplasia of the parathyroid glands
causes this discasc although glomerulonephritis pyeloncphritts, and con
genital anomalies of the urogental tract arc possible causes There 1
hypercalcemia with the accompanying bradycardia and shortemng of the
Q T mterval hypotomcity of muscles, nausea vomuting and constipation
The snereased excretion of calcum and phosphorus may cause polyur
and polydypsia and the formntion of urinary calcul: of calcium phosphate
To prevent further formation of renal stones flnds should be forced and
calcium mtake restricted Ostertts fibrosa cystica may oceur as a sesult of
loss of caluum from the sheleta} system

Occasionally, surgical extirpation of the tumor 1s attempted

Hjypoparathyrosdism

Hypoparathyroidism a tetany producing conditton, 15 characterized by
numbness and twitchings of the extremities carpopedal spasm, laryngo-
spasm and 1n severe mstances there may be loss of consciousness and
comvulsions Blood calcium level 1s decreased and phosphorus increased,
with decreased urinary excretion of both calcrum and phosphorus

Treatment before anesthesia with calciam  parathyroid extract, or wita
mn D should reduce the danger of laryngospasm and convulsion duning
anesthesia

PANCREAS

Although the 1nfant produces a relatively ligh quantity of msubn dur-
1ng the first two years of bfe, the newbarn has a lessened insukint response
In heeping with this low response newborns of diabetic mothers may
have pancreatic islet cell hypertrophy and yet demonstrate hypoglycema
however often an asymptomatic hypogls cenua

Duabetes mellitus m the child 15 a far more sesious disease than in the
adult because of seventy progmosis and difficulty of control Ketosis s
common 11 the child, as are wide varauons m the blood sugar therefore,
all uvenile diabetics require msulin and close regulation of diet

Surgery m the drabetic child presents hittle hazard over that of the
surgery per se as long as 1t 1s recogmzed that there are certam problems
peculiar to the diabetic patient The nature of these problems will vary
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and diagnosts 1s usually made with phentolumne (Regitine) or benzodi
ovine test Surgica] removal of the tumor 1s gencraily attempted but may
be prolonged becuse of difficulty n locating the tumor The anesthestolo
gint should select an ancsthetic agent compatible with an excess amount of
epmephiine nd norepmephnne and after semosat of the tumor, should
be prepared to sustam the blood pressure with norepinephrine

Adrenal Cortical Steroads

The actne isolated adrenal cortieal sterosds are  corticosterone (com-
pound B) 17-hydroxy-11-dehydrocorticosterone (cortisone) (compound
E) 17 hydroxycorticosterone (hydrocortisone) (compound F), 11-dehy-
drocorticosterone (compound  A)  17-hydroxy-11-desoxycorticosterone
(compound 8), 11-desoxycorticosterone (Doca), and aldosterone As far
as 1s known these steroids play, to varying degrees, an important role n
the restoration of many functions of the body when these functions have
been disturbed  17-hydroxycorticosterone (compound F), 11-desoxycortu
costerone, 17-hydroxy-11-desoxycorticosterone (compound S), and aldo-
sterone play a major role 1 regulating volume and composition of body
flwds especially when other factors are causing a flurd and electrolyte 1m-
balance Both desoxycorticosterone and aldosterone stimulate the renal
tubules to reabsorb sodium from the urine However, desoxycorticosterone
may Increase potassium excretion and produce a hypokalemia, which may
resultin necrosis of both myocardial and skeletal muscles over a long period
of tme Doca reduces the ienitability of the central nervous system and po-
tentiates the action of anticonvulsants The dangers from the admumstra
tion of Doca lie 1 too much reabsorption of sodwm and water which
fortunately can be prevented by adrenocorticotropic hormone (ACTH)
Overdosage of Doca will also produce a hypertension which Itkewise can
be controlled by hydrocortisone Aldosterone even though much more
powerful than Daca tn causing tubular reabsorption of sodum and water
dous not have the same danger of over-reabsorption as Doca So far arti
ficiaf synthests of aldosterone has resisted all efforts

To understand the discases caused by the adrenal cortex, the anesthes:
ologist must possess a hnowledge of hypocortricism (Addison’s disease)
and hypercorticism The Jatter occurs 1n Cushing’s disease adrenal cortical

tumors and prolonged admmstration of ACTH cortisone, or hydrocorti
sone .
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Laboratory findings show elevated secrum sodium and decreased chlo-
rides, elevated red blood cell count low eosmnophil count (below 50 per
cu mm), and the unne contains sugar

1f removal of the tumor s anticipated, the pediatnician generallv pre-
scribes hydrocortisone

ADRFNAL GLANDS

Immediately before birth the adrenals of the fetus are grossly enfarged
and at birth are twenty times the relabve adult size The mature cortex
consists of three zones zona glomerulosa, zona fasciculata and an snner
most zone the zona reticularis However 1n the fetus and young infant a
large proportion of the additional mass of the adrenal gland 1s due to the
presence of a histologically distinet fetal cortex which commences to 1
volute by the third or fourth day, becoming one half the onginal size by
the end of the sccond week and completely disappearing by the end of
onc year The zones of the true cortex parncularly the zona glomerulosa
mcrease m size and at the end of one month are two or three times their
onginal size The large size of the adrenal glands however, 15 not reflected
to any great cxtent by incrcased function The urinary 17-ketosterods
which usually reflect adrenal cortical function are shghtly increased the
first few days of Iife to an average of 12 mg per 24 hours Nevertheless
by the end of the first month this has decreased to 0 5 mg and remams at
that Ievel for one year Very small premature snfants do not show the mn
creased 17-ketosterords at birth

There are two physiologically distinct parts of this extremely ymportant
gland—the cortex and the medulla The cortex scerctes corticords and
androgens while the medulla secretes the vasopressor substances norcpt
nephrine and epiuephnne The adrenal cortical steroids or corticords are
not completely understood mn structure or function, but since they appear
to play such an important role i homcostass, a brief attempt must be
made to delineate the present day knowledge

Pheochromocytoma

This tumor of the medulla of the adrunals or of other sympathetic
gangha 15 rare m children but it produccs the same reactions which » ould
be expected from cxcess secretion of cpimephrine and norepmephrine
namely, headaches palpitation, nausea vomuting and diarrhea precordtal
pamn, dilated pupils rapid pulse hypertension and cardiac enlargement
Many of the signs and symptoms arc of a transitory, paroxysmal nature,
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and diagnosts 1s usually made with phentolmine (Regitine) or benzods
oxanc test Surgical removal of the tumor 1s generally attempted but may
be prolonged beeause of dificulty 1n Jocating the tumor The ancsthesiolo
gist should sclect n anesthetic agent compatible with an excess amount of
epincphrine and norcpinephnine nd after removal of the tumor, should
b prepared to sustun the blood pressure with norepinephrine

Adrenal Cortical Sterords

The active 1solated adrenal cortical steroids are  corticostcrone (com-
pound B), 17 hydroxy 11 dehydrocorticosterone (cortisonc) (compound
E) 17-hydroxycorticosterone (hydrocortisone) (compound F), 11-dchy-
drocorticosterone  (compound  A), 17 hydroxy-11-desoxycorticostcrone
(compound S), 11-desoxycorticosterone (Doca), and aldosterone As far
as 1s hnown these steroids play to varying degrees, an important role
the restoration of many functions of the body when thesc functions have
been disturbed  17-hydroxycorticosterone (compound F), 11-desoxycorti-
costerone, 17-hydroxy-11-desoxycorticosterone (compound S), and aldo-
sterone play a major role 1n regulating volume and composition of body
fluds especrally when other factors are causing a flud and electrolyte m-
balance Both desoxycorticosterone and aldosterone stimulate the renal
tubules to reabsorb sodium from the urme However, desoxycorticosterone
may 1ncrease potassium excretron and produce a hypokalemia, which may
result 1n necrosis of both myocardial and skeletal muscles over a long period
of time Doca reduces the irritabiity of the central nervous system and po-
tentiates the action of anticonvulsants The dangers from the admimstra-
ton of Doca lie 1n too much reabsorption of sodium and water which
fortunately can be prevented by adrenocorticotropic hormone (ACTH)
Overdosage of Doca will also produce a hypertension, which likewise can
be controlled by hydrocortison. Aldosterone, even though much more
powerful than Doca 1n causing tubular reabsorption of sodium and water
docs not have the same danger of over-reabsorption as Doca So far arti-
ficial synthesis of aldosterone hns resisted all efforts

To understand the diseases caused by the adrenal cortex the anesthes:-
ologist must possess a knowledge of hypocortictsm (Addison’s disease)
and hypercorticism The latter occurs n Cushing s disease, adrenal cortical

tumors and prolonged admimstration of ACTH cortisone, or hydrocorti
sone LY
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Laboratory findings show elevated serum sodium and decreased chlo-
nides elevated red blood cell count low eosinophil count (below 50 per
cu mm), and the urnine contains sugar

If removal of the tumor is anticipated, the pediatrician generalls pre-
scribes hydrocortisone

ADRENAL GLANDS

Immediately before birth the adrenals of the fetus are grossly enlarged
and at birth are twenty times the relative adult size The mature cortex
conststs of three zones zona glomerulosa zona fasciculata and an 1nner
most zone, the zona reticularis However, m the fetus and young infant a
large proportion of the additional mass of the adrenal gland 15 due to the
presence of a histologically distint fetal cortex which commences to m
volute by the third or fourth day becoming one half the ongnal size by
the end of the second week and completely disappearing by the end of
one year The zones of the true cortex particularly the zona glomerulos2,
increase m size and at the end of one month are two or three tmes their
ongnal size The large size of the adrenal glands, however 1s not reflected
to any great extent by increased function The urinary 17-Letosterords
which usually reflect adrenal cortical function are shightly ncreased the
first few days of life to an average of 12 mg per 24 hours Nevertheless
by the end of the first month this has decreased to 0 5 mg and remains at
that level for one year Very small premature infants do not show the m
creased 17 ketosterords at birth

There are two physiologically distinct parts of this extremely important
gland—the cortex and the medulla The cortex secretes corticords and
androgens while the medulla secretes the vasopressor substances norep!
nephrine and epmephrine The adrenal cortical steroids or corticods are
not completely understood 1n structure or function but since they appear
to play such an important role 1n homeostasts a bnef attempt must be
made to delineate the present day hnowledge

Pheochromocytoma

This tumor of the medulla of the adrenals or of other sympatheti®
gangha 1s rare m children but 1t produces the same¢ reactions which would
be expected from excess secretion of epmephrine and norepinephrin-
namely, headaches palpitation nausea vomiting and diarrhea precordl"I
pan dilated pupils rapid pulse hypertension and cardiac enlargement
Many of the signs and symptoms are of a transitory paroxysmal natar¢
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mnany mtrogen exist while there may Al be Ketonemn and 4 depost
1on of fat around the face nech and trunk

Electrolytes show normal <odum and potrssium sqdues but caleism
netibolism 18 disturbed  causing osteoporosts and tetany  Similar to pyloric
tenosis with vomuting  there may be 2 metabolic alkalous and, more
pecificitly, 1 hypochloremic and a hypokalemic alknlosis

Incresed unminy excretion of istymine s scen, and inflimmatory re-
iction 1o 1nfection 14 often nbeent

As 1n hypocartictsm, there 1s muscle wetkness which ¢an be amehiorated
3y hydrocortirone or corticone but not in this instance by Doca

Irrtability of the nervous system maw be preater and in some instances
ren a psichosis may anese, or n children convulsions may occur Cer-
tam dangers exist such as decrensed pun perecplion, probably due to the
lack of inflammatory reaction even with severc lesions as i ruptured
pepic uleer Anesthesiologists who monitor their patients with the CLG
should remember that there 1s a reduction in amplitude, regulanty, and
tontinuity of the basic alpha actvity, while, i addion a stower alpha
wave of 3 10 7 cycles per sccond 1s noted

A decrease in the Iymphod uissue of the body and a lymphopema
oceur, but there 1s incrcased production of polymorphonuclear leucocytes
The cosmophil count 1s 50 or less per cu mm Polycythemia, hyperco-
agulabdity, and even hypertension exist i hypercorticism

Apart from the above charactenstics, hypercorticism cither from endo-
crne therapy hyperplasia or adenoma may causc menstrual disturbances
i the female impotence 1n the male vinfism 1n the very young hirsutism
but with Joss of hair on the scalp, acne, capillary fragility, and poor heal-
ing of the tissue beeause of the lack of fibroblasts, granulation tissue for-
mation and poor vasculanization There 1s also an antipyretic effect, even
 the presence of a bactererma

Other Adrenal Cortical Disturbances

In addition to the recogmized diseases of the adrenal cortex, there are
certan conditions probably related to the stress syndrome mn which there
15 a decrease of blood corticoids These occur 1n rheumatic fever rheuma-
toud arthnitis and glomerulonephntis However, should the body undergo
trauma, there may be an elevation of corticoids, as seen 1 severe burn
cases with subsequent elevated blood corticod levels and hypokalemia
corlttwha; b;en reported that mitrous oxide and ether will clevate blood

ouds, but that pentobarbital sodium (Nembutal) and morphine will
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Hypocorttessm (Addison®s Disease)

This disease syndrome shows widespread disturbances throughout many
body organs and systems, particularly affecting metabolism and water and
electrolvte balance

Carbohydrate metabolism 1s upset, with reduction of hiver and muscle
glycogen, retardation of gluconecogenests and hypoglycerma, particularly
if there 15 a reduced intake of food Protemn disturbance becomes mramfest
in reduced urinary nitrogen with lowering of food mtake Fats however,
are completely uulized, and therefore, ketonemia 1s absent

Electrolyte smbalance 15 evidunced by hyponatrerma due to the falure
to reabsorb sodium, hyperkalemia and suppresston of the reabsorption of
water by the kidney tubules Anemia 1s common, and although the hema
tocrit and total plasma protemn are elevated, a low blood volume exists
In addition, there may be a decreased cardiac output with lowered blood
pressure and an actual reduction mn cardiac size Other abnormalities 1
clude a nse i histamine content of the tissues, dsmimshed effictency of
skeletal musculature and hyperplasta of the lymphoid tissue with lympho
cytosts

Fortunately these patients are usually well controlled with a high salt
diet and adrenal corticosterowd replacement therapy An attempt 15 made
to retain the patient 1n eucorhcism  although general health measures
must be employed and full reliance must not be placed upon the admmn
istration of endocrine preparations

Hypercorticism

Modern anesthesiologists must grasp fully the elements of this condt
tion since today so many diseases are treated with steroid therapy, and
also since more surgical patients with Cushing s disease adrenal cortical
tumors or adrenal hyperplasia are encountered The complexuty of adrenal
function does not yet allow predictable response to hormonal admmstra
tron 1n the operating room but an understanding of patient responses to
stress will be of value m therapy

In hypercorticotropic states there 15 marked disturbance of normal
physxologlc processes  especially the metabolic processes Hyperglycema
glycosuria an mncreased tolerance to nsulm (probably due to increased
gluconeogenesis from protein) a decreased utiization of glulose and a
decreased renal reabsorption of glucose are all mamifestatons of altered
carbohydrate metabolism  Increased protemn catabohsm and increased



CHAPTER 10
EVALUATION O' THC NERVOUS SYSTEM

« VFIOPMENT

The cercbral cortex 15 the last portion of the infant nervous system to
1ture, as 15 borne out by histological evidence that the gray matter 1s
*a thin Iayer at birth, and the cortical structure 15 immaturc with only
ual myelimzation Thus the activities of the newborn such as moton
ying and sucking arc predomnantly reflex and can occur cven 1n the
»ence of the cortex
Fusion of suture hines and fontanelic closure bear a distinet relation-
to spectfic disease entities Since the shull bones 2re not fused at
the cramal vault 1s capable of marked varnation in capacity, ac-
ounting, for cxample, for the huge cranwm often seen 1n the hydro-
cohalic, while the undeveloped and unexpanded brain results i the
mall head of the microcephalic Closure of the antenior fontanclle may
» delayed 1n cretimsm rickets and hydrocephtlus but on the other
1and, 1n microcephalus nd prematunity the fontanclle closes earlier than
1
Allhough mobile 1n the first few months of infant life the cramal bones
Jecome relatvely fixed by fibrous fusion 4t the fifth or sixth month pro
v 15 10 bony fusion along the suture hnes by the end of the fourth

and Cramial Nerves i the Neonatal Penod
Examination of the cranial nerves in infants discloses deficiencies -
voluing the third, fourth and sixth nerves as mamifested by very little
169
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decrease them It has also been reported that any surgreal procedure can
cause an elevation of the serum corticord, for example, mn a tracheo
esophageal fistula repair the serum corticoid has been seen to mise from
2 pg preoperatively to 100 pg per 100 ml postoperatively Much further
and prolonged investigation of the effects of anesthctic agents on the
endocre system must be done before a thorough understanding 1s pos
sible and the literature of the next few years will doubtless do much
to enlighten us about such problems
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CHAPTER 10
EVALUATION OF THE NERVOUS SYSTEM

DEVELOPMENT

The cerebral cortex 1s the last portion of the infant nervous system to
mature as 1s borne out by histological evidence that the gray matter 1s
but a thin layer at birth and the cortical structure 1s immature with only
partial myelmization Thus the activities of the newborn such as motion
cying and sucking are predominantly reflex and can occur even in the
absence of the cortex

Fusion of suture lmes and fontanelle closure bear a distinct relation-
ship to specific disease entiies Since the shull bones are not fused at
birth the cranial vanlt 1s capable of marked varnation n capacity, ac-
counting for example, for the huge cramum often seen m the hydro-
cephalic while the undeveloped and unexpanded bran results m the
small head of the microcephalic Closure of the antenor fontanelle may
b delayed m creumsm rickets and hydrocephalus but on the other
hand 1n microcephalus and prematunty the fontanelle closes earhier than
normal

Although mobule 1n the first fow months of infant hfe the cranal bones
become relatnely fixed by fibrous fusion at the fifth or sixth month pro-

8ressing to bony fusion along the suture lines by the end of the fourth
Year

Somatic and Cramal Nerves m the Neonatal Penod

Examination of the cramal nerves 1n nfants discloses deficiencies mn-
‘obung the third fourth and sixth nerves as mamfested by very lttle
169
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decrease them It has also been reported that any surgical procedure can
cause an clevation of the serum corticord, for example n 1 tracheo
esophageal fistula reparr the serum corticord has been scen to nise from
2 pg preoperatnely to 100 pg per 100 m) postoperatively Much further
and prolonged mvestigation of the cffccts of anesthetic agents on the
endocrine system must be done before a thorough understanding 1s pos-
sible and the hterature of the ncxt few years will doubtless do much
to enlighten us about such problems
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reflex, by which the newborn scarches for the mipple, 1nd the sucking
refley, evohed by stumulation of the hps or face The sucking reflex re
mams until the end of the first year

Tapping the bed near the mfant will normally demonstrate the Moro
reflex, one of the most rcdinble Abduction and extenston of all four ex-
trenutes occur, followed by adduction and flexion  Although normally
disappcaring before the fifth month the Moro reflex may cither be re-
taned by defective clildren for years or be entirely absent

Onc of the reflexes of posture 1nd cquihbrium, the tome neck reflex,
can be observed by turming the head to one side whercupon the extremi-
ties become extended on that side and flexed on the contralateral side—
the typical ‘boxer position This reflex should disappear approximately
at the end of the sixth month In considering another massive head-trunk
response, 1t 1s to be noted that extension of the head causes opisthotonus,
while sharp flexion of the head produces flexion of the whole body

Cerebrospinal Cluid 1in the Infant

A window for cvaluation of imtraccrebral pressure 1s provided by the
anterior fontanelle for bulging at this site ndicates ncreased pressure, as
tontrasted with the depresston often seen n dehydration and dural leaks

Often a source of alarm to the uninformed, the xanthochromia present
at birth 1s normal

Elcctroencephnlograpluc Patterns

It has been said that the electroencephalogram 1s of hitle value mn chil-
dren under three to four years of age Although rhythmic bramn waves are
Practically absent in the newborn 1n a few weeks relatively slow, irregu-
lar deflections appear, with increasing amplitude 1n the first few months
(Fig 77) Later the fundamental alpha waves appear These waves
gradually decrease in amphtude but merease m frequency The individual s
charactenisuc pattern does not fully develop until about the tenth year,
but persists throughout Iife

CONVULSIONS

Young infants do not convulse readily However later in mnfancy and
" young childhood convulsions are much more common than n adults
Convulsions 1n the early ages and young childhood may have many
causes There 1s the rdiopathic type about which nothing definite can be
determned Infections of the bramn such as meningitis, encephalitts, brain
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coordination of the extraocular muscles before the third month and a
mnor degree of incoordination persisting for scveral months However,
the corneal reflex, activated by the fifth nerve, 1s present at birth, as 1s
the gag reflex, which 1s dependent upon mtact ninth and tenth nerves
Anatomically in the newborn the spinal cord cxtends to the third
lumbar vertebra, whereas 1n the adult 1t ends between the first and second
lumbar vertebra (Fig 76) The somatic motor nerves appear to be de
veloped, but pain perception 1s dumumshed for at least the fiest few days

Newborn

Fig 76 Level of spinal cord in
adult and newborn

Reflexes m the Neonatal Period

In accordance with the mmmaturity of the nervous system, it may be
noted that the deep reflexes are present in general but many of the super-
ficial reflexes may be lacking

For example ankle clonus 1s not normally present at birth and the
cremasteric reflex 1s difficult to elicit Abdomunal reflexes are present in
only about 30 per cent of newborns and i many nstances do not become
established until six months to one year of age Showing variable response
i the first few months the plantar reflex may result 1 erther flexton or
extension with predommance of extension between the first and second
years The knee jerk 1s also difficult to elictt at birth but a mass response
suggests cerebral mjury The grasping reflex present at birth disappears
between the second and fourth month

Two active and useful reflexes about the head and neck are the rooting
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biturate lowcning the body temperature to normal and providing glucose
before and durtng surgery, thus avoiding hypoglycemic convulsions Water
mtoxication may be treated by the oral ingestion of sodium chloride or
by the preoperative intravenous adminustration of 3 per cent or 5 per cent
sodum chloride solution then following the electrolyte pattern to achieve
a normal balance of chlorides and crbon dioxide Hyperventilation low-
ering the pCO_ as mn bram tumor cascs, can be avoided by allowing re-
breathing by maskh Rarcly scen prior to anesthesia are convulsions from
mncreased pCO: or respiratory acidosis 1lthough they are an ever-present
danger during anesthetic mamtenance

Hypocalcerma from  hypoparathyroidism  renal nsuffictency, mnfantile
nickets, steatorrhea, postacidotic hypocalcerma (which may arise with too
vigorous a correction of the acidosis of chronic glomcrulonephritis) or,
finally, 1 hypoproteineria and low vitamin D blood level (as occurs mn
young nfants) may be treated with high calcim-low phosphorus diet
calcium gluconote or lactate and vitamin D However 1n some instances,
parathyrord extrac' may be necessary

Epilepsy

This condition 1s differentiated from other convuisions by the repet:-
tion of a pattern of reaction of cerebral onigin without demonstrable or-
ganic bran lesion Usually begmning in childhood, the onset of epilepsy
1s very rare before two years of age The cause of epileptiform serzures
on the other hand may be a developmental defect microgyria vascular
anomalies scars from past mjures, or areas of cortical atrophy

The well known grand mal seizure may be preceded by an aura, fol-
lowed by loss of consciousness pallor, dilated pupils rolled-up fixed eyes
violent tomic muscular spasm with an outcry cyanosts bladder and rectal
¢vacuation This tonic spasm 1s followed by clonic convulsions After
these attacks the patient usually suffers impairment of consciousness and
memory

Petit mal seizure 15 the most deceptive type It usually consists of star-
1ng spells with momentary loss of consciousness and little or no convulsive
movements In one mstance such a patient had been given premedication
the petit mal occurring just prior to anesthesta A period of apnea fol-
lowed requinng pulmonary ventilatrion with oxygen In this instance the
parents were unaware of previous attacks but the father recalled having

similar spells as a child and stated that the child was subject to crymng
out suddenly at might
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abscesses, congenital anomaties such as hydrocephatus porencephaly, and
mucrocephalus, brain tumors, trauma and cerebrovascular accidents such
as embolism thrombosts, and hemorrhage are moderately common causes
Generalized infection such as pncumonia, scarlet fever, and malaria, with
therr sudden high fever, may be preceded by convulsions Of the m
fectious discases, however, pertussts 1s the commonest cause, resulting
m convulsive seizures by onc of three mechamsms gastric tetany pro-
duced by excess vomiting, resulting in metabolic alkalosis, hypoxia and
increased carbon dioxide tension, cerebral hemorrhage

A

RV SN AV AW ‘\/\'\/\,J’\/V\/\\//\’\""\»f\

Fig 77 Electroencephalogram (4) One week old (B) eight weeks old (C) three
months old

Urenua and lead poisoning may cause convulsions Hypoxia or hyper-
carbia  hypocalceria and hypoglycermia are other convulsive triggers
One which may be overlooked 1s water mtoxication These ndividuals
have hypochloremia and hypocarbia therefore a hyponatremsa, but the
cells themselves have too much water and this intracellular edema 1S
probably the basis of the convulsions

Vitamin B, deficiency may occur if the mother has not been given wita
muns during the latter part of her pregnancy or if there 1s a deficiency
of vitamun B 1n the artificial feeding This deficiency of Br or pyndoxin
may cause convulsions i the infant

Anesthesiologists adopt many methods to avoid convulsions before
duning and after anesthesta The idiopathic type which 1s closely akin to
epilepsy, can be controlled by increasing the barbiturate 1 the premedi-
catton Convulsions due to high temperature can be controfled by bar-
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shull (orycephaly) because of growth in the skull bones in sites other
than at the borders, 1s occurs normally In this mnstance, the growing
brain becomes cramped for space Without surgical correction, these pa-
tients show the effects of increasing intracramnl pressure, cortical atrophy,
mental retardation, exophthalmos, and even cramal nerve njuries result-
ing n loss of smell, taste, and visual sensation

Cramum Bifidum This 1s a congenital defect in the midlne of the shull,
cither 1n the frontal or occipital bones There may be no hermation of the
intracramial structurcs but 1t 1s usually associated cither with meningocele
or memngoencephalocele

Spma Bifida This 1s a congenital defect, more commonly present m
the lumbosacral or the cervical region wherein there 1s failure of closure
of the vertebral arches It, too, may show no hermation of cord contents,
but morc commonly a memngomyelocele or memngocele 1s encountered,
with the concomitant threat of rupture and infection further complicated
by the paresis of the lower cxtremities and sphincters often noted mn
meningomyelocele Clubfoot 1s often an assoctated deformty 1n these pa-
tients

Congenital Amyotoma (Oppenheim’s Disease) This disease occurs in
the newborn and 15 characterized by a generalized type of muscular weak-
fiess Because spinal motor nerves are commonly affected, there 15 weak-
ness of the muscles of the neck thorax, abdomen back, and lower ex-
tremities In scvere cases the diaphragm 1s the only muscle of respiration
not aflected These pattents have grave respiratory difficulty with marked
mdrawing of the thorax on mspiration and are prone to pulmonary m-
fection Fortunately 1t 1s a very rare disease but mn nstances of para-
doxical respiration 1t must always be kept in mind

lgi;mgohsm (See Chapter 1  Evaluation of the Body as a Whole
P

Cerebral Palsy This 1s the most common cnppling disease of children
The central nervous system damage may be prenatal, natal, or postnatal
!N accurrence About one third of these children are mentally retarded,
but the chief charactenistic of the disease 1s a disturbance of voluntary
motion varying degrees of spastic or flaccid paralysis being present The
spasticity indicates nvolvement of the pyramdal tract and 1s by far the
:’L‘;Z;f:;‘:‘ni:c;ylpt: Some have hyperactivity and distorted activity of the
the base) ganghaﬂ x;:‘e t}:’;I’lz‘.re the leston 1s 1n the extrapyranudal tract and
respirations. sty voml:;:)st severe cases there are irritability, feeble

g malnutntion and sometimes convulsions
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Epileptiform cases often show mental deficiency especrally if attacks
have been frequent Since such patients are often subject to vialent out
bursts of emotion, 1t 1s wis¢ to preparc them for ancsthesia by anticon
vulsant drugs to reduce the hikelthood of a disturbance which might it
ate a seizure prior to ancsthesia For elective surgery 1t 15 much safer to
schedule the operation for a time when the patient s not on a hetogenme
and dehydrating diet (frequently encountered as treatment for epilepsy),
for this adds considerably to the dangers of anesthesra and, as one might
expect severe collapse may occur

OTIICR DISCASLCS OF THI' NERVOUS SYSTEM

Congenital Defects and Developmental Discases

Hydrocephalus The cerebrospmnal flurd 1s produced by secretion from
the choroid plexuses 1n the ventricles of the bramn In the roof of the fourth
ventricle 1t passes through the foramina of Luschka and Magendie mto the
subarachnord space, where 1t surrounds the surface of the bramn and spmnal
cord Subsequent reabsorption occurs through the arachnowd villi, however,
any obstruction to the flow of spal fnd so that 1t cannot reach the
arachnoid villi will cause an accumulation of fld, gving nise to hydro
cephalus and mcreased intracerebral pressure

This condstion usually appearmg within two or three months of burth
1s mamfested early by the widencd tense fontanelles with abnormally
separated suture Imes which are delayed m therr closure The infant may
be lethargic but showmng mereased tomseity of the extrenuties and mncrvased
tendon reflexes Because of lethargy and ncreased intracranial pressure
sedatives and anesthetic agents should be reduced, in fact, except for a
mild antisecretory agent premedication should be omutted 1n many of these
cases

Microcephaly This 1s the small head type with the receding forchead
There 1s early closure of the fontanelles ossification of cramal sutures
the bramn bemng small, with poorly developed convolutions marked mental
retardation, and a tendency to convulsions Several children 1n one farmly
may be affected

The opposite 1o this 15 macrocephaly an exceedmgly rare condition
However, these chuldren too are mentally retarded and prone to con
vulsions

Cr This 1s a cc 1 defect 1n which the cramal sutures
form fixed bony untons either before birth or soon after, causing a tower
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or nternal surface of the cramal bone Usunily no treatment is necessary
as 1t gradually distppeats by absorption

Vascular Disorders

Chuldren are also subject to vascular disosders sumiar to those scen m
adults Congemital heart cases may have cardiovasculr accidents such
25 thrombosis or cmbolus, and will show typieni paresis, usually of the
muscles of the face on the side of the lesion and the muscles of the arm
and leg on the opposite side

Infections of the Central Nervous System

Meningitis Ancsthestologists may be called in consultation for control
of the convulsions of meningitis These patients have ncreased mtracramal
pressure, producing bulging fontanclies in the small infant, wntabisty,
projectiie vomiting, blurred viston, slow pulse, and the state of conscious-
ness vanies from hyperurmitability to sleepiness and even coma Some chil-
dren have a hugh fever and may even be n shock In control of these
convulsions, 1t 1s 1mportant to note any mncreased intracramal pressure,
stnce small doses of depressant drugs may produce apnea, while 1n shock-
hke states barbiturates must be used with extreme caution

In the common gococcie type of giis, usually of sudden
onset with very high temperature, the anesthesiologist should be aware of
the possibility of concomttant myocarditis These patients may have hemor-
thagie tendencies with hemorrhage of the adrenal glands resultmg m the
typical shock state of the Waterhouse-Fridenichsen syndrome

Pneumococeal, streptococcal, and staphylococcal memngitis may have
the foct of wnfection m the sinuses, lungs or ears The onset 15 more
gradual than s the memingococeal type, and m this type the anesthest-
ologist may be required to anesthetize the patients for surgical dramage
of an abscess or empyema in the lungs or elsewhere 1n the body

Memingitis onginating from Hemoplulus nfluenzae usually occurs 1n
children under two years of age Although 1t may proceed to coma the
omset 15 gradual However these children also may have a bacterema,
fater mn the discase forming a subdural abscess requining drainage

Poliemyehtis Of the viral mfectious diseases of the central nervous sys-
tem poliomyehtss predomunates but since the mtroduction of prophy-

lactic poliomychus vaceine, the frequency of the disease 1s marhedly de-
creasing

In the acute phase of the paralytic type of poliomyelitis, anesthesiolo-
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Temperature regelation 1s so impaired that atropme must be used cau
tiously, for the child may develop a high fever Antibiotics must be used
often, for even mild mnfections may cause a marked clevation of tempera
ture All require adequate preancsthetic sedation except those with respira
tory depression who should be premedicated with great care

Another type of cercbral palsy may show atoma or flaccidity of the
muscles These chudren arc almost ivarinbly retarded, and this type
should be considered by anesthesiologists to be very simular to amyotoma
congenita

Trauma

Trauma to the cramum at birth or later in life may result 1n contuston
of the bram tissue mtracerebral hemorrhage, or compression of the bram
tissue esther by subarachnoid subdural or epidural hemorrhage

Intracerebral Hemorthage The hemorrhages may be into the brain sub
stance and if massive enough, the infant does not survive With the use
of vitamin K durning the latter part of pregnancy the infant s prothrombin
time 1s decreased thus affording some prophylaxts aganst hemorrhage

Subarachnoid Hemorrhage The commonest lesions confronting the an
esthestologist are the subarachnoid hemorrhages caused either by trauma
or spontancous rupture of an aneurysm which usually occurs later 1n child
hood These patients may be lethargic and even unconscious and diag
nosts 1s usually made by blood mn the spinal flmd

Subdural Hematoma Blood collects between dura and arachnoid and
may be due either to birth trauma or physical trauma later 1n hfe The
damage here 15 to subdural veins and the leak 1s often slow the lesion
gradually becoming evident some time after the mjury

Epidural Hemorrhage This 1s usually caused by bleedmg from veins of
the muddle memingeal vessels Often there 1s a history of trauma with a
period of unconsciousness, a lucid mnterval and then increased drowstmess
The pulse may be weak blood pressure low, and resprrations irregulat
These patients are frequently sertously ill, requiring immedrate surgery
accompanted by blood transfusions and other supportive therapy Respira-
tory depressants must be omitted in the premedication

Depressed Shull Fracture This 1s a common type of traumatic mjury
i the newborn If there are no signs of increased intracranal pressure
these patients present no real anesthetic problem

Cephalhematnma A relatively common birth injury cephalhematoma
1s an accumnulation of blood beneath the perrosteum either on the external
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Tumors of the Cenfral Nervous System

Primary malignant tumors of the brun arc onc of the most frequently
scen of all malignancies it mfants and children, exceeded 1 frequency
only by leukernn

Cramopharyngioma 1 slow growing tumor usually origmating mn the
region of the optic chiism  constitutes 6 per cent of brun tumors

On the other hand, approxmmately 75 per cent of brain tumors arc
ghomas, and of thesc 60 per cent are astrocytomas A slow growing, cystic
type of tumor, they are usually situated m the postertor fossa These pa-
tients show cercbellar signs of ataxia, nystagmus, deafness sometimes
weakness and incontinence, with nuchal ngidity and suboccipital tender-
ness Cramal sutures may be widened and cramal bones atrophied by
increased pressure on the bramn These cases have a favorable prognosts
if the tumor can be completely removed

Medulloblastomas occurring generally in boys three to six years of age,
form 35 per cent of ghomas They are also posterior fossa tumors, how-
ever the prognosis 15 grave

Five per cent of gliomas are spongioblastomas, usually cerebral tumors,
markedly mnvasive, and showing simlar effects of pressure on the skull
bones The prognosis 15 excecdingly grave, as surgical removal s almost
impossible and death usually ensues soon after surgery

Although a somewhat rare occurrence tumors origimating i other parts
of the body can metastasize to the bram Hypernephroma 1s one of the
commonest tumors 11 children to result i cercbral metastases Malignant
melanoma may also metastasize, however melanomas rarely become ma
lignant until puberty

Obviously all these bran tumors show signs of mcreased mtracrantil
pressure and respiratory depressants should be omitted from the pre-
medication It 1s also worthy of note that tumors i the posterior fossa

lie close to the respiratory centers and damage from surgical manipula-
tion 1s likely
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gsts mav be requured to supph oxygen and artificial respiration durmg th
performance of the tracheostomy outside the respirator usvally donz v3-
der Jocal anestheaa An important feature to remember 1s to gne these
patients no <edates but to employ 2 drying agent such as <copolamin.
Smce the<e children cannot communicate with the anssthesiofogst. he
shouald attempt to gam therr confidence while they are m the respirator
then use 2 bag and mask for aruficial respiration dunng the tracheoston
Iater switching to 2n endotracheal tube which will fit the tracheostomy tub
When wsing the bag and mask it 15 important to remember that und-r
ventilznon of the lungs causes considerable distress and these pauens
are far more comfortable if the Jungs are well mflated with each maneld
compress:07 of the breathing bag.

Children who have residuzl parests of the intercostal and abdomma!
muscles following poliomvelis are now having surgical correction, with
support to the abdomunal muscles baing supplied by crniss-cross strips of
fascia These patients must bz grien no sedative in the preanesthetic medi
cation, but require Jarger doses of belladonna drugs to reduce the zbund-
2nt secretions 1n their respiratory tracts They are mtubated wathout th”
use of a muscle relaxant, 1n fact, sern hght znesthesia with mamtenanse
of some <pontancous respiration 1s desirable but resprration mav b
Lightly assisted, of necessary

Post-poliomielitts patients for tendon transplant operations with 0o
respiraton muscle weakness are treated as are other patents depeodmg
upon the level of actvity sice 1t 1s mactinaty which decreases mv ocardal
tonz It 15 mportant that these patents recover rapidly from anesthesi2
and have frequent endotrachea] suctioning, for they are prone to respira-
to7y mfertions 2nd aspiration of foreign matenial

Other diseases such as mumps measles and chiclenpox may be com-
plicated by encephelins, but these children seldom, if ever need the ad
of the znzsthemolomst, except for the treatment of comvulsions tracheal
asprranoz. or resprraton failure

Bram Abscescest Bramn abscesses nsuallh ongmnate 1n the ears lungs,
bones. air smuses or furuncles Increased ntracramal pressure Occurs
resultine 13 the pnal newrolopcz] signs If consenatne therapy has not
been entirely <uccessful these patients man require dramage of the bram
2bscess It must bz remembered, however that of intracranial pressure 18
elzvetzd. recpranon czn be depressed readilh by amy of the sedaines
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EVALUATION OF THE ORGANS OF
SPECIAL SENSE (EYE AND EAR)

Since the anesthesiologist’s evaluation of the organs of special sense 1s
related m the majonty of cases to patients who are presented specifically
for surgery upon the eye or the ear, the diseases of these organs are not
discussed here mn detart, but the anesthetic management for operations
upon the eye and ear will be found 1n Section IV, Anesthehc Manage-
ment of Surgical Procedures (pp 414-22)

The following diseases are common i infants and children ptosis of
the eyelids nasal lacrimal duct obstruction, strabismus cataracts, glau-
coma, and retrolental fibroplasia Many of these disorders of the eye may
have a marked effect on the patient’s personality and consequently are
corrected by surgery before permanent personahty scars occur

In Chapter 1 (p 5) the psychological effects of deafness were dis-
cussed In addition there are several types of deformities of the ear which
tend to produce personality changes 1n children There are however very
few conditions of the ear which have a general systemic effect on the pa-
tient except chromc mastorditis which may lead to some anemia
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CHAPTER 12
ANESTHETIC AGENTS

In thus chapter 1s outlined the pharmacology of anesthetic agents as well
as the reasons for our preferences in pediatric anesthesia

GASEOUS ANESTHETICS
NITRQUS OXIDE

Advantages

1 A pleasant rapid induction and recovery with no adverse effects
2 A pleasant mduction for unpleasant drugs such as ether, trichlor-
ethylene and halothane (Fluothane)

3 A good analgesic for mildly analgesic anesthetics such as Fluothane,
barbiturates and tribromoethanol

4 A nonflammable gas to be combmed with other nonflammable
agents such as Fluothane trichlorethylene, heavy preanesthetic sedation,
Intravenous opiates or oprate-like arugs, rectal or intravenous barbiturates
rectal tnibromoethanol or local anesthetic agents

5 Compatible with all muscle relaxants

6 Compatble with adrenergic drugs

7 Does not depress or stimulate the circulation or respiration

8 Does nat increase the loss of blood

9 Does not cause nausea or vomiting

10 Serves as a diluent for high oxygen concentration i prolonged
operations

185
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4 Pronc to cause Inryngospasm, either duning mnduction or emergence
This 15 very rare with controlled respiration, and it can be alleviated readily
with mtramusculir or intrivenous succinyicholine

5 Marhed depression of respiration, requining assisted or controlled
respiration to avoid respiratory acidosis and postopertive shack

6 Produces poor muscular relixation with unassisted spontancous
respiration There 1s marked improvement n the muscle relaxation When
cyclopropane 1s admimstered with adequate pulmonary ventifation

Tn spite of these disadvantages, cyclopropanc 15 one of the safest of ail
the potent anesthetic agents used m pediatric ancsthesia, providing the
anesthesiologst fulfills three requrements (1) momtors the heart con-
tinuously to avord averdosage, (2) uscs endotracheal anesthesia, and (3)
avouds hypoventdation

VOLATILE LIQUID ANESTHETICS
DIETHYL ETHER

Advantages

1 Easily portable and readily available 1n an emergency

2 Wide margin of safety in healthy patients

3 Sumulates respiration

4 Infrequency of severe laryngospasm

5 In hght doses mamtains myocardial tone, supposedly by output
of epimephrine

6 Provides muscle relaxation with only mild depression of respira-
tion and cireulation

7 Reduces dlotting nme

8 Can decrease arntabihity of the heart

9 Compatible with epinephrine

Disadvantages

1 Flammable and explosive
2 Tachycardia

3 1 pauents with some degree of myocarditis either nutritional or
mfectious m ongin, show early reduction n tone of the myocardium

somewhat abrupt cardiac dilatation, and peripheral dilatation, with brady-
cardia and reduced cardiac output (Fig 78)
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Disadvantage

1 Inability to provide swuitablc surgical conditions without causing
hypoxia

Nitrous oxide 1s widely used in pediatric 1nesthesiology because its only
fault mmpotency can be overcome by combining it with a small amount
of more potent anesthetic agents, and even then such a combmation pro-
vides one of the least toxic anesthetic method?

CYCLOPROPANE

Advantages

1 Nomrrtating

2 Pleasant, rapid mduction and emergence (40 per cent cyclopro-
panc produces unconsciousness within two or three breaths)

3 Cyclopropane and artifictal pulmonary ventilation produce apnea
and muscle relaxation in a few minutes thercby providing excellent con
ditsons for intubation

4 Produces a moderate degree of skeletal relaxation for surgery
Does not reduce may even increase cardiac tone and output
Blood sugar and electrolyte and fluid balance remam normal
No ncrease in fixed acids of blood
Does not produce hemoconcentration or encourage thrombosis

9 Increases very little the loss of body fluuds through the respiratory
tract or by sweating

10 Does not interfere with penistalss
11 Compatible with muscle relaxants

00O\

Disadvantages

1 Increased bleeding at operative site

2 Flammable and explosive Explosiveness can be reduced by the
addition of helum or other mert gases

3 Increased cardiac irmtability giving rise to bradycardia premature
beats ventricular tachycardia or ventricular fibrllaton Irntability may
be decreased with barbiturates procamne, ether qumdine or atropmne
Cardac 1mitability may be augmented by carbon dioxide retention digt
talis, hypothermia, or vasopressors particularly those with a catechol
nucleus such as epinephrme norepmephrime or 3,4-dihydroxyphenylpro-
panolamme hydrochloride (Cobefrin)
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DIVINYL LTHIR (VINCTIIENE) and ETHYL VINYL
ETIER (VINAMAR)

Advantages

Good analgesics

Nonirntating induction agents

Raprd induction, but slower than cyclopropanc

Do not increase the wrrtability of the myocardium

Readily portable

Wide margin of safety

Respiration not markedly depressed 1f deep planes are avorded
No laryngospasm

00~ Y B W —

Disadvantages

1 Weak agents

2 Flammable and explosive

3 Nausea and vormuting frequently seen

4 Convulstons common during induction

5 Useful only for short periods of analgesia

6 Cause considerable increase n secretions in the respiratory tract,
and may cause diaphoresis 1f administration 1s prolonged

7 Do not produce muscle relaxation satisfactory for abdominal sur-
gery

8 Cause acidosis

Both divinyl ether (Vinethene) and ethyl viny! ether (Vinamar) are
disappearing from the field of pediatric anesthesiology, readily under-
standable 1f the disadvantages of these agents are considered for there
are too many other agents with superior attributes Both these agents are
relegated to the position of induction agents for open drop ether, which

also 15 seldom employed by the experienced pediatric anesthesiolo
gist

ETHYL CHLORIDE
Adyantages
1 Quick pleasant induction and recovery with mimmal nausea and

vomting
2 Quickly volatihized
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4 Hemoconcentration—slight increase 1n viscosity of blood

5 Can causc nonfatal convulsions early in anesthesia either from
the cther or carbon dioxide retention

6 Can cause convulstons late 1 ancsthesia from a combination of de
hydration, starvation, hyperthermia, and carbon dioxide excess This type
may be fatal

7 Severe loss of body fluds 1 shin and lungs if no belladonna pre

medication has been given, and very severe loss if morphine alone has been
given

Heart Ether
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Fig 78 Diethyl ether—marked brady o 20 40 60
cardia resulting from overdose Minutes

8 Moderate metabolic actdosis 1n all infants under one year of age,
producing a mean fall 1n bicarbonate of 5 2 mEq per hiter, mild metabolic
acidosis 1 50 per cent of patients one to twelve years of age Metabolic
acidosts 15 due partly to production of lactic acid and partly to increased
phosphates sulfates and keto acids

9 Fall n serum potassium

10 Deep ether with curariform drugs can cause a prolonged apnea

11 Rise 1 blood sugar up to 100 per cent

12 Severe postoperative nausea and vomiting

13 Induction and recovery from anesthesia may be very prolonged

14 To avoid respiratory depression, hypoxia, and prolonged induction,
preanesthetic sedation should be minmal when diethyl ether 1s used with
open drop techmc

Because 1t stimulates respiration ether 1s the safest agent for the un-
skilled anesthesiologist However because of its pungency, myocardial
depression  gross disturbance of bodily functions, often prolonged nduc-
tion and recovery trmes with postoperative nausea and emess, and un-
pleasant memory for the pattent, skiled anesthesiologists prefer other

agents
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4 Increases wrmtability of the myocardium and 15 mcompatible with
cpmephnne

5 Cannot be used with carbon dioxide absorbers

6 Prolonged nduction and rccovery

7 Increased salivary sceretion without belladonna premedication

Trichlorethylenc serves 1 useful role s 1 more potent nonexplosive 10~
halation agent when used s an adjunct to mitrous oxide anesthesia

HALOTHANE (FLUOTHANE)

Advantages

1 Nonflammable and nonexplosive

Pleasant odor

Can be used with the absorption technic

Rapid comfortable mduction

Less tendency to produce laryngospasm than many other agents

No 1ncrease mn sahvary or bronchial secretions

No mncrease 1n dsaphoresis

Suffictent faryngeal and jaw muscle relaxation for ntubation
9 Compatible with succinylcholine and decamethomum (Syncurine)
10 Decreased bleeding even without hypotension
11 Decreased contact cardiac irntabiity may be uscful 1n open heart

surgery
12 Mimimal postoperative nausea and vomiting
13 Recovery from anesthesia 1s rapid

2
3
4
5
6
7
8

Disadvantages
1 Not a good analgestc

2 Marked tendency to produce hypotension with increasing concen-
trations, severe blood loss, traction on viscera postural changes curare-
ke drugs (tubocurarine gallamine) or mn il patients

3 Respiratory depression

4 Moderate abdommnal muscle relaxation

5 When used with vasopressors with a catechol nucleus such as
epinephnne or Cobefnin, 1t can cwse ventricular fibniltation

6 Atnoventricular dissociation seen frequently

7 Postoperatnely diretic hypohalemia can occur



190 ANESTHETIC ACENTS, TICHNICS, AND EQUIPMENT

3 Sinus rhythm can be mamtamed if the patient 1s adequately atropin
1zed and deep planes are avoided
4 Excellent analgesic

Disadvantages

1 Low boiling pomt A considerable amount 1s volatilized and may
displace the oxygen n the mspired aur

2 Cardiotoxic It may cause severe cardiac depression or ventricular
fibrillation

3 Not compatible with epmephrine

4 Poor muscle relaxant

5 May cause an abrupt drop 1 blood pressure due to dilatation of
the heart and reduced myocardial tone with consequent reduction 1
cardiac output In nstances of cardiac arrest, duath may be avorded by
mflating the lungs raprdly with oxygen, opeming the chest and performing
cardiac massage

In the hands of one experienced 1 the admmstranion of ethyl chlonide
this agent still remains a most satisfactory one  Experienced anesthesiolo
gists very rarely admmister an overdosage of ethyl chlonide Nevertheless
1t 1s used infrequently since 1t has a narrower margmn of safety than many
other agents

TRICHLORETHYLENE

Advantages

1 Nonflammable and nonexplostve

2 Easily admnystered by means of an mbhaler

3 Useful for very brief operations such as myningotomy, abscess
dramage or to fortify mtrous oxide anesthesia when nonexplosive anes
thetic technic 1s mandatory

4 Good analgesic

5 Mmmal postoperative vomiting

6 Recadily portable

Disadvantages

1 Unpleasant odor
2 Does not produce muscle relaxation

3 Tachypnea
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Disadvantages

1 Difficulty 1 cannuirting small vemns in chubby arms

2 Poor analgesics

3 No rapid reversal m mstances of overdosage

4 Danger of direct depression of myocardial tone, ditatation of heart,
marhed reduction of cardine output, and reduced oxvgen saturation of
the blood (Fyg 79) They are cxtremely hazardous in congenital heart dis-
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ease cardiac fallure anemia, shock, and myocarditis from nfection mal-
nutrition, or in other patients with reduced myocardal reserve Cardiac de-
presston can be partly counteracted by use of vasopressor drugs

5§ Dilatation of peripheral vascular svstem

6 Respiratory acidosis from hypoventilation

7 Laryngeal reflexes hyperacuve may cause severe, sustaned laryn-
gospasm with sustained spasm of chest muscles and marked reduction 1n
aheolar oxygen It 13 not easily reheved except by muscle relaxants

8 Hazardous m patents with history of asthma, n whom the bar-
biturates may cause bronchospasm and spasm of muscles of respiration

bined with fary It may be overcome by use of muscle re-
laxant given itravenously or itramuscularly

9 Inadequate muscle relaxation for abdominal surgery

10 Prolonged hypnosis can occur in 1l patients, with hypothyroid dss-
easc or when large amounts of thiobarbiturates are given
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As a rule, the patient 1s anesthetized with a 2 Iiter flow of oxygen, a 2
Iiter flow of mitrous oxide, and a 2 per cent concentration of Fluothane
During the mmtial trials with Fluothane the nonrebreathing techmc was
used but as the anesthesiologist gamed experience with this agent, he
adopted the circle filter technic and controlled respiration The vaponzers
that we presently use are the copper Aettle, Fluotec, and FN' S The mitrous
oxide 1s required to provide analgesta with the safer lower concentrations
of Fluothane

The heart 1s monitored continuously with a precordial stethoscope and
the blood pressure ts momtored continuously durmg mduction and priot
to sntubation, for we have discovered that even a pink looking pattent
may have naudible heart sounds unobtamable blood pressure, and 1m
palpable pulse A rapidly decreasing blood pressure calls for an ymmediate
decrease in the concentration or, at times, discontinuation of the admmn
sstration of the Fluothane

Following mtubation the blood pressure normally mises, and anesthesia
1s maintamned with approximately 0 5 to 1 0 per cent Fluothane With the
lowered concentration, the blood pressure usually remarns at a satisfactory
level

In spite of the widespread use and attendant popular acclaim of Fluo-
thane, many anesthestologists report mcidents of severe cardiac depression
requiring open thoracotomy and cardiac massage It 1s our opiion how
ever that the number of such meidents 1s decreasing because the anesthest
ologst 1s cultivating a real appreciation of what 1s meant by constant mont
tonng of the cardiovascular system

NONVOLATILE DRUGS

BARBITURATES—THIOPENTAL (PENTOTHAL) and
THIAMYLAL (SURITAL)

Advantages

Nonflammable and nonexplosive

Comfortable, rapid mduction

Reduce irmtability of myocardizm

Flurd and electrolyte balance unchanged

Blood sugar 1s unchanged

Do not cause hemoconcentration, may actually produce hemodiu

A nwN -

tion
Prevent pausea and vomiting postoperatively

-



ANESTHETIC ACENTS 195

courages 1s widesprend use, sthee other cqually satisfactory agents and
methods for induction and sedtion e now avalnble

LOCAL ANESTHITIC AGENTS
PROCAINC

Long the standard of local ancsthetic agents, procamne s still used ex-
tensnely mn filtranve or block regional anesthesia in nfants and chil-
dren duc to 1ts relatively Jow toxicity and availabibty However, as s the
case with all mjectables, and more especially m children, the possibility
of rapid absorption must be kept n mind The total dosage of procamne
should not exceed 20 mg per kg of body weight, however, since concen-
tration 15 also a major factor m absorption rate, 1t 15 advisable to keep
the concentration as Jow as possible, preferably around 05 per cent

Diffusibility may be enhanced by the addition of hyaluronidase, while
absorption may be retarded and effect prolonged by the addition of
epinephring, even i concentrations as Jow as 1 200,000

While many of the other local anesthetic agents are also topical anes-
thetics to the mucous membranes, procane defimtely does not possuss this
property and 1ts attempted use for this purpose should be avoided

LIDOCAINE (AYLOCAINE) and TETRACAINE (PONTOCAINE)

Definitely superior to procame 1 profundity of anesthesia and diffusi-
biitv  hdocame and tetracame also have absolute toxicities greater than
that of procaine therefore to avoid convulsions, somnolence and circula-
tory depression 1t 1s even more essential 1 pediatric anesthesia to use only
miumumal concentrations and dosages of these drugs

In contrast to procame, these agents possess topical anesthetic prop
ertics, and frequently are used as such either by direct application or by
mcorporation as the active agent mn water-soluble anesthetic lubricants

Except m the very small young nfant who can be readily restratned,
local anesthetic agents are seldom used alone, but rather frequently n
combmation with light mhalation anesthesia Extremely 1ll patients are

often managed 1n this manner, since many of the disadvintages of deep
whalation anesthesia are thercby avoided

HYPOTENSIVE AGLNTS

Following the imtial wave of enthusiasm the use of hypotensive drugs
has declined to the powmnt where they are usually employed in pediatric
anesthesiclogy only n those selected neurosurgical cases where removal



194 ANESTHETIC AGENTS, TECHMICS, AND EQUIPMENT

The thiobarbiturates are used 1n pediatric anesthestology either as an
induction agent, often preferred by older children, or as a basal anesthehic
agent combined with other agents Their use 1s not restricted to any a,¢
group We have given them slowly ntravenously, 1n small dosages of 5
to 10 mg to the healthy newborn infant In the mentally disturbed patient
the thiobarbiturates given rectally may be most helpful in placating the
pauent

The thiobarbiturates can be given intermuttently mtravenously with
curartform drugs The patient 15 mtubated and the lungs ventlated with
oxygen A nse mn blood pressurc mdicates hight ancsthesia and calls for
another njection of the agents

TRIBROMOETHANOL WITH AMYLENE HYDRATE

Adsantages

1 Nonexplosive and nonflammable cven when vaporized

2 Can be admimstered rectally which to most children s more com
fortable than the wsertion of a necdle

3 No laryngospasm

4 Doces not mcrease intability of myocardium No cardiac arrhyth
nuas when gven with adequate oxygen

5 Shght muscle relaxation, greater than with barbiturates

6 Decreases ocular pressure

Disadvantages

1 Shght or no analgesic properties

2 Depression of tdal volume with only shight or no reductuon in
respiratory rate

3 Danger of hypoxia and respiratory acidosis

4 Occasional hypotension easily counteracted by a vasopressor

5 Prolonged recovery when combined with opiates

6 Unpredictable absorption via rectal route, evacuation may OccLr
at any time after administratron

7 Solutions over 3 per cent are rritating to the tissucs

As a preanesthetic medscation, tribromoethanol 1s one of the most re-
iable although Mhe the barbiturates 1t 1s not analgesic and 1s used
chiefly because of its comfortable effects It should never be given with
opiates, for then the recovery period 15 markedly prolonged The necessity
of prepanng the solution each day and giving a cleansing enema di
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2 In infants, spontancous respiration returns rapidly following apnea

Disadvantages

1 Prolonged apnea may occur—of greater mcidence in children over
four years of age

2 No adequate and reliable antidote for the apnea, although infusion
with blood or 5 per cent dextrose 1n water has been recommended

3 Recovery from muscle relaxation may be abrupt and produce 1n-
creased tone of the abdomunal muscles and regurgitation of stomach con-
tents with aspiration into the trachea especially if the anesthesia 1s hght
During recovery, the increased tone of the respiratory muscles may cause
marked reduction m the reserve of alveolar oxygen, and hypoxia may ensue
quickly

4 May produce a cholinergic-like myocardial effect with severe brady-
cardia drop 1n blood pressure and, rarely, cyanosis (Fig 80)

IO
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Fig 80 Succmylcholine chloride during Fluoth th (A} El dio
gram lead 2 showing bradycardia (B) Brachial arterial blood pressure showng

drop i blood pressure concomutant with bradycardia (C) Right ventricular pressures
only shightly reduced because of presence of pure pulmonic stenosts withont shunt

. ]l i i

5 The profound muscle relaxation may cause a pooling of blood mn
the abdomnal viscera reducing the mght atnal filling and eventually the
nght and left ventricular output

6 Stomach ss readily distended with gas if artificial respiration 1s at-
tempted with a bag and mask while abdomnal muscles are flaccid



196 ANESTHETIC ACENTS, TECHNICS, AND EQUIPMENT

of the lesion 1s greatly facilitated by hypotensive technics They are used
rarely 1n children and never 1n infants

MUSCLL RCLANANTS

TUBOCURARINE and GALLAMINE (FLAXEDIL)

Advantages

1 Profound muscle relaxation

2 Gradual muscle relaxation without fasciculation

3 Gallamne 1ncreases the heart rate

4 No ncrease 1n ntraocular tension so advantageous m ntraocular
surgery

5 No systemic effects except a profound hypotension when used with
Fluothane or when used n very large dosages

Disadvantages

Tubocurarme or gallamine can be used to good advantage m older chi
dren but because they tend to have a prolonged effect m mfants and
young children they are rarely employed in this age group

They may also have a prolonged effect in patients with myasthema
gravis myasthema gravis tendency, with deep ether anesthesia, or i con
junction with magnesium sulfate giving nise to dangerous postoperatnveé
respiratory complicattons such as hypoventilation and atelectdisis

If examination of the patient s chest at the end of anesthesia discloses
mspiratory mtercostal lag an attempt should be made to restore the tone
of the resprratory muscles This 1s done by first admimstening atropine
and increasing the heart rate followed by mtravenous edrophontum (Tensi-
lon) or neostigmme (Prostigmin) to restore muscular tonus The atropine
1s used to block the dangerous muscannic effects depression of the myo
cardium dilatation of the peripheral blood vessels excessive secretion 1
the resprratory tract and hyperperstalsis of the mtestine with defecation
and urnation

SUCCINYLCHOLINE CHLORIDE (ANECTINE)
(SUCOSTRIN) (QUELICIN)

Adsantages
1 Short-acting depolarizing agent causing profound muscle relaxation
Recovery of muscle tone 1s generally rapid and complete



ANESTHETIC ACINTS 199

6 Bourne W  Gascous Ancsthetics  Anesthesiology 8 227-35, 1947

7 Clement T W Nurons Oxde Oxygen Anesthesia Lea & Febiger, Phil
adelphia 1951

8§ Courtin R T' Bichford R G and Faulconer A, Jr The Classifica
tron and Significance of Efectro Encephalographic Patterns Produced by Nutrous
Oude Ether Anesthesia during Surgical Operations  Proc Staff Meet Mayo
Chn 25 197-206 1950

9 Egan C T Mixed Pentothal Curare Nitrous Oxide Anaesthesia for
Children and Infants A Technique and Dosage Scale for Rapid Intubation and
for Mamntenance Canad Anaesth Soc J 2 41-63 (Jan) 1955

10 Fieldman E F Rudley R W and Wood E H  Hemodynamic
Studies during Thiopental Sodivm and Nitrous Oxide Anesthesia in Humans
Anesthesiology 16 473-89 1955

11 Gilmore B J MacLachlan P L and Van Lierre E J  The Effect
of Hypouia Natrous Oxide and Ethylene on Blood Coagulation Anesth &
Analg 31136-40 1952

12 Mchesson E I Some Papers on Nurous Oxide Oxygen Anesthesia
Busmess New Publishing Co  Toledo Ohio 1953

13 Pearcy W C hnott J R and Bjurstrom R O Studies on Nitrous
Oxide Mepenidine and Levallorphan with Unipolar Electroencephalography
Anesthesiology 18 310-15, 1957

14 Webster C F and Van Bergen F H  Pentothal Curare Mixture with
Endotracheal Nitrous Oxide and Oxygen n Infants Bull Univ  Minnesota
Hosp & Minnesota M Found 20 525, 1949

EE

15 Jacobson E and Adelman M H  The Electrocardiographic Effects
of Intravenous Admimstration of Neostigmine and Atropine during Cyclo
propane Anesthesta Anesthesiology 15 407-15 1954

16 Lank B E Cyclopropane Anesthesia wn Infant Surgery J Am A
Nurse Anesthensts 15 3-11, 1947

17 Rence W G Cullen S C, and Hamilton W K Observations on the
Heart Sounds during Anesthesia with Cyclopropane or Ether Anesthesiology
17 26-29 1956

18 Robbins B H Cyclopropane Anesthesia Williams & Wilkins Co  Balu
more 1958

19 Stutzman J W Allen C R and Meek W J  The Prevention of
Cyclopropane Epmncphrine Tachycardia by Diethyl Ether  Aresthesiology
3259-64 1942

20 Stutzman J W Allen C R and Mcch W J  Response of the Digi
tln9h.<.z‘fd Heart to Cyclopropane and Epincphrine  Anesthesiology 3 64449

21 Orth O S Leigh M D Melish C H and Stutzman J W Action
of Sympathomimetic Amines in Cyclopropane Ether & Chloroform Anes
thesia  J Pharmacol & Exper Therap 671 (Sept) 1939



198 ANESTHETIC AGENTS, TFCH\ICS, AND FQUIPMENT

Sucemnylcholine chlonde 15 one of the most useful agents 1 pediatric
anesthestology  especially when muscle relaxation s required m the sery
young infant, since the infant tolerates succmyicholine remarkably welf
destroying the drug or at least neutrahzing 1ts effects so that respiration
returns very shortly It has two disadvantages which can be avorded The
first are bradycardia and hypotension which are more pronounced whun
it 18 combined with large doses of opiates cyclopropane, Fluothane of
barbiturates On the other hand this bradycardim and hypotension are
rarely seen m diethyl ether or divingl ether anesthesia This cholisrgic-
lke effect can be blocked with adequate atropine or scopolamine A fast
heart rate does not contraindicie the admmstration of atropine for even
a very rapid rate may be slowed considerably by succnylcholine

The second disadvantage 1s prolonged apnet We have never encoun
tered this complication an snfants, but have seen st twice i tno four yrar
old children who were given cther anesthesia and sucomylchohme Both
of these children had an apaca extending mto three or four hours How
ever, since we have been using succinylchohine 1n smaller dosages 05
mg per kg of body weight and repeatng this dosage if necessary, we have
not encountered prolonzed apnea

DECAMFTHONIUM (51 NCURINE)

Decamethonium s simiar m action to succmylcholine and 15 2 pro
longed depolanzer It 1 used sn oldur children for a longer lasting effect
than succinylcholine has, but, similar to succiylcholing, 1t can cause pro-
longed apnea
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Control of Pulmonary Ventilation The endotracheal techmc 15 the only
method that gives reliable control of pulmonary ventiation, providing
control of respiration without 1nfiation of the stomach when the abdom-
mal muscles are relaxed 1t 15 mandatory for all open thoracic operations,
for prone positioming of the patient, and for most operations 1n the region
of the head when the anesthesiologist 15 removed from the immediate
operative ficld

Removal of Ancsthesiologist from the Immediate Operative Dield In
operations 1 the region of the head and neck of the patient endotracheal
anesthesia allows the anesthestologist to be removed from the operative
field, thus assisting the work of the surgecon and removing a source of
contamination

Cleansing of Respiratory Tract Dunng or at the termination of the
operation, accumulations of respiratory tract secretions can be removed
by using a small polyethylene catheter n mfants, and a larger one n chil-
dren, mserting the catheter through a suction port m the angle piece This
stimulates the cough reflex and causes ejection of bronchial secretions
wmto the trachea The deep mnspiration which often follows the cough helps
to inflate many alveolar ducts and alveoli We make 1t a rule never to
leave the suction catheter in the endotracheal tube for too long, as sus-
tained coughing reduces the oxygen reservowr m the lungs and produces
hypoxia In il patients thms may be fatal Each aspiration 1s followed by
the admimistration of high oxygen concentrations and often by artificial
pulmonary ventilation Any bradycardia may indicate hypoxia or vagal
stmulation m fact, vagal simulation often produces a much more severe
bradycardia 1n the presence of hypoxia

Disadvantages

Offsetting these mportant advantages, there are some disadvantages
which to a large extent are mimmized with increased expericnce and
skill of the anesthesiologist

Obstruction to Amflow The mrflow through an endotracheal tube fol-
lows Poiseuilles law, that 1s flow rate vanes directly with the fourth
power of the mternal radiws of the tube and 1s mversely proportional to
eight imes the Jength of the tube Since the internal rads of the endo-
tracheal tube 15 much smaller than that of the trachea airflow 1n spon-
tancous respiration is considerably decreased As large a tube as pos-

sible with controlled breathing increases the flow rate to well above
normal
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also lowers body temperature and, 1n turn, reduces oxygen demand and
carbon diovide production, thercby decreasing the respiratory rate In
addition clothes and blankets are removed to keep the patient s tempera
tre Jow Small doses of sedatives ginve the patient rest and reduce his
actmaty, this too reduces the oxygen demand and carbon dioxide pro-
duction Quieter and slower breathing mduced by the sedative prevents
pulmonary edema when the aurway 1s narrowed The alarmimg nising pulse
rate and rising temperature are cheched and reversed by this treatment
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Fig 81 Cold mosst oxygen enriched atmosphere for care of child with laryngitis
following extubation

Seldom does an nfant or child require more than two days of this
treatment  but careful observation 1s necessary to avord other complica-
tons during this period On occasion, the sedation and mactivity may
cause atelectasts and such patients must be aroused and encouraged to
cough To achieve adequate coughing 1t may be necessary to employ
endotracheal suction with a small polyethylene catheter

It 1s mmportant to mamntam adequate flud mntake both preoperatively
and postoperatnely, for dehydration causes elevated temperature rapid
respiration and further irntation of any laryngeal edema which may occur
Hjydration 1s especially mandatory i hot chmates where children become
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Increased Risk of Trauma After extubation, there may be sore throat,
hoarseness and coughmng

Acaidentrl Removal of Teeth Around the sixth and seventh year of
Iife, the roots of the deciduous centrl 1ncisors become absorbed and often
the teeth are only superficially embedded 1n the gums If the laryngoscope
15 nserted roughly into the mouth, these tecth may be knocked out Al
though the nesthesiologist ordinanly can remove very loose teeth every
effort 1s made to preserve them If a tooth 1s knocked out and cannot be
located 1n the mouth, nasopharynx, or oropharynx a rocntgenological ex
amnation of the chest 1s made, so that the tooth may be remosed if 1t
has lodged m the pulmonary tract Some ancsthesiologists and surgeons
use mouth gags, n these cases the mouth gag 1s apt to dislodge the canne
teeth 1n the patient who 1s around ten years of age

Hemorrhage The lip may be caught between the teeth and the laryngo-
scope blade cutting the lip which may bleed profusely, or the blade of
the laryngoscope may gouge a prece of tissue out of the posterior pharyr
geal wall

Nasal intubation occasionally causes a very profuse hemorrhage but
well-lubricated tubes and careful msertion tend to mimmize this comphca
tion

Overdistention of Alveolt The alveolt of the newborn are easily over
distended with high pressure of gases in the trachca The hyperdistention
may cause rupture of the alveolar walls (emphysema), pneumothorax or
mediastinal and subcutancous emphysema

Subglottic Cdemn A mild subglotuc edema frequently occurring for
approxmmately the first hour followng extubation 1s usually due to the use
of too large an endotracheal tube prolonged intubation or contarmmnated
endotracheal tubes Although severe subglottic edema requining trachcos
tomy can occur, we have had only one such event in the past ten years

However once or twice a year we see a case of very scvefe traumatc
laryngits  necessitating our constant vigilance for several hours In such
cases we request consultation with an otolaryngologist who 15 experienced
1 cases of severe traumatic laryngitis and therefore does not hastily per
form an unnecessary tracheostomy Retractton and rapidity of resprration
should be observed, for retraction indicates madequate flow rate and m
creased respiratory rate mdicates carbon dioxide retention rapid breath
ing through the narrowed glottis soon results in pulmonary edema ind
exhaustion of the resprratory muscles Employment of cold moist atmos
phere 15 recommended which not only miumizes edema (Fig 81) but
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Improper Diameter of Tube A tube whose diameter 1s too Irge for the
glotus sometimes can be forced between the vocal cords, but will cause
unnecessary trauma often dangerous subglottic edema On the other hand,
a tube whose diameter 1s too smnll may cause partial obstruction to respi-
ration, preventing adequate pulmonary ventilation

Improper Length of Tube Too long a tube will pass nto one of the
broncht, causing atelectasis of the opposite lung, a common crror with
endotracheal ancsthesia m mfants Too short a tube also causes obstruc-
tion to respiration since on nspiration the glottis descends slightly, the
tube ships out of it, and the cords approximate

Foreign Bodies On three occasions during nasal intubation, shight re-
sistance to passage of the tube was encountered, and, on operung the
mouth foreign bodies were found in the pharynx These were two beads
and a small piece of rubber which the children had poked into their noses
at some previous time

Prolonged Induction Intubation need not necessarily prolong the induc-
tion A skillful exposure of the glottis with a laryngoscope and a dexterous
mtubation by experienced anesthestologists ¢n be performed rapidly

A review of these disadvantages makes 1t apparent that they are largely
the result of nexperience, and most of them can be avoided when care,
skill and good judgment are used by the anesthesiologist

Equipment

For infants and children there 1s a wide vanation i sizes of laryn-
goscopes and endotracheal tubes For each intubation, the anesthesiologist
should select the proper size of laryngoscope, endotracheal tube and con-
nector lubricant for the tube a doughnut-shaped headrest and a bite
block In order to facilitate this selection a detailed description of this
equipment will follow

Laryngoscopes The efficiency of each variety of laryngoscope 1s pri
manly 2 matter of experience with each type

Infants two or three weeks of age with cleft Iips and palates are among
the most difficult to intubate since the blade of the laryngoscope tends
to ship up mto the cleft and vision becomes obscured by a protruding
portion of the alveolar margin A special infant’s laryngoscope with a
short wide blade, 8 8 cm (3% 1n ) long 1s too short for most infants
over three months of age but 1s particularly adaptadle to these very young
nfants

Seyveral laryngoscopes are obtamnable which have three terchangeable
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dehydrated very rapidly Our jncidence of laryngeal edema after intuba
tron dropped sharply after we 1mtiated the practice of forcing clear fluds
orally until three hours preoperatively and gave copious amounts of m
travenous flinds on the operating table and postoperatively

Occastonally the cpiglottis itself becomes swollen and edematous caus
ing a shght degree of respiratory obstruction postoperatively

Granuloma of the Vocal Cords Although numerous instances of granu
foma of the vocal cords mn adults have been reported, we have never seen
or known of such a complication in nfants or children

Obstructed Tubes The lumen of all endotracheal tubes should be ex
ammed to ensure patency, this 1s one advantage of heeping a stylet in the
tube while not m use Once we noted a very small endotracheal tube with
a complete diaphragm of rubber halfway along its length Then agam, the
lumen of small tubes while 1n place become blocked with mspissated blood
and secretion avordable m infants by wntermuttent aspication of the endo-
tracheal tubes

Thmn walled rubber endotracheal tubes or new Portex tubes are apt to
soften and khink The commonest sites of hinks arc at the angle of the
mouth just below the attachment of the angle piece, or i the pharynx

The lumen of the tube may become narrowed or occluded when the
patient 1s 1n Iight anesthesia and bites on the tube, if a bite block 1s not
nserted

Long beveled tubes may have their distal openimgs blocked by bemng
pushed against the wall of the trachea or bronchus, with complete o¢
clusion Alleviation of the blockage by rotation of the tube and slight with
drawal confirms the diagnosis

Aspirated Tubes When using nasotracheal tubes for tonsillectomy and
adenowdectomy the sharp adenotome may sever the lower end of the tube
This has occurred twice n our experrence On one occaston the child
coughed up the cut part of the tubc and on the second oucaston 1t was
removed through a bronchoscope

Separation of Angle Preces If the angle prece 1s too small 1t may shp
out of the endotracheal tube The nside diameter of the angle piece should
be as large as the inside drameter of the endotracheal tube If the angle
piece 1S 100 large the elasticity of the rubber or plastic tube squeezes it
off, and the endotracheal tube usually disappears rapidly down the trachea
On one occasion no part was visible above the vocal cords nor did the
patient cough 1n Iight anesthesta so bronchoscopic removal of the tube
under deeper anesthesta was necessary
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availble m sl even numbered sizes from Nos 10 to 40 French, allow-
g for 1 gradually increasing dinmeter with increased age of the chidd A
gum rubber tube with a wire coil cmbodied in the wall 1s much less likely
to hink and 15 espeeitlly uscful for cascs which do not permut easy access
to the head duning surgery (Fig 84) It 1s best to use 1 lubricated ob-

Fig 84 Gum rubber tube with wire coll remnforcement and stiff proxuimal sleeve
to reduce kinking

Fig 85 Cross section of DuPaco endo
tracheal tube connector showing gradual
tapering of lumen to mummize turbylence

turator 1n the lumen of this tube when it 1s being mserted Much of the
obstruction to airflow m endotracheal anesthesia i infants 1s duc to the
small connectors and therr design This difficulty can be overcome n
part by mnserting the largest possible connector mnto the endotracheal tube
or better stll by using one which has less turbulence because of the
gradual narrowing of the connector (Fig 85) For some years Cole has
been concerned with this problem of small endotracheal tubes and con-
nectors mn mnfants and to mmimize the obstruction to arflow and also to
avoid advertent endobronchial intubation he designed a tube (Fig 86)
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blades of varying lengths In a pediatric hospital an infant laryngoscope,
along with the small and medium changeable blades of the adult laryn
goscope, serves all purposes

Immediately after the laryngoscope s used, the blade 15 carefully
scrubbed with soap and water, ninsed with a copious flow of water and
dried

Endotracheal Tubes and Connectors Several important features, neg
ligible in adult anesthesia make the choiwce of an infants or child s endo-
tracheal tube difficult The wall of the tube must be as thin as 1s consistent
with adequate firmness, especially important in tubes for smaller mfants
where a thick-walled tube would slow the airflow 1n and out of the lungs
These tubes are made of either rubber or plastic A thin walled firm plastc
tube called the Snowite (Fig 82) 1s casy to insert cven during sesere,
laryngospasm, nor does 1t occlude easily with hinking Nevertheless, even
the Snowite when 1t gets warmed 1n the mouth may kink (Fig 83) Itis

Fig 82 Snowite tube with large bore angle prece

Fig 83 Snowe tube showing kinking at end of angle prece from warmth of mouth
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urements, of course, are not absolute for every patient, however, since
the size of the larynx depends more on age than weight, 1t 1s surpnsing
how closely the tube diameter can be approximated by this method

If a large number of tubes arc to be used by an anesthesiologist 1 a
morning, he prepares these tubes with their angle preces which are scldom
removed, and over the suction port of each tube he places a prece of
adhesive tape on which he marks the age of the patient for whom
the tube 15 selected, thereby enabling um to identify quickly the proper
tube
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Cleansing and Sterization As soon as possible after extubation, the
endotracheal tubes and fitted connectors are cleansed with soap and \\,a!cr
;\ pipe cleaner 1s passed down the lumens of the smaller tubes, 1n the
arger tubes a small brush is used for this purpose The tubes are soaked
m aqueous Zephiran 1 1000, and washed thoroughly In addition, once
a week all endatracheal tubes are agamn sterilized n the above manner
Coled gum rubber tubes are kept 1n the refrigerator
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m which the part 1n the pharynx and the mouth 1s of much larger diameter
than the part below the glottis

Diameter A definite rule on the diameter of the tube used for each age
group 1s mmpossible, since there 1s constderable overlapping An attempt
1s made to choose a tube large enough to fit the glotts snugly but not
tightly Cachectic children who have had hypowa or acidosis with rapid
resprration tend to have a larger glotuc opening than normal for their age
these children ordinanly have large nares and show an accentuation of
mtercostal actinity on nspiration  For example an eleven month-old ca
chectic infant with 2 Wilms’ tumor was eastly intubated with a tube of
7% mm diameter, which might be too large for some three year-old chil-
dren In the newborn we employ a tube with either a 4 6 mm or 53 mm
diameter The flow rate 1n a tube of 46 mm diameter 1s about doubls
that 1n a 4 mm diameter tube

Fig 86 Cole tube

Length The length of oral endotracheal tubes can be measured approu
mately by taking the distance from the tip of the nose to the lobe of the
ear and adding 1 10 2 c¢m to this measurement 1n nfants, or 2 to 5 cm
m older children The trachea being only 4 to 6 cm long invites wnad
vertent endobronchial intubatton Infants are sometimes diaphragmatic
breathers causing a shight descent and ascent of the bifurcation of the
trachea with mspiration and exprration which further enhances the nsh
of endobronchial intubauon

Nasal endotracheal tubes are somewhat longer than oral tubes For
children from one to four years the length of the tube 1s taken as 134
times the distance from the tip of the nose to the lobe of the ear, from
four to twelve years 1t 1s ¥, times the distance from nose to ear

For some time we have used a modification of the Foregger measure
(Fig 87) for endotracheal tubes We prefer a metal gauge with a taper-
g slot down the center for measuring accurately the external diameter
Along the nght side 15 a scale in millimeters of varying external diameters
of endotracheal tubes Oppostte this 1s the average age for which that size 1S
switable For example a4 6 mm (No 14 French) diameter tube 15 usuallv
suitable for a newborn On the left side of the scale the length of the tube
15 measured 1 centimeters according to the age of the chuld These meas
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urements of course, arc not absolute for every patient, however, since
the size of the larynx depends more on nge than weight, 1t 1s surprising
how closely the tube diameter can be approximated by this method

If a large number of tubes are to be used by an anesthesiologist 1 a
mormng, he prepares these tubes with their angle picces which are scldom
removed, and over the suction port of cach tube he places a piece of
adhesne tape on which he marks the age of the patient for whom
the tube 1s selected, thereby enabling him to identify quickly the proper
tube
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endC::,:a?}:ng and Sterilizaton As soon as posstble after extubation the

A e c]cal tubes and fitted connectors are cleansed with soap and water

heger mbeaner 1s passed down the lumens of the smaller tubes, in the

n aqucmlesza‘:sma]l brush 1s used for this purpose The tubes are soaked

2 vek ans phiran 1 1000 and washed thoroughly In addition, once

Cotog endotracheal tubes are agan sterihzed tn the above manner
Bum rubber tubes are kept i the refrigerator
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Lubncant Lubricant for the tubes 1s very smportant 1n mfants and chi
dren Our present practice 15 to use sterile Pontocamne (¥4 per cent) jelly

A fat-free, water-soluble base 15 ustd both to prevent the detenoration
of the tube and to avoid the entrance of a hpord 1nto the lungs A small
amount of the jelly, kept 1n stoppered collapsible tubes, 15 applied to the
endotracheal tube just prior to msertion

The lubricant tends to allow mamntenance of a much hghter plane of
ancsthesia and 1o reduce laryngospasm on extubauon The argument that
aspiration of foreign material 1s facilitated because the cords are Jeft wide
open following extut ss more theoretical than factual, since all pro
tective pharyngeal reflexes are still active

Headrest A headrest 1s not esseatial but helps to elevate the head and
keep 1t from rolhing laterwily The comvement doughnut shaped headrest
designed by Waters 1s constructed of cotton waste wound tightly with 2
gauze bandage The outside 15 covesed with otlcloth dipped n latex and
a smnjl washable slip cover encloses it when in use Mimature rubber tires
with a cotton cover also have buen used with good effect for this purpos.

Bite Block The ancsthesiologist should have some means of keeping
the teeth apart following mtubation This can be a tightly rolled plug of
gauze with a long tape ou 1t which can be strapped to the outside of the
cheek preventing the gauze roll from falling into the pharynx A pharyn
geal airway or a mouth gag serves the same purpose

Intubation Procedure

Visual Oral Intubation With all the endotracheal equipment ready at
hand on a table the patient ts anesthetized to the pomnt of relaxation of
the jaw muscles and obtundation of laryngeal and pharyngeal reflexes
For skill dextenty, speed and gentleness 1t s convenient 1o follow a defi
nite routine herem described for the benefit of the student

1 The headrest 1s placed under the patient s head

2 The endotracheal tube 15 lubricated (Fig 88) and placed on a clean
towel to the night of the patient s head

3 The laryngoscope hght 15 tested agamn and then the laryngoscope 15
grasped firmly by the handle i the left hand Better control of the laryn
goscope can be obtained by holding the handle down near the blade

4 At the last moment the anesthetic mask 1s removed from the pa
tient s face

5 The palm of the right hand presses backward on the forehead
extending the head and nech
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Lubncant

Fig 88 Endotracheal tubes
with angle pieces lubricant and
infant laryngoscope

6 The tip of the nght middle finger opens the mouth and depresses
the lower hip (Fig 89)

7 The laryngoscope blade 15 inserted mto the right side of the patient s
mouth (Fig 90) with the handle of the laryngoscope first pomnting toward

Fiz 89 Intubation Right muddle finger opens mouth and depresses lower lip Head
clevated on  doughnut
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Fig 90 Intubanon Larypgoscope blade inserted m nght sde of babys mouth,
handle pomtng toward patients night shoulder Head clevated on “doughnut”

the patient s night shoulder since otherwise 1t mav bump aganst the chest.
After the Ylade 15 inserted 1nto the mouth the handle can be swung around
to the mudlne (Fig 91) The anesthesiologst holds hs Jeft elbow clase
to lus side and lus left hand on the laryngoscope hfts the lower jaw for-
ward and upward If properly done, no pressure 1s exerted on the upper
teeth or gum margn

8 The up of the laryngoscope blade 15 advanced down along the
nght side of the tongue and Iufts the up of the epiglottss forward. A good
exposure of the glotuis 1s now obtamed

9 The endotrachen] tube 15 now piched up with the tips of the thumb
and mdex finger of the nght hand and the end of the tube 15 gwded down
mto the glots (Fig 92) The view of the gloths must be mamntamed
during the msertion of the tube accomplished by loohing down the laryn
goscope and bringing the endotracheal tube 1n from the nght side, down
near the tip of the blade

At this pownt there 15 2 shight vanaton from adult mtubation, m order

to msert the proper-sized tube 1t may be necessary to rotate the tube
through 180 deg as 1t is being passed through the glottc openng



Fig 91 Intubation Laryngoscope handle swinging around to mudline Head
clevated on doughnut

of end heal tube Head elevated on  doughnut®

213



212 ANESTHETIC ACENTS, TECHNICS, AND EQUIPMENT

Fig 90 Iatbanon Laryngoscope blade mmserted tn mght sxde of bahys mouﬂl
handie pointing toward patients nght Ider Head el on

the patient s right shoulder, since otherwise it may bump agamnst the chest.
After the blade 15 mserted nto the mouth, the handle can be swung around
to the mudline (Fig 91) The anesthestologist holds his left elbow close
to Iis side, and Ins left hand on the laryngoscope lifts the lower jaw for
ward and upward If propetly done, no pressure 15 exerted on the upper
teeth or gum margm

8 The tp of the [aryngoscope blade 1s advanced down along the
night side of the tongue, and lifts the tip of the epiglottis forward A good
exposure of the glottis 1s now obtamed

9 The endotracheal tube 1s now picked up with the tips of the thumb
and 1ndex finger of the nght hand and the end of the tube 15 gmded down
mto the glots (Fig 92) The view of the glottis must be maintamed
during the msertion of the tube, accomplished by looking down the Jaryn
goscope and bringing the endotracheal tube 1n from the nght side, down
near the tip of the blade

At ttus pomt, there 1s a shght variation from adult 1ntubation, n order
to msert the proper-sized tube 1t may be necessary to rotate the tube
through 180 deg as 1t 1s being passed through the glottic opening
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Tactile Oral Intubation This method 15 used occasionaily when 1 faryn-
goscope 15 not naible The ancsthesiologist stands at the left side of the
patient He pulls out the tongue, passes the mdex and middle fingers of
the left hand nto the mouth and palpates the rytenoids and epiglotiis
The cndotracheal tube 1s held m the night hand and 15 gwided down the
anterior surface of the left hand and fingers, thence forward nto the
glotic opening

Visual Nasal Intubation When the patient 1s sufficiently ancsthetized so
that the jaw 15 relaxed the well-lubnicated twbe 15 passed gently down
along the floor of the nostrl If the head 1s well extended, generally the
tube will ship past this region without trauma The laryngoscope 15 then
mserted 1nto the mouth and the glotus exposed The endotracheal tube 1s
pushed further through the nose and the tip of the tube gwided toward
the glotus The extreme tip of the tube 1s grasped n the Magill forceps
and guided 1nto the glotis As a rule, as large a tube can be passed nasally
as orally, due fo the distensibility of the side of the nose

Tactile Nasal Intubation This 15 very simular 1o the tactile oral method,
with the advantage that the tube 1s bemng supported by the nose

Biind Nasal Intubation This procedure can be carried out 1n any age
group It 1s immaterial which way the bevel faces Well-curved and well-
lubricated tubes should be used As soon as the tube has passed the ade-
nod region the head 15 placed 1n the “smiffing’ position and the anes-
thestologist listens carefully to the breath sounds It 1s quite evident when
the tube 15 1n the glotuic cup The tube mav pass easily between the vocal
cords howcver, 1t often impinges on one of the voeal cords

Although the mtubation 1s completed there are one or two points which
should be checked by the anesthestologist Immediately following the m-
sertion of the tube, the breathmg often stops, especially 1 the nfant One
should gently compress either the chest or abdomen once or twice and
histen for the breath sounds passing 1n and out of the tube With this as-
surance, the lungs can be mflated with oxvgen from an anesthetc ma
chine The anesthesiologist should listen to the breath sounds 1n the an-
t:x;:“—(;::e ‘fhgslte ;?0;:; (I}El hlrcf::thhsounds are absent on the upper night
hows early ond greater on c:mesm : ‘ehs\ o; if the night side of the thorax
ught stded endobronchial :Kr):tuban Rarey e 15 strong eudence of

on Rarely does an overly long endo
tracheal tube enter the left bronchus When the endotracheal tube s 1n
Place we strap st to the face with two pieces of adhesive, the middle part
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10 The laryngoscope 1s removed gently from the mouth A wise pre
caution 1s to hold the endotracheal tube in place with the nght hand whde
this 15 being done

11 The connector of the endotracheal tube 1s attached to the anes
thetic apparatus and the lungs inflated with oxygen immediately

12 The bute block 1s placed between the teeth

13 The head 15 taken off the headrest and the headrest placed under
the patient s shoulders

14 The tube 15 strapped to the face with adhesive (Fig 93)

=T

Fig 93 Endotracheal tube strapped in place with adhesive made fast to face
{A) Adhesive around tube and (B) adh around (C) wide
adhestve encircles connector for prone brain positions

When using a Macintosh laryngoscope a different procedure 1s followed
The laryngoscope blade 15 mnserted m the middle of the mouth and the
tip of the blade 1s pushed firmly mto the base of the tongue super:or t0
the epiglotis This causes the epiglotus to rotate anteriorly so that the
glotis comes nto view In infants because the hyord and thyroid bones
are fused and the epiglottis 1s small and 1s angled more postertorly Wwe
use a straight blade employing the same technic as described for a Macin
tosh laryngoscope

Some anesthesiologists intubate awake newborn mfants or pahents with
partial respiratory obstruction This 1s considered safe, since spontaneous
resprration 1s mamtained



Fig 96 Lateral Trendelenburg position with large suction fip available at close

of anesthesia
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of each passing around the endotracheal tube proximal or distal to the
asprating port

Dunng operation on small mfants where the hard palate 1s accessible,
we hold a finger on «t inside the mouth and extend the head This provides
more direct alignment of the endotracheal tube and prevents its kmking
or flattemng by the acute curvature at the pharyngeal region which occurs
when the head 1s flexed However, in operations where the endotracheal
tube has to be moved frequently from one side of the mouth to the other,
as m tonsilectomy adhesive strapping to the face 1s omutted

Extubatton

The patent 15 extubated duning esther deep or hght anesthesia, but
when spontaneous respssation ss present The pharynx and endotracheal
tube are aspirated frequently with a soft rubber catheter (Figs 94 and 95)

!

Fig 94 Endotracheal suction through connector port at close of anesthesia

and the lungs wflated with oxygen In deep anesthesia extubation, the
endotracheal tube 1s removed an oropharyngeal airway imserted, and &
mask and bag with high oxygen concentration applied to the face Should
any wndication of voming occur, the patient 1s placed 1n the lateral Tren
delenburg position for gravity dramage (Fig 96)

Severe laryngospasm with alarming cvanosts sometimes follows extuba-
fion Sustarned laryngospasm can be avoided by extubating the patent
duning extremely light anesthesta since in this condition the respiratory
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INSUFTLATION TECHNIC

Insufflation another techmic notable chiefly for 1ts simple apparatus, 15
stll favored by many, for ts advantages mclude 2 marked reduction of
dead space cfficient carbon dioide elimination, and preventton of body
temperature clevation Nevertheless, when not contraindicated, the more
efficient endotracheal methods which provide better control of pulmonary
sentilation arc largely replacng the msuffittion technic 1 most pediatnic
centers

Fig 97 Open drop ether with ovygen
flowing into mipple on mash A nasogastrie
tube 15 1 place

v Fig 98 Oropharyngeal nsufflation with
mouth hook

The principle of this technic 1s the maintenance of anesthesia by 1n
sufilation of anesthetic vapors mixed with air or oxygen mto the mouth
or pharynx Oropharyngeal msuffiation 15 performed by means of a metal
mouth hook 1n the corner of the mouth (Fig 98) through an oropharvn
geal arrway mipple or through a rubber catheter sewn to the tonsue
Nasopharyngeal msufflation utilizes one or two tubes nserted thmug,h»the
nasal onfices (Fig 99) and placed 1n the pharynx The technic depends
upon large flows of air oxygen or mitrous oxide-oxygen muxture blown
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centers are not obtunded by the anesthetic agent The occurrence of
severe Jaryngospasm also can be reduced by gentle extubation concident
with exhalation

OPEN DROP TECHNIC

The open drop techmic 15 used chiefly for cthvl ether open drop anes
thesia 2 tried 1nd tested techme for use by the unshatied anesthessologsst,
since m moderately deep planes it provides analgesia hypnosis, and re
laxation and can be admimstered with simple and readdy avaable

cquipment The techme itself properly ad ed, offers no ¢ <
to respiration, but dovs cause shight wcrease mn dead space and a small
amount of carbon dioxade ag latan with conseqt respuratory stimu

laton This increased respiration especiaily m hght planes of anesthesia
always provides the patient with adequate oxygenation 1if the airway =
patent

In spite of these advantages there are disad ges which are gradually
sending the technic into oblivion 1 hospitals which specialize 1 pedratne
anestheswology Induction 1s usually very prolonged unpleasant, and m
terrupted by numerous bouts of breath halding parucularly true m the
infant under one year of age The nausca and vomting occurring on
emergence, while not so ntense as m the adult patient, are stifl much more
severe and prolonged than that observed after other amesthetic agents
and the recovery penod 1s generally prolonged Metabolic disturbances
are quite marked especally as regards hepatic function, carbohydrate
metabohism, acd base and flwid balance, consequently, ether may be 2
deleterious agent 1n the senously 1li, dehydrated child, especially one with
severe myocardal hepatie, or renal disease

1t 15 wise to premedicate children for open drop ether hightly so that
respirations are not depressed Scopolamine or atropme alone 1s the pre
medication of choice m patients under five years of age, but 15 combined
with the barbsturates tn children beyond this age When there 1s a de
pression of Tespiation high concentranons of oxygen are admumstered
under the misk (Fig 97) or the lungs are occasionally artificially vents
lated with oxygen using a mask and bag

In wmfants, mduction 1s often performed with ethyl ether ethyl chlo
nde nutrous omde or cyclopropane These agents of course, make the
snduction more pleasant and less psychically traumatic Stores, fary tales,
nursery rhymes, brght ammated conversation toys and suttable music
before and during induction are valuable psychotherapy
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respiration  Infants arc given atropine or scopolamune only, while older
children m additon are given pentobarbital (Nembutal) or secobarbstal
(Seconal), but no opiate drugs

Induction may be accomphshed by open drop technic or ether vaporiza-
tion directly from the copper hettle followtng mtrous oxide With the
copper hettle the oxygen through cther flow, being very potent, must be
mereased 1n small 50 ml per minute mcrements to avoid laryngospasm

Maintenance of ancsthesia with the copper kettle msufflation needs 2
low totat flow of gases (2 to 3 liters per mnute) with a moderate oxygen-
through-ether flow Maintenance with the ether jar method of anesthesia,
however demands a lugher flow of & to 10 hters per minute to provide suf-
ficlent vapor concentration

Certamn precautions are noteworthy n sufflation techmc If naso-
pharyngeal catheters are used, care should be taken to place them just
above the larynx and not further down into the esophagus By accident-
ally placing them 1n the esophagus, gastric distention will rapidly ensue
The proper distance 1s approximately that from the tragus of the ear to
the tip of the nose A sandbag under the shoulders and, if possible an
oropharyngeal airway help to mantain a clear airway Protective omt-
ment (bonic acid 5 per cent) 1s usually placed 1n the eyes Aspiration of
the pharynx 1s mandatory should blood or secretions begin to accumulate
A 10 deg Trendelenburg position aids 1n preventing tracheal aspiration
and laryngospasm Often mnsufflation techmc may be highly ymproved 1if
a thorough local anesthetization of the throat 15 performed

T-TUBE TECHNIC (AYRE’S T-TUBL)

A T-tube or Y-tube 1s a straight connector nserted 1nto an endotracheal
system with a sidearm open to the air The T-tube hies between the de-
Inery tube from the gas machine and the endotracheal tube connector
On inhalation the patient draws 2 large amount of air through the open
arm of the T-tube and some gases from the anesthetic machine On ex-
halaton the exhaled gases pass out into the atmosphere through the open
arm of the T-tube (Fig 100) Arusficsal infiation of the lungs can be
carned out by termttent closure of the open arm of the T-tube by the
anesthesiologist s finger

The apparatus has mimmal resistance to breathing no moving parts,
provides excelient carben dioxide elimination, and furmishes a more stable
83s composition than the open drop techmc It 1s however wasteful of
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over or bubbled through a hiquid volanle anesthetic agent A trap bottle
mserted between the ether contamer and patient helps prevent liquid ether
from entering the trachea, but this method 15 crude mn its control and 1t
15 difficult to develop enough ether concentration unless a warm water
jachet 1s used around the vaporizer It also does not ehimmate the danger
of blowing hquid ether into the patient

Fiz 99 Nasopharyngeal msufflation through
two nasal catheters

The newer type of vaporzer, the copper hetth. 1s a vast improvement
The hgh specific heat of the copper kettle provides a high and steady
concentration of ether vapor, while the fine dispersion of the oxygen stream
through the ether, created by passing oxvgen through a porous dish, et
sures maximal vaponization effimency The vapor concentration detrvered
10 the patient may be gradually but steadsly mereased by rasing the oxyges
flow through the ether and lowening the total flow of other gases In our
expenence this method pravides the most effictent insufflation

The disadvantages of msuffation are major, wasmuch as even the
skilled anesthesiologist has difficulty m mantamng an unobstructed air
way and the unskilled nadvertently may allow partial obstruction through
out anesthesta Deep planes of anesthesia are necessary for the patient 0
tolerate the wmitating ether vapor without laryngeal reflexes being aroused
even after deep anesthesia 1s established 1t mav be difficult to mamtam
since suctionng removes ether vapor from the throat and the progressively
cooling vaponzer delivers less ether vapor Yrritaing anesthetic agents are
widelv dissemnated throughout the room and are unpleasant, both for
surgeon and anesthesiologist Furthermore, the lack of a reservoir bag
prevents proper and positive immediate contral of respiration

Premedication for insuffiation techmc s light smnce, assisted respura
nion not bemg possible, the patient must retamn adequate spontaseous
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respiration  Infants arc given atropine or scopolamine only, while older
children m addiuon are given pentobarbital (Nembutal) or secobarbital
(Scconal), but no oprate drugs

Induction may be accomplished by open drop techmce or ether vaporiza
tion directly from the copper hettle following mitrous oxide With the
copper hettle, the oxygen through cther flow, being very potent, must be
increased 1n small 50 ml per minute increments to avoid laryngospasm

Maintenance of anesthesin with the copper kettle insufflation nceds a
low total flow of gases (2 to 3 liters per munute) with a moderate oxygen-
through-ether flow Matntenance with the ether jar method of anesthesia,
however, demands a higher flow of 8 to 10 hters per minute to provide suf-
ficent vapor concentration

Certain precautions are noteworthy 1n insufflation techme If naso-
pharyngeal catheters are uscd, carc should be taken to place them just
above the larynx and not further down mnto the esophagus By accident-
ally placing them 1n the esophagus, gastric distention will rapidly ensue
The proper distance 1s approximately that from the tragus of the ear to
the tip of the nose A sandbag under the shoulders and, if possible an
oropharyngeal airway help to mamtam a clear airway Protective omt-
ment (boric acid, 5 per cent) 1s usually placed in the eyes Aspiration of
the pharynx 1s mandatory should blood or secretions begin to accumulate
A 10 deg Trendelenburg posttion aids 1n preventing tracheal aspiration
and laryngospasm Often insufflation techmc may be highly improved if
a thorough local anesthetization of the throat 1s performed

T TUBE TECHNIC (AYRE'S T-TUBE)

A T-tube or Y-tube 1s a straight connector serted into an endotracheal
System with a sidearm open to the air The T-tube lies between the de-
lvery tube from the gas machine and the endotracheal tube connector
On inhalation, the patient draws a large amount of air through the open
arm of the T tube and some gases from the anesthetic machine On ex-
halaton the exhaled gases pass out mto the atmosphere through the open
arm of the T-tube (Fig 100) Artficial nflation of the lungs can be
carried out by mtermttent closure of the open arm of the T-tube by the
anesthesiologist s finger

The apparatus has mimmal resistance to breathing no moving parts,
Provides excellent carbon dioxide elimination, and furmishes a more stable
£2s composition than the open drop techmc It 15, however, wasteful of
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gases necessitating a igh flow of 8 hters or more per minute, and 1t floods
the air with unpleasant explosive gases Respiration 1s not as readdy con
troflable as with closud or semiclosed methods

The standard premedication 1s suitable with this techme

Fig 100 Ayres T tube endotracheal techme

Any method of induction of ether anesthesia sustable for the mfant ot
child may be used, the endotracheal tube snserted, and the T-tube and
delnery tube from the machine connected to the endotracheal tube
adapter Anesthesta 1s mamntained with a hugh flow of oxygen and ether
or mitrous oxide oxygen and ether, the flow being 8 10 14 hters per nunute
n mfants and chidren These gases should be hunudified

Delicate control of the pressure used during mflation 1s acheved by
wserting another T-tube m the gas feed hne with 1ts open arm connected
to 2 manometer This measures the pressure used when the arm of the
regular T-tube 15 closed by the finger for inflanon Usually a pressure of
10 to 20 cm of water 1s used such a pressure preventing rupture of pul
monary alveolt and pneumothorax, a real danger with this technic

As the techmic tends to reduce body temperature, young mfants should
be placed on a warm water mattress 1 a warm room

Difficulty 1n mamtamng older children at the necessary depth of anes
thesia because of didution of the anesthetic gas stream wath air from the
sidearm may be overcome by the addiion of a few inches of rubber tub
mg on the sidearm This 1s not effectne dead space since the igh gas
flow heeps this tubing filled with fresh gases -t all times As an alternative,
the anesthesiologist may supplement the mhalation anesthesta with mtra
venous admimstration of small doses of thiobarbiturates
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NOMNREBREATHING VALVULAR TECHNIC

The valvular techmic utihzes 2 double valvular arrangement which per-
mts the mhalation of fresh gascs and vapors from 1 breathing bag (Fig
101) or reservoir (Fig 102), while the exhaled gases are blown free mto
the atmosphere

A

=

Fig 101 Nonrebreathing valvular techmc with reservowr bag (4) Eshalation
{B) halation

The more widely used nonrebreathing valvular techme consists of a
plastic or metallic cylinder contaiming two umidirectional valves attached
o a 2 5 liter reservoir bag The valvular apparatus 1s connected to a face
mask or endotracheal tube During inhalation, the one-way inhalation
valve opens, and anesthetic gases and oxygen are drawn from the reservoir
bag at which time the exhalation valve 1s closed preventing dilution of the
anesthetic mixture by atmosphenc air On exhalation, the mhalation valve
closes and the expired gases pass through the exhalation valve ito the
atmosphere  The breathing bag 1s kept partally full with a 4 to 5 hter
per minute flow of oxygen and mitrous oxide fortified with ether cyclo-
propane trichlorethylene or Fluothane

Older models of nonrebreathing valves (Leigh and Stephen Slater) have
been replaced by the Fink (Figs 103 and 104) and the Lews Leigh
(Fig 105) nonrebreathing valves which can be used with spontancous
respiration or with assisted or controlled resprration Both of these valves
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gases, necessitating a high flow of 8 liters or morc per munute, and 1t floods
the air with unpleasant explosive gases Respiration s not as readiy con
trollable as with closed or semiclosed methods

The standard premedication 1s suntable with this technic

Fig 100 Ayres T tube endotracheal technic

Any method of induction of ether anesthesta suitable for the infant or
child may be used the endotracheal tube mserted, and the T-tube and
delvery tube from the machine connected to the endotracheal tube
adapter Anesthesia 1s mamtained with a high flow of oxygen and ether
or mtrous ox:de oxygen and ether the flow being 8§ to 14 Iiters per munute
in nfants and children These gases should be humidified

Delicate control of the pressure used during anflation 1s achieved by
mserting another T-tube 1n the gas feed line with its open arm connected
to a manometer This measures the pressure used when the arm of the
regular T-tube 15 closed by the finger for mflation Usually a pressure of
10 to 20 ¢m of water 1s used such a pressure preventing rupture of pul
monary alveolt and pneumothorax a real danger with this technic

As the technic tends to reduce body temperature, young mfants should
be placed on a warm water mattress 1n a warm room

Difficulty i maintamnng older children at the necessary depth of anes
thesia because of dilution of the anesthetic gas stream with air from the
siduarm may be overcome by the addition of a few inches of rubber tub
ing on the sidearm This 1s not effective dead space since the high gas
flow keeps this tubmng filled with fresh gases at all imes As an alternative,
the anesthesiologist may supplement the inhalation anesthesia with intra
senous admimstration of small doses of thiobarbiturates
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Fig 103 Fmnk valve showing detail

Fig 105 Lews Letgh valve showing detail

controllable, uniform gas mixture and a method of assisting or controlling
respiration
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Frg 103 Heidbrink Fink non
rebreathing valvular endotracheal
technic for assisted or controlled
respration

are superior to former unidirectional valves, since one hand by compres
sion of the breathing bag (Fig 106) opens the mhalation valve and closes
the exhalation valve Release of the pressure on the bag closes the mhala
tion valve and opens the exhalation valve

With competent valves the nonrebreathing of exhaled gases prevents
carbon dioxide accumulation and hypoxia The bag reservoir provides a
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Fig 107 To and fro absorption 1n three year-old child

Since the soda lime canister 15 so closely contiguous to the patients air
passages, special care must be observed in preparing the camster When
filled 1t must be gently agitated to pack down the soda lime and then com-
pletely filled to the top and the dust must be removed by blowing forcibly
through the camister 1n both directions This aids 1n preventing hme dust
from entering and irritating the respiratory passages

With the to and fro mask technic a headband 15 of ard 1n keeping a
close fit of the mask on the face The camister rests on a large soft pillow
with the bag hanging free over the end of the pillow The patients head
should be turned to one side In wnfants this method may be used as a
semiclosed system with excess gases escaping from the partially opened
tail end of the bag

The advantages of to and fro technic are low resistance to respiration
duc to lack of valves and long tubing more efficient absorption of carbon
dioxide with the gas passing twice over the absorbent sensitive control of
the anesthetic depth and simple rugged apparatus

Disadvantages are mainly mechamical 1n that 1t 1s difficult to mantain
a closed system Others include carbon droxide accumulation if the an
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Posifive Pressure Inhalation

A
Exhalation
B 4
Pop-off

Fig 106 Lewis Leigh vahe (A) Closure
of exhalation chimney by inhalatton valve on €
compression of breathing bag (B) release of
pressure on breathing bag with escape of pases f
through exhalation valve (C) one-quarter turn
of chimney ptece to reliese overdistention of
breathing bag

ABSORPTION TECHNIC
To and Fro

The earhest of carbon dioxide absorption techmcs, first utiized by
Waters the to and fro absorption technic 1s a simple method applicable
1o wnfants and children The patient breathes bach and forth through a
canister of soda lime or Baralyme mto a bag fresh gases being delrvered
near the face mask (Fig 107) or endotracheal tube (Fig 108) by an
inlet mipple on the canister elbow

It 15 impossible for the soda lime camister to be exactly the size of the
patient s tidal volume since this vares from breath to breath The ab-
sorbent camster must therefore be as large as or larger than the patients
greatest tidal volume We frequently use mediwm camsters (7 x 12 cm
with a capacity of 350 gm) for infants and clildren recalling however
that the prouumal area of the soda Iime will be exhausted first and the
camster must be changed end for end or replaced with a new one about
every half hour

Because of the relatively closed system the infants body temperature
tends to nise with this technic therefore the temperature must be moni-
tored and the child cooled if necessary
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ar by passing 1t through Baralyme or soda lime 15 the same as i the to
and fro technic, but here the gases flow i a circuit by means of mhalation
and exhalation breathing tubes, the gas flow being directed by umidirec-
tional 1nhalation and exhalation valves A bag rescevorr with an inlet for
fresh gases ncarby completes the circuit

Most anesthesiologists find the circle filter system more convenient than
other technics Providing easy control of ventlation and fauly accurate
control of anesthetic muxtures, 1t 1s economical and has less tendency to
merease the temperature However, there 1s added resistance from
valves and tubing, the mixture 1s not changed as rapidly nor as often as 1s
desirable and there are many more places for leaks to develop i the
system

Present adult arcle filter apparatus while often used for children, 1s
unsmtable i 1ts unmodified form, especially 1n a closed system The dead
space 1s large for a child, since the valves, beng at the distal end of the
breathing tubes, allow reflux from the exhaled breath mto the nhalation
tubing before sufficient compression of the air column m that tubing closes
the nhalation valve On the next breath, the patient nhales a portion
of the gaseous mixture that he has just exhaled Another disadvantage
1s the considerable resistance 1n adult circle filter, 5 to 8 mm Hg, due
to the relatively heavy stiff valves and turbulence i the tubing, as well
as the soda lime resistance, this total resistance 1s too great for infants
and young children Some of these objections can be overcome by plac-
g light valves of low resistance 1n a plastic valve housing at the pa-
tient end of the breathing tubes where their function can be observed
thus reducing the dead space markedly (assuming competency of the valves
1s maintamed) and elimmnating a large portion of the resistance

However, lag in changing the anesthetic mixture still remams, but two
devices attempting to climnate thus situation are now avalable The
Foregger-Adnani pediatric conversion kit (Fig 109) consists of a narrow
bypass tubing from the bag to the mask fitted with a rubber bulb hand
Ppump equipped with umdirectional valves by which means fresh gases are
pumped from the bag to the mask almost constantly The more recent
Edison (Roswell Park) crrculator 15 similar with a shightly larger hand
bulb pump and wvisible double unidirectional valves flushing fresh gases
from the bag to the mask But both are somewhat laborious to pump con-
tinuously and occupy one hand of the anesthesiologist constantly

Untl the simple circulator devised by Revell which automatically
Cuculates the gases around the adult circle filter at a rate which allows
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Fig 108 To and fro absorption techmic with endotracheal tube

esthesiologist 1gnores the fact that the proximal soda hme portion becomes
exhausted early unless he reverses the camster or replaces 1t about every
half hour Finally rebreathing of hot gases 1s a constant mvitation to hy-
perthermia

In Circut

The circle filter or absorption mn circutt techmie first devised and used
by Bnian Sword, has become the mam mhalation technic of anesthesia on
this continent The principle of absorption of carbon dioxide from exhaled
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Fig 110 Hedbnnk mfant circle filter

in housings adjacent to, and on either stde of, the soda hme camster Two
small short, corrugated rubber breathing tubes connect from these to the
face piece while another corrugated rubber tube connects the breathing
bag to an nlet just proximal to the exhalation valve A manometer 1n the
system measures the positive pressure when the bag s compressed or dis-
tended

Al hough a vast improvement on the adult circle apparatus for infants
and children this system has several drawbackhs The valves being back
near the soda lime canmister instead of near the face prece, do not entirely
prevent reflux into the inhalation tube with consequent increase mn dead
space although the reduced bore and length of the breathing tubes re-
duces this somewhat If the soda fime camister 1s not filled carefully lime
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Fig 109  Foregger Adriamt pedtatric conversion kit

fresh gases to be imhaled with each breath of the fant or chid 15 avail
able 1t 15 our opimon that the present mfant circle filters are a better
answer to the problem of circle absorptiont n infants and children

Four types are, or have been 1 recent use The Foregger-Adnam
pediatric conversion kit mentioned above 55 an attempt to adapt an adult
circle filter for use m chidren Besides the circulator bypass described
above which brings fresh gases from the bag to the mask, other features
are noteworthy The Y chimney fitttng at the mask s replaced by an ob
turator with two tubes, one nside the other The nner tube channels fresh
gases from the mhalation tubing to the patient while the outer tube carrtes
away exhaled gases The large adult size reservoir bag 1s replaced by a
15 Iiter bag connected as usual below the soda hme camster The appa
ratus 1s a great ymprovement on the unmodified adult circurt filters, how-
ever, the double channeled chimney prece, while 1t reduces, does not
elminate excess dead space Also, as has been mentioned previously the
labor of pumping the hard rubber hand bulb 1s a tiresome procedure

The Hewdbrink 1nfant arcle filter (Fig 110) clamps to the operating
table and has a small soda ime camster with the delivery tube from the
gas machme attached to a mpple near the soda lime just distal to the 1n
halation valve Two disk-hft type inhalation and exhalation valves are set
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With all these nfant circle filters 1t 1s our custom to use 1 sermclosed
technic with a total flow of 1 to 2 liters per minute, and to assist or con-
trol respiration m most instances, tending to reduce any remaiung re-
sistance and diminish the cffort of breathung

We frequently mtubate fants and smll children to further reduce
dead space and to prevent gastric distention occurring with controlled or
assisted vennlation when the mask 1s employed Should distention occur
while using 2 mask, 1 gastnc tube 1s passed to remove the gas and to
rebeve any embarrassment of respiration

Fig 112 Foregger Bloomqust infant aircle filter

INTRAVENOUS ANESTHESIA

In the conscious child, a slow subcutaneous myection of procame over
the vein, using a 26-gauge needle permuts pamless insertion of a styletted
intravenous necdle The difficulties of intravenous anesthesra n cluldren
can be overcome by dilatation of the vewns and control of the patient with
cyclopropane anesthesta In many of the imnfants a cut-down 1s 1n place
and small doses of the barbiturates can be mnjected slowly Imravcnou;
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dust 1n the base where the central screw mserts will prevent a tight fit
and cause a leak around the rubber gasket on top of the camster and the
cxhalation valve 1s difficult to adyust

The older type Foregger infant circle filter devised by Leigh (Fig 111)
consists of visible, double umdirectional valves near the patient's face
attached to two short, small bore breathing tubes which lead back to a hon
zontal soda hime camster At one end of the camister a bag and the de
hivery tube are placed m the cireunt, with the advantage of elimmating
backlash if the valves are hept competent However, its disadvantages
are channeling of gases across the top of the soda hme if the camster 15
not tightly packed, and awkwardness of positioning the apparatus due to
lack of a firm base

Fig 111 Foregger infant cucle filter with upright camisters and visible double
unidirectional valves

The fourth and best nfant circle filter (Foregger-Bloomquist) (Fig
112) 1s 2 modification of the older type Foregger, utiizing the concept of
an upright camster which forces the gas to pass through the soda hme
without channehng and posittoning of visible unidirectronal valves near
the patient The mfant circle filter has been made practical by placing the
upright canister m a square aluminum block with channels through 1t
Anteriorly these channels attach to the two short breathing tubes leading
to a umdirectional low resistance Y-valve and the patient, postersorly, the
channels accomodate a 15 lter bag with attached gas delvery tube on
one side and a pressure gauge and exhalatton valve on the other The
alurmnum block rests firmly on a jomnted metal arm which swings mn an
arc from the gas machme and can be used 1n many positions
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TOPICAL ANLSTHESIA

Topical ancsthesia consists of local anesthetization of mucous mem-
brane, erther as the total anesthetic for some diagnostic or surgical proced-
ure, or more frequently in children, as part of a combined anesthetic
technic ‘The anesthetic agent 15 applied either as a water-soluble jelly,
a cream, or spray, but the amount should be limited to reduce toxicity
and therefore a fine nebulizer 1s destrable in smaller children Ormtment 1s
used on all endotracheal tubes to help reduce laryngeal spasm on extuba-
tion Although of dubious benefit in this regard, 1t does provide the neces-
sary Jubrication Analgesic omntments are sometunes useful mn cystoscopy
if an nfant particularly a female 1s too debilitated to tolerate general
anesthesta safely and cystoscopy must be done By coating the cystoscope
with Pontocame jelly or Xylocame jelly, the examation can ordinardy
be accomplished with hittle or no distress to the nfant

Toprcal spray 1s particularly advantageous i supplying local anesthesia
to the pharynx, larynx and upper trachea for certain surgical procedures
and may be fortufied by swabs held in the pinform fossae This form of
anesthesia 1s very helpful either alone or in combination with Iight general
anesthes:a 1 providing analgesia and proper operattng conditions for
larvngoscopy removal of laryngeal papilloma, bronchoscopy, and broncho-
grams as 1t ehmmates any tendency to laryngeal spasm and ‘buckimg
while still mantaimning adequate respirations and movement of the vocal
cords Laryngeal and tracheal anesthetization 1s also very useful as an
adjunct to general anesthesta for intraocular and intracranial operations
where even shght coughing may cause exudation of the ocular contents
or hermation of bran nssue In these cases where topical spray 15 neces-
sary our drugs of preference are tetracaine hydrochloride (Pontocame)
05 per cent and lidocamme (Xylocane) 2 per cent with the dose of

Pontocaine kept below 15 mg per kg and Xylocame below 15 mg per kg
of body weight

INFILTRATION ANESTHESIA

A tedious rather unsatisfactory method of anesthesta except for local
exaision of small superficial areas of tissue Iocal mfiltration s however
used occasionally tn monbund or very feeble infants and 1n children when
general anesthesia appears to be highly dangerous Our drugs of choice
are Procame or Aylocame but in dilute solutions using 025 per cent
for infants and 0 5 per cent for older children Usually no vasoconstrictor
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barbiturates have a limited application 1n 1nfants, since therr normal low
blood pressure may be further depressed by the barbiturates

I OCAL ANESTIIESIA

Anesthesia with local agents involves such methods of administration as
topical, infiltration, nerve block, spinal, and epidural Widely used on
adults these techmics have never become as popular in infants and chil
dren but are pracucal and bencfictal when modified to smt the varymg
needs of small patients

Since children are fearful of the unknown and do not hesttate to ex
press this fear, they usually must be anesthetized lightly during admunis
tration of local anesthetic and the subsequent perrod of surgery Som
nolence may be accomplished with heavy premedication, mhalation of
mtrous oxide or cyclopropane, or by ntravenous or rectal barbiturates
In premedicating for local anesthesia one may use larger than standard
dosages, generally of a barbiturate, oprate, and scopolamine If, on armval
m the operating room, the child 1s too wakeful we frequently give slowly
an additional dose of 2 per cent thiobarbrturate, 6 per cent pentobarbital
(Nembutal), 1 per cent mepernidine (Demerol), or 0 3 per cent morphine
solution ntravenously This addittonal intravenous sedative 1s preferable
to unduly heavy sedation on the ward, where patients are not observed
contmnuously and may become dangerously depressed

One other modification must be made 1 using local anesthetic agents
1n infants and young children, the dosage must be reduced mn accordance
with the size of the patient to prevent toxic reactions These toxic reactions
may be due to too large a dose of the drug given m a short time mnad
vertent mtravascular mjection of the correct dose or too rapid absorption
of a normal dose

The reactions are of two types the more common type being an excite-
ment phase leading to convulsions best treated with oxygen and intra
venous barbiturates until controlled They may also be controlled mo-
mentarily with cyclopropane until ventpuncture 1s accomphished A more
serious reaction 1s a sudden collapse of the circulation demanding imme-
diate treatment with oxygen, Trendelenburg posttion and intravenous
circulatory support

With careful attentton to dosage and with the customary mandatory
precautions such as ymmediately available oxygen by mask 1ntravenous
barbiturates and analeptics ready 1 syringes, conduction anesthesta may
be safely given to infants and children by experienced anesthestologists
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SPINAL ANESTHESIA

Spinal anesthesta, which has guned such poputanty for adult patients,
has never become widespread among pediatric patients Even today, 1t 1s
used mamly in children seven years of age or older However, 1t can be
used with benefit and safety w wfants and young chudren for some opera-
tons 1f handled with knowledge and skill by those who have wide experi-
ence 1n spinal techme 1n older children

For acute appendicitis or toxic patients with peritomtis 1t 1s an excellent
method when skilifully given, for 1t does not increase the existing metabolic
acidosts as some mhalation technmics will do However, now that hypo-
thermsa 1s used 1n conjunction with less toxic nhalation agents i these
very 1ill, febnile patients, a general anesthetic may be given to them with
very Inttle disturbance of metabolic functions, practically obviating the
need for using spinal anesthesia 1n the very voung

Among the disadvantages of spinal anesthesta in nfants and young chil-
dren 15 the relative limttation of bowel constriction under spmnal as com-
pared with that in adults As with other forms of local anesthesia, children
do not tolerate beng awake under spinal anesthesia, and the vast majority
must be kept somnolent either with heavy premedication mtrous oxide,
or intravenous barbiturates The premedicant dosage of barbiturates
(Seconal or Nembutal} and mepenidine (Demerol) 15 usually larger than
normal prior to spinal anesthesia, but the usual dosage of scopolamme 1s
given Cardiac action respiration, and blood pressure are all monitored
before and during the operation

The child, unless very sleepy, 15 usually given inhalation or intravenous
anesthesia by a second anesthesiologist dunng the spmal puncture and
thereafter kept asleep during the operation by the same method Adequate
oxygen given by mask duning the entire procedure ensures a reserve supply
m the lungs and blood should respiratory depression or circulatory collapse
occur

All the recognized spimal anesthetic drugs for adults may be used for
children m doses which correspond proporuonately 1o their height and
weight mcluding procane, Pontocamne Xylocane and dibucaine hydro-
chlonde (Nupercaine) Vasoconstrictor drugs may also be added to the
local anesthetic drug 1 the same proportion as for adult anesthesiz to
reduce 1ts dosage and prolong its effect

The use of a prophylactic sympathomimetic drug before spinal anes-
thesta in children 1s 2 matter of opinion Most children have an excellent
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1s added, as 1t may causc local tissue sloughing in debilitated children
and the total amount of solution used at one time must be measured
carefully to prevent overdosage Nevertheless, 1t must always be remem
bered that concentration and the addition of a vasoconstrictor or a spread
ing agent, as well as total dosage, are mmportant factors governing the
amount of drug used

NERVE BLOCK ANLSTHLSIA

While nerve blocks do not have wide application unless combmed with
supplemental anesthesia, certain plastic operations on the fingers and toes
can be done with a nerve bloch quite satisfactorily in very young infants
Often no additional anesthesia 1s required 1 these panents, bowever, chil
dren beyond a few months of age are apt to be restless This may be con
trolled esther by mepenidine (Demerol) or barbiturates given mtravenously,
or by mitrous oxide nalgesia Although 1t mught be argued that mtrous
oxide analgesta alone may be adequate, this 1s not the case mn most 11
stances unless the concentration of nitrous oxide 1s such that some degree
of hypoxia also exists

Certamn blocks, however, have some degree of populanty and useful
ness These are the supraorbital and supratrochlear blocks for lacerations
of the forehead, infraorbital and mental blocks for some facial lacerations,
maxillary and mfenor dental blocks on older children for dental extrac
tions, cervical blocks occasionally used for removal of glands but seldom
otherwise n children since thyroid disease 1s rare, brachial plexus blocks
for open reduction of fractures of the upper limb, or for plastic repair of
tendons or nerves of the forearm, wrist blocks for plastic operations on
the hand, metacarpal blocks for finger operations, mtercostal and para
vertebral blocks, seldom used, abdomupal wall blocks, occasionally 11
combination with other technics field blocks occasionally for hermior
raphy or appendectomy, sciatic nerve blocks and metatarsal blocks o¢
castonally stellate and lumbar sympathetic blocks to improve the circt
lation 1n the upper or lower extremities

For nerve blocks we use procaine or Xylocame but favor the latter for
1its spreading quality rapid onset and lasting effect Concentrations used
are 05 per cent for sympathetic nerve blocks 1 per cent for most other
nerves and plexuses, and 2 per cent on older children for large nerve
trunks such as brachial and sciatic plexuses A vasoconstrictor may be
added for slower absorption and prolonged effect and we often use epil
ephrne 1 200,000 for this purpose
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SPINAT ANESTHLSIA

Spinal ancsthesin wineh has pamed such populanty for adult patients
has never become widespread among pediatric patients Even today, at 1s
used mamly 1n children seven years of age or older However, it can be
used with benefit and safety in infants and young chuldren for some opera~
tions Jf handled with knowledge and shill by those who have wide expen
ence in spanal techme i older clildren

For acutc appendicitis ar toxic patients with peritomtss it 1s 1n excelflent
method when <hillfully given, for it docs not increase the existing metabolic
aadous as <ome wnhalaton techmies will do However, now that hypo-
thermia 1s used i conjunction with less toxic inhalation agents an these
sery dll, febrile patients 1 general ancsthetic may be given to them with
very litle disturbance of metabolic functions pracucally obviatng the
need for using spinal ancsthesia n the very young

Among the disadvantages of spinal anesthesia in nfants and young chil-
dren 15 the relatine hmitation of bowel constriction under spinal as com-
pared with that in adults As with other forms of local anesthesia, children
do not tolerate being awake under spinal ancsthesia, and the vast majority
must be kept somnolent esther with heavy premedication mitrous oxide
of intravenous barbnurates The premedicamt dosage of barbrurates
(Seconat or Nembutal) and mependine (Demerol) 15 usually larger than
normal prior to spinal ancsthesta but the usual dosage of scopolamine 15
gwnen Cardiac action respiration, and blood pressure are all momitored
before and during the operation

The chuld, unless very sleepy s usually given inhalation or intravenous
anesthesia by a sccond ancsthesiologist during the spinal puncture and
thereafter hept aslecp dunng the operation by the same method Adequate
Oxygen given by mask during the entire procedure cnsures a reserve supply
1n the lungs and blood should respiratory depression or cireulatory collapse
occur

All the recognized spinal anesthetic drugs for adults may be used for
children 1n doses which correspond proportionately to their height and
weight including procane  Pontocaine Xylocaine and dibucaine hydro-
chlonide (Nupercane) Vasoconstrictor drugs may also be added to the
focal anesthetic drug 1n the same proportion as for adult anesthes:a to
reduce 1ts dosage and prolong ats effect

The use of a prophylactic sympathomimetic drug before spmal anes-

thesta i children 1s a matter of opmnion Most children have an excellent
-
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cardiovascular system and active sympathetic nervous system which com
pensate quickly for mmor falls in blood pressure, and do not need pent
pheral vascular support if the spinal level 1s no higher than D6 However,
a styletted needle should always be mserted 1nto a vein to have a ready
port available for raptd therapeutic parenteral admimstrauon if necessary
Common vasopressor drugs arc methoxammne hydrochlonde (Vasoxyl)
and phenylephrine hydrochloride (Nco-synephrine) If used, these drugs
are given proportionate to the weight of the child

Spinaf needle in
subarachnoid space

Fig 113 Diagram of spinal needle n
sheleton of two year-old child

The care of the patent following the wnjection of the anesthetic solution
mto the subarachnowd space 1s still the most important part of the spinal
anesthesia Just as all anesthetic drugs can be used so can all the different
technics The only variation mn equipment 1s the decrease n length of the
spinal needles the shorter ones bemng used for nfants and small children
The spinal puncture 1s done easily 1n mfants and children since the spinal
column 1s flexible and the spmous processes can be separated widely In
infants the puncture 1s made below the third lumbar vertebra to avod
mjury to the spmal cord which may reach this level The injection s
usually made with the patient in the lateral flexed position as m the adult
(Fig 113)

Continuous spmal anesthesia has become almost obsolete with the ad-
sent of the more prolonged smngle-dose type achieved by the muxture of
vasoconstrictors with spinal anesthetic drugs It will therefore, not be
discussed here
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IPIDURAT ANLSTHESIA

The two common routes of admumstration of local ancsthetic agents
into the epidural or extradural <pace are cwdnl (Frig 114) and lumbar
both have been used with good cffect in many children The techme in
both instances 18 essentially the same s for dults, with the cxceptions
th1t shorter needles must be used according to the size and age of the
child and the children must usually be hept ancsthetized dunng the punc
ture and the operation

Poution and ﬁe"tbm‘ orch
angle of needle imperfect
el
K
Needle n

1
wn Fig 114 Diagram of needle 1n caudal
canal of infant

Drugs and concentrations arc the same as for adults, but the total dos-
age must be reduced 1n accordance with the weight of the patient Com-
monly employed drugs are procamne or Xylocane, 1 or 2 per cent solu-
tion with or without epinephrine 1 200000 As in adults, care must be
taken 1n the imtial puncture not to picree the dura nnd to inject the drug
mto the subarachnoid space

The usual precautions of immediately avaitable oxygen under pressure
a styletted ncedle 1 a vemn and prepared vasopressors must be observed,

as well as keeping a carcful record of pulse resprration, and blood pres-
sure

HYPOTHERMIA

Hypothermia (lowering the body temperature) 1s used as an adjunct to
anesthesia 1n order to avoid hypoxia and hypercarbia We have found 1t
parucularly valuable 1 two types of cases first, n congerutal heart dis-
cases namely tetralogy of Fallot tricuspid atresia, patent ductus arteriosus
when there 1s a very large heart with a rapid pulse atrial septal defect, and

pulmonary valvular stenosis and sccond 1 severely 1ll febrile or toxic
infants and children
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the body 1n ice water Sensations of extreme cold stimulate cutaneous
proprioceptors which send 1mpulses to the hypothalamus, producing heat
retention by reflex generalized vasoconstriction and heat production by
mncreased muscle tone and shivering During hypothermic anesthesta it 15
essential to control muscular activity in order to prevent increased oxygen
consumption Deepening of anesthesta with cyclopropane provides such
control

With hypothermic technic, the demand of the body for general mhala
tion anesthetic agent becomes markedly lessened, so that at temperatures
below 29° C only very small amounts of anesthetic agent are needed to
control respirations and ensure a quiet operative fiecld Temperatures vary
between 28° and 33° C, with the degree of destred temperature reduction
depending upon the size of the child the electrocardiographic response of
the heart to cold and the nature of the contcmplated operative procedure

Allowances must be made for a further body temperature drop of 2° to
4° C nfter the patient 1s removed from the ce paching and placed on the
operating room table

The rate of cooling depends upon the amount of adipose tissue and
muscle mass Newborn infants cool very rapidly in view of their imperfect
temperaturc rcgulation scanty subcutaneous fat, poor vasomotor control
and madequate shivering reactions

Once the deeper tissues are cooled, the patient’s temper iture remains
at a low level with only slight varrations over a period of onc to o
hours The blood pressure may be difficult to record by the usual means
due to the coexisting hypotension and spasm of the large arteries mduced
by the cold Inasmuch as an mhalation anesthetic ageat ts admumistered 1m
only munmmal amounts, spontaneous respirations return when the tempera
ture 1s between 27° and 30° C

Rewarmung which 1s allowed to take place slowly 1s prolonged due to
the peripheral vasoconstriction and sluggish circulation induced by hypo-
thermia  As soon as effective ventilation 1s displayed, the pauent 1s extu
bated Small mnfants are placed m a warmed mncubator where their tem
peratures are allowed to return to normal over an extended period of
time During rewarming the effects of cold are reversed with a return of
blood pressure pulse rate conscrousness and occasionally shivering Post
operative oxygen 1s ordered for all patients operated upon for cyanolic
heart disease The return of body temperature to normothermic levels takes
from three to stx hours after completion of the operation



ANISTHETIC TFCIINICS 243

BIBLIOGRAPHY

1 Botsford M ©  Ancsthesin in Infant Susgery, Anesth & Analg
14 286-88 1935

2 Elliott H R, Nelson € A Jr Habechb A and Robinson £ B
It Ancsthetic Management of Children, J M A Alabama 21 1-3, 1951

3 Gnges T Adnan, §, and Berson, W Aids to Pediatric Ancsthesia
Anesth & Analg 32 340-49 1953

4 Haglund G The Senu Open Technies 1n Pediatric Anesthesia Acta
chir scandinav 102 374-77 1952

5 Lucas B G B Anoxta and Anacsthesia * Proc Roy Soc Med
43 606-12 (Aug) 1950

6 Lundy, J S Pediatnc Anesthesta J Am A Nurse Anestheusts
23 79-85, (May) 1955

7 Macintosh R R and Prat T B B Essennals of General Anaes
thesia 4th ¢d Charles C Thomas Publisher Springficld IlI, 1945

8 Smith R M Complications of Anesthesia in Pedatrics, Anesth &
Analg 27227-31 1948

9 Stephen C. R and Slater H M Agents and Techmques Employed
m Pediatric Anesthesia  Anesth & Analg 29 254-62, 1950

9a Vieira Zairo E G and Veras Sinval Castro  Anestesia em Cirurgia
Pediatrica Anflise clinica de 1000 casos  Rev braul de Anest 6 171-84
(Dezembro) 1956

LRI Y

10 Fisher C W Bennett L L and Allahwala A The Effect of Inhala
tion Anesthetic Agents on the Myocardium of the Dog  Anesthesiology 12 19-
26 1951

11 Guedel A E Inhalation Anesthesia 2nd ed The Macrmllan Company
New York 195t

12 Hyde T L, and Schwegler R € Convulsions dunng Inhalation An
esthesta  Am J Surg 74 33-38 1947

13 Papper E M Convulsions dunng Inhalation Anesthesta Bull U §
Army M Dept 84 81-85 1945

“ .

14 Gilles J  Endotracheal Mcthods—Their Use and Abuse Anesth
& Analg 3134347, 1951

15 Gillespre N A Lndotracheal Anesthesta Unversity of Wisconstn
Press Madison 1941

16 Hochfilzer J J  Endotracheal Anesthesia in Children Laryngoscope
63 395402 1953

17 Leigh M D  Die Anaesthesia 1n der Paediatrie
5Band 3 Heft S 65-68 Jum 1956

18 McCarthy K C ‘Techmique of Endotracheal Anesthesia Ohio M J
44 57-58 1948

Der Anesthesist



244 ANESTHETIC AGENTS, TECIINICS, AND EQUIPMENT

19 Pender J W  Endotracheal Anesthesia in Children, Advantages and
Disadvantages  Anesthestology 15 495-506 1954

20 Thalwalker S G Endotracheal Anaesthesia, Indian J Surg 8 184~
88 1946

CEERE Y

21 Armer O and Diamant H  Respiratory tract Lesions Following In
tratracheal Anaesthesia, Acta clur scandinay 101 75-84 1951

22 Baron S H and hohlmoos H W  Laryngeal Sequelac of Endo
tracheal Anesthesta  Ann Otol Rhin & Laryng 60 767-92 1951

23 Barton L W  Granuloma of the Larynx A Late Comphcation of
Endotracheal Anesthesia  Ann Otol Rhin & Laryng 56 191-93 1947

24 Barton R T  Obscrvations on the Pathogenesis of Laryngeal Granu
loma due to Endotracheal Ancsthesta New Lngland J Med 248 1097-99
1953

25 Colgan F J and heats A Subglottic Stenosis A Cause of Dufficult
Intubation  Anesthesiology 18 265-68 1957

26 Cnspell L S, and Hampton L J  Laryngeal Edema Complcating
Endotracheal Anesthesia in Children Case Reports  Connecticut M J 14 98-
99 1950

27 Eckenhoff,J E Some Anatomic Considerations of the Infant Larynx
Influencing Endotracheal Anesthesta  Anesthesiology 12 401-10 1951

28 Femmesser M Aladjemoffi L and Chayen M S  Some Larynge
tracheal Complications Assoctated with Endotracheal Anesthesa AMA
Arch Otolaryng 59 555-59 1954

29 Fmer G H Granuloma of Larynx Following Intubation  Anes
thestology 9 554-55 1948

30 Flagg P J Inctdence and Control of Trauma Accompanymng Endo
tracheal Anesthesia A Survey Based on the Response of One Hundred and
Fifty Leading, Laryngologists and My Experience of Twenty Five Years in the
Use of the Method A M A4 Arch Otolaryng 53 439-45 (Apr) 1951

31 Ivannovich D Bilateral Polypoid Granuloma of the Larynx Follow
ing Endotracheal Anesthesia Report of a Case AMA Arch Otolaryng
58 3137 (July) 1953

32 Jackson C Contact Ulcer Granuloma and Other Laryngeal Compht
cations of Endotracheal Anesthesta  Anesthesiology 14 425-36, (Sept ) 1953

33 Jesberg S and Jesberg N Laryngeal Granulomata Followsng Intra
tracheal Anesthesia  California Med 171 398-99 (Dec ) 1949

34 Keenleyssde H B Reaction to Improperly Cleaned Endotracheal
Catheter  Anesthestology 18 505 1957

35 MacNeil F A Granuloma of the Larynx Following Endotracheal
Anesthesta Canad M A J 65258 (Sept) 1951

36 Maloney W H  Laryngeal Complications of Endotracheal Anes
thesta Laryngoscope 64 861-66 (Oct) 1954

37 Moulden G A and Wynne R L  Post Anaesthetic Granuloma of
the Larynx Brit J Anaesth 23 92-102 (Apr) 1951



ANFSTHI TIC T3 CHNICS 215

1% Pomer R and Feuerstan § S aryngeal Granuloma Following
Tatratrachenl Ancsthesin A Repost of Tour Cases® laryngoscope 61 165~
71 (Fcb) 1951

39 Smuth R M The Prevention of Traches in Children Followine
Endotracheal Ancsthewa  Aneath & Analg 32 102-12, (Mnr /Apr) 1953

40 Tuft H S,and Ratner § B Laryngeal Polypoid Granuloma Follow
ng Intratracheal Anesthesin  Ann Otol Rhin & laryng 56 187-90 (Mar)
1947

41 Young N and Stewart S Laryngeal I esions Folfowing Endotrachenl
Anacsthesia A Report of Twehve Adult Cases Bt J Anaesth 2532-42
(Jan) 1953

R

42 Admam J and Grggs T S An Improved Endotracheal Tube for
Pediatne Use  Anesthestology 15 466-70 (Scpt ) 1954

43 Beccher H K A Note on the Optimal Size of Endotracheal Tubes
Based upon Studies of Blood Gases  Anesthesiology 11 730-32, (July) 1950

44 Cole I An Endotracheal Tube for Babies  Anesthesiology 6 627-
28 1945

45 Gordon R A, and Amshic £ H  Expenence with Vinyl Plasuc
Endotracheal Tubes® Anesthesiology 6 359-61, 1945

46 McDonald W L J Welch H J, and Keet J E  Antisepsis of
Endotracheal Tubes and Tace Masks  Anesthesiology 16 206-13, 1955

47 Sanders R D New Endotracheal Instruments  Anesthesiology 8 57,
(Jan) 1947

48 Slater H M Sheridan € A and Ferguson R H  Endotracheal
Tube Sizes for Infants and Children * Anesthestology 16 950-52, 1955

49 Smith R M Infant Laryngoscope Anesthesiology 17 364 1956

S0 Tumbull L F  Pediatne End heal C A h logy
16 1034-35, 1955

51 Bursten € L Lo Pmto F J, and Newman W Electrocardio-
graphic Studies dunng Endotracheal Intubation I Effects during Usual Rou
une Technies  Anesthesiology 11 224~37, 1950

52 Burstein C L Wolosin G and Newman W Electrocardiographic
Studies during Endotracheal Intubation II Effects duning General Anesthesia
and Intravenous Procaine Anesthesiology 11 299-312 1950

53 Daly W M Unusual Complication of Nasal Intubation  Ancs
thesiology 14 96 1953

54 Davenport H T and Rosales J K Endotracheal Intubation of In
fants and Children  Canad Anaesth Soc J 6 65-74 1959

55 Donnelly W A Grossman A A, and Grem F M Local Sequelae
of Endotracheal Anesthesia as Observed by Examination of 100 Patients
Anesthesiology 9 490-97 1948
. 56 Dwyer C S Kronenberg § and SaMad M The Endotracheal

ube A Consideration of Its Traumatic Effects with a Suggestion for the Mod:
fication Thercof  Anesthesiology 10 713-28 1949



246 ANESTHETIC ACENTS, TECHNICS, AND EQUIPMENT

57 Gillespie, N A, and Conroy W A Endotracheal Anesthesia The
Relation of Nasotracheal and Orotracheal Intubation to Respiratory Morbid
1ty Anesthesiology 2 28-35 1941

58 Gillespre N A Blind Nasotracheal Intubation Anesth & Analg
29 217-22, 1950

59 Smith R M ‘Indications for Endotracheal Intubation i Pediatnc
Anesthesta Anesth & Analg 33 107-14, 1954

60 Wylke W D Hazards of Intubation, Anaesthesia 5143-48 1950

CRU Y

61 Converse J G, Landmesser C M and Harmel M H A Study of
Electrocardiographic Patterns duning Endotracheal Anesthesta Including Those
Scen during Intubation Endotracheal Suction and Particularly Extubation”
Anesthesiology 13 163-68, 1952

62 Culbngford D W J  Muscle Spasm Preventing Extubation  Bnt 1
Anaesth, 26 187-88 1954

LRI Y

63 Bullough J A T Piece Techmque for General Inhalational Anaes
thesta A Safe Method of Reducing Operative Bleeding Brit M J 128-30
1952

64 Inkster J A The T-Piece Techmque 1n Anaesthesa Brt J An
aesth 28 512-19, 1956

'R

65 Baumgarten O and Betcher A M The Use of the Nonrebreathing
Method of Anesthesta Anesthesiology 15 188-95 1954

66 Fink B R A Nonrebreathing Valve of New Design Anesthest
ology 15471-74 1954

67 Lewts G,Jr Nonrebreathing Valve, Anesthesiology 17 618, 1956

68 Mushin W W and Mapleson W W  Pressure Flowrate Character
istics of Exprratory Valves Brit J Anaesth 263 1954

69 Stephen C R and Slater H M A Non Resisttng Non Rebreathing
Valve Anesthesiology 9 550-52 1948

70 Stephen C R and Slater H M A Nonrebreathing Mask  Anes
thestology 13 226-29 1952

71 Woodhull F E A New Low Resistance Valve for Pediatric Anes
thesia Anesthesiology 16 805 1955

R

72 Adnam J and Griggs T  Rebreathing in Pediatric Anesthesta Rec
ommendations and Descriptions of Improvements i Apparatus Anesthest
ology 14 337-47 1953

73 Bloomquist E R Pediatric Circle Absorber  Anesthesiology 18 787,
1957

74 Hunt K H Resistance 1n Respiratory Valves and Canisters Anes
thesiology 16 190-205 1955

75 Lorhan P H  Intratracheal Anesthesia in Children Using a New
Open To and Fro System, Anesthesiology 6 535-36 1945



ANLSTHFTIC TYCHNICS 247

76 Mapleson W W The Elimination of Rebreathing in Various Semi
Closed Anaesthetic Systems  Brit ) Anacesth 26 323-32, 1954

77 Orhin 1 R, Sicgel M, and Rovenstine £ A Resistance to Breath
ing by Appratus Used 1n Ancsthests 11 Valves and Machines  Anesth &
Analg 36 19-26 (Mar /Apr) 1957

78 Pires ¥ K Chemieal Control of Soda Lime Efficiency in Circle
Tilters Brit J Anaesth 2543 1953

LY

79 Armstrong Davison M H  Smnal Analgesta 1n an Infant 11 Days
O} Bnt M J 226365 1946

80 Berhowitz, S and Greene B A Spinad Anesthesia in Children Re
port Based on 350 Paucents under 13 Years of Age, Anesthesiology 12 365-
§7 1951

81 Lopez V  Smnal Anesthesia tn Infancy, Chirurg 13 141, 1941

82 Paton W D M The Prnciples of Neur lar Block  Anaes
thesta 8 15174, 1953

83 Ruston, T G Epidurl Anaesthesia in Infants and Children  Canad
Anesthensts Soc 1 13744, 1954

84 Ruston ' G Emdural Anacsthesia in Pediatric Surgery  Anesth &
Analg 36 76-82 1957

85 Slater, H M and Stephen C R Hypobanc Pontocaine Spinal An
aesthesia in Children® Anesthesiology 11 709-15, 1950

.« e

86 Albert S N Spencer, W A, Bolng J S and Thistlethwaite J R
Hypothermia 1n the Management of the Poor Rish Patient Undergoing Major
Surgery, JAM A 165 1435-38, 1957

87 Albert S N Spencer W A Eccleston H J  Shibuya, ¥, Albert
C A and Thistlethwaite J R Utihzation of Modern Hypothermia as an
Adjunct 10 General Anesthesia for Extensive Surgical Procedures  Anesth &
Analg 35570 1956

838 Allen, F M Hypothermic Anesthesia,! Anesth & Analg 29 97—
100, 1950

89 Bigler J A and McQuiston W O Body Temperatures during An
esthesia in Infants and Children JAM A 146 551-56 1951

90 Blalock A and Mason M F A Companson of the Effects of Heat
and Those of Cold m the Prevention and Treatment of Shock  Arch Surg
42 1054-59 1941

91 Booker W M The Lffects of Hypothermia on Blood Electrolytes and
the Response of the Heart to Drugs durng Hypothermia Progress Report
Amencan Heart Association Oct 28 1956

92 Burford G E  Hypothermia Foll { I !
120815, 1940 ypofierm: e A .

19523 Coliins H A Subcutaneous Fat Necrosis Am J Surg 138 880

M



248 ANESTHETIC AGENTS, TECHNICS, AND EQUIPMENT

94 Covino B G Charleson D A and D Amato, H E  Ventncular
Fibnllation 1n the Hypothermic Dog  Am J Plysiol 178 148-54 1954
95 De Boer B and Ederstrom H E  Lethal Hypotherma mn Dogs of
Various Ages  Aunesthesiology ‘7 518-21, 1946
96 Dornette W H L The Use of Temperature Momtoning Devices
n Ancsthesta ' Anesth & Analg 35 584 1956
97 Drpps R The Physiology of Induced Hypothernua Natonal Acad
emy of Sciences National Research Council Washington DC 1956
98 Hebert C L Seveninghaus J W and Radigan L R Management
of Patients during Hypothermia, Anesth & Analg 36 24-29 (Jan /Feb)
1957
99 Hegnwer A H, and DAmato H E  Oxygen Consumption and
Cardiac Output 1 the Hypothermic Dog  Am J Plysiol 178 138-42 1954
100 Friecdman E W Davidoffl D and Fine J *Hypotherma in Hemor
rhagic Shock  Am J Physiol 185 521-27, 1956
101 Marshall S B Owens J C, and Swan H ‘Temporary Circulatory
Occluston to the Brain of the Hypothermic Dog A M A Arch Surg 12 98-
106 1956
102 heown h K Buley C P Downng D F and Cookson B A
Hypothermia as an Adjunct to the Anesthetic Management of the Cyanotic
Patient for Intracardiac Surgery Anesth & Analg 33 213-16 1954
103 Matthews E D Raplan S Schwab L and Clark L Jr  Oxygen
Avallability to the Brain during Inflow Occlusion of the Heart 1n Normo
thermia and Hypothermia J Thoracic Surg 32 576-82 1956
<104 Miles B E and Churchill Davidson H C  The Effect of Hypo
thermia on the Renal Circulation of the Dog  Anesthesiology 16 230-34
1955
105 Parkins W M Jensen J M and Vars H M Bramn Cooling 1 the
Prevention of Bram Damage during Periods of Circulatory Occlusion it Dogs
Ann Surg 140 284-89 1954
106 Reeves M M and Lewis F J  Total Body Cooling of Febnile P2
tients Surgery 44 84-90 1948
107 Siebecker h L and Steinhaus J E  Cardiac Arrhythmias Produced
by Mechanical Stimulation during Hypothermia ' Anesthestology 19 113-15
1958
108 Smuth S M Hypothermic Anesthesia  Selected Wriungs by the
Staff of Latter Day Saints Hosp Salt Lake City 5 14-122 1956
109 Swan H Zeavin I Holmes J H and Montgomery V Cessation
of Circulation 1n General Hypothermma I Physiolomic Changes and Ther
Control  Ann Surg 138 360-376 1953
110 Swan H Zeavin I and Virtue R Cessation of Circulation mn Gen
eral Hypothernna H  Anesthetic M: Anesthesiology 15 113-21
1954
9111 Swan H The Relationship between Hypothermia and Operatiye Rusk
KVI Congres International de Chirurgie Copenhague 1955
112 Swan H Virtue R W Blount S G Jr and karcher L T Jr




ANESTIIFTIC TH CHNICS 249

Hypothermia in Surgery, Analysis of 100 Clinical Cases Ann Surg 142 382~

400 1955
113 Swan, H Marshall § B and Owens J C  “Temporary Circulatory

Occlusion to the Brain of the Hypothersic Dog A M A Arch Surg 72 98-

106, 1956
114 Virtue R W Hypothermic Anesthena Charles C Thomas Publisher

Springficld, 11}, 1955
115 Woodruff L. M Sununval of Hypothermia by the Dog  Anesthess

ology 2 410-20 1941



CHAPTER 14
ANESTHETIC EQUIPMENT

BASIC EQUIPMENT

Conscientious preparation of anesthetic equipment 1s one of the most
important factors attributing to the safe management of the patient dunng
the anesthesia An anesthetic machme equipped for the sefected anesthetic
agents and techme, a suction, and a varety of endotracheal tubes as out
lined 1n the chapter on the subject of ntubanon are prepared Because
of the wide range mn the sizes of patients and the comparative briefness
of some of the procedures done n infants and children, the pedatnic anes
thestologist must keep ready for use a wide variety of eastly accessible
equipment Since we have found that the cabinet models of mos* anes
thetic machines lack convenience, we have adopted the llustrated mobile
cabmet which 1s equipped with our basic requirements (Figs 117, 118,
119, 120 and 121)

In addition to the above basic anesthetic equpment, there are two classes
of equipment, namely cardiac momtors and ventifators which are playmg
an mcreasmgly important role 1 pediatric anesthesiology

CARDIAC MONITORS

In modern pediateic anesthestology with tts artificial metering of the
oxygen employment of a host of new anesthettc agents and techmcs, and
use of assisted or controlled breathmg, the mdication of acute hypoxia or
overdosage of anesthetic agent, at times 1s detected only by an abrupt
depression of the cardiavascular system Therefore continuous momtoring
of the heart 15 absolutely necessary for the safe conduct of the anesthesta

250
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Fig 117 Mobile h cart for individual hesiol

Precordial Stethoscope

The use of the precordial stethoscope 1s the simplest method of moni-
toring the changes 1n the intensity of the sounds, rate, and rhythm of the
heart The moncaural plastic ear mold connected to the chest picce by
standard intravenous tubing (Fig 122) 1s used on every anesthetized pa-
tient 1n our hospital unless there 1s a special reason precluding its use
Nevertheless looseming of the adhesive which holds the chest pice n
place accidental disconnection of the stethoscope tubing or conditions
making the use of the precordial stethoscope mmpossible necessitate the
employment of additional methods of continuous momtoring of the cardio-
vascular system For these reasons, and also as a source of corroborating
evidence of cardiovascular changes, the following methods of monitormg
the heart are used in pediatric anesthesiology



Fig 119 Anesthesia cart—top drawer contents
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Iz 120  Ancsthesia cart—sceond drawer contents

Fsophageal Stethoscope

In instances where @ precordial stcthoscope 18 impracticnl, such s
anterior chest wall burns and some intrathoracic operitions 1n esophagenl
stethoscope 1s used to monitor the heart The apparatus consists of 1 farge
rubber urethral catheter with the holes 1n the distal end covered by 1
sleeve of Penrose drain (Tig 123) Proximally, the catheter conncets to
the ear mold by a short length of plastic tubing The catheter 1s passed
either through the nosc or mouth and advanced 1n the esophagus to the
point where the heart sounds are heard best

Plethysmograph

An acute depression of the cardiovascular system generally is detectable
through a drop 1n blood pressure The determnation of systolic blood
Pressure 1 1nfants 1s accomphished by either the auscultatory, oscillatory,
or flush (capillary refil) method The oscillatory method 1s rapid, con~
venient, and reliable of the inflatable bladder 15 the proper size for the



Fig 118 Anesthesia cart (top surface}—showng drugs and supplies

—

Fig 119  Ancsthesia cart—top drawer contents
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Yig 123  Fsophageal stethoscope (A4) Far mold (B) esophageal portion

Tig 124 Infant blood pressure cuff (A
H Robins Company Inc  Richmond Vir
ginia )

disappearance of a flashing Iight or the sound of 1 beeper confirms cardio-

vascular depression and immediate action m1y be hfesaving (Figs 125
and 127)
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Fig 121 A t cart—bott drawer

Fig 122 Ploss monoaural steth
oscope with plastic ear mold

patient and completely encircles the arm (Fig 124) A plethysmograph
attached to a finger or a toe a method applicable to most patients affords
a continuous method of detecting a depression of the blood pressure The
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Fip 126 Needie clectioden for clectiocardiograph

Carbon Dionide Analvzer

The ditermination of the ahvcolar carbon dioxide concentration by the
Liston Becher rapid infrarcd ibsorpuion analyzer (Fig 128) s valuable
as a momitor of the pulmonary capilliry blood flow, and hence crrdiac
hemodynamics With aduquate  uniform pulmonary ventdation and dif-
fusion alveolnr carbon dioxide tension declines abruptly when pulmonary
blood fiow falls below 1 entical pomnt such as occurs with overdosage of
ancsthetic agent severe shock terruption of circulation (g 129)
cardiac arrest ventricular fibrllation incffectine cardiac massage (Fig
130) or mampulation of the heart (Mg 131) Upon restoration of effi-
cient pulmonary circulation there 1s an immedinte anerease - alveolar
carbon dioxide tension With hypothermia there s nlso 1 depression of
the alveolar carbon dioxide tension (Fig 132), which may be related
either to decrease in metabolism or to depression of the circulation

Electroencephalograph

The electroencephalograph may be used to momitor severe hypoxta or
depth of anesthesta Brain waves arc the measurable cxpression of the
electrical actvity of the bramn substance and may be used to monstor the
depth of anesthesia as well as evaluate the effectiveness of cercbral bload
flon

Typically slowing of the frequency followed by a straight hine electro-
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Fig 125 Allen heart momtor Plethysmograph on patients finger

Electrocardiograph

Information concerning the nature of cardac rate and arrhythmias dur
ing anesthesia 1s achieved by the electrocardiograph which may be visual
1zed on a cathode ray oscilloscope Needle (Fig 126) or sutface electrodes
may be used The electrocardiograph 1s valuable i cases of poor sk
patients with weakened hearts hypothernma mtrathoracic surgery and
operations nvolving mampulation of intracardiac catheters

The chief deficiency of the electrocardiograph 1s that 1t does not record
the degree of cardiovascular depression It 1s, however the only assured
means of distingwshing between a sinus tachycardia and that very serious
cardiovascular complication—ventricular tachycardia

There are other monitors of simple construction which partially por
tray the electrical potential of the heart, record the heart rate, and detect
a depression of blood pressure (Fig 127)
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Fig 128 Luston Becker saped nfrared €O, amalyzer (A4} Prlup omt {B)
amplifier and recorder dsal

CIRCULATION RESTORED
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Dz 129  CO_ contnuous iracing taken shwough port of endotracheal twbe
hypothermie pantnt Reading tracmg right fo lefr decreasiag CO_ 15 shown during
occlusion of supenos and inferor vepee cavae pulmanacy artery and zorta abrupt
feturn of CO, 15 shows with restarstion of circulation when the clampy » ¢ removed

b

tern widl occur m revesse order, stow activity appeanng first, followed by
faster activaty until the mamtenance pattern is e cstabhished

When discussing the subgect of montonng the heart, one should not
overlook one of the very best methods which occurs on those rare oce
casions 1 the cousse of cardian surgery whent 1n apportunsty 15 afforded
10 visualize the hieart At such tmies, changes i rate, shythm size, and
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‘ y

Fig 127 This finger plethy h the of the arteries
1n the finger It 1s also used to determine systolic pressure (E & J Manufacturing Co
Burbank California )

encephalogram 1s the most charactenistic change associated with hypoxia
or deep anesthesia (Fig 133) If hypoxia 1s corrected or the anesthesia
Ightened, recovery of the electroencephalogram to the maintenance pat-
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Fig 130 Reading right to left alveolar CO, continuous tracing during carduc
massage for ventricular fibrillation in hypothermic patient

- MANIPULATION OF THE HEART

57—

UM vy

Fig 131 Continuous tracing of alveolar CO_ 1n hypothermic patient There 15
depression of CO, when the heart 1s Iifted out of the pencardium  demonstrating 3
reduced pu]monary blood flow

color of the heart combmed with the surgeon s estimation of the cardiac
tonicity provide the best evidence of cardiovascular changes

VENTILATORS

The extensive use m pediatric anesthesia of sedative preanesthetic med
cation respiratory-depressing anesthetic agents and muscle relaxants has
made 1t obligatory to do some form of manually or mechamcally assisted
or controlled breathing in order to avold hypoventilation When using
assisted or controlled respiration endotracheal techmc will reduce dead
space and prevent distention of the stomach but the small endotracheal
tube and connector obstruct the inspiratory and expiratory flow rate even
when the widest bore connector and tube are used and high pressures
apphed to the breathing bag
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«ure, ordimanly, cannot be attaned with manual control of respiration

Secondly, the frequency of respiration <hould be comewhere close to
the normal respiratory tate for that patient The most frequent crror n
artificitl ventilation of the lungs m pedintne anesthesit 1s hypoventilation,
dutected by the pradual onset of tichveardin o arshythmn

Thirdly an occurrence of pallor may indieate hypoun from hypovent
laton or may ko be due to 1 swstined high postne pressure phase
which occludes pulmonan capillan blood flow, but <hould be distinguished
from the palfor of fivpenentilation

o e — ——

[

[

T To o yawn supply :

— - Fig 135 Takaoka ventifator

The rapid, infrared, continuous recording, atveolar carbon dioxide ana-
lyzer, 1n which the microcatheter 1s inserted in the endotrachen! tube, 15 1n
excellent monitor of pulmonary ventlation as well as 1 monitor of the
cardiovascular system A nse m alveolar carbon dioxide tension usually
means hypoventlation an exhausted carbon dioxide absorbent, or re-
breathing, a fall 1n alveolar cirbon dioxide tension may mean hyper-
venulation although extreme hypoventlation would give a low carbon
dioxide tension but obviously this would not be alveolar samplhing

The anesthestologist must not be confused by the theoretical terms of
volume-cycled, pressure cycled or time cycled ventdators His only re-
lable guides have been emphasized above Examples of ventlators are
tllustrated 1n Figures 134 135, and 156 (p 315)
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Fig 133 Bennett to Bl infant circle filter

The anesthesiologist when using a ventilator cannot rely upon either the
manufacturer s mstructions or upon a nomogram, but must rely on clmical
signs Of prime importance 1s careful observation of the degree of expan
sion of the chest or lungs on mspiration The degree of expansion of the
thorax must be at least equal to that seen m normal breathing Because of
the narrowed endotracheal tubes and connectors used mn infants, adequate
expansion may be achieved only with high positive pressures The shght
negative phase not only will greatly assist the venous return of the blood
to the heart but also will increase the flow of gases through the narrow
endotracheal tubes and connectors durmg expiration Negative pres-
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PREANESTHETIC MEDICA-
TION AND PREPARATION

Because of the extreme lability of the pediatric patient, 1t 1s essen-
tial that the diagnosis hustory physical examinttion laboratory re-
sults, and x rays be evaluated and the pertinent information recorded
on the anesthetic chart (Figs 136 and 137) by the anesthesiologist
at the tme of the preanesthetic visit Additional speaific information
can be obtained from the attending pediatrician or surgeon The sur
geon must outline his plan relative to maimntenance of fluid and clec
trolyte balance, probable blood loss duration of surgery, required
muscular relaxation patient position and the possible use of electro
cautery X rays, or vasoconstrictors
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Fig 137 Back of duplicate of anesthetic punch-card record retained for statistical
analysts by anesthesia department

to plan his anesthetic management, including besides the choice of

anesthetic agents and technics a careful plan for the avoidance of

tracheal asprration of vomitus, precautions against hypotension,

and the physical conditions necessary for the contemplated pro-
cedure
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Fig 136 Pediatric anesthesta record—official hospital record
A thorough perusal of available information should be followed
by the preanesthetic visit to the patient wherein essential physical
findings are confirmed and patient confidence 1s established
By thus time, the anesthesiologist usually has sufficrent information
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To achicre the deured conditione 1 combination of drugs is generally
emplmved, wmong them beng the opiates the antihitaminics, the b
biturates of tnbromocthanol  combined with an anticholinerpie drug of
the budldonn group

Among the 1dvantages of opate or opiite e drugs are thar 1ty 1o
produce 1 quict cooperatne but not comatose, pitient and their produc-
tion of analgest duting nd following the anesthesin Disadsantages are
chicfy yeypiratony deptesson amd nasen however the htter e b
amchiorited in cluldren by wcopolwmine and barbiturates and, i some
mtances, Almost chmimated by anthitanumies. Of the narcotics in com
mon uage mosphine mependine {Demetol)  nd codene are the most
promment  Although uwwilly adnunitered by the trimuscuir or sub
cutancous toute one halfl 10 one hour preoperatnely f a4 more rpd
rewult 1s dewred, they may be gnen dowly by the intraenous route

The narcoties particulith mependine have beun noted to have an
eflcct an chuldren dissimilar to that seen in the adult Even wath hrge
amounts of drug hypotenson 1s <cldom scen, mdeed hyperiension and
tihverrdia are the common cirdios seeutar cffiects obsersed and marhed
respiratory depression ts an mfrequent occurrence Narcoties are analgesies
Unfortunately the more analgesic harcotics produce groiter respietors
deprussion Nauscr e oceur upon the pruient assumimg the upnght posi
tion but 1s controllable with anunauscants Narcotics mihe the patent
wakiful but cooperatne Followng or just prior to 1nduction of anes-
thesia we frequently adnumister 1 mg pee kg of body weight of mependine
ntravenously to supplement analgesia tn nonexplosne techmes The nar
cotic antagomsts n allylnormorpline hydrochloride (Nalline) or levallor-
phan tartrate (Lorfan) may be resorted 1o n the rare mstances when de
pression of respiration 1s persistent

The barbiturates most frequently ¢mployed in premedication are seco-
barbital (Scconal) pentobarbial (Nembutal), thiopental (Pentothal), or
thiamylal (Suntal) Admunistration 1s either oral as an eliar or capsule
or rectal by means of a suppository or solution The rectal route however
ts extremely unreliable both from the standpomt of absorption and of
admumstration Furthermore the usual agents admumustered per rectum fre-
quently prolong unconsciousness postoperatively

The technic of rectal admimstration of prenesthetie solutions consists
of the nsertion of a No 12 French catheter 4 or 5 1n mto the rectum
::cltjil 1:2;":;;; l::i{t :r:ccssary to provide 1 cleansing enemn prior to the

all quantities of nnesthetic solution In fact, an



CHAPTER 15
PREANESTHETIC MEDICATION

The subject of preanesthetic medication 1s a controversial one and has
enthusiastic proponents of all dosage schedules, varying from the very
Iight to the more profound While each imnstitution usually has a basic
gude of drugs and dosages for each age group, such a gwde frequently
1s found to be mcomplete, therefore, a detailed satisfactory preanesthetic
medication table should be evolved, with the understanding that many
factors may modify this basic schedule Our basic pattern of premedica
tion 1s shown i Figure 138

Pentobarbutal Scopolamine
or or
Age Weght  Secobarbital Moarpline Meperdine — Atropine
0-1 year 3-211b 01mg
=2 30 30mg Img 10 mg 015
2-3 34 45 1 . 15 015
34 38 45 15 20 02
4-5 44 60 2 25 02
5-6 50 60 3 30 02
6-8 55 60 4 35 03
8-9 60 75 s 40 03
910 65 75 6 45 03
10-11 74 90 6 50 03
11-12 80 920 6 50 04

Yig 138 Premedication guide for mfants and children
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hitarmmes hine been widehy u cd thar mam ~dvantage beng in the ficld
of nusea therapy While of uee 1n Al patente antthidtamimies are of par-
ticular s lue in burned chiddren where it e extremehy important that appe-
ute and flurd retention be reguned raipdy follo ving each graft or dressng
procedure In addition the anubtamimie apents find continmng safuc in
those cares where the patient precents aflespic swmptoms . These agents
are penerlly admimictered intramuculntly or rectally

Scopolimne of Atropine v piven oither «ubcutancoudy or intrimuscy
farl ot the same time a8 the opiate but of atropine lone 15 uwed 1t s
ordinanly admindered approximately one hlf hour prior to the admin
wiration of 1ncstheun In our pediatnic experience scopolamine 1s the
prime inhibitor of <ceretory actinity 1nd tropine 1s the agent most cffectine
mnhubiung other reflex parasympathetic nctivity  With farge dosages of
atropine  bradyeardia with either sucainylcholine or cyclopropane 1nes-
thesia 15 scldom obwened There are wide cffects to these bellrdonna drugs
They infubst sweating may ciuse hyperthermia (which can be controfled),
ddate the bronchi gastromtestnal tract and bladder, and scopolamine
mahes the patient forgetful

As with any routine many condiions may modify preanesthetic meds
cation Agc weight physical condition speaific discase conditions, the
operation contemplated 1nd the method of anesthesia may all be factors
of conaideratton  Infants dumng the first year of Lfc are usually ginen
only atropine or scopolamine however wnfants dunng the first two or
three days of life rarely need any drying agent at ali since at that tme
there 15 virtually no respiratory tract secretion

Patints overweight underweight with high intracramal pressure, or
with cardiac discase require only one quarter to three quarters of the
routine sedation Mentally disturbed, deaf or hyperthyrord patients re-
quire increased sedation

In mfants and children open drop cther 1s best performed of the pre-
medication consists of either atropine or scopolamne alone On the other
hand such ancsthesia as mirous oxide 1s best supported by relatively
heavy analgesic supplement in the preancsthetic medication The impor-

tance of planmng for the anesthetic agent and technic to be used cannot
be overemphasized
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Tig 139 Insertton of lubn
cated catheter mto the rectum of
an nfant for institfation of a bar
biturate or tribromoethanol

enema Just before surgery merely stmulates the bowel to evacuate 1ts
contents including recently mstilled medication

Since the solution for rectal medication 1s preferably admnstered over
a three- to five-minute period, the buttocks are strapped firmly together
with adhesive tape (Fig 140) to prevent leakage, for the mnfant or young
child possesses an extremely active lower bowel, and solutions so admin
istered may be readily evacuated

In place of or m combmation with, barbiturates or opiates, the antt

Yig 140 Fim strappmng of
the buttocks with adhesive tape
helping to retamn nstilled  anes
thetic solution
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PREANISTIITIC TRITARATION

IMMEDIATE PREANESTHETIC MANAGEMENT

Preferably, the patent 1s brought in an approprte conscyance 0 the
induction room 1 <hort time prior to the scheduled surgery 1 premature
ot full term newborn under 35 hg 1s comeyed 1 an ovygen-enriched,
humidificd 1ncubator heated to 32 2° € (90 T), an infant between 35
kg and 15 kg 15 brought i 1 carer with quidrlatern) enclosure (Fig
141), an infant or child over 15 kg 1s comeyed on 1 mobile stretcher with
a strap firmly across the hips

1

Fig 141 Quadralateral enclosure for safe transportation of infants and children

In the induction room, the patient comes under the charm of a fandly,
soothing attendant, soft music and lively motles and murals No infant
or child 1s ever left unattended

The anesthesiologist must indisputably confirm the 1dentity of the patient
from the chart from the wnst band on which 1s typed the patient s name
or from the ward nursc or surgeon An older child may be able to con-
firm his name when asked

The oropharynx 1s exammed carefully for brohen mussing or loose
teeth and for foreign bodies Bruises or abrasions should be noted Written
consent by the parents for ancsthesia and operation and the type of oper-
ation scheduled should be checked from the notation of the surgeon on
the chart

The efficiency of the lay-in or cut-down 15 assured by njecting rapidly,



CHAPTER 16
PREANESTHETIC PREPARATION

GASTRIC CONTENTS

Of extreme mmportance to the safety of the patient 15 the absence of
soltd food n the stomach durmng the anesthesia Since the stomach of the
normal infant or child takes at least five hours to evacuate completely, no
mnfant or child should be fed solids orally within six hours of the time of
operation Except mn case of dire emergency all pediatricians, surgeons
and anesthestologsts should adhere to this rule of tme Clear, swectened
flud may be given orally to within two hours before anesthesia Oral
fluds given later than ths are apt to be vomited dunng mduction

In cases of dire emergency there are two methods of avoiding the ex-
tremely penlous complication of aspiration of food ito the lungs The
stomach 1s aspirated or a large esophageal tube with mflatable cuff 1s
passed into the stomach. The cuff 1s then inflated and the tube withdrawn
slhightly so that the nflated cuff occludes the space between the tube and
the esophagus preventing the regurgitation of gastric contents around the
tube As a further precaution all of these emergency cases should be
ntubated to assist the mamtenance of a patent airway

TRANSFUSION AND CUT-DOWM

When sigmficant blood loss may occur dunng surgery, the blood 15
typed cross matched and sufficient blood 1s ordered Before surgery 10
infants a cut-down 1s done 1n the saphenous vemn at the ankle

In every case 1t 15 essental to establish before surgery proper hydra
tion and electrolyte balance
274
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ANESTHETIC MANAGEMENT
of SURGICAL PROCEDURES

In presenting considerations of the anesthetic management of pedi-
atric surgical procedures the authors apprectate that there are today
myriads of ways of preparing and anesthetizing patients for any given
operation The methods employed will vary from country to country
and even from hospital to hospital within a country However, the
objectives are always the same namely maximum safety and comfort
for the patient and facility for the surgery To achieve these objec
tives the anesthesiologist requires an understanding of the patients
conditon the proposed surgery the preparation of the patient, and
the selection of anesthetic agents and technic All these features of

7
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sntravenously, 2 ml of normal saline, whereby any leaks or blockage will
be detected and corrected In most instances a styletted needle 1s mserted
mto a vein (Fig 142) under either local or general anesthesia, and

e - P T ey

s —
. Ep————

ClLRF—— —

Fig 142 Styletted needle (4) Needle with stylet mnserted (B) needle (C)stylet

strapped 1nto place In major surgical cases two styletted needles may
afford an extra portal of entry for blood should the blood loss be excessive
or the one needle become dislodged

A blood pressure cuff of proper size 1s applied to the arm The maximal
precordial impulse 1s palpated, and the precordial stethoscope 1s strapped
over this place A plethysmograph 1s attached to the patient s finger (Fig
127 p 258) Blood pressure pulse rate and rhythm are noted and
recorded regularly on the anesthesia chart while resprration 15 observed
for rate rhythm and character

BIBLIOGRAPHY
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ANESTHETIC MANAGEMENT
of SURGICAL PROCEDURES

In presenting considerattons of the anesthetic management of pedi-
atric surgical procedures, the authors apprecrite that there are today
mynads of ways of preparing and anesthetizing patients for any given
operation The methods employed will vary from country to country
and even from hospital to hospital within a country However, the
objectives are always the same, namely, maximum safcty and comfort
for the patient and facility for the surgery To achieve these objec-
tives the anesthesiologist requires an understanding of the patient s
condition the proposed surgery, the preparation of the patient and
the selection of anesthetic agents and technic All these features of

277
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the practice of pediatric anesthesiology have been discussed m a
general way n the preceding chapters In this section of the book
will be outhned the application of these features to the anesthetic
management of specific principal operations performed on 1nfants and
children, followmng as closely as possible the system of classification
employed in SectionI (p 2)



CHAPTER 17

OPERATIONS ON THE BODY AS A WHOLE
AND THE INTEGUMENTARY SYSTEM

INCISION AND DRAINAGE OF' ABSCLSSLS AND CARBUNCLLS,
RCMOVAL OF TOFNAILS, SKRIN GRAFITS, I\CISION OF SMAIL
LOCAL TUMORS, BIOPSIES, PI ASTIC RIFCONSTRUCTION OF
POLYDACTYLISM OR SYNDACTYLISH, SUTURING OT ¥ OUNDS,
AND REMOVAL OF DRAINS, DRISSINGS, OR PACKS

For most of the above-mentioned operations, nfants and children re-
quire general anesthesia in order that the procedures may be performed
under stable conditions In spite of the fact that these operations are some-
times termed as * minor, * the customary meticulous ancsthetic preparation
must be observed

The preanesthetic medication 15 dependent largely upon whether the
patient 15 to be immediately ambulatory ot hospitalized following the pro-
cedure In either casc one of the belladonna dervatives 1s given, since
this provides decreased salivary and bronchial secretions, mmmal cardiac
vagal reflexes and early ambulation, but, 1f the patient 1s to be hospital-
1zed opates or barbiturates also are given

Cyclopropane or a combination of cyclopropane and nutrous oxde us-
ng either a nonrebreathing technic or nfant or adult circle filter techmc
provides extremely rapid mduction and recovery pertods and 1s preferred
for prolonged operations where blood loss 1s not a factor The cyclopro-
pane dilates the veins and facihtates the mnseruon of a styletted needle
through which fiuds and other medications such as barbiturates or muscle

279
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relaxants may be given at any time during the operation Older children
who are hospitalized prefer the induction of ancsthesia with an ntravenous
short 1cting thiobarbiturate Thus 1s followed by cyclopropane or a com
bmation of nitrous oxide and cyclopropane

Several methods are available when nonexplosive, nonflammable con
dittons are desired mitrous oxide and Fluothane with the ccle filter
techme, a combnation of 30 per cent oxygen, 40 per cent cyclopropane,
and 30 per cent helium, employing the Hingson’s portable anesthetic ma
chme (Fig 143), a combmation of mtrous oxide and trichlorethylene,

|
|
i
!
5
i
f
,
i
i

Hingsons readily portable anesthetic machine 1n which a combination of

Fig 143 oxygen cyclopropane and helum 1s employed

using the nonrebreathing techme or trchlorethylene, using an mhaler
which supplies metered amounts of trichlorethylene in arr Endotracheal
techme 15 used for prolonged operations and for operations mn which the
patient 1§ 10 the lateral or prone position

Most of the patients who undergo any of the afore mentioned operations
require only 2 brief period of postoperative care since they very early
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climmate the gascous anesthetic agents, resume thair dict, and arc ambu
latory

Classificd under operations on the body as 2 whole are two usually
extensie procedures—the surgical treatment of burns and the exciston of
sacrococcypeal teritomas—eich of which requires 1 more detaled de-
seniption of its ncsthetie management

SURGICAL TREATMYINT O DURNS

The surgical treatment of extensive burns usunily consists of early dress-
ings, adequate debridement, and carly shin grafung of the clean denuded
areas to present the fatal loss of plasma and protein and to protect the
wound from infection

In the cvaluation of the patient, the 1nesthesiologist discusses with the
surgeon the possibility of low blood volume, ancmua, hypoproteincmia
hemoconcentration myocarditis, scpticenua, mamtion vitamuin deficiency,
and degrec of renal dysfunction, all of which reduce the myocardial re-
serve and make the patient a ready candidate for shoch Other considera-
tions of migmficance 1o the ancsthesiologist are  the treatment pnor to
surgery, the proposed surgical treatment, movement and positioming of the
patient, the expected blood loss, the need of a cut down and i the in-
stances when there 1s marked laryngeal and pharyngeal edema from a
facial burn, the wisdom of performing a trachcostomy

The ancsthestologist on lus preancsthetic visit gives teassurance to the
child to mutigate the terror of the frequent visits to the operating room,
{or numerous operations are usually required in the treatment of burns
He often discusses with the child the chorce of ancsthetic agent and techmic
Some children prefer an inhalation agent such as cyclopropane for induc-
tion whule others prefer an intravenous thiobarbiturate For premedication
m the acutely ill period, one-half the normal amount of meperidine (Dem-
erol} with scopol ts ad ed ntr larly one hour before
anesthesia To avoid nausea and to re-cstablish the normat dietary ntake
an antiistamimc 15 paven At the same ume enher as a suppository or
mtramuscular njection

To relieve the pan from movement, the anesthesia 1s induced n the
patient s bed 1n the operating room by mask and bag or by mtravenous

thobarbiturate If there 1s no cut down, two large-bore styletted necdles
are nserted and taped m the splinted forcarm or leg The dressings are
removed and the child 1s moved gently onto a sterile sheet covening the
aperating room table If the prone position 13 required during the surgery,
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the patient 5s intubated using a small dose of succinylchohne chlonde
Smnce the frequency of the operations magnifies the possibility of traumatc
laryngitis, the endotracheal technic ys used sparmgly, but never omitted
when 1t 15 necessary to mamtain the patency of the airway

If an explosion proof dermatome 1s to be used, cyclopropane 1s pre
ferred because 1t ordinanly does not depress the myocardium However,
1f a nonexplosion proof dermatome 1s to be used a combination of meper
dine (Demerol) up to 2 mg/kg (1 mg/1b) of body weight nitrous oxide,
and succnylcholine chlonde 1s employed supplemented by minmmal dos
ages of intravenous thobarbiturates, mimmal because of therr myocardial
depressant effect For burn dressings analgesta 1s sufficient, while for skin
grafts, immobility also 15 necessary to prevent displacement of grafts

Certain specific safeguards concern the anesthesiologist n the operating
room management of the burned patient These are momtoring and control
of the body temperature, prevention of infection or the spread of infec
tion, supportive treatment, and cardiac momtoning and stimulation

A warm operating room mitigates heat loss from large denuded areas,
the room temperature bemng regulated m accordance with a continuous
recording rectal or esophageal thermometer, on the other hand, the
septicemic burned child with an elevated temperature, a cool room of
18° C (64 4° F) 1s required

Extraordinary precaution must be exercised to prevent the large wound
from becomung infected, which 1t does very easily In addition, if a burn
1s nfected, spread of this infection to other cases must be avoided There-
fore anesthesia personnel wear gowns and discard them i the operating
room at the termmation of the surgery The rules regarding the cleamng
of equipment and the scrubbing of the anesthesiologist s hands before ap
proaching another case must be strictly observed

Supportive therapy 1s nowhere more important than with burns Blood
transfuston 1s necessary to replace blood loss on the operating table
Anemia and hypoproteinera due to blood vessel mjury, infection, poor
intake of food, and loss of blood during the debridement require correc-
tion with blood transfusion Blood 1s customanily pumped into the patient
durmg debridement and sk grafting when rapid blood loss 1s being re-
placed (Fig 144) If the patient js intubated he can at this time be
placed on the automatic ventilator On the other hand, when blood loss
1s small, the transfusion 1s given by means of a slow dnp dunng change
of dressings This meticulous care 1s essenttal due to the weakened condi-
tion of the myocardium, damaged by myocarditis, by malnutrtton, or by
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Fig 144 The vein in the left arm 1s 1

d for blood transf
the debridement of a burn there s a tremendous blood loss

since dunng

hyperkalerma and unable to withstand sudden overloading of the circula-
tion which might precipitate cardiac fallure Impending cardiac failure 1s
gauged by a nse 1n venous pressure, visible 1n distention of the nech veins
m the horizontal posttion, and a greater tendency for reflux of the blood
mto the mtravenous flud as the bottle 1s lowered toward the patient

If hemoconcentration is present, as seen with high hematocrit levels,
5 per cent glucose 1n water or plasma 1s used as a blood diluent Glucose
will mncrease diurests, provide calories, and prevent consequent hemocon-
centration and thrombosis from dehydration Plasma when utihized, should
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be cross-matched plasma from only one to four donors to reduce the nsk
of hepatiis

Because of the reduced cardiac reserve, another cardiac monutor 1 ad
dition to the stethoscope 1s used Calcrum gluconate, 10 per cent, using
05 to 1 ml (50 to 100 mg) after each 100 ml of blood 1s often used to
ncrease the cardiac tone If the existing heart rate 1s slow, the mcreased
slowng often produced by calcium 1s prevented by atropinc, 0 06 mg (gr
1 1000), gtven mtravenously prior to the calerum

Before the child leaves the operating room he 1s given an antihistamine
drug slowly by the travenous route to relieve nausea and to promote
early resumption of food mtake postoperatively He 1s moved gently from
the operating table to a clean bed or frame and placed on his side if
possible Intravenous flwd therapy s continued if necessary He 1s re
turned to the postanesthetic recovery room Food by mouth 1s given as
soon as tolerated by the patient Postanesthetic visits to the child will help
him maintamn a healthy mental and emotional atutude, thereby laying 2
foundation for a peaceful induction of anesthesta on subsequent occastons

EXCISION OF SACROCOCCYGEAL TERATOMAS

Surgery for excision of sacrococeygeal teratomas often 1s a prolonged
and difficult dissection of a poorly defined Jarge mass on one or both but
tocks The anesthesiologist discusses with the surgeon the fustary and the
extent of the lesion the posstioning of the patient the estimated blood
loss the amount of blood to be grouped and eross-reatched, the arrange
ments for a cut-down 1n the upper limb, the use of cautery, and the gen
eral condition of the patient

If there 15 no general disability, the infaat or chuld 1s given premedica
tion according to the schudule set forth m Section I (p 268)

The choice of anesthetic agent and techmic will depend chiefly upon
the surgeon s plans For either prone or hthotomy posttion with use of
cautery by the surgeon we employ endotracheal, nonexploswve techme
A small ntravenous dosage of succmylcholine chlonde will facihitate 1n
tubatton Following intubation the mfant is posttioned etther 1 the prone
postion with sand piifows under the shoulders and hips, or n the hithotomy
position  Anesthesta can be mamntamed with a succmylcholme chlonde
drip and nitrous oxide mhalation or with any other nonexplosive technic
When the patient 15 In the prone position artificial ventitation of the lungs
should be carnied on manually or with a mechamcal ventilator, which en-
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ables the ancsthesiologist to have his hands free to pump i the blood if
the loss 15 coprous 15 the hemorrhage cn be very brisk

After the dresung 15 applied  the operating table 1s strughtened out and
the mfant Jowly placed on s back Breathing 1ind concciousness <oon
return On account of the long duration of intubation the infant may need
to be pihiced in cold mont atmosphere for 1 few hours The intravenous
cut-down 1s left in plice, since more blood m be requured to replace
that lost by postoperatine oo7ing
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be cross-matched plasma from only one to four donors to reduce the risk
of hepatits

Because of the reduced cardrac reserve, another cardiac momtor m ad
dition to the stethoscope 1s used Caleinm gluconate, 10 per cent, using
05to 1 ml (50 to 100 mg) after each 100 ml of blood, 1s often used to
mncrease the cardiac tone If the existing heart rate 1s slow, the mcreased
slowing often produced by calcium 1s prevented by atropine, 0 06 mg (gr
1 1000), given intravenously prior to the calcium

Before the child lcaves the opcrating room he 15 given an antihistaminic
drug slowly by the intravenous route to rclieve nausea and to promote
early resumption of food intake postoperatively He 1s moved gently from
the operating table to a clean bed or frame and placed on s side if
possible Intravenous flud therapy 1s continued if necessary He 1s re
turned to the postanesthetic recovery room Food by mouth 1s gwen as
soon as tolerated by the patient Postanesthetic visits to the child will help
him mantain a healthy mental and emotional attitude, thereby laymng a
foundation for a peaceful induction of anesthesia on subsequent occastons

EXCISION OF SACROCOCCYGEAL TERATQMAS

Surgery for excision of sacrococcygeal teratomas often 1s a prolonged
and difficult dissection of a poorly defined large mass on one or both but
tocks The anesthesiologist discusses with the surgeon the history and the
extent of the lesion the positioming of the patient, the estimated blood
loss the amount of blood to be grouped and cross-rratched the arrange
ments for a cut down 1 the upper imb, the use of cautery, and the gen
eral condition of the patient

If there 1s no general disability, the mfant or child 1s given premedica-
tion according to the schedule set torth 1n Section III (p 268)

The choice of anesthetic agent and technic will depend chiefly upon
the surgeons plans For either prone or lithotomy position wath use of
cautery by the surgeon we employ endotracheal, nonexplostve technic
A small mtravenous dosage of succinylcholine chloride will facilitate m-
tubation Following intubation the mnfant 1s positioned either 1n the prone
posttion with sand pillows under the shoulders and hips, or n the Iithotomy
position Anesthesia can be mamtamed with a succinylcholine chloride
drip and mitrous oxide inhalation or with any other noncxplosive technic
When the patient 1s 1n the prone position artificial ventilation of the lungs
should be carned on manually or with a mechanical ventilator, which en-
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n crcut, to and fro or nonscbreathing techme For long opcrations
(F1g 145) or when the patient is1n the prone position, cadotracheal anes-
thesia 15 cmployed to fachiate the ventilation of the tungs If muscle re-

e
/ /; B

Fig 145 A patient with a plaster spica applied following correction of bilateral
dislocated hips Endatracheal nonrebreathung valvular technic 1s employed

laxation 1s required ntermittent succinyicholine chloride or the longer-
acting muscle rclaxants arc given mtravenously If the patient has been
m the prone positton during surgery, the change to the lateral position
should be accomplished slowly to prevent hypotension cither from the
change n the position of the heart or from the pooling of blood 1n the
extremities or abdommal viscera

SHORTENING AND LENGTHENING Or BONES, OPEN
REDUCTIONS, ARTHROPLASTY, ARTHRODLSIS,
AND AMPUTATIONS

The anesthetic management for this group of more extenstve operations
on the musculoskeletal system 1s the same as for the less extensive ortho-



CHAPTER 18

OPERATIONS ON THE MUSCULOSKELETAL
SYSTEM

REMOVAL OF A SCREW OR NAIL FROM THE BONE, APPLICA
TION OF KIRSCHNER WIRE TRACTION, LOCAL EXCISION OF
BONE CYST, CLOSED REDUCTION OF IRACTURE, APPLICA
TION OF HIP SPICA, MANIPULATION OF A JOINT, CLOSED
REDUCTION OF A DISLOCATION, DRAINAGE OF ABSCESS,
REMOVAL OF FOREIGN BODY FROM THE MUSCLE, MYOTOMY
OF THE STCRNOCLEIDOMASTOID MUSCLE, TENOTOMY,
TENOPLASTY, AND EXCISION OF GANGLION

The above procedures, as a rule, require analgesta alone or analgesia
and muscle relaxation and ental mimumal or no blood loss

If the procedure includes the application of a restrammng appliance, 1t 1S
advisable to warn the chidd of this fact before anesthesta Because many
of the procedures mn this category entail repeated disturbing operations
with severe postoperative pam the child 1s given heavy premedication with
mepenidine (Demerol) oral or rectal barbiturate and scopolamine, but
weak respiratory muscles or a long chronc illness necessttate marked re
duction 1n dosage of depressant drugs

In a large number of these orthopedic operations, cautery and x ray
are an ntegral part of the procedure, therefore nonexplosive anesthetic
agents such as intravenous thiobarbiturates combined with either mtrous
oxide and trchiorethylene or mitrous oxide and Fluothane are emploved
For many of the short operations a mask and bag are used with absorption

286
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sntubaon difficult and render an awake mtubation advisable after thor
ough «praving of the throat and cords with 1 locat anesthetic With no dis
tortion of head or neck the patient 15 induced <lowly with 1 small amount
of intruvenous thiobatbiturate (Pentothal or Suntal) followed by cyclo
propanc Two stylctted needles are mserted m the upper hmbs After in
whation 15 1ccomplished the nesthesin 1s changed to 2 nonexplosive
techme

The patient 1s then turned to the prone position and the blood pressure
cheched 1t once since occasionally the movement from supine to prone
posiion m1y cause hypotension 1 chromienlly 1l or bedridden children
(Fic 146) Blood transfusion s started immedintely through 1 cannu

Fig 146 A patent postured for a spinal fusion Styletted needles are :n both
hands for transfusion during surgery Bolsters are placed under the shoulders to elevate
the thorax and allow normal thoracic excursion

lated vein m the arm and throughout the procedure the anesthesiologist
assists or controls the respiration to avoid a hypoventilation from the
prone position or the reduced vital capacity

The patsent should be extubated only after reflexes have returned On
account of the duration of these operations and the pulmonary dysfunction,
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pedic operations described 1 the first part of tis chapter, but here there
are the possible added hazards of decrease m cardiovascular and hepatic
reserve, amylordosis, renal impairment and caleulr from chronic mactivity
or mfection, and a large blood loss If the surgeon anticipates a large blood
loss during surgery then preparations are made to give blood durng the
operation

REDUCTION AND FINATION OU FRACTURE OF
THE MANDIBLE

Wiring of the upper and lower jaw may be a necesaity s the operatve
repair of the fractured mandible In many cases st 1s debatable whethet
to rely on nasotracheal smtubation or to request that a tracheostomy be
performed prior to mnduction of anesthes:a However, when a complete
fixed occlusion of the mouth 1s anticipated, tracheostomy 15 the procedure
of choice masmuch 1 a clear arway can be mamtamed both operatively
and postoperatively

Agan the anesthetic agents and techmucs are the same as those nsed
for the orthopedic operations described 1n the first part of this chapter

STERNOPLASTY

Endotracheal anesthesia 1s employed for stcrnoplasty to ensure adequate
pulmonary venulatton since the removal of costal cartitages further di
mmshes the rigidity of the thorax Also a stomach tube should be kept
in place during and after surgery to prevent gastric distention

Postoperatively some of the rigidity of the thorax 1s restored by a sup
portng frame which 1s wired to the sternum and keeps it elevated

SPINAL FUSION AND REDUCTION OF COMPRESSION
FRACTURES OF THE SPINE

Some of the patients scheduled for spmal fuston or reduction of com
pressior fracture of the spine bave grave pulmonary dysfunction from
severe kyphosis and scoliosts

With the lowered wital capacity preanesthetic sedation should be re-
duced Blood should be cross-matched beforehand, a blood pressure cuff
apphed on the arm or leg and a stethoscope placed over the precordium
Some patients are operated on when they are 1n a body cast, and such a
cast must be prepared so that 1t 1s nstantly removable if cardiac massage
1s required Careful examimation of the position of the head n the cast 15
necessary, stice a leston hugh mn the thoracic or cervical region may make
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ntubition dilicult and render an awake intubation advicable after thor
ough sprasing of the thront and cords with 1 loeal anesthetic: Wath no dis-
tortion of head or neck the patent 1 mduced slowdy with 4 <mll amount
of ntrivenous thiobarbiturate (Pentothal of Suriril) followed by cyclo
propane Two stiletted necdles are nscried i the upper himbs After n
tubation 15 accomplihed the ancsthesn a8 changed to 1 noncxplosise
techme

The patient 1 then turned to the prone postion 1nd the blood pressufe
cheched M once wince ocertondly the movement from supine to prone
positton mas cause hvpotenston m chronically M or bedndden childsen
(Ne 146) Blood trandfuson s started immediately through 2 canni

Fiz 146 A patient postured for a s
pinal fusion Styletted ncedles are in both
k:;nds for transfusion during surgery Rolsters are placed under the shoulders to elevate
e thorax 2nd allaw normal thoracic excursion

lated vemn m the arm and throughout the procedure the ancsthesiologist
assists or controls the respiration to woid 1 hypoventilation from the
prone position or the reduced vital capacity

The patient should be extubated only after reflexes have rcturned On
account of the duration of these operations and the pulmonary dysfunction,
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the patient should be put in cold, moist atmosphere for a few hours post
operatively to mummize any subglottic edema resulting from prolonged
mtubation

FASCIAL TRANSPLANT FOR WEAK ABDOMINAL MUSCLES

This operation 15 an attempt to compensate for paresis of abdommal
muscles following poliomyelitts In an effort to stabilize the thoracic cage,
fascia lata straps are transferred from the thigh, the lower ends bemg
rotated upward and attached under the skin to the recti or lower ribs
Most of these patients have pulmonary dysfunction with decreased tidal
volume and vital capacity Long smmobilization m bed, together with the
effects of viral myocarditis, reduces their cardiovascular reserve, whie
kidney function also may be mmpaired

In the preanesthetic medication, sedatives should be omitted, since they
may depress the child s weak respiration to the extent of causing hypoxia
and hypercarbia

Two methods of anesthesia are satisfactory for such patients By em
ploymng controlled respiration with a currass type of chest respirator, an
alyzing the alveolar air with a carbon drotide analyzer and regulating
the resprrator accordingly, proper ventilation and anesthesia may be mamn
tamed analgesia 1s all that 1s necessary and 1t can be accomphshed with
small amounts of cyclopropane It 1s unwise to use an endotracheat tube,
for these children are susceptible to pulmonary infections postoperattvely
and are unable to overcome subglottic edema from intubation should 1t
occur

The alternative technic 1s circle or to and fro absorption with a mask,
permutting the patient to breathe on his own with shight assistance to com
pensate for any depression of respiration or resistance 1 the apparatus,
but one must guard agamst gastric distention, visible 1n the left upper
quadrant, since 1t 1s very easy to inflate the stomach of these patients For
supportive therapy an intravenous drp of 5 per cent glucose 1n water 1§
used

At the end of the surgery while the patient 1s stll anesthetized the
trachea 1s aspirated to remove any secrctions because these children Iack
an effective cough, their mamn defense 15 raprd removal of all anesthetic
agents so they can be fully conscious soon after the termination of surgery
Further aspiratton of the trachea 1s performed postoperatively as required
Intermuittent positive pressure breathing treatment three or four times dady
1s also recommended
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CHAPTER 19

OPERATIONS ON THE RESPIRATORY
SYSTEM

OPERATIONS ON THE NOSE AND ACCESSORY SINUSES

Removal of Polyps and Tumors, Submucous Resection, Turbmectom),
Rhmoplasty, Maxillary, Frontal, and Ett dal Smmus Op .

For these operations, usually performed on older children our stand
ard preanesthetic medication according to the age and weight of the pa
tient 1s given

There are threc principal considerations 1n the management of the
anesthesia for these operations (1) endotracheal anesthesta 1s used to e
move the anesthesiologist from the operative field and to prevent blood
from entering the trachea Since these operations are generally performed
on older children a cuffed oral endotracheal tube 1s used (2) mon
flammable and nonexploswve anesthetic agents are employed, for the sur
geon often uses cautery, and (3) anesthetic agents such as trichlorethylene
and Fluothane, which may cause ventricular fibriilation with epmephrme
or any vasopressor with a catechol nucleus are not used if the surgeon
controls bleeding with these p

Bearing 1n mind these considerations anesthesia 1s induced with mtra
venous thiobarbiturate, the patient 15 ntubated orally with the ad of
muscle relaxant and anesthesia 1s mamtamed with mitrous oxide and
mncrements of muscle relaxant using nonrebreathing or absorption i cir
292
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curt techmic with manually (Fig 147) or mechameally controlled respira-

tion
The anesthesologrst <hould have the child almost awahe with complete
restoration of the muscles of respiration at the end of surgery since the

Fig 147 A patient prepared for a submucous resection The endotracheal technic
with intravenous thiobarbiturate d tubocuranine and nitrous oxide anesthesia 1s used

child must establish quickly a habit of oral breathing because of the pres-
ence of nasal packs In view of the seepage of blood during the postopera-

tive period the patient should be kept on his side mn shight Trendelenburg
Pposition

Operafion for Choanal Atresta

Choanal atresia usually suspected on the first day of hfe because of the
severe respiratory obstruction, 1s surgically corrected by cxcision of the
obstruction and 1nsertion of plastic tubes to keep the nares patent In
the management of such an infant, the anesthestologist should (1) prevent
any degree of depression of respiration (2) attend constantly to the
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OPERATIONS ON THE RESPIRATORY
SYSTEM

OPERATIONS ON THE NOSE AND ACCESSORY SINUSES

Removal of Polyps and Tumors, Sub R Turbmect
Rhinoplasty, Maxillary, Frontal, and Ethmoidal Sinus Op

For these operauons usually performed on older children, our stand
ard preanesthetic medication according to the age and weight of the p2
tient 18 given

There are three principal considerations mn the management of the
anesthesia for these operations (1) endotracheal anesthesia 1s used to e
move the anesthesiolomst from the operatve field and to prevent blood
from entering the trachea Since these operations are generally performed
on older children a cuffed oral endotracheal tube 1s used, (2) non
flammable and nonexplosive anesthetic agents are employed, for the sur-
geon often uses cautery and (3) anesthetic agents such as trichlorethylene
and Fluothane which may cause ventricular fibrilation with epmephrine
or any vasopressor with a catechol nucleus are not used if the surgeon
controls bleeding with these vasopressors

Bearing m mind these considerations anesthesia 1s induced with intra
venous thiobarbiturate the patient 1s mtubated orally with the ad of
muscle relaxant, and anesthesia 1s mamntamed with mitrous oxide and
increments of muscle relaxant using nonrebreathing or absorption 1 cit
292
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of succinylcholine chlonde 1 or 2 mg my be mjected travenously and
the patient intubated orlly  Ancsthesin s muntuncd with mtrous oude
and oxygen with 1 nonrcbrenthmg vabaular or absorption im circut tech
me Small mtermittent dosages of succinylcholine chlonde may be admin-
wstered throughout the procedure

At the end of the operation 1 tonguc suture should be meerted <o that
the tongue c¢an be pulicd forward should postopesative respirtory obstruc
tion occur Extubation 1s performed when the patient 1s awhe and there
15 no evidence of the effects of the sucainylcholine chlonde These nfants
should be under constant observation m the nurseny by the nurse, and
the anesthesiologist should make frequent postoperatine visits to obsenve
the efficiency of the respiration Since preoperatively the lesion interfered
with feeding the nfant postoperatively oral flusds should be commenced
as soon as he 1s awake and can breathe through his nose

OPFRATIONS ON THF LARYM\
Laryngoscopy

Laryngoscopy 15 performed for diagnosis usually of 1 Iryngomalicin
or congemital web or for removal of obstructive lestons or foreign bodies

Duagnostic- Infants or children scheduled for dingnostic laryngoscopy
are premedicated with atropine 4lone They are not anesthetized but an
anesthesiologist 1s ordinanly in attendance to supply oxygen immedintely
prior to the laryngoscopy and to montor the heart with the precordinl
stethoscope and finger plethysmogriph Bradycardia indicates the onsct of
acute hypoxia

Removal of Papillomas of he Vocal Cords Papillomas of the voeal
cords require frequent removal by means of forceps or cutery If numer-
ous they constantly threaten the patency of the arway The degree of
respiratory obstruction 1s determined before anesthes:a s begun and if
there 15 any question of serious mvolvement of the airway preliminary
tracheostomy should be performed under local anesthesta

In the older cooperative child papillomas arc removed under local an
esthesia If 1t 15 deemed adwvisable to remove the papillomas under gencral
anesthesia atropme alone should be given for premedication On account
of the possibility of severe encroachment of the papillomas on the glottic
opening a small thin firm walled catheter of much smaller cahber than
normally used for the age of the particular patent should be available
This could be forced through the glotus i the event of severe respiratory
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patency of the oral arrway, since the nasal airway 1s esther partially or
completely obstructed, (3) provide for excessive blood loss, (4) perform
endotracheal anesthesia to remove the anesthesiologist from the operative
field and to prevent blood from entering the trachea, (5) usc nonflam
mable and nonexplosive anesthetic agents because of the use of cautery,
and (6) use anesthetic agents compatible with epinephrine-like drugs

I, (Vs "f\{yf R A

Fig 148  An infant with posterior choanal atresta whose lips are being sucked
m on mspiration A bag and mask for oxygen admmstration and an oral airway to
keep a patent airway are at hand at all times prior 1o operation

To mantan the patency of the oral arrway the mfant must be kept
aroused or even stimulated to encourage crying and breathing through his
mouth A bag and mask for the admmmstraton of high oxygen concentra
tion and an oral arway should be available (Fig 148) A cut-down 1n
the saphenous vemn at the ankle usually 1s done so that blood may be
given when blood loss 1s severe Atropine 0 06 mg one half hour preop
eratively may be given, but no sedatives are permitted

Because of a fear of depressing the respiration some anesthesiologists
intubate these patients awake However if, on crymg or on insertion of
the oropharyngeal arrway there 1s a patent oral arrway a small amount
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15 hypoxtc, oxvgen can be admimstered through either the endotracheat
twbe or the bronchoscope 1f the child 15 uncomfortable mitrous oude or
cyclopropne can be ndded to the oxygen A large sandbag pliced beneath
the shotlders may st in mantuming the ey, immobibizing the struc-
tures 1n the nech and providing the surgeon with 2 better exposure of the
operatine ficld

Fig 149 The surgeon 1s prepared to commence a tracheostomy The airway has
b

ecen b d with a b h pe with oxygen entering the lungs through the
sidearm of the bronchoscope

The establishment of a patent airway by the endotracheal tube or bron-
choscope (Fig 149) permuts the surgeon to proceed unhurniedly and de-
liberately thereby mummizing the surgical complications of excess blood
loss and accidcntal meision of the dome of the pleurt with resultant
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obstruction As a further precaution, during the induction of anesthesia
the surgeon stands by ready to do an emergency tracheostomy

In order to mamtan spontaneous respiration, the patient 1s anesthetized
with ether insufflated through a mouth hook, as the endoscopist removes
the papillomas with forceps An alternative nonflammable, nonexplosive
techmc providing considerable obtundation of the laryngeal reflexes 15 the
admumistration of rectal tribromoethanol combined with topical anestheti
zation of the vocal cords Oxygen 1s msufflated through a mouth hook or a
small stff endotracheal catheter Although there may be strenuous ob-
jections to the small endotracheal catheter encroaching mto the surgical
field, the safe conditions afforded the patient with this method cannot be
ignored Since tribromoethanol causes hypoventilation, respirations should
be assisted by intermittent manual compression of the upper part of the
abdomen The tribromoethanol technic 1s seldom employed today, for, al
though 1t provides 1deal operating conditions, 1t entals prolonged atten
tion by the anesthesiologist both preoperatively and postoperatively Sl
another method for removal of papillomas of the vocal cords 1s to apply
a cuirass respirator over the thorax and abdomen and give the patient m
travenous thiobarbiturates and muscle relaxants However, if this method
1s employed 1n small children, movement of the body by the suction of
the cuirass respirator may complicate the surgery

Immediate postoperative care following the removal of papillomas 1
cludes meticulous observation of the mfant or child by the endoscopist
and anesthesiologist until 1t 1s certain that the patient can maimntain a patent
airway A cold, moist atmosphere 1s advisable to reduce any resprratory
obstruction from edema Furthermore, a trachcostomy set, laryngoscope
and endotracheal tube are always at the bedside of the patient during the
recovery period

OPERATIONS ON THE TRACHEA AND BRONCHI

Tracheostomy

The performance of an emergency tracheostomy necessitated by severe
respiratory obstruction allows little time for preanesthetic evaluation of
the patient and renders depressant drugs and general anesthesia hazardous
before establishment of the arrway Oxygen 1s admimstered with a bag
and mask, and the tracheostomy 1s done under local anesthesta In some 11
stances relieving the obstructed mrway with an endotracheal tube of
bronchoscope facilitates the tracheostomy because there 1s less bleeding
less restlessness, and a readily palpated stabihized trachea If the child
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remuns spoatancous with cthet anesthesn. A more rapid and comfortable
techme providmg good relixation of the ywss with obtundtion of the
pharyngeal and Iaryngent reflescs 1s wath Fluothance anesthesin The usunl
2 per cent Fluothane s used for the induction Following nsertion of the
bronchoscope, 1 1 per cent concentration of Fluothane 2 hiters of mitrous
oxide and 2 liters of oxygen 15 insufllated through the open arm of the
bronchoscope This technic 1s only for the 1nesthesiologtst who 1s willing
to monitor continuously the cardiovascular system with the precordin
stethoscope or other monitors nd to record frequently the blood pressure
The breathing remams spontancous but any hyporentilation s corrected
at intervals by closing the mouth of the bronchowcope with 1 finger Dur-
ing the exammation internutient manual compression of the lower sternum
will also counteract the hypoventilauon The emergence from the Fluothane-
mitrous oxide anesthesia ts very rapid and comfortable

In older chuldren 1f no serious obstruction to respirtion exists an
other techmic 15 to anesthetize the patient with Fluothane or ¢yclopropane,
using an adult eircle absorber and a styletted needle snserted 1nto a ven
The patient 1s anesthetized unul abdominal and jw muscles are relaxed,
accomphished by gradually taking control of the respirations An under-
sized cndotracheal tube 3s nserted, through which artificial pulmonary
ventlation 1s carried on The endotracheal tube s left in place, and the
endoscopist passes the bronchoscope through the glotts beside the endo-
tracheal tube

Immedsate postoperatne care for any patient following bronchoscopy
mcludes ventilating the patient with oxygen, usually through an endo-
tracheal tube which 1s inserted on removal of the bronchoscope When
respiration 1s well estabhished and the patient awake, the tube 1s removed
and the patient turned on his side He s carefully obscrved for the next
few hours and 15 put 1n a cold, moist, oxygen ennched atmosphere at the
first sign of impending obstruction from subglottic edema

For Removal of a Foreign Body Several methods of anesthesia are
available for bronchascopy for removal of 1 foreign body the chowce de-
pending upon the skill of the anesthestologist and the endoscopist If the
endoscopist 15 1nexperienced the patient should be hept breathing and
this can be achieved with deep cther anesthesia and oxygen insuffiated
down the sidearm of the bronchoscope On the other hand, f the endo-
i?:s:tf ;nfh:nes;hesmloglsl are experienced 1deal conditions can be pro-
chlonde gwenﬂ;“‘:‘seioglls;c\::th the apneic technie, that 15 succinylcholine

aneously or by an ntravcnous drip with in-
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massive pneumothorax The endotracheal tube or bronchoscope 1s with
drawn as the tracheostomy tube 1s mserted If local mfiltration has been
employed, the skin around the tracheostomy tube can be loosely brought
together without pain and therefore without movement of the exhausted
patient

The retaiming tapes of the tracheostomy tube must be firmly secured
with a double tie so that the child or attendants cannot possibly remove 1t
Accidental removal of the tracheostomy tube may be fatal especially
the first few postoperative days The inner section of the tracheostomy tube
should never be omitted

The post-tracheostomy patient requires constant nursing care, preferably
1n the acute treatment room Frequent aspiration of the tracheostomy tube
1s essential A humidified, cool atmosphere can be provided by a Croupette
In spite of the asprrations of the tracheostomy tube, respiratory obstruc
tion may occur, m which event the inner section of the tracheostomy tube
should be removed cleaned, and replaced As previously stated, mnten
tional removal of a tracheostomy tube within the first few days of the
tracheostomy may be hazardous since asphyxia and death may occur of
the tracheostomy passage cannot be re-entered rapidly, we have seen a few
mstances of acute hypoxia and also two deaths from this cause A small
catheter passed through the lumen of the tracheostomy tube well nto the
trachea makes 1t possible on removal of the tracheostomy tube to remsert
quickly the tube either by threading it over or directing 1t alongside the
catheter nto the trachea 1f difficulty 1s encountered oxygen cn be ad
mumstered through the catheter The tracheostomy tube should never be
removed without the attendance of the surgeon

If each detail 1n the management of a tracheostomy 1s attended fo
meticulously avoidable fatahties will be prevented

Bronchoscopy

For Diagnosis or Aspiration Bronchoscopy for diagnosts, relief of
atelectasis, or removal of secretions s often done with the nfant or child
awake, the safest method if there 1s obvious obstruction to the airway

If a decision 1s reached to anesthetize the patient, scopolammne or atro-
pmne 15 given one half hour before surgery as preanesthetic medication

General anesthesia can be accomplished in any one of numerous ways
For mstance the patient can be anesthetized to a deep plane of ether
anesthesia  The ether mask 1s removed, and following adjustment of the
position of the head and shoulders, the bronchoscope 1s passed Breathing
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ensucs the cwriss respirator 15 turned on and pulmonary ventilation 15
artificially muntuncd

Bronchogram

With the roentgenotogit and ancsthesiologist working s 4 teim bron
chograms obtamed todsy n nfants and children are far supenior to thosce
of 2 few years ago Bronchography 15 conducted in 1 darkened fluoroscopy
and x ry room ll personnel bemng gowned with lend prons to protect
them from the roentgen ruys

S

Tig 158 (Leff) The bronchoscope 1s deep in the nght bronchus Occlusion of the
mouth of the bronchoscope will ventilate only the middle lobe on the right side stnce
2 peanut occfudes the Jower lobe With the bronchoscope in this posiion the teft
lung cannot be ventilated (Righs) With the bronchoscope withdrawn occlusion of the
port of the bronchoscope will ventilate all areas of the lung except where the foreign
body occludes the lower sight lobe

To obtain a bronchogram, the radiologist mserts a polycthylene catheter
mnto the suction port 1n the angle piece of the endotracheal tube A syringe
contaimng propyliodone oily suspension (Dionosil Oily) 1s attached to the
polyethylene catheter The lights beng turned out for fluoroscopy, the
rountgenologist directs Ius assistant to instill Dionosil while he attempts to
visualize the bronchi of one lung at a ime When the dye has filled the
bronchi satisfactorly, a spot film 1s taken, after which the lights are turned
on and an attempt made to remove some of the Dionosi by aspiration,
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sufflation of mitrous oxide or cyclopropane Succinylcholine chlonde 1s
mcreased with the shightest return of abdominal muscle tone Oxygen flows
down the bronchoscope stdearm (Fig 150), out through the pores of the
shaft of the bronchoscope and into the contralateral Jung (Fig 151)

Fig 150 Dunng this bronchoscopy for removal of a foreign body oxygen B
nsufilated through the mpple on the bronchoscope Occastonally the endoscopist
inflates the lungs by occluding the open arm of the bronchoscope or the anesthes!
ologist artificially ventilates the lungs by applying intermuttent positive pressure on
the upper part of the abdomen

Addmtional ventilation can be obtained by occasional mntermuttent pressure
on the upper abdomen Any slowing of the pulse or cyanosis 1s the signal
for more vigorous ventilation achieved by incrcasing the flow of oxygen
and intermuttently occludimg the open end of the bronchoscope with one
finger Such mtermuttent inflation may be mamtained for some tme €1
abling the endoscopist to remove a foreign body with ease, and avording
trauma and hemorrhage

Another method of anesthesia for the experienced endoscoptst and a1
esthestologist 1s to apply a cuirass thoractc respirator and then gne the
patient ntravenous thiobarbiturates and muscle relaxants When apncd
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ensues the cuirass respirator 1s turned on and pulmonary ventilation 1s
artifically mamtuned

Bronchogram

With the roentgenologst and ancsthesiologist working as a team bron-
chograms obtaned today 1 nfants and children are far supcrior to thosc
of a few years ago Bronchography 1s conducted 1n a darkened fluoroscopy
and <-ray room il personnel bemng gowned with lead aprons to protect
them from the rocntgen rys

Fig 151 (Lefrs The dbronchoscope ts deep in the right bronchus Occlusion of the
mouth of the bronchoscope will ventilate only the middle lobe on the night side since
a peanut occludes the lower lobe With the bronchoscope in this position the left
lung cannot be veaulated (Right) With the bronchoscope withdrawn occlusion of the
port of the bronchoscope will ventilate all areas of the lung except where the foreign
body occludes the lower night lobe

To obtain a bronchogram, the radiologist nserts a polyethylene catheter
1o the suction port 1n the angle piece of the endotracheal tube A syringe
containing propyhiodone oily suspension (Dionosil Oily) 1s attached to the
polyethylene catheter The lights beng turned out for flucroscopy, the
o logist directs his to instill Dionosil while he attempts to
visualize the bronchi of one lung at a tme When the dye has filled the
bronchn satisfactonly, a spot film 1s taken after which the hights are turned
on and an attempt made to remove some of the Dionosil by aspiration,
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while the rest will be absorbed quickly into the body Followmng this, the
bronch: of the other lung are also fluoroscoped and x-rayed in the same
manner In patents with severe dysfunction of the lung the amount of
Dronosil or radiopaque substance must be kept at a mmmmum, otherwise
severe respiratory obstruction may occur

Scrupulous preanesthetic evaluaton 15 essential 1 an infant or chid
scheduled for bronchography, for considerable secretions with impairment
of pulmonary function may be present m 2 patient with severe bronchi
ectasis If possible, bronchograms are done preferably i the early after
noon after the patient’s lungs are cleared out by coughing or by postural
drainage

Premedication consists of scopolamine alone A precordral stethoscope,
blood pressure cuff, and momtor are applied A ncedle mserted 1n the
saphenons vem at the ankle ss attached to a 02 per cent succmylcholine
chloride drip, m infants, a cut-down mn the saphenous vemn at the ankle 1s
necessary for reliable results A three-way stopcock between the needle and
the tnfusion flid 15 valuable for the intravenous admumstration of more
concentrated succinylcholine chloride should the patient’s muscle relaxation
wane thereby endangering a satsfactory bronchogram by coughg and
alveolation of the nstilled dye

‘The patent 1s anesthetized with imntravenous thiobarbiturate given €au
tiously i small dosages Then relaxation 1s achieved with succinylcholine
chloride, and an endotracheal tube 1s mserted and connected with a bag
and nonrebreathing valve for mflation of the lungs with oxygen This
system provides a nonexplosive nonflammable techmic

Two anesthestologists are necessary for the proper conduct of a bron
chogram One anesthesiologist gurdes the ventilation of the lungs and
checks the carotid pulse while his assistant at the foot of the table regu
lates the rate of mfusion or injection of the drugs Since the prccordm]
stethoscope must be removed during the bronchoscopic exammation, 1t 13
advisable to employ an esophageal stethoscope lucid to x-rays

If the heart slows or fluoroscopy 1s unduly prolonged at any time, the
anesthesiologist mflates the lungs very gently with oxygen The lungs also
are slowly and gently mwflated after the fluoroscopy of one lung and just
prior to aspirating the dye and more vigorously ventated before proceed
ing to visuahization of the other lung

At the end of the procedure the Dionosil 1s removed again by aspira
tion, when the patient s respirations have fully returned the endotracheal
tube 15 removed Because of the pulmonary pathology, the ancsthesiologist
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obsenes the patient until the return of consciousness 1s complete and there
are no residuat effects of the muscle relaxant

OPERATIONS ON THI' 1 UNGS AND PLYURA

Thoracolomy and Thoracentes:s

Thoracotomy and thoracentesis are rare m infants and children since
the advent of antbiotics, but occasionally a chronic empycma forms, will
not absorb, and must be draned by an opemung mvolving removal of part
of a nb

Infants and children with this complication are chromically 1il, often
anemic, usually need blood transfusion before or during operation, and
require delicately controlled anesthesia Overdose of sedatives and anes-
thetic agents should be avoided, scopolamine alone 1s sufficient for pre-
medication

Local ancsthesta may be given 1n older children, 1n infants and young
chidren mimimal amounts of cyclopropane are adequate, and mask techmec
15 permissible smee the procedure s short, and well-formed pleural ad-
hestons prevent mediastinal shaft

Decortication

Some cases of inadequately or unsuccessfuly treated empyema pro-
gress to a crippling fibrothorax These patients being chromcally debilitated,
anemic, and with a low blood volume show a weakened myocardium
from prolonged mfection, chronic hypoxia, and mvalidism Full expansion
of the lung and removal of the suppurative process are accomplished by
decortication, which ss difficult, tume consunung and usually accompamed
by severe blaod loss

Premedication 15 scopolanune alone narcotics and sedatnes being
omitted or used sparingly A cut down 1s necessary to assure a portal for
blood transfuston m nfants, m older children, the insertion of two Jarge-
bore styletted needles mnto accessible vemns 1s adequate

Anesthesia 15 nduced and mantamed with cyclopropane, circle ab-
sorption technic, with controfled respiration, mtubation being facilitated
by succinylcholine chlonide mtravenously When the surgeon uses electric
cautery, a nonexplosive, nonflammable combination of anesthetic agents
such as intravenous mepenidine (Demerol), nitrous oxide, and succmylcho-

ke chloride 1s used Fluothane, »f used, will reduce the blood loss and
operatng tune
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The blood loss which occurs with this operation necessitates immediate
and vigorous transfuston at the commencement of surgery and at a rate
equal to the operative hemorrhage during surgery

After the operation 1s over, a water-seal drainage tube 1s mserted n the
pleural cavity, providing for gradual expulsion of air, blood, or serum and
allowing expansion of a lung so long compressed Cold, moist atmosphere
1s employed postoperatively to prevent an mcrease 1n subglottic edema
which may arise from prolonged mtubation For patients with severe dis
comfort, analgesics such as meperidine (Demerol) are admimstered 1
small dosages

Lobectomy, P tomy, P tomy, and Excision of Lung Cysts

For an mtelligent management of the anesthesia in the pediatric patient
presented for these mtrapleural operations, the anesthesiologist must un
derstand the pulmonary pathology of the disease mvolved This he can
accomplish by studying the history, physical examination, laboratory analy
sis of the blood and urme pulmonary function tests bronchoscopy of
bronchogram, and roentgenologic report of the thorax, such information
can then be correlated with the reports of the pediatrician and surgeon

Lobectomy 1s rare m mfants and children as compared to adults The
mdications for the operation are an atel ic, emphy us, or bron
chicctatic lobe, or a lung abscess Pneumonotomy for removal of a foreigt
body and pneumonectomy also are performed only on rare cccasions it
pediatric practice Exciston of a localized cystic malformation of the lung
1s probably the most frequently performed lung operation 1n infants A
large clear cyst shown by x-ray usnally indicates a communication be
tween the cyst and a bronchus

The anesthetic management for a lobectomy, pneumonectomy, of €X
ciston of a lung cyst 1s similar with the following precautions obtaimng
(1) depresston of respiration 15 avoided (2) lost blood 1s replaced, (3)
the lungs are adequately ventilated, (4) diastinal swing 1s prev
and (5) overdistention of a communicating lung cyst 1s prevented

Preanesthetic medication 1n a dosage suitable to the physical status and
weght of the patient 1s usually a combination of some opiate and scopola
mne The opate 15 omutted 1n the mfant

Immediately before surgery preparations are made for blood transfusion
through a venous cut down in infants or through two large-bore styletted
ntravenous needles m older children

Anesthesia 1s induced with exther cyclopropane by the circle absorption




YHE RESPTRATONY SYSTFM 305

technic or with a small amount of 1 thioharbnturate ntravenously, and the
anesthesia mantamed wath cyclopropane, using controlied respirations If
2 communicating cyst becomes overdistended emergency thoracotomy and
delnery or puncturing of the cyst are urgent To save the patient’s hfe a
needle may have to be passed into the cyst through the mtrct chest wall I
cautery 15 used, a nonexplosnve technic of intravenous opiates combined
with nitrous oxide and fortificd with smil increments of 1 muscle relaxant
to sccure controlled respirntions c1n be used In some of these operations,
we have obtaned nonflammable, noncxplosive conditions with a combma-
tion of Fluothane and mtrous oxide The advantages afforded by Fluothane
are reduced blood loss and operating time, decreased secretions n the
respiratory tract, and rapid recovery from anesthesia
Marked mediastinal swing hindening the work of the surgeon, can be
prevented by mamntaiming a shght positive pressure on the breathing bag
during exhalation Intermuttent cndotracheal suction 1s generally necessary
to remove secretions 1n the air passages, and should be executed quickly,
after oxygenation Endotracheal techmic provides a relhable airway through
which the lungs can be ventilated and mediastinal swing avoided Periodi-
cally, the collapsed lung should be mflated to restore oxygen saturation of
the blood, to prevent respiratory acidosts, and to avoid stubborn atelectasis
The continuous-recording carbon dioxide analyzer serves as a momtor
for respiration and circulation (Fig 152) Eight and 9 per cent carbon
dioxide may be recorded, usually accompamed by increasing heart rate
and rising blood pressure Increased pulmonary ventilanon during a four-
or five-minute peniod of surgical stass reduces the alveolar carbon dioude,
decreases the heart rate and reduces the blood pressure A sudden de~
crease 1 recorded carbon dioxide may mean occluded bronch: or severe
shock Overdistention of the lungs, however, 15 to be condemned since, 1f
prolonged, 1t may embarrass circulation
Closed drainage with a water seal or trap should be provided to allow
expanston of the remainder of the Iung during the recovery period, if not,
the lung should be expanded just prior ta complete closure of the chest
From then on the anesthesiologist should watch for the occurrence of a
tension pneumothorax, which will threaten the hife of the patient by occlud-
g the broncht and the supenior and nferior venae cavae
At the end of surgery, the pharynx, trachea and major bronchs are
aspirated and the patient 15 extubated when spontaneous respirations are
well established An x ray film of the thorax should be taken on the op-
erating table to evaluate the immediate postoperative condition of the
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Fig 152 Forremoval of a lung cyst an h 1 h 15 m the

A polyethylene sampling catheter of the carbon dioxide analyzer 1s 1n the port of the
angle piece of the endotracheal tube Blood pressure cuff 1s applied Needle electrodes
are visible 1n the right arm and right leg and there 1s another electrode m the left leg
Styletted needles are in place in the feet Often these needles are put into the hand

which 15 more for the hesiol

Tungs In the early recovery period the patient 1s placed m a cool, maist
atmosphere contaiming a high oxygen concentration Postanesthetic aspua
tion of the trachea promotes coughmg with consequent removal of secre
tions and expansion of the lungs The mstitution of intermuttent positive
pressure breathing may help to expand the lungs Small doses of oprate-
Like drugs give a distinct measure of comfort On each postanesthetic visit
the anesthesiologist should observe the fluctuations of the fluid mn the tubing
of the water seal When the lung 1s fully expanded the fluctuations usually
cease He should also observe any marked nise of bloody flud 1n the
drainage bottle and other signs of blood loss and report them 1mmedt
ately to the surgeon Some of these patients develop gastric distention
which may be Telieved and its recurrence prevented by the msertion of
a gastric tube which 1s retained postoperatively for a day or two Again
1t 15 the combined efforts of the surgeon, pediatnician, anesthesiologist and
recovery room nurses that contribute to a successful outcome for the

natient
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Fig 152 Forremoval of a lung cyst an h 1 1s1n the

h
A polyethylene sampling catheter of the carbon dioxide analyzer s mn the port of the
angle piece of the endotracheal tube Blood pressure cuff 1s applred Needle electrodes
are visible 1n the right arm and right leg and there 1s another electrode 1 the left leg
Styletted needles are m place 1n the feet Often these needles are put wmto the hand

which 1s more for the

lungs In the early recovery period the patient 1s placed m a cool moist
atmosphere contammg a high oxygen concentration Postanesthetic aspira
tion of the trachea promotes coughmg with consequent removal of secre-
tions and expansion of the lungs The msttution of intermuttent positive
pressure breathing may help to expand the lungs Small doses of opate-
like drugs give a distinct measure of comfort On each postanesthetic visit
the anesthesiologist should observe the fluctuations of the flud 1n the tubing
of the water seal When the lung 1s fully expanded the fiuctuations usually
cease He should also observe any marked mse of bloody flud m the
dramage bottle and other signs of blood loss and report them mmed:-
ately to the surgeon Some of these patients develop gastric distention
which may be relieved and its recurrence prevented by the insertion of
a gastric tube which 1s retamed postoperatively for a day or two Agamn
1t 15 the combined efforts of the surgeon pediatnician anesthestologist and
fecovery room nurses that contribute to a successful outcome for the

patlent



CHAPTER 20

OPERATIONS ON THE CARDIOVASCULAR
SYSTEM

Realizing that each medical center develops its own modus operand
and that there 1s more than one method of anesthesia for operations on
the cardiovascular system, we offer some of the procedures that have been
used m mfants and chidren

BASIC PREPARATIONS FOR CARDIAC SURGERY

For operations on the cardiovascular system the best preparation for the
anesthetic management according to Smith 15 a thorough understanding
of the abnormal physiology of the patient coming to operation and the
expected effect of the operation upon this unnatural physiology” * In
Chapter 5 (pp 99-124) 1s a brief resume of some of this abnormal physi-
ology occasioned by the classical cardiovascular lesions, but it must be
noted that even patients with the same diagnosts vary 1n the degree of effi-
ciency of therr cardiovascular systems In our mstitution the anesthestologist
has a special session with the cardiologist and the surgeon, at which the par-
ticular case 1s discussed prior to the surgery, thereby assisting the anes-
thesiologist to make an intelligent evaluation of the patient

The anesthesiologist then determines and orders the preanesthetic medi-
cation 1n relation to the severity of the cardiac disease Patients who are
cyanotic or have been n cardiac falure receive one-half the usual seda-
tive premedication for the particular age group Some of these patients

*Smith R M Curculatory Factors Aff g Anesth
genital Heart Disease ” Anesthesiology 13 38-61 (Jan ) 1952

1 Surgery for Con
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10 Digoun—reduces pulmonary edema and heart rate
11 Hepann
12 Protamine sulfate—ncutralizes hepann

In the following presentation, operations on the cardiovascular system
are divided 1nto two major groups operations on the heart and pencardum
and operations on the arteries nnd veins

OPERATIONS ON THE HEART AND PERICARDIUM

Cardiotomy

For Atmal Septal Defect (Pnmum and Secundum) Although there 1s
extensive use of the artificial heart lung machine for exposure and suturing
of an atrial septal defect, 1t 15 our present opimon that the following de-
scribed hypothermic techme produces comparable results In our series
to date, of esghty-seven cases of ostum sccundum there have been no
deaths and of ten cases of ostium primum only three deaths

After the blood pressure cuff and precordial stethoscope are apphed, the
patient 15 anesthetized with cvclopropane by the circle absorption techmic
Duning ths induction period, a sccond anesthestologist performs auxiliary
services, mcluding the insertion of styletted needles 1n a ven of each foot
using at least 18 gauge needles If the veins are small, as in infants, a
cut-down 15 performed, and an 18-gauge polyethylene tubing 1s secured n
the vein Each lmb containing the mtravenous needle or cut down 1s
strapped to padded sphints with adheswve tape Subsequently 5 per cent
glucose n water 1s admimstered intravenously to prevent dehydration and
thrombosis, particulatly 1n patients with hemoconcentration, however flnd
admunistration must be slow and 1n mimimal amounts to avord pulmonary
edema

The cardiac rate and rhythm are momtored by an electrocardiograph
(Fig 153), using needle electrodes If a bradycardia of between 40 and
60 beats per minute occurs, fresh atropine, 006 mg (gr 1 1000), 1s given
mtravenously Should the heart rate not accelerate to between 80 and 90
beals per minute the same dosage of atropine s repeated Succinylcholine
chlonide, 0 5 mg/kg of body weight, 15 given ntravenously, and mtubation
1s accomplished Immediately following msertion of the endotracheal tube
the patients lungs are ventilated with oxygen, an esophageal stethoscope
15 put 1n place, and the precordial stethoscope removed After a continu-
ous recording thermometer 1s mserted 1 the esophagus to monitor the
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are considerably underwesght and 1n such mfants or cluldren, the seda
tive premedication 1s further reduced

Because of the critical and sudden changes which can occur in the
hemodynamics during an operation on the cardiovascular system, extensne
preparations must be made so that exigencies may be attended to with
dispatch The mght before a major cardiac operation, the anesthesiologist
prepares and organizes the anesthetic equpment and medications In ad
dition to the routine ancsthetic equipment the following electronic equip
ment 1s present at every cardiac operation for nuse by ether the cardiolo
gist, surgeon or anesthestologtst

1 Electrocardiograph and leads, with three 21-gauge necdle electrodes

2 Oscilloscope

3 Infrared analyzer for continuous recording of carbon diovide in the
endotracheal tube, as a respiratory and cardiovascular momtor

4 Esophageal continuous recording thermometer (Wheatstone bridye
type)

5 Defibrillator—range 170 to 220 volts for 0 1 to 0 5 second duration

6 Multichannel recorder

7 Transducers to convert direct arterial and venous pressures mto elec
trical energy n which form it can be recorded on the oscilloscope of
multichannel recorder

8 Electroencephalograph with needle leads (particularly necessary with
heart Jung machine)

Depending upon the technic to be used equipment 15 prepared for the
hypothermic technie the heart lung machme technic, or a combmation of
both technics

The following special medications are prepared in labeled syringes be
fore surgery they are then placed on the top of the portable anesthetic
cabmet

1 Succinylcholine chloride (20 mg/ml)—muscle relaxant

2 Decamethonum (Syncunine) ——muscle relaxant

3 Atropine (0 06 mg/ml), freshly prepared—increases heart rate

4 Calcium chiorsde (100 mg/ml)—improves myocardal tone

5 Calcum gluconate (100 mg/ml)—impraves myocardial toge, but
Iess effcctively than calcium chloride

6 Methoxamme (Vasoxyl) (10 mg/ml)—cardiovascular stimulant

7 Adrenalin (01 mg/ml or 1 10 000)—cardiovascular stumulant

8 Noradrenalin (Levophed) (1 10 000)—cardiovascular stimulant

9 Cedilamid—reduces pulmonary edema and heart rate
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we have had only one mstance of ventncular fibrllation during this rapid
method of cooling

Calibration of the carbon dioxide analyzer 1s the next procedure, where-
upon the microcatheter of the nalyzer 1s wserted wnto the endotracheal
tube for a distance of approuimately 3 em As the body temperature drops,
the carbon dioxide production decreases and the alveolar carbon dioxide
falls The drop m alvcolar carbon dioxide 1s even more pronounced because
of the artificial pulmonary ventifation carned on by the anesthestologst
Absolute values of alveolar carbon dioxide are not as important as are
the relatve changes 1 the alveolar carbon dioxide tension As the body
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Fig 154 Electrocardio;
graphic changes during hypothermia and cyclopropane
?:;Zthgm (hUpyer tracing) Body temperature 1s normal (Middle tracing) ’lxemger:ture
with a bradycardia and peaked T wave (Lower tracing) Temperature 1s 30 C

temperature drops, the electrocardiogram changes with the appearance of
the bradycardia (Fig 154)

hThe patient 1s cooled in about 30 nunutes to approximately 33° C, at
which time he 1s removed from the 1ce and postured on the operating table
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body temperature, the patient 1s then hited mto a tub of ice water con
taming chipped 1ce, the head being supported on a pillow A sheet 15 placed
over the patient, who 1s then completely covered with 1ce

Fig 153 Hypothermia (1) Esophageal stethoscope (2) carbon dioxide analyzer
(3) esophageal thermometer (4) ECG leads (5) crushed ice

Water, with 1ts high specific heat of 1 cal/g® C and the heat of fusion
of 1ce bemg equal to 80 cal per gram, makes an ideal medizm for the
rapid removal of heat from the body Of such brief duration 1s the anes-
thetic and surgical procedure that, 1n our experience the additional hazard
of employmng a heat exchanger to cool the heparmized blood extracor
poreally has not been warranted In approximately 600 hypothermia cases,
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\ 1

M ,/ i‘ Fig 156 The Bird assistor/controller
l ! This versatile pneumatically controlled
% ventilator efficiently ventilates the lungs

! of the infant or chuld It 15 exther volume
W; or pressure controlled with adustable

positive and negative pressures

centration 1s reduced, and small dosages of thiobarbiturates are given m-
travenously At times we use with the hypothermia various combinations
of nonexplosive, nonflammable anesthetic agents and relaxants such as
mtrous oxide and succinylcholine chlonde or decamethonmum (Syncurine)

For the last thirty cases of atrial septal defect we have used the hypo-
thermic technic tfogether with a combination of Fluothane and mitrous
oxide, with no deaths and only two mstances of easily reversed ventricular
fibridlation The advantages of this combination of anesthetic agents ap

pear to be reduced bleeding lessened myocardial irnitability, shorter op-
erating time, nonexplosive and nonflammable conditions, and rapid emer-
gence from anesthesia

When surgery has progressed to the point where the mflow and out-
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Fig 155 Supme posture for repair of atmal septal defect under hypothermia
(1) ECG leads (2) carbon dioxide analyzer (3) two 18 gauge styletted intravenous
needles (4) patients identity band

m the supine position (Fig 155} A further drop 1 body temperature 1S
expected the optimum low level being between 31° and 30° C At the
beginning of surgery a bottle of matched blood 1s suspended, and the dex
trose infusion removed

Anesthesta 1s mantained with mmmum amounts of cyclopropane, and
the respiration 1s controlled either with manual compression of the breath
ng bag, or with a mechanical ventillator (Fig 156) If extrasystoles occur,
signifying ncreased 1rmitability of the myocardium the cyclopropane con-
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electrocardiogram and precordial stethoscope 1s mandatory dunng thus pro-
cedure

The two dramage tubes are double clamped, and the patient 15 placed
gently n his bed and returned to the recovery room If he shows signs of
hypoxa he 1s placed i a Croupette supplied with a high moisture and
oxygen atmosphere, but without ice, until the body temperature reaches
normal Traumatic laryngitis 15 practically unknown with hypothermia
No active treatment 1s carned out to rase the body temperature  Follow-
wng Fluothane anesthesia, shivening 1s more frequently seen than following
other anesthetic agents, and restoration of body temperature 15 rapid  If
the patient 1s extremely restless from pain, very smail dosages of mepert-
dine (Demerol) may be given intravenously In conjunction with the sur-
geon, the anesthestologist notes the color of the patient, the recovery of
consciousness, the body temperature, the amount of blood m the dramnage
botiles and any increases 1 pulse rate, or hypotension

All patients who have undergone cardiac surgery have endotracheal suc-
tion performed by the anesthesiologist the day of surgery and subsequently
as mndicated Agamn, the usual precautions of admimstering 100 per cent
oxygen by bag and mask between each rapid tracheal aspiration must be
exercised Intermuttent positive pressure breathing duning the first few post-
operative days helps to expand the Iungs

For Ventricular Septal Defect For repair of a ventricular septal defect
an artificial heart-lung machine and hypothermia are used The machine

a areul of oxvg! d blood 1n the bran  Although the

surgeons shoulder the greater share of the responsibilities i the manage-
ment of the artificial heart-lung machine there are sull many functions to
be carried out by the anesthestologst

A nonexplosive technic 35 usually favored because of extensive use of
electrocautery and electromic devices Induction of anesthesia 1s accom-
plished with a combmation of Fluothane and mitrous oxide, using erther
a nonrebreathing valvular or circle filter techmic When relaxation 1s ade-
quate, the patient 1s intubated A mechanical ventilator together with
monitoning devices such as the esophageal stethoscope and thermometer,
electrocardiograph, and electroencephalograph are attached to the patient

The patient can be cooled by placing him 1n an 1ce water tub or by at-
taching a heat exchanger in which the hepannized artersal blood 15 cooled
?es n:t flows through a senies of small tubes surrounded by the controlled-
o f’:;?el:rio\:agrmn:edmm The internal temperature of the patient can

ess than five minutes with a heat exchanger, and it
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flow tract of the heart ts about to be clamped, two procedures are carried
out blood 1s pumped mto the patient, and succmylcholine chlonde or
decamethomum (Syncurine) 1s mnjected intravenously to prevent respira
tions during the ensuing five to fifteen mmnutes Upon clamping the circu
lation, the alveclar carbon dioxide drops, since pulmonary capillary blood
flow 15 clamped off The electrocardiogram usually shows bradycardra,
extrasystoles, and A-V dissociation, and the pupils dilate Dunng ths
period of total circulatory occlusion (in our sertes, from three to thurteen
mnutes), the surgeon rapidly repairs the atrial septal defect, fills the
atrium with normal saline, closes the atrium, and then releases the clamps
from the great vessels as the anesthestologist inflates the lungs A strong
myocardum rebounds mmmediately and should be accompamed by an
elevation m alveolar carbon dioxide and a reduction i the size of the
pupils While the electrocardiogram may show some uregulanties for 2
few munutes, the most reliable signs of the patient’s condition are the
visible color, size, and contractions of the heart

On rare occastons there 1s a critical tme durmg the closure of the
pencardium when blood pressure drops, the heart becomes feeble, and
alveolar carbon dioxide 1s acutely depressed The anesthesiologist imme
diately advises the surgeon of the patient’s condition before cardiac arrest
ensues It appears that the heart has become overdistended by overzealous
blood replacement, for release of the pericardial sutures rapidly restores
the efficiency of the heart

At the completion of pericardial repair, the chest wall 1s closed and 2
dramage tube 1s left in each chest and attached to water-seal dramage
bottles which rest on the floor The lungs are nflated and the patient ré
sumes his own respirations The patient 1s generally sermiconscious and
moving while the dressngs are being applied over the wound One styletted
needle 1s removed from the foot while the other 1s left 1n place for further
use if necessary The esophageal thermometer and stethoscope are 1¢
moved

The trachea and bronchi are cleansed by passing a suction catheter
through the endotracheal tube However the catheter 1s never left mn the
trachea too long at one time, smce prolonged coughing may cause sever®
hypoxia Between tracheal aspirations the patient 1s well oxygenated and
a nasogastric tube 1s passed and secured The patient 15 extubated, and a
mask and bag with hugh oxygen concentrations immediately applied to h1S
face A short period of intermittent positive pressure breathing sometimes
mmproves the patients calor, but vigiant momtormg of the heart with
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ingly mmportant n the postoperative care of these patients s supervision
by tramned recovery room personnel, who learn to detect ominous signs
and report them immediately to the physicin n charge

Pencardiofomy

Anesthesia for pericrdiotomy can be very hazardous because of the
heart's limted diastole and reduced output The management of anesthesta
1s simular to that for repur of an atrrf septal defect, however, only a very
mild degree of hypothermia, down to a level of about 35° C, 1s used

Pulmonary Valvulotomy

The ancsthesia for pulmonary valvulotomy 1s dentical with that of the
hypothermic technic employed for the repair of an atnal scptal defect 1f
there 1s an associated atnal septal defect, the heart can be opened and
closed twice, four or five minutes apart On the first opeming  the pulmonary
valve 1s opened, and on the second the atrial septal defect 1s repured

Infants or children who undergo pure pulmonary valvulotomy usually
have an uncventful recovery However, if there are associated lesions or
if there 15 considerable hypertension mn the night ventricle prior to surgery,
the prognosis 1s generally poor, for even though these patients may appear
to be 1n good condition for the first few hours postaperatvely, sometimes
they later develop dyspnea pallor, and enlarged liver, with demuse occur-
g late on the operating day To guard against this catastrophe the blood
pressure should be taken {requently and the shightest degree of hypotension
controlled by mcreasing the phenylephnne (Neo-synephune) drip since the
output of the mght ventnicle must be maintamed to sustain pulmonarv
capitiary blood fiow

Cardiac Cathetenzation and Angiocardiography

Cardiac catheterization and angiocardiography are frequently performed
to diagnose congemital malformations of the heart Many cardiologists per-
form thesc procedures successfully with the patient under heavy premedi-
cation

The rare uncooperative child, however may require general anesthesia
Most infants or children scheduled for these procedures have serous
cardiac disability and are grave anesthetic risks Premedication 1s the same
as that outlined for all cardiac operations, that 1s, scopolamine and one-
half the normal dosage of sedatives For cathetenization, propetly typed
blood 1s available to replace blood loss from repeated sampling
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also affords a rapid, convenient method of rewarming the patient Further
experience with the heat exchanger will determine whether 1t offers any
worthwhile advantages over external cooling with ice water

The mean femoral arteral pressure 1s recorded on an aneroid man
ometer and the femerol venous pressure on a water manometer If a perma
nent record 1s required, transducers are employed, which, i turn, are con
nected to a multichannel recorder The artenal pressure provides the anes
thestologist with an excellent indication of the dosage of Fluothane bemg
admmistered

Although various surgical procedures for repair of ventricular septal de
fect are mn practice throughout the world, we shall briefly outline only one
of them 1n an attempt to furnish a background for the anesthcuc manage
ment of such an operation

Followmng the cooling of the patient, the surgeon performs the thoracot
omy and cannulates the superior and nfertor venae cavae The cannulac
are then connected to the disk oxygenator From the oxygenator, tubing
1s connected to the cannulated subclavian artery The hepanmzed, oxy
genated blood 15 propelled nto the subclavian artery by a pump, whose
output 1s regulated 1n accordance with the mean arterial pressure of the
patient The pulmonary artery and the aorta are occluded close to the
heart by adjustable ligatures The descending aorta 1s clamped distal to
the cannulated subclavian artery so that the oxygenated blood 1s diverted
mnto the upper extremities and head Methacholine chlonide (Mecholyl), 2
powerful chohnergic drug, 15 mjected into the heart, bringing 1t to 2 stand-
still Durning the ventriculostomy the clamp close to the heart on the aorta
1s released occasionally to allow for coronary filing causmng the heart to
become pinker Following the repair and closure of the heart, all the clamps
are removed and the hepanin neutralized by an equal quantity of prota
mune sulfate If the heart looks flabby small, and empty more blood 1s
required If 1t 1s distended transfusion 1s stopped The heart, blood pres
sure, and venous pressure are observed for a short tume to establish the
fact that a stable adequate circulation exists The chest 1s closed, as m
atnial septal defect repar

Postoperative care absorbs the efforts of the surgeon cardiologst, and
anesthestologist each one bemg concerned with complete return of the
integnity of respiration circulation and cercbral and renal function The
patient may require tracheal aspirations and internuttent positive pressure
breathing by the anesthesiologist treatment of cardiac arrhythmea or fail
ure by the cardiologist, and over all supervision by the surgeon Exceed
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half to four hours), the patient 1s pliced i a Croupette postoperatively
to prevent subglottic cdema Any movement of the patient should be done
carcfully to prevent hypotension

<3

Fig 157 Method of increasing venous return to right atnum illustrating manual
compresston of the abdomen and elevation of the legs

Cardiac Massage

When the anesthesiologist through the precordial stethoscope or other
cardiac monitors no longer detects a heartbeat, or climcal signs register
acute cardiac failure an incision parallel to the nbs approximately at the
level of the fourth left interspace 15 immediately made If following the n-
ciston there 15 no bleeding or only a trickle of severely cyanotic blood, the
decision to open the thorax and commence rhythmic compression of the
ventricles between the thumb and fingers 1s confirmed In infants this may
have to be done with the two index fingers or by compression of the heart
agamst the inferior surface of the sternum Well-performed cardiac mas-
sage will produce a palpable pulse and a nise 1n alveolar carbon dioxide

If the heart 1s flabby, 2 ml of calcium chlonde, 10 per cent, should be
Injected 1nto the left ventricle and pressure applied mtermittently to the
abdomen (Fig 157), while the patient 1s placed i the Trendelenburg
position to fill the right atrtum with blood The heart which has been 1n
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In mstances when general anesthesia 1s required, a nonexplosive, non
flammable combination of anesthetic agents such as mtrous oxide supple
mented with trichlorethylene 1s used to mduce anesthcsta When the patient
1s anesthetized the electrocardiograph and pneumotachograph are attached
to im A needle 1s nserted mnto a vem and a very small amount of
thiobarbiturate 1s given slowly, mtravenously Next succinylcholme chlo-
ride 1s admmstered mtravenously or mtramuscularly The patient 1s then
mtubated, and anesthesta 15 mamtained with a combmnation of mitrous
oxide and small doses of thiobarbiturates or mependme (Demerol) mtra
venously Resprrations are assisted throughout The oxygen m the endo-
tracheal tube ts momitored by a continuous-recording paramagnetic ana
Iyzer, keeping 1t at a level of 20 to 30 per cent, accordmng to the condition
of the patient

Local anesthetic 1s mjected mto the arm by the cardiologist who mserts
the catheters in the brachial artery and in an antecubital vein, these cath
eters being connected to the transducers The path of the catheter 15 ob-
served through the fluoroscope, which 1s usually screened with flexible Jead
curtans to protect the personnel Pressure recordings and samples of blood
for oxygen tenston are taken at various sites Continuous vistbility of the
electrocardiogram and brachial artery and right ventricular pressures aré
available to the anesthestologist and cardiologist on the oscilloscope

If a night to-left shunt 15 suspected, an angiocardiography s performed
immediately after cardiac catheterization The patient still anesthetized
and mtubated, 1s moved from the fluoroscopy table to a table equPPed
for taking rapid serial x-rays The electrocardiograph, as a cardiac momtor,
remains attached to the patient If upon the intravenous mjection of 2
small test dosage of diatrizoate sodium (Hypaque) no circulatory changes
are observed succimnylcholime chloride 1s given intravenously or mtra
muscularly to assure apnea and quictude of the patient durmng the critical
moment of mjection and filming of the angiocardiogram The full dosage,
1 ml of Hypaque per kg of body weight, 1s then mjected rapudly mto the
vemn and the rapid serial x-ray exposures are made A sinus tachycardia
and hypotenston may follow this rapid mnjection If the hypotension 1
severe, an electrocardiogram ndicative of hypoxta may appear, and the
admmustration of oxygen and vasopressors as well as placing the patient
1n the Trendelenburg position may be required

Followmg the filming the wound 1s sutured The patient 1s given high
oxygen concentrations to remove the mtrous oxide from the body, and
15 then aroused and extubated Usually, because of the length of the com
bred cardiac catheterization and angiocardiography (from one-and one-
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plicitions scldom arse during surgery The clamping of the ductus stops
the leak 1 the systemie system, and, 1t this time, the systolic and diastolic
murmurs arc no longer heard through the esophageal stethoscope A re-
maning diastolic murmur may be due to an aortic nsufficiency from 1
dilated left ventricle If 1 large ductus has been occluded and there 1s no
pulmonary vascular obstruction a sharp clevation of the diistolic pres-
sure occurs 1nd the heart rate slows

Fig 158 A patient in the night lateral posiion preparatory to transection of a
patent ductus arteriosus In this normothermic patient when the left lung 1s collapsed
for the transection the carbon dioxide mn the endotracheal tube may rise to 6 or 7
per cent and the pulse rate may ncrease

Some pauents with patent ductus arterrosus show severe damaging
effects from their altered hemodynamics So much blood 1s shunted from
the systemnc to the pulmonary system that the pulmonary arterial pressure
nses and peripheral resistance 1n pulmonary vessels increases, the right
ventricle hypertrophies and dilates the night atrium dilates, and the liver
becomes enlarged The rise n pulmonary artery pressure can be so severe
as to reverse the flow of blood so that a large part of the blood 1s berng
pumped by the night ventncle through the ductus mnto the aorta This
night to left shunt may cause cyanosis A right to left shunt of blood 1s
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asystole usually resumes a normal beat if restoration 1s possible Con
tinued flabbmness or frequent asystoles constitute a grave omen Cardiac
arrest appears to be a rapidly dimmshing complication 1n the operating
room and even more apparent 15 the very high percentage of complete
recoveries following undelayed digital cardiac compression

Cardiac Defibrillation

The climcal signs of ventricular fibrillation are the same as with a heatt
n asystole, and the diagnosts discerned from an electrocardiograph moni
tor 1s confirmed on opemng the thorax and observing the heart in ven
tricular fibrillation The fibrillating heart ts immedrately massaged then
defibrillated A heart which has firm myocardial tone can usually be de
fibrillated Two paddles covered with saline soaked gauze arc applied to
each side of the heart If the heart 1s fibrillating, but has good tone, a single
shock with 170 volts for 0 1 second generally arrests the heart, but if th
fails to arrest the heart, the left ventricle of the flabby heart should be
myected with 1 or 2 ml of 10 per cent calcium chlonide and then shocked
with 220 volts for 0 1 second With the heart at a standstill cardiac mas
sage 1s resumed In a reparable heart a slow heartbeat will be mitiated
spontaneously but the contractions soon become rapid and vigorous The
same heart can often fibrillate and be defibrillated many times with a
satisfactory outcome A heart which remains dilated, blue, and flabby with
a slow ventricular fibrillation for a long period of time most Iikelv 15 an
wrreparable heart

OPERATIONS ON THE ARTERIES AND VEINS

Transection of Patent Ductus Arferiosus

With patent ductus arteriosus, the left ventricle of the heart 1s over
worked pumpmg oxygenated blood not only through the systemic vesscls
but also redundantly through the patent ductus arteriosus imnto the pul
monary circulation The ductus also causes a leak of varymg proportions
1n the systemic system The greater this leak the lower the diastolic pres
sure the greater the pulse pressure and the more apparent 1s the water
hammer pulse

The anesthetic management for transection of patent ductus artertosus
1s symilar to that set forth for atrial septal defect repair except that n the
case of patent ductus arteriosus the patient 1s 1n the right lateral position
(Fig 158), and m the uncomphcated case, hypothermia 1s omitted Com
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and ntermittent positive pressuce breathing are performed when rales are
heard 1n the chest

Artenial and Venous Anastomosis

For Tetralogy of Fallot In tetralogy of Fallot the venous blood 1s being
shunted from a hard working night ventncle into the left ventricle, aorta,
and systemic system The systerme system and heart, therefore, have an
overload of viscid unsaturated blood The hypowia caused by the unsatu
rated blood reduces the contractility of the left ventricle and produces a
low systolic pressure The overload causes a high diastolic pressure In
the pulmonary circulation there 1s an madequate blood flow The purpose
of the surgical procedure 1s to divert a portion of the large systemic supply
of blood into the pulmonary circulation A Potts-Smuth procedure anas-
tomoses the aorta and onc of the pulmonary arteries, usually the left The
Blalock-Taussig procedure usually anastomoses the subclavian artery and
one of the pulmonary arteries

Hypothermuc techme simular to that used for cardiotomy for reparr of
atrial septal defect and pulmonary valvulotomy for pulmonic stenosts 1s
used for these operations Hydration 1s mamtained with 5 per cent dextrose
and water for the concentrated blood may thrombose at the site of the
operation or n the brain Blood loss should be sparingly replaced, but
these patients withstand the operation and anesthesia suprisingly well even
with 1 blood repl t

During the clamping of the pulmonary artery, ominous signs are marked
bradycardia, widening of the QRS complex and high or low take off of
the S-T segment Accompanymng this, an abrupt drop in alveolar carbon
dioxide tenston 1s frequently noted These findings sigmify severe hypoxia,
most lItkely caused by a reduction m pulmonary blood flow below the
cnitical level, due either to a contralateral atretic pulmonary artery an -
creased night to left shunt, or an madequate night atnal filing However
modern surgical treatment mahkes the Potts Smith and Blalock-Taussig
procedures palliative by satisfying the pattents urgent need for mmproved
oxygenation Today, a tetralogy of Fallot 1s anatomically and physiologi-
cally improved by closing the ventricular septal defect and removing the

pulmonary obstruction
For Tricuspid Atresia Tricuspid atresia seldom exists as an isolated
l;ls;;m if 1t 15 accompanied by an atnal septal defect, then a successful
ock or Potts Smith operation can be performed The atrial septal de-
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a sertous condition, and when 1t exists, ligation of the patent ductus arten
0sus 1s not attempted

In patent ductus artertosus, 1f the nght ventricular pressure 1s not above
70 mm of mercury a surgical attempt 1s made to halt the disease, even
though the nisk 1s enhanced when the nght ventricular pressure 1s above
15 mm of mercury The patient 15 managed best with the benefits of mid
hypothermia of about 35° C achieved by leaving hum 1n the 1ce tub for
five to ten minutes By this means, the heart rate 1s slowed and remams
slow during the operation

Excsion of Coarctation (Adult Type) of the Aorta (with Anastomosis)

In patients with coarctation of the aorta, the arteries arismg between
the coarctation and the heart have a high blood pressure while those ansing
beyond the coarctation have a low blood pressure The pressures m the
vemns draming these areas are also respectively influenced The surgical
procedure 1s to open the chest free the aorta at the level of the coarcta
tion clamp the aorta above and below the coarctation and suture the cut
ends If the cut ends of the aorta cannot be brought together, an artenal
graft 1s used The operation 1s mever done 1n infants except when the
heart shows signs of fallure The operation 1s usually performed wnen
the child 1s around ten to twelve years of age, that 1s when a collateral
circulation has developed

The anesthetic management for excision of coarctation of the aorta 1s
the same as for transection of patent ductus arteriosus Hypothermia offers
no advantages in this operation In the older child because of the dilata
tion of the mtercostal artenies during the opeming of the chest wall con-
siderable blood loss may occur and it 1s essential that 1t be replaced as
1t 15 Jost Clamping of the aorta may cause a severe nise in blood pressure,
more Likely to occur when the degree of stenosis 1s not profound Since
cyclopropane increases the bleeding and the hypertension, we use Fluo-
thane and mtrous oxide or mtrous oxide, thiopental (Pentothal) or th
amylal (Suntal) and relaxant Release of the clamps by the surgeon
may be accompamed by a momentary abrupt hypotension sometimes
prevented by a vigorous mcrease 1n the blood transfusion rate just prior
to the release of the clamps

Following coarctation excision 1n an infant several days of attentre
postoperative care by the pediatric anesthestologist are essential since se-
cretions may cause atelectasis Tracheal aspiration two or three imes a day
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Transection of 1 Vascular Ring

The anesthctic management of an infant or chuld for trnscction of a
vascular ning can be very difficult if there 1s marked obstruction to the
trachea by the vascular or fibrous ring

The premedication 1s ropine dfone The patient 15 anesthetized with
cyclopropane or cther, and then intubated, however, spontancous nssisted
respiration 1s retamed until the thorax 1s opened at which time, controlled
respiration 1s nstituted Because the paticnt has an obstructive lesion and
there may be a chromic hyperdistention of the components of the lungs
before compressing the breathing bag the anesthestologist must allow suf-
ficient time for exhalation through the constricted trachea The applica-
tion of a slow, small negative pressure, —~2 or —3 cm water, on exhalation
and the use of the largest possible endotracheil tube are advantageous
measures Upon opening the thorax 1 some of these patients, additional
obstruction to respiration can occur due to the swing mn the mediastsnum

Upon transection of the constricting vascular or fibrous band, the ob-
struction to respuration may disappear In some instances, however, 1t may
be necessary to insert the endotracheal tube past the trachcal constriction
im which case the tube must be left in place for several days postopera-
tively to maintain a patent airway Constant observation of the patient
and frequent aspsration of the tube are imperative until the wall of the
trachea has become firm However, much of the obstruction to the arrway
both during and following the surgery can be avoided by domg a trache-
ostomy under local anesthesta the day prior to surgery The trachcostomy
tube 15 mserted past the vascular ring and remains in situ several weeks
postoperatively

Retrograde Aortography

Retrograde aortography involves rapid retrograde injection of contrast
media through either the radial or the carotid artery mto the aorta, and
seriaf x-ray examnation in two planes at nght angles to one another The
procedure 15 particularly useful to demonstrate patent ductus artersosus
coarctation of the aorta or left to-nght itracardiac shunts

Management of the anesthesia follows the same pattern as for angto-
cardiography with the exception that the patient usually 1s cooled to 33° C
thus slowing the circulation and affording 1mproved visualizatron of the
dye m the aorta (Fig 159) Another method of achieving this slowing of
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nes w1 poliscts wxin the moz bemon 2ozl 2od s smtncnler sepre] defeCUs
e ecplon the Eypotiemic znssthens fechmic as presapasly described
for zorx2] seprzd defect reponr
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Transection of a Vascular Ring

The ancsthetic management of an nfant or child for trnscction of 1
vaseulir ning can be very difficult of there 1s marked obstruction to the
trachea by the vasculr or fibrous ning

The premedication 1s atropine alone The patient s anesthetized with
avclopropane or cther, and then intubnted, however, spontancous assisted
respiration 1s retamned until the thorn 1s opened 1t which time, controlled
respiration 1s msututed Because the patient has wn obstructive Jesion and
there may be a chrome hyperdistention of the components of the lungs
before compressing the breathing bag the anesthesiologist must nllow suf-
ficlent ume for exhalation through the constnicted trachea The applica-
tion of a slow, small negative pressure, —2 or —3 cm water on exhalation
and the use of the largest possible endotracheal tube arc advantageous
measures Upon opeming the thorax m some of these patients, additional
obstruction to respiration can occur duc to the swing i the mediastinum

Upon transection of the constncting vascular or fibrous band, the ob-
struction to respiration may disappear In some mstances, however, 1t may
be necessary to insert the cndotracheal tube past the tracheal constriction
n which case the tube must be left 1n place for several days postopera-
tively to mamntain a patent awrway Constint observation of the patient
and frequent asprration of the tube are mmperative until the wall of the
trachea has become firm However, much of the obstruction to the airway
both during and following the surgery can be avoided by domg a trache-
ostomy under local anesthesia the day prior to surgery The tracheostomy

tube 15 mserted past the vascular ning and remains 1 situ several weeks
postoperatively

Retrograde Aortography

Retrograde aortography involves rapid retrograde injection of contrast
media through esther the radial or the carotd artery nto the aorta, and
serial x-ray examination 1 two planes at might angles to one another The
procedure 1s particularly useful to demonstrate patent ductus artertosus
coarctation of the aorta, or left-to right intracardiac shunts

Management of the anesthesia follows the same pattern as for angio-
cardiography with the exception that the patient usually 15 cooled to 33° C,
thus slowing the circulation and affording 1improved visualization of the
dye 1n the aorta (Fig 159) Another method of achieving this slowing of
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Fig 159 An aortogram done under hypothermia outlming the acsta its branches
and the patent ductus artertosus between the aorta and the pulmonary artery

the circulation 1s to momentarily occlude the pulmonary capillary blood
flow, accomplished by application of high positive pressure by bag and
mask and compression of the breathing bag This high pressure 1n the
breathing bag 1s transmitted to the alveol and 1s sufficient to occlude the
pulmonary blood flow, but such pressure must not be mantamed for t00
long a period of time, since resultant sustamed systermic hypotension ré
duces coronary blood flow

Cercbral Arteriography

The diagnosis of ntracramial lesions often 1s facilitated by x-ray study
of the cerebral blood supply The surgeon mserts a ncedle either bhindly
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or by means of a small cut down into one or both carotid arteries A test
dosage of dyc 1s mjected, and 1f there 1s no reaction, the total dosage of
dye s mjected and senal films taken

The management of the anesthesin for cerebral arteriography 1s sumlar
to that for angiocardiography, using endotracheal techmic wnd nonexplosive
anesthetic agents Succinylcholine chlonde 1s given just prior to injection
of the dye to prevent movement by the patient during taking of the x rays

BIBLIOGRAPHY

1 Blod JB A b ©roblems 1n Cardiac Surgery’ J Am A
Nurse Anesthensts 22 29-35 (Feb ) 1954

2 Brown A T P and Scilick B A Anaesthesia for Cardiac Surgery *
Anaesthesia 8 4-14 (Jan) 1953

3 Elbis FH Jr,Logan,G B Pender J W, and ktrhklin J W Prob
lems in the Thoracic Surgical Management of Infants and Chuldren JA M 4
155 951-54 (July) 1954

4 Grem T M Anesthetic Problems in Children Undergoing Operations
on the Heart and the Great Vessels Arch Surg 61 259-65 (Aug) 1950

5 Harns A J The Management of Anesthesia for Congemital Heart
Operations in Children  Anesthesiology 11 328-32 1950

6 McQuston W O Anesthetic Problems in Cardiac Surgery in Chil
dren  Anesthesiology 10 590-600 1949

7 McQuiston W O  Anesthesia in Cardiac Surgery Observations of
Three Hundred and Sixty Two Cases Arch Surg 61892-902 (Nov)
1950

8 McQuiston W O Anesthesia for Cardiac Surgery 1n Children
Pediat Clin North America 1 147-57 (Feb ) 1954

9 Scurr C F  Reflex Circulatory Disturbances duning Anaesthesta
Anaesthesia 5 67~-80 (Apr) 1950

10 Smuth R M Circulatory Factors Affecting Anesthesia m Surgery for
Congemital Heart Disease  Anesthesiology 13 38-61 (Jan) 1952

* % x x

11 Adelman M H Rosenthal A I Jacobson E and Mills A  Anes
thetic Management 1 Cardiac Catheterization and Angocardiography  New
York J Med 521866-70 (Aug) 1952

12 Barran D A N A } for Ang diography 4 h
8191-93 (July) 1953
19;?) Beard J Cardiac Cathetenization  Anaesthesia 5 136-42 (July)

14 Beecher H K and Todd D P A Study of the Deaths Associated
?;15,14’4"“”'““1 and Surgery Charles C Thomas Publisher Springfield 1,

15 Boere . A Observation and Interpretation of the Percentage Oxygen
Saturauon during Anesthesta  Acta chur neerlandicum 1 192-201 1949




330 ANESTHETIC MANAGEMENT OF SURGICAL PROCEDURES

16 Boyd W A Text Book of Pathology Lea & Febiger, Philadelphta 1936

17 Brown I Eldndge E, and Gross A * Anesthetic Management duning
Operation for Tetralogy of Fallot Anesth & Analg 30 271-77 (Sept /Oct}
1951

18 Converse J G, Ehler A A Stranahan A and Landmesser C M
Use of Intravenous Quinidine duning Anesthesita New York J Med 52587~
88 (Mar) 1952

19 Cooley D A  Cardiac Resuscitation during Operations for Pulmonic
Stenosis  Ann Surg 132 930-36 (Nov) 1950

20 Cooley J C Clagett O T, and Kirthlim J W Surgical Aspects of
Chronic Constrictive Pericarditis  Ann Surg 147 488-93 1958

21 Cope D H P  General Anaesthesia for Angiocardiography Brit
J Anaesth 25212-26 (July) 1953

22 Cournand A Baldwin J S and Himmelsten A Cardiac Catheteria
tion 1n Congenital Heart Disease The Commonwealth Fund New York 1949

23 Dornette W H L and Orth O S  Death tn the Operating Room
Anesth and Analg 35545 (Nov /Dec) 1956

24 Fieldman E J Lundy J S Dushane J W and Wood E H  Anes
thesta for Children Undergoing Diagnostic Cardiac Catheterizatton — Anes
thestology 16 868 1955

25 Gibson T B Anaesthesia for Cardiac Catheterization and Angiocardt
ography Anaesthesia 8 269-74 (Oct) 1953

26 Greene B A and Berhowitz S  Myocard:al Insufficiency duning Op
eration Its Recogmtton and Treatment with Acetyl Strophanthidin - New York
J Med 5757-68 (Jan) 1955

27 Harmel M H and Lamont A  Anesthesia in the Surgical Treatment
of Congemital Pulmonic Stenosis  Anesthesiology 7 477-98 (Sept ) 1946

28 Hosler R M Emergency Treatment of Cardiac Arrest J Am A
Nurse Anesthensts 20 18-26 1952

29 Hurt R Perhins H A Osborn J J and Gerbode F  The Neutralt
zation of Hepann by Protamine in Extricorporeal Circulation J Thoracic
Surg 32 612-19 (Nov ) 1956

30 Inghs J M Anaesthesia for Cardiac Catheterization i Chuldren
Anaesthesta 9 25-30 (Jan ) 1954

31 kay J H and Blalock A The Use of Calcium Chloride i the Treat
ment of Cardiac Arrest 1n Patients Surg Gynec & Obst 93 97-102 (July)
1951

32 K R and Pr ! M Treatment of Cardiac Emergen
cles M Chn North America 40 1313-23 1956

33 kepes E R Livingston M and Escher D J  Management of Chil
dren duning Cardiac Catheterization with Inhalatton Anesthesia Current Res
Anesth & Analg 34 299-306 (Sept /Oct) 1955

34 karschbaum H The Electrocardiogram 1n Patients with Stopped
Heart Revived by Massage during Operation  Anesth & Analg 30 192-96
(May/June) 1952

35 Lampson R S Schaeffer W C and Lincoln J R Acute Circulatory




THE CABDIOV ASCULAR SYSTI M 331

Arrest from Ventrrcular Fibrillation for Twenty Seven Minutes with Complete
Recorery, JAAM A 137 1S75-78 (Aug) 1948
36 Lewss ' J and Taufic M Closure of Atral Septal Defects with the
Aud of Hypothermia, Expcniment1l Accomphshments and the Report of the
Successful Case® Surgery 33 52-59 (Jan) 1953
37 Mendelsohn D Jr Machrell T N Miclachhin M A Cross
F S and kay E B Expenences Using the Pump Oxygenator for Open
Cardiac Surgery 1n M Ancsthesiology 18 223-35 1957
3% \fcFal R A Austim W O, Adims F H and OLoughhn, B J
Scleetine Angiocardtography tn Congemital Heart Disease  Califorma Med
86 162-68 1957
39 Nicholson M J and Crchan J B Emergency Treitment of Awr
Embolism  Anesth and Analg 35634 (Nov /Dec) 1956
40 Mushin W W Medico legal Haizards in Anacsthesia  Anaesthesia
9252-41 (Oct) 1954
41 Osborn J J Mackenzie R Shaw A Perhins H Hurt R and
Gerbode F  Causc and Prevention of Hemorrhage Following Extracorporeal
Circulation  § Forum 6 96-100 1956
42 Patichk R T Theye R A and Moffit £ A  Studies wm Extra
corporeal Circulation V  Anesthesta and Supporttve Care dunng Intracardiac
Surecry with the Gibbon Type Pump Oxygenator  Anesthesiology 18 673~
85 1957
43 Pender J W  Management of the Pattent during Cardiac Surgery for
Pulmonary Stenosts  Proc  Staff Mcet Mayo Chn 26 377-80 (Oct )
1951
44 Perhins H A Osborn J J Hurt R and Gerbode F  Neutralization
of Hepanin in Vivo with Protamine A Simple Method of Estimating the Re
quired Dose J Lab & Chn Med 48 223-26 1956
45 Shannon F A and Henry W N A Case of Cardiac Arrest Resuscs
tated by Cardiac Massage and Nor eptnephrine  Aricona Med 11 250-53
1954
46 Smth J A  Anaesthesia for Cardiac Cathetenizatton in Children
Brir M J 1705-6 1950
47 Stephen C R Operating Room Fatalities mn Pedratric Surgery
Anesth & Aralg 3136-44 (Jan /Feb) 1952
48 Stewart B D, Virtue R W and Swan H  Cardiac Arrest and
Ventnicular Fibnllation A M A4 Arch Surg 66 703-13 1953
49 Swan H,Blount S G Ir and Virtue R W Direct Vision Suture
«;gslmemtnal Septal Defect during Hypothernua  Surgery 38 858~71 (Nov )
S
50 Swan H Zeavin T, Blount G $ Jr and Virtue R W Surgery b
Direct Vision 1n the O, H A
pen Heart during Hypothermia J A4 M.A 153 1081~
85 (Nov) 1953
51 Volk H McDermott T F and Donovan E J  Cardiac Arrest and

Resusertation during Repair of Diaphragmatic Hernsa in Infants  J 4 MA
150 213-15 (Sept 20) 1952



332 ANESTHETIC MANAGEMENT OF SURGICAL PROCEDURES

52 Wilhams G R, Jr and Spencer, F C ‘The Clinical Use of Hy
pothermia Following Cardiac Arrest Ann Surg 148 3, (Sept) 1958

* % % %

53 Adelman M H  Anesthesia in Surgery of the Patent Ductus Arten
osus Anesthesiology 9 42-47, 1948

54 Downing D F Grotzinger, P J and Weller R W Coarctation of
the Aorta AMA Am J Dis Child 96 711-19, 1958

55 Goodwin W E, and Walter, R C  Intra aortic Procamne Injection in
Aortography Angiology 4 410-12 (Oct) 1953

56 Watkins E Jr Circulatory Changes Produced by Clamping of the
Thoracic Aorta  Surgery 22 530-39, (Sept ) 1947

57 Wetchler B V and McQuiston, W O  Anesthetic Management of
Infants and Children with Double Aortic Arch Anesthesiology 18 176-78
1957



CHAPTER 21

OPERATIONS ON THE HEMIC AND
LYMPHATIC SYSTEMS

OPERATIONS ON THE SPLEEN

Splenectomy

Splenectomy, while indicated 1n splenic rupture or lacerations at times
1s also performed upon pattents with congemital or acquired hemolytic
anemia congestive splenomegaly Mediterranean anerma, thrombocyto-
penic purpura, or other types of splenomegaly

The details of the anesthetic management for a splenectomy depend
upon the disease of the particular infant or child For instance a congested
massive spleen 1s often difficult to free from the abdominal cawity, with
resultant marked blood loss and, occastonally severe hypotension because
of the sudden release of intra abdominal pressure Some dsorders, particu-
larly congestive splenomegaly often have accompanyng esophageal varices
which may readily be ruptured should gastric intubation be attempted

The surgeon s report of the patient s condition and his proposed surgical
management are essential information to the anesthesiologist i planning the
management of the anesthesia In addition, the hematologist usually has
been observing the patient with hemolytic disorders for a long time, so
his advice on blood transfusion should be respected With recent splenic
ruptures, blood usually must be given rapidly 1n large quantities, but with
hemolytic disorders and chronic anemia 1t 15 preferable to give a number
of small transfusions over a period of time If platelets are decreased, as
n thrombocytopemc purpura fresh blood or packed red blood cells may
be more effective than older or citrated blood Blood should be available

333
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for all splenectomics, however, many of the patients who have splenecto
mues for acquired hemolytic ancmia receive no blood during surgery

One half the standard dosage of sedatne drugs and full dosage of
scopolamine, according to the patients weight, re usually admimstered
but the over-all condition of the patient must as always be taken into
consideration mn this deternunation

ANEMIA
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Fig 160 (Left) Before transfuston the alveolar CO_ concentration 1s 18 per cent
(Right) After transfusion there 1s an elevation of the énd exprratory CO, concentra
tion to 2 @ per cent

Cyclopropane anesthesia 1s cstablished and the intravenous necdles i
serted The patient 1s then intubated with or without the aid of relaxnts
Euther assisted or controlled breathing manually or mechanically regy
lated may be used during the maintenance of anesthesia Seldom is it
deemed advisable or necessary to admmuster ether, even on the theory
that 1t causes splenic contraction for many of these hemolytic splecns ar¢
so fibrotic that they cannot under any circumstances contract to a sig
nificant degree Another very satisfactory combinatton of anesthetic agents
15 a small amount of sntravenous thiobarbiturate and mtrous oxide then
the patient 1s mntubated with the aid of succinylcholine chloride Continu
ous or intermuttent succinylcholine chloride or d tubocurarine provides cx
cellent muscle relaxation during the surgery

In some patients with chronic anemia the continuous alveolar carbon
dioxide analysis shows a low alveolar carbon dioxide which becomes
elevated following the blood transfuston (Fig 160)

By positioning the patient mn shght reverse Trendelenburg position and
sloping the table a little lower on the nght side than on the left surgery
~
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will be facilitated for this results i both the intestines and the spleen
droppmg away from the dinphrgm, thereby mnbung the pedicle of the
spleen more accessible

Postoperatinely the nnesthesiologist should be Alert for signs of left-
sided pucumothorax, nd for cardiovascular collnpse from continued
hemorrhages

¢

Fig 161 Diagram of a patent with a latge cervical oysie ygroma showing 1he
Ayres T tube technic A preliminary tracheostomy was performed under local anes
thesia simce the tumor mvaded the air passages

OPERATIONS ON THE LYMPHATIC CHANNELS

Exasion of Lymphangiomas

Lymphangiomas are multilacular cysts which have their ongm n the
lymphatic channels The commonest site 1s 1n the cervical region where
they are 1dennficd as cystic hygromas being occasionally assoctated with
hemangiomatous elements Lymphangtomas can occur, however 1n many
other parts of the body

A preaperative trachcostomy 1s advisable 1n those patients wheremn the
patency of the upper airway may be threatened by either the tumor or the
surgical procedure (Fig 161) for an airway of mimmal or borderline
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patency may be entirely occluded following induction of anesthesia Even
small amounts of sedative drugs should be omutted from the premedication
1n these patients because of the ever-present danger of respiratory obstruc-
tion

These tumors are most frequently removed at an early age, since they
are unsightly and interfere with activity Some of the large hygromas m
vade the cervical tissues and cannot readily be shelled out and prepara
tions must be made for extensive dissection with considerable cozing

For removal of a large cervical cystic hygroma n a patient without
resptratory obstruction, he 1s anesthetized with cyclopropane and intubated,
thereby removing the anesthesiologist from the surgical field and provid
ing 2 means of ventilatory control should the pleura be madvertently en
tered

Another anesthetic method 15 to give mtravenously a small amount of
thiopental (Pentothal) or thiamylal (Suntal), followed by the admnistra
tion of succtnylcholine chloride intravenously, and then intubation Ancs
thesta can be mamtained with mtrous oxide

Postoperatively, the chief concern of the anesthesiologist 1s, of course,
the maintenance of a patent airway Since many condittons, notably wound
edema, fluid collections, and subglottic laryngeal edema, may supervene
fastidious postoperative management 1s nstrumental to the safety of the
patient Minor degrees of Tespuratory obstruction may be ameliorated by
placing the patient 1n a cold moist atmosphere In addition, scissors should
be available to sever the bandages or the sutures should respiratory ob
struction occur Endotracheal equipment and an emergency tracheostomy
set must remamn at the bedside until the critical arrway perod has
passed

Excision of Hemangiomas

Patients with h iomas are ged anesthetically in a manner
similar to patients with lymphangtomas, but with an extensive hemangt
omatous lesion (Fig 162) several operations may be required, during
each of which a portion of the tumor 1s removed and the area 1s skin-
grafted Blood transfusion may be necessary to combat anenua frequently
seen 1 these patients A bleeding tendency from a thrombocytopema may
also develop swnce the thrombocytes may adhere to the walls of the heman-
gioma Any evidence of respiratory obstruction mn a patient with several
hemangiomas on the surface of the body should alert the anesthestologist
to the possibility of hemangiomas m the mouth larynx, trachea bronchi,
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and lungs These hdden lestons may rupture and flood the respiratory
passages

Thoratic Duct Operttions

Followng trathorncic surgery or chest injury where the thoracic duct
has been severed, or as a result of pressure of lymph nodes or ncoplasms
on the left subclavian vein, a massive chylothorax ¢an occur

Fig 162 An extensive h lesion pying a derable part of
the thorax and left upper mb Anesthesia 1s mamtained with the infant circle absorp
tion technic and the heart 1s momtored with an esophageal stethoscope and blood

cuff A cut-d n the h vein at the ankle 15 used to replace the
large blood loss during the surgery i ¢

In preparation for a thoracic duct operation, the patient 1s generally on
a low fat, hugh protem diet to decrease the amount of chyle, but a high
caloric intake 1s mamntained and in some patients the daily required dose
of vitamins espccially the fat-soluble vitamins A and D, 1s admimstered
In most instances, anastomosis of the severed duct 1s a difficult pro-
cedure but an attempt 1s made to find the defect and close 1t The anes-

thetic management 1s the same as the techme described for

lobectomy (See p 304 ) pulmonary
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Exasion of Lymphosarcoma

Relatively rare among malignant tumors of childhood lymphosarcoma
may wmvolve the entire lymphatic tissue of the body cluding the tonsils
lymph glands, spleen gastromtestinal tract bone marrow and liver A
chest film may reveal mediastinal involvement and strongly suggest the
possibiity of tracheal and bronchial obstruction a persistent cough further
suggests this possibility Pleural effusion and metastases in the mbs may
result from intrathoracic lymphosarcoma The blood s often mvolved after
the dsease 15 well advanced with the consequent picture of anemia throm
bocytopenia, and bleeding tendency

There may be considerable unsuspected mediastinal involvement for
these rapidly growing malignancies may have reached serious proportions
without the patient showing any cachectic or anemic effects When there
1s mediastinal mvolvement general anesthesta may be extremely hazard
ous for anesthetic agents and relaxants may cause complete rremedtable
bilateral bronchial obstruction for excisional biopsy or for tracheostomy
m these patients local anesthesta 1s safer than general Before the more
extensive surgical procedure of removal of the intrathoracic tumor 1s un
dertaken both the surgeon and the anesthesiologist should consider the
serious danger of bronchial obstruction under general anesthesia

These lymphosarcomatic patients frequently exhibit a hemorrhagic di
athesis and anemia and a considerable quantity of blood should be avail
able for prompt replacement as 1t 1s lost during surgery

If an attempt has been made to excise a mediastinal lymphosarcoma
then postoperatively the patient should be observed attentively for signs
of respiratory obstruction Apphcation of a cold moist atmosphere re
duces the postoperative edema of the atr passages



CHAPTER 22
OPERATIONS ON THE DIGESTIVE SYSTEM

The operations on the digestive system herein discussed mclude those
on the entire digestive tract associated organs, and abdomnal wall, which
contains most of the alimentary tract There 1s no simple formula applicable
to the anesthetic management of the many dsfferent operations on the di~
gestive system since the patients presented for surgery represent the entire
range 1n age nisk, and difficulty of pediatric anesthesiology

OPERATIONS ON THE MOUTH

Incision and Dramage of Abscesses

Incision and dramnage of an abscess of the floor of the mouth or buccl
surface of the cheek 1s rare The purpose of the surgery is to incise the
abscess widely so that the pus can escape Premedication 1s erther atropine
or scopolamine Even in these relatvely simple operations the usual pre-
cautions such as preparing for ancsthesia with precordial stethoscope
blood pressure cuff plethysmograph cardiac momitor, and endotracheal
equipment are observed

Cyclopropane or Fluothane anesthesia with nonrebreathing or absorp-
tion 1 circwit techme and nasal intubation with or without the ad of
succinylcholine chlonide relaxation provides the greatest safety for the pa-
tent If there 1s considerable swelling of the tissues of the mouth, the
patient s cords are sprayed with local anesthetic and he 15 intubated awake

The pharynx 15 packed with dry paraffin gauze to keep pus out of the
stomach

-
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Exciston of Lyvmphosarcoma

Relamvely rare among malignant tumors of childhood, Iriphosarcozz
may molve the entire lvmphauc tssuz of the bodv meludmg the toasls
Ivmph glands spleen gastromtestmal tract, bons marrow and Iner A
chest filrt mas revezl mediastmeal msohement and strongly sugget the
po~<iblity of trackzal 2nd bronchial obstruction a parsistent codgh furthe-
suggasts this possibilit Pleural effusion and metastases m the ribs
re<ult from intrathoracic Iymphosarcomna. The blood 15 often v olved 2ft=-
thz disease 1s well 2dvanced, with thz consequent picture of anzmiz, throz-
boctopenia, and bleeding tendency

There mav bz considerabls unsuspacted mediestmal mvolvement fo-
the<e rapid] growimng malignancres mav have reached senous propot.oxs
wathout the patient showing zmy cachectic or znemc effects When the-2
15 medrastmal 1mvolement. general anesthesia may be extremels hazerd
ous fo- anesthetic agents ard relaxans mav cause conplete wremediablz
bilateral brochial obstruction for exasional biopsy or for tracheostomr
11 theee panents local anzs be<a 15 safer than general Before the o
extznsne surgical procedure of removal of ths mtrathoracic fumo™ 1s L3~
dztaken. both the surgzon and the anesthestolozist should consider the
<enious danger of broachial obstruction under general anesthesia.

These Ivmphosarcomatic pauents frequently exhibit a hemorrbagc G-
athzas ard znemia. 20d 2 considzrable quannty of blood should be vzl
2blz fo- prompt replacement as 1t 1s lost dunmg surgers

If 20 attempt has been madz to everse a mediastinal Iymphosarcoma.
tken postoperatnels the pauent should bz observed atteninely for sizos
of resprratorv obstructrion. Apphication of 2 cold, moist atmosphere re-
duces the postoperatne edzma of the arr passages
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the mouth and pharynx are aspirated, and the cndotracheal and gastnic
tubes are removed

Postoperatnely, these patients require constant observation If swelling
1s present, immediate placement 1n a cold, moist atmosphere will Jessen
the degrec of postoperative edema In the more scverely obstructed pa-
tient a trachcostomy sct should be at his bedside He should remun 1n
the hospital until all danger of obstruction to the airway from swelling 1s
past

OPFRATIONS ON THL LIP

Chaerloplasty (Cleft Lip Repair)

The surgery on this unilateral or bilateral deformity usually 1s done
soon after birth Early closure of the cleft retracts the protruding pre-
maxilla, improves the mfants feeding ability, helps to placate the emo-
tionally disturbed parents, and suspends development of a possibly emotion-
ally disturbed child In order to reduce the mortahty and morbidity 1n such
young infants some surgeons prefer to repair only one side of a bilateral
cleft lip at 2 time

Premed:cation usually 1s scopolamine alone unless the patient ts an older
child who has undergone previous operations, m which case a sedative 1s
added In disturbed infants or children, rectal barbiturates are admin-
1stered

Most anesthesiologists prefer the endotracheal techme A firm, thin-
walled tube of as large a bore as possible or a rubber tube reinforced
with an mcorporated wire coil 1s less hikely to kink The attached Magill
angle piece 1s pointed caudad sirce the surgeon sis at the head of the
table The infant may be anesthetized with cyclopropane, using the infant
absorption 1 circwit or nonrebreathing techme Intubation may be with
or without the aid of succinylcholine chlonide relaxation Intubation 1s
often difficult when there 1s first, limited movement of the mandible,
second, marhed protrusion of the maxilla and premaxilia comphicating the
exposurc of the glotus and third the laryngoscope lumen 1s blocked by
tissue, which occurs 1n bilateral or 1n night-sided clefts The last-mentioned
complication can be overcome by pluggimg the cleft with a gauze pack
It 1s only by preanesthetic analysis and evaluation of these handicaps to
Intubation that the anesthestologist can intelligently sclect his anesthetic
agent and techme The nexpericnced anesthesiologist will be well advised
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Postoperatrvely, these patents are kept i the lateral Trendelenburg
poution to facilitate dramage of the pus and blood from the mouth

Suture of Laceration

Since an mfant or child presented for sutunng of a lacerated mouth
generalh 15 an  accident” case the anesthesiologist should be mindful of
certain facts appheable i most acaident cases The frightened parents
rush the frightened child to the surgeon and hospital A marked emonon2]
atmosphere of urgency 1s created, but this atmosphere should not stampeds
the anesthesiologist mto hasty cursory preparations for anesthesia. Hz
should assume, first, that the stomach mav contamn food or bloed and
second that there mav have been a copious loss of blood. The hematocnt
or hemoglobin, blood pressure and pulse rate should be taken On rare
occasions, the pecessits of a blood transfusion prior to surgenn may have
to bz considered.

If the surgen 15 urgent because of contnued bleeding then atropmn
or scopolamine 1s sufficient for premedication A large-bore aspirator
should be immedsately at hand and a needle inserted mto the vem before
the patient 15 anesthetized

The patent should be anecthetized verv quckly Probabh the most
rapid technic 1s to gne a small amount of mtravenous thiopental (Pento-
thal) or thiamlal (Suntal) followed mmmediately by a sufficient dose of
succmIcholine chlonde to ensure muscle relaxation and easter intubaton.
Some anesthesiologtsts nsert the endotracheal tube under local anesthesia
because thes feel that this avouds the danger of the aspiration of blood or
food.

A cuffed stomach tube 15 pasced and the cuff nflated to prevent regurst
tation of stomach contents Gastnic aspiration 1s performed.

The anesthesia 15 o d with a amount of mhalaton
agent to ensure an earhy postoperame feturn of consciousngss A no%-
rebreathing or absorption techmic 1s used. With the anesthesiologist re-
motved from the operatne site, the surgeon can then proceed with ade-
quate tme to perform this important feconstructive surgery As 1 cleft
palate operations, a retractor suture may be put m the tongue for <afer
posxo;emme treatment

At the complenon of the surgenn the anesthesiologist should lemve
the endotracheal tube 1n place unnl the patient 1s demanding its removal
At this stage the patent 1s turned 1n the Iateral Trendelenburg posiion
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At the termmation of surgery, 1 sutusc 1s pheed n the tonguc for
faciltating tongue retraction n the recovery perrod When the mfant 15
almost awake he 1s extubated

Fig 164 Infant has Prerre Robin syndrome with ding lower jaw glossopt
and small epiglottis

Because the patient 1s generally a very young infant a small degree of
laryngeal edema from the intubation can cause considerable obstruction to
respiration  The infant, therefore, should be put m a cold, motst atmos-
phere if there are signs of upper respiratory obstruction Because of the
immobilization of the upper lip and the frequent presence of cleft palate,
the nfant cannot suck a mpple so he must be fed with a feeder The

hquid formula dropped onto the base of the tongue 1s swallowed by the
infant

Op for Micr lua and Glossop (Pierrc-Robin Syndrome)
In infants with a Pierre-Robin syndrome (Fig 164) the tonguc may

be sutured to the alveolar nidge of the mandible to relieve the respiratory

obstruction The infant 1s kept preoperatively and postoperatively in the
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to use an anesthetic techmc such as open drop ether, which will keep the
patient breathing and allow a longer time for intubation Following 1n
tubation, the angle piece of the endotracheal tube 1s strapped with ad
hesive tape close to the chin 1n the center of the lower Itp The best angle
piece 1s one with a port for occastonal tracheal aspiration during the
surgery

Fig 163 Infant prepared for repair of a cleft ip tllustrating the T tube techmc

Anesthesia may be mamtamed with erther a combmation of mitrous
oxide and subcutaneous or Intr. lar succmylcholine chloride or
mitrous oxide and Iight ether The anesthetic technic may be nonrebreathing
infant absorption m cirewmt or T-tube (Fig 163) Trendelenburg position
and a throat pach prevent blood from entering the trachea This pack
should always be attached firmly to a suture brought to the outside of the
mouth Blood transfusion during surgery ts not customary unless the 1n
fant 1s anemic or the blood loss excesstve as it mught be m reparr of 2
bilateral cleft ip Conservation of body heat 15 essentral espectally 1n pro-
Jonged procedures such as bilateral cleft lip repair
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cyclopropane 1s added until sattsfactory analgesi1 1s cstablished, when the
oral mash 15 remored and a pack ts carcfully inserted i the mouth, en-
suring that there 1s no encroachment on the nasal airway which would
prevent the child from breathing through hus nose Most of the gases are
blown off through the exhalation valve 1 the nasal mask !

-

A %

Fig 165 Child breathung mitrous oxide trichlorethylene and oxygen through
Lhe McResson nasal mask preparatory to having his teeth extracted The oral mash
as been removed The mouth gag 1s tn place The oral pack will be positioned Iater

Should the throat packing become saturated with blood, 1t 15 removed
Immediately and replaced with a fresh one, smnce soggy saturated packs
can easily be lost or left in the pharynx later causing dangerous respira-
tory obstruction To prevent blood from runmng down the throat, a pack
1s held firmly in the wound after the extraction The anesthetic gases are
turned off and oxygen 1s admumistered for several minutes to avord the
danger of diffuston hypoxta The child awakens quickly, provided the tri-
chlorethylene or Fluothane concentration has been Lept at & mimimum

Another excellent method 1s to give mtravenously small ntermittent
doses of a thiobarbiturate  Very light barbiturate anesthesta 1s mamntamed
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prone position for minimal atrway obstruction Only atroptae or scopol
amune 1s given for preanesthetic medtcation

Intubatron 1s often very difficult because of the small receding mandible,
glossoptosts, and small epiglottis Because of this intubation difficulty and
the possibility of early respiratory obstruction, the infant 1s intubated
awake Once the crucial intubation 1s accomplished, a variety of agents
and technics can be used for the mamntenance of ancsthesia The usual
supportive care for the newborn nfant during and following surgery 1s
taken A laryngeal edema following extubation should be treated immedi
ately On account of the threat to the patency of the airway by the lesion,
the infant requires constant vigilance postoperatively by the nurse

OPERATIONS ON THE TONGUE

Suture of Laceration

Anesthetic management for suture of a lacerated tongue (glossorrhaphy)
1s similar to that described for suture of a lacerated mouth (p 340)

OPLCRATIONS ON THE TEETH AND GUMS

Incision of Alveolar Abscess or Infected Cyst, and Lxcision of
Adamantinoma

For ncision of alveolar abscess or mnfected cyst or excision of adaman
tinoma 1n children, an endotracheal techmc with cyclopropane 1s sug
gested

Extraction of Teeth

Extraction of teeth 1s usually a very brief operation n children Even
though most of the patients are ambulatory, a careful preanesthetic evalua
tion and preparation are essenttal stnce the anesthesiologist may be the only
phystcian 1n close contact with the patient

For the extraction of deciduous teeth or for brief procedures as pre-
medication a small dose of rectal or oral barbiturate and intramuscular
scopolamine are gtven one hour before the dental extraction

The chuld 1s placed on the dental chair or operating room table m the
suptne position, and blood pressure cuff and precordial stethoscope are ap
phed After placing the mouth gag anesthesia 1s mnduced with mtrous
oxide and oxygen through nasal and oral masks (Fig 165) The chid 1s
encouraged to breathe through his nose Trchlorethylene, Fluothane, or
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pending on the preference of the pedodontist. The authors fvor the direct
less traumatic oral ronte

Ancsthesia ts mamtaned with mitrous oxide and small ncrements of
trichlorethylene by the nonrcbrething techme (Mg 166), or Tluothane

Fig 166 Nitrous oxide and tr

chlorethylene are being employed for a dental
eﬂmg A rubber dam 15 attached 10 the teeth In a vemn in the left hand 15 an mtra
enous needle for administration of muscle relaxant

by infant circle filter technic Mimmal succinylcholine chloride by con-
tinuous drip 1s admimstered to relax the jaw and facihitate the work of
the pedodontist

A dental rubber dam 1solates the working area from the rest of the
mouth prevenung debns and foreign matenal from falling nto the thront
At the end of the operation, all remaiming matenal and secretions are
aspirated from the pharynx, and the endotracheal tube 1s removed Since
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during the extraction Although the chitd may move his head shightly, the
respiratory and cardiovascular systems will not be depressed, nor will
there be prolonged laryngospasm with this method

The child, following the operative procedure, 1s placed on the stretcher
1 the lateral Trendelenburg positton and taken to the recovery room where
he usually expectorates blood and siliva for a short tme, but soon 1s
ambulatory and may leave the hospital within a few hours

If the extraction 1s more extensive, as 1n older children with mmpacted
teeth or multiple extractions an endotracheal tube 1s mserted to mamtam
a clear airway and provide the surgeon with satisfactory operative cond:
tions In such a patient a needle 1s placed 1n a vem, and the patient is anes
thetized with a small mtravenous dose of thiobarbiturate or with cyclo
propane, and succinylcholine chlonde 1f muscle relaxation s necessary for
mtubation Following surgery the patient rematns under observation untl
all danger of subglottic edema has disappeared

Patients with some cripphing disorder such as congenitat heart disease,
nephritis diabetes, or theumatic fever should be admtted to the hospital
for extraction of teeth and a scrupulous evaluation made of the disease
These children, premedicated with a sedative and scopolamune, are anes
thetized with cyclopropane and a small amount of succinylcholne chionde
s gven mtravenously or intramuscularly for mtubation In addwon to
monttoring the cardiovascular system with a precordial stethoscope, an
other momitor such as an electrocardiograph 1s used The patient 1s kept
1n the hospital at least 24 hours postoperatnely for observation

Reparr of Teeth

Children with dental caries may have some handicap necessitating gen
eral anesthesia during the dental procedure For mstance, a large number
of these patients have cerebral palsy and may be euther mentally disturbed
or have motor incoordmation others are emotionally disturbed children
who do not tolerate dental care while awake

These children are admitted to the hospstal and the routine hstory,
physical examnation and blood and urine tests are obtamed They are
given full sedatine and scopolamne premedication

A nonexplosive method of anesthesia 1s employed since the dental drul
aganst the teeth causes sparks After applving a precordial stethoscope
and blood pressure cuff anesthesta 1s mnduced with an mtravenous, ultra
short acting thiobarbrturate and with the aid of mtravenous succiny Icholine
chlornide etther orotracheal or nasotracheal intubation s performed, de
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surgical field The mrway 1s often improved by placing a sand pillow under
the shoulders nnd extending the head, thus preventing acute ngulntion
of the endotracheal tube 1n the back of the pharynx

Blood loss may be coprous and dufficult to control, and adequate blood
should be supplicd by transfusion during the operative period Shght
Trendelenburg position and frequent nspiration of the pharynx will keep
the blood out of the stomach and trachcobronchial tree

Fig 167 Child prepared for repair of a cleft palate The surgeon sits at the head
of the operating table and the anesthesiologist at the left side of the patient

At completion of surgery, the surgeon usually puts a retractor suture
through the tongue, so that postoperatively the nurse can clear the mrway
by pulling on the retractor suture which pulls the tongue forward The
patient should be almost awake at the end of surgery All blood should
be aspirated out of the pharynx, and a thorough search made for throat
packs after which the patient 1s extubated and placed on his side
Trendelenburg posiion If tolerated by the patient an oropharyngeal air-
;V:Iytls mserted This must be done gently to averd njury to the repaired

ate

The mfant or child 15 placed on the carrier 1n the lateral position and re-
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these operations often take two to three hours, postoperatively the patient
1s placed 1n cold, moist atmosphere to mimimize laryngeal edema If no
complications occur, the patient 1s discharged from hosputal the day follow
1ng reparr of the teeth

OPERATIONS ON THE PALATE AND UVULA

Palatoplasty (Cleft Palate Repar)

Palatoplasty usually 1s performed on nfants six months to two years of
age, some of whom return for further stages of palate surgery and there
fore may develop a phobia for anesthesta and surgery If the palatoplasty
1s postponed until the child 1s over two years of age, he may have a feeling
of infertority and introversion as a result of his cleft palate, rmpaired
speech and hearmng difficulties Speech trammng the development of aptt
tudes and the establishment of a friendship with the surgeon and anes
thesiologist help create a feeling of securnity 1n such a child

Premedication with a sedative and ‘drymg’ agent or with a rectal bar
biturate makes the induction of anesthesia more pleasant Another measure
to prevent some of the phobia for anesthesia 1s the nsertion of an 18
gauge styletted mtravenous needle when the child 1s under inhalation anes
thesta In infants a cut down 1s done m the saphenous vem at the ankle
The patient 1s anesthetized with cyclopropane and intubated with or with
out succinylcholme chloride as a relaxant, some surgeons preferring nasal
mtubation, and others oral If oral intubation 1s used, a small pack m the
postertor pharynx pushes the tube forward away from the palate Since the
surgeon sits at the head of the table, the tube 1s placed over the center of
side of the tongue with the Magill connector pointing caudad the endo-
tracheal tube bemg strapped firmly to the chin (Fig 167) It 1s important
to keep the angle piece close to the chin so that 1t will not mterfere with the
surgeon s hands If nasal intubation 1s used, the angle prece pomts laterally
from the nostrl

Many different anesthetic agents can be used for mantenance Nitrous
oxide with small increments of ether or intermittent or continuous suc-
cinylcholine chloride permit the use of epinephrine by the surgeon In some
instances, to mummize bleeding we have employed Fluothane, but this
precludes the use of epinephrine The technic may be nonrebreathing valv
lar, infant circle filter or T-tube Before commencement of the operation,
the anesthesiologist should be positive that the arrway 1s patent, noting
1n particular the absence of inadvertent bronchial intubation for later it
1s difficult to adjust the equip without thr the sterility of the
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The patient 1s placed 1 steep Trendelenburg posttion nd ancsthetized
very lightly with ether or cyclopropane, the mash 15 removed from the face
the mouth 1s opened, and the abscess aspirated with a needle on 1 syringe
to confirm the diagnosis At first, 1 small maision 1s made m the abscess
to allow a gradual escape of pus, then later the incision 1s enlarged The
patient 1s almost immediqtely ke following the operation 1nd has full
contro! of his protective pharyngenl and Inrynge! reflexes

Removal of Branchial Cleft Csst or Tistuln

A brarchial cleft cyst or fistula 1s usually formed from « remnant of a
night or left branch of the sccond or third branchial cleft and lies anterior
to the sternomastord muscle Occasionally, the fistula will track up to the
tonsillar arca To prevent recurrence the surgeon attempts to remove the
fistulous tract or cyst in 1ts entirety

The operation 1s usually performed when the child 1s close to adoles-
cence since the lesish may not become obvious until then Our standard
premedication 1s given because there 1s no obstructed respiration

Although a wide sclection of anesthetic agents and technics may be used
for this procedure, most of them incorporate endotracheal ntubation The
patient can be anesthetized with an intravenous thiobarbiturate, gtven suc-
cmylcholine chloride, and intubated Following intubation the patient s
shoulders should be placed on a sand pillow to 4gtend the head and gie
the best exposure of the neck to the surgeon Seldom 1s blood loss ex-
tensive enough to require transfusion The child s extubated at the end
of the surgery and postoperative problems rarely anse

Tonslt y and Adenodectomy

Children with chronic infectton n therr tonsils and adenoids may show
resultant malnutrition anemia otitis media or degrees of deafness Thin,
narrow-faced children may have chronic respiratory obstruction and mouth
breathing

The daily occurrence of this operation should not encourage poor prep-
aration, but rather there should be done a lustory, physical examunation
hemogram, bleeding and clotting time and urnalysis Severe anemia
should be corrccted 1f possible by 1ron therapy and diet before surgery

Preanesthetic psychotherapy 1s tmportant 1n soothing the child and m
reducing the amount of preanesthetic sedation to be given Adnussion of
the child to the hospital the might prior to operation 15 very beneficial al-
lowmng fum an opportunity to become acquamnted with his strange new
swroundings and with other children the nurses and anesthesiologist.
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turned to the recovery room, where postanesthetic care 1s concerned pn
manly with mantenance of a dry, unobstructed airway until the patient
15 accustomed to the new architecture of his mouth If the surgery has been
prolonged, 1t may be advisable to put the infant or child nto cold, mosst
atmosphere until all danger of post intubation subglottic edema has dis
appeared Intravenous flids may be necessary, stnce his sore mouth makes
the chuld averse to drinking or swallowmg Any nausea or vomiting should
be controlled with an antithistamunic drug grven ntramuscularly or as a
rectal supposttory Postoperative hemorrhage must be contemplated

Suture of Lacerated Palate

The anesthetic management for suturing a laceration of the palate 15 the
same as that described for suturing a laceration 1n the mouth (p 340)

OPERATIONS ON THE SALIVARY GLANDS AND DUCTS

Exploration of Gland and Duct and Excision of Salivary Gland (Ranula,
Mived Tumor)

The anesthetic management for these operations 1s stmilar to that for
any other major ntraoral operation, but the length of the procedure makes
mtubation mandatory (See Palatoplasty,” p 348 )

[

OPERATIONS ON THE PHARYNX, ADENOIDS, AND TONSILS

Inasion of Pentonsillar Abscess and Retropharyngeal Abscess

In spite of antibiotics, on rare occasions 1t still 1s necessary to anes
thetize a patient for mncision of a pentonsillar or retropharyngeal abscess,
often following a bout of acute tonsilitis These mfants and children are
suffermg from the effects of infection and nadequate food and fluid 10
take for several days The degree of respiratory obstruction from retro
pharyngeal or peritonsillar abscess may be sertous smce the anterior pro
trusion of the posterior pharyngeal wall often blocks the masal arway It
may even push the palate forward so that 1t impinges on the tongue block
mg the oral arrway also Further, these patients, on account of the presence
of infection often have a hyperactive laryngeal reflex The likelthood of
a fatal total respiratory obstruction occurring durmg anesthesia has ac-
counted for many surgeons g the ab any

If there are no signs of preanesthetic respiratory cobstruction an anes
thetic can be admumustered for the patients comfort Only atropme or
scopolamne should be given as premedication
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Another excellent method of anesthesta for tonsillectomy 1s the use of
the Barton mouth gag, a Dawis gag modified by an added tunnel along
the tongue depressor to house an cndotrachenl tube In this case, a longer
endotracheal tube 1s nscrted drawn up retrograde through the tunnel,
after which the connector and circle absorber are attached to the tube
(Fig 169)

Fig 168 Child undergoing a tonsillectomy The endotracheal tube 1s well over
to the night corner of the mouth so that t will not intecfere with the surgeon as he
removes the left tonsi

Sull another anesthetic technic for tonsillectomy 1s open drop ether fol-
lowed by ether msufflation through 2 mouth hook With this technic, the
patency of the airway 1s largely the responsibility of the surgeon

Occasionally the surgeon, because of uncontrolled hemorrhage in the
adenoid region will mnsert a postnasal pack which 1s kept m place by a
suture, the ends being brought out through the nostril and firmly secured
to a pack or rubber tubing Another method has one arm of the suture
pbass out through the nostril and the other through the mouth then tied
firmly together However the arm of the ligature which passes out through
the nostesl should also be secured to either a piece of rubber or a pack
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Such prior admission also prevents the child from obtaiming food or milk
the mormng of operation

Our usual premedication consists of secobarbital or pentobarbital by
rectal suppository administered one and one-half hours, and scopolamme
hypodermically one hour, prior to operation There are, however, a host
of other preanesthetic medications which are very satisfactory

As 1 all other cases, the precordial stethoscope, blood pressure cuff,
and finger plethysmograph are used

Children are often quickly 1nduced with mitrous oxide and Fluothane or
a high concentration of cyclopropane, while their attention 1s held by
stories or conversation for these few seconds until consciousness 1s lost
Older children may be mnduced with a small amount of thiobarbiturate
gwen 1ntravenously through a styletted needle which has been inserted
beforehand under local anesthesia

A muxture of mtrous oxide and Fluothane has recently become the
chorce of anesthetic agents for tonsillectomy m our mstitution Seemungly,
the bleeding 1s reduced even 1n the absence of hypotension The anesthesia
1s mduced quickly with about 2 per cent Fluothane 1n a combnation of 2
liters of mitrous oxide and 2 liters of oxygen, the blood pressure must be
taken frequently during induction The anesthestologist experienced i the
use of Fluothane can effect a considerable economy by using reduced flows
of all of these agents =

Large tonstls and adenoids may obstruct the child early 1n the mduction
period An oropharyngeal airway partially nserted 1 a very light plane
of anesthesia or a well-lubricated nasopharyngeal tube may be needed to
maintam unobstructed respiration Should a laryngospasm occur during
induction, succmylcholine chlonde 05 to 1 mg/kg of body weight 15
jected intramuscularly or ntravenously and then the intubation 1s com
pleted Early controlled respiration reduces the mcidence of laryngospasm,
soon brings on apnea reduces tone 1n the muscles and facilitates mtuba
tion

Following imtubation the eyes are protected with 5 per cent boric acd
omntment and a moist cotton pad

After mnsertion of the mouth gag the tube 1s moved over to the side of
the throat opposite the surgery (Fig 168) Some surgeons prefer the angle
piece placed laterally between the mouth gag and the teeth out of the way
of the shaft of the tonsillotome

The Fluothane technic 1s recommended only for anesthesiologists who
recogmze the necessity of and practice constant monitoring of the patient



THF DICESTIVI SYSTIM 353

scerctions and blood At times, 1 small amount of secretion may collect in
the Tower cheeh, and 1f <o, 1s removed with the aspirator (Fig 170) The
patient 1s placed on the carner in the Interal position, with the head cx-
tendud and 2 free urway cstablished A tic 1s passed around the carrer
and the patient just over his pelvis to heep him from moving

Fig 170 Child 1 the lateral Trendelenburg position during the mmmediate re
covery pertod followmng tonsillectomy Secretions are being aspirated out of the

dependent cheelh Bag and mask are ready should artificial ventilation of the lungs
be necessary

The anesthesiologist transfers the patient to a recovery room nurse
after placing him on his stde i bed 1n moderate Trendelenburg position
to facilitate proper dramage of secretions blood, and vomitus The anes-
thesiologist during his postoperative rounds treats immediately any sus-
pected laryngeal edema with cold moist atmosphere He or the nurse re-
ports forthwith to the surgeon any continued trickle of blood or any masstve
emesis of blood for the patient may continue to swallow large amounts
of blood from continuously oozing blood vessels A blood transfusion may
be required immedsately even prior to Iigation of a bleeding vessel which
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outside of the nostril, since the child may bite through the mouth ligature
and the postaasal pack may become detached and be asprrated The mouth
must also be kept open, when a postnasal pack 1s 1n place, to allow the
child a clear arrway This 1s done until he 1s fully awake by using a short
airway between the teeth The size of the postnasal pack s also important
for a large pack m a small infant may push the soft palate forward to
mmpnge on the tongue and occlude the only remaming mrway the ont
urway

Fig 169 Patient undergomng a tonsillectomy in which the Barton mouth gag b
employed The endotracheal tube fits mto the tunnel on the tongue depressor part
of the pag The surgeon 1s seated at the head of the table The anesthesiologest 1
using a Heidbrink 1nfant circle filter

Rarcly 1s any supportive therapy required during tonsillectomy but
occasionally a Jarge amount of blood lost durmg operation must be re
placed Very rarely 1s higation of the carotid artery necessary

At the end of the operation the child 1s oxygenated and turncd on his
stde 1n deeper Trendelenburg position and when anesthesia 1s very light the
endotracheal tube 1s removed gently This avoids some of the laryngospasm
frequently scen on emergence from cyclopropane anesthesia The mouth
gag 1s removed and the airway maintained by holding the head extended
the jaw forward and the mouth open to facilitate the outward flow of
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nasal catheter Dcep nnesthesin is important, since the movement or tight-
enng on the esophigoscope may rupture this comparatively delicate struc-
ture, the esophagus, with subscquent mediastintis

Fig 171 The surgeon 1s about to pass the esophagoscope The patient 1s under
endotracheal anesthesta and his muscles are completely relaxed with succinylcholine
chloride The endotracheal tube comes out of the left corner of the mouth and the
esophagoscope 1s mtroduced at the right side

With no endotracheal tube mn place the anesthesiologist must be ever
alert to detect any obstruction to respiration which the endoscopist may
cause by anterior pressure of his esophagoscope on the soft posterior wall
of the trachea, devoid of the supporting aid of cartilaginous rings In ad-
dition any slowmng of the heart rate 1mmediately apparent through the
precordial stethoscope or other cardiac momtor demands better oxygena-
tion, relief of the obstruction or decrease n the concentration of the anes-
thetic agent

With this deep ether technic, when the esophagoscope 1s removed,
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usually can be controlled temporarily with sustamned pressure The trang
fused patient can be more safely anesthetized and intubated for the second
operation

OPERATIONS ON THE ESOPHAGUS

Esophagoscopy

Patients presented for esophagoscopy most commonly have either con
gemtal or acquired esophageal stricture, or an esophageal foreign body
Children with severe stricture from swallowing caustics are often on a
flud diet and may show considerable weight loss, debility, and anema
from madequate food intake The swallowed caustic also may have caused
a concomitant mmjury to the larynx An esophageal foreign body may cause
pam on swallowmng which mterferes with adequate nounshment, so that
dehydration 1s a frequent finding preoperatively

Premedication consists of scopolamine or atropme given tramuscularly
one half hour before anesthesia

Enough thiobarbiturate to cause unconsciousness 1s tjected 1ntrave
nously The patient 15 given a muscle relaxant, usually succinylcholine chlo
nide, and ntubated The angle prece of the tube pomts caudad out of the
Ieft corner of the mouth To this 1s attached a nonrebreathing or absorp
tion 1n circutt apparatus Anesthessa and relaxation are mamtaned with
mtrous oxide and succinylcholine chloride intravenously, intramusculatly,
or subcutancously Fluothane, trichlorethylene, or cyclopropane may be
added All of these agents are severe respiratory depressants, therefore
manual or mechanical pulmonary ventilation ts mandatory

When the patient 1s fully relaxed the esophagoscope 1s readily intro
duced nto the right comer of the mouth by the endoscopsst (Fig 171)

The patient’s head 1s lowered and the esophagoscope 15 advanced (Fig
172) Following biopsy dilatation of the stricture or removal of the
foreign body from the esophagus, the esophagoscope 1s withdrawn and
anesthesta discontimued The lungs are nflated with oxygen until the r¢
turn of adequate spontaneous respiration when the throat 15 asprrated and
the endotracheal tube withdrawn This system of anesthesia affords pro
tecyion of the mirway by an endotracheal tube and also excellent muscle
relaxation for the facility of the work of the endoscopist and his assistant

If however, the endoscopist wishes to study esophageal contractions or
there 1s a tracheal lesion, then open drop ether to a deep plane of anes-
thesta 1s given The ether anesthesia 1s continyed by a mouth hook or 2
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possible Also mtricranml hemorrhage, mtrapulmonary hemorrhnge, ate-
lectasts pncumonin of the nght upper lobe 1md mperforite nus jeop-
ardize the recovery

An appropninte period of preoperative prepirition i these patients
allows time to combat infection with antibiotcs and to improve alveolntion
of tke poorly expanded lungs while further pulmonary contamination s
mintmzed by constant drunage of salnn from the upper esophageal
pouch The mfant 1s muntamed m 1 sermsiting position 1o word reflux of
gastric Juice through the lower csophageal segment into the lungs Patients
with resprratory distress are placed tn 1 warm ancubator contaming ho
more than 40 per cent oxygen Isolation technic 1s essentind

Just before the operation, a cut-down 1s done n 1n ankle vein to allow
for the admmmstratuon of blood dunng surgery The surgical treatment
consists of 2 nght transthoracic incision with an extrapleural or trans-
pleural exposure of the lesion, higation of the fistula, if one 1s present and
an end to end esophageal anastomosts Immedtately after the completion
of the thoracotomy, a temporary gastrostomy s ordinarily performed for
feeding purposes, and for later retrograde dilatation of the scarred anas-
tomotic arca should st prove nccessary

The patient 1s transported i an incubator to the operating room, pre-
viously warmed to 26 7° C, and placed on a mattress contaimng water
heated to 40° C The stethoscope 1s strapped high on the left chest to
avoud the surgical site, a small blood pressure cuff and finger plethysmo-
graph are applied, and the heart 1s also momtored by an electrocardiograph,
using needle electrodes A continuous recording rectal thermometer 1s n-
serted The cut-down 1s tested for patency secusity, and lack of leakage
All secretions and Lipiodol are suctioned from the blind upper pouch
through a No 8 French urethral catheter and the catheter left 1n place

Even though the operation 1s performed within the first week of hife,
preanesthetic medication 1s not omitted because there 1s very often a pro-
nounced flow of secretions Atropme 006 mg (gr 1 1000), gven intra-
muscularly thirty minutes before surgery, 1s usually sufficient premedica-
tion

Two small endotracheal tubes of an outer diameter of 4 6 mm (No 14
French) are placed 1n aqueous Zephiran Small thin polyethylene cath-
eters ready for aspiration are tested before mduction for their ability to
pass through the endotracheal tubes and are marked at the endotracheal
tube length to indicate where they go beyond 1ts tip

After scrubbing his hands the anusthesiologist removes the endotracheal
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oxygen 1s admmsstercd by bag and mask for several minutes The patient
1s watched until the anesthesia has lightened sufficiently to ensure hus safe
return to the recovery room

Retrograde esophagoscopy with dilatation of a stricture by rubber dia
tors through the gastrostomy 1s usually done without general anesthesia

Fig 172 The patients head has been lowered and the esophagoscope 1s being
advanced by the endoscopist

Anastomosis of Esophageal Atresia or Closure of
Trachcoesophageal Fistula

The common type of esophageal malformation consists of a blind upper
esophageal pouch and a lower esophageal which co e
freely with the trachea above and the stomach below Other types of con
gemtal anomahes of the esophagus include esophageal atresia of either
the upper or lower segment or both with or without zracheoesophageal
fistula A more detailed description of the evaluation of these conditrons
15 sct forth m Chapter 7 (p 136) Other anomalies such as congenital
heart disease and agenesis of the krdneys when associated with esophagcﬂl
atresia or(tmchcoesophageal fistula may make survival of the patient 1m
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Another senious comphcation 1s hinking of the bronchus Since the
cartilages surrounding the broncht of the newborn are soft, retraction of
the lung by the surgeon may ciuse occlusion or hinking of a primary
bronchus and resultant hypoxta A pause in surgery with nflation of the
lungs and replacement of the retractor 1n a different postion will generally
remedy the situation

It 1s best to supply small increments of blood to replace the estimated
loss, donc slowly with a synnge through < three way stopeoch The color
of the patient and warmth of his extremitics are usually excellent indicn
tions of the adequacy of blood replacement, 1s infants turn shightly paler
when the blood volume 1s decreased and slightly redder when too much
blood 1s administered

Occasionally durning the procedure, the anesthestologst should nllow the
infant to breathe spontancously, since surgical manipulation may cause a
contralateral pneumothorax not evident of controlled breathing 15 man-
taned throughout The diagnosis of contralateral pneumothorax can be
made by (1) the absence of tidal air movements 1n the breathing bag
although the thorax 1s expanding with mspiration and contracting with
expiration, (2) the absence of breath sounds during spontancous respira-
tion and (3) x rays of the chest At the end of surgery the pneumothorax
may be reduced by withdrawing air with syringe and necdle, attached to
a three-way stopcoch and the breath sounds will reappear

A nasocsophageal catheter helps the surgeon identify the blind upper
pouch and also empuies the stomach after 1t 1s threaded down through the
anastomotic site under direct viston by the surgeon The anastomosis hav-
1ng been completed, the lung 1s gradually and fully inflated and the chest
closed If the transpleural approach 1s used the surgeon inserts a water-
seal dramnage

The fant 1s now placed 1n the supine posttion and a gastrostomy 1s
performed, after which a string 15 tied securely to the end of the nasogastric
catheter and the catheter withdrawn through the nose One end of the
string 1s brought out through the nose the other through the gastrostomy
opening and the two ends tied together These are later used as guides
for the retrograde esophageal dilators

When the resprrations are satisfactory, the patient 1s extubated and soon
awake He 1s returned to the ward n an ncubator heated to a temperature
of 23 9° to 26 7° C with no more than 40 per cent oxygen and a hummidity
of 60 per cent

In the first twenty four hours after operation, diligent individual nursing
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tubes from the Zephiran washes them thoroughly in runmng water, and
places them 1t a clean towel A Rovenstine angle piece with a suction port
mn 1t 1s attached to each endotracheal tube

Two methods of mduction and mtubation are currently mn use m our
hospital In one, the patient 1s given 100 per cent oxygen to breathe for
one to two munutes then mntubated awake In the other, the patient 15 1n
duced with cyclopropane and mtubated

The anesthesiologist should note on the x-ray whether there 1s gas m the
stomach or intestimes mdicating a fistulous communication between the
lungs and stomach If there 1s no gas succinylcholme chloride can be used
If there 1s a communication, succmylcholine chlonde and too powerful
ventilation of the lungs during the induction and following intubation
should be avoided, since the gas trapped m the stomach can cause greatly
restricted diaphragmatic movement and increased abdomunal pressure with
considerable elevation of the venous pressure Followng mntubation the pa
tient 1s postured 1n the might lateral or semiprone position, with the right
side uppermost

The anesthettc agent of choice for mamntenance 1s cyclopropane The
technic may be nonrebreathing valvular, mfant circle filter, or Ayres
T-tube If the T-tube 1s employed, a small amount of ether may be neces
sary for mduction and maintenance of anesthesta We generally use a non
rebreathing or infant circle filter techntc

With the open thorax the mdicator of pulmonary ventilation 1s mnfla
tion and deflation of the lungs A shght positive pressure of 2 to 3 cm
of water mantained at the end of exhalation will reduce considerably any
mediastmal swing This swing 1s more readily controlled with the infant
carrcle filter than with the T-tube or valve

In some cases a bradycardia will occur from hypoxia or overdose of
cyclopropane Regardless of the cause the treatment 1s the same, the anes
thetic gases are emptied from the bag which s then filled quickly with
oxygen and the lungs gently inflated until the normal heart rate 1s restored
The occurrence of bradycardia 1s more frequent when pneumonta or ate
lectasts 1s present

The most sertous complicatton 15 blockage of the endotracheal tube
which sometimes occurs 1 prolonged operations with madequate inter
mmittent tracheal aspirations Occasionally even an aspirating catheter can
not be forced down the endotracheal tube due to mspissated materral but
often a wire obturator can be used successfully 1f this tails, the tube must
be removed and the other clean endotracheal tube inserted rapidly
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Prcanesthetic medication 15 governed by the condition of the patient In
the very ll infant or child 1t must be reduced to one half of the standard
dosnee

The precordial stethoscope blood pressure cuff, finger plethysmograph
and continuous recording rect] thermometer are used The small mfants
are placed on 2 warm water mattress Thermonator (Mg 203, p 433)

For these operations nfants and children are anesthetized much Iike
adults In oldur children two 18 gruge styletted needles are placed in
suns under local or cvclopropane nesthestn In anfints a cut down 1s
placed 1n the saphunous vun at the ankle 16 1 nasog stric tube ts 1 place
for the treatment of ntestinil obstruction the tube 1s flushed out with
normal saline and allowed to drun frecdy In spite of assiduous cfforts to
empty the stomach 1t 1s surprising how many of these children vomit
around the nasogastric tube this may be prevented by using a Inrger-bore
or cuffed gastric tube A good sized aspirating catheter 1s always at hand
for pharyngeal aspiration in the cvent that vomiting occurs duning induc-
tion of anesthesin We prefer to anesthetize the patient quickly with cyclo
propanc then to gne intramuscularly or intravenously 0 5 mg/kg of body
weight of suceinylcholine chlonde to facilitate the intubation

Following intubation anesthesia 1s continued with cyclopropane by
absorption 1 circut or nonrcbreathing technic with manually or mechani-
cally controlled respiration Surgery 1s facilitated by succinylcholine chlo-
ride mtravenously given as a continuous drip or small intermuttent doses

Blood 1s admistered throughout the operation A falling blood pres-
sure and nising pulse rate pallor of the face and coolness of the extremities
indicate the necd for more blood The face however, 15 often pale during
the exteriorization of the ntestne If this pallor does not disappear on
closure of the abdominal cavity, then more blood usually 1s required

A very important prophylactic agamst shock i infants and children,
not so remarkable n adults 1s the admmstration of calcium gluconate
accompanying blood transfuston The dosage 1s 50 to 100 mg/100 ml of
blood administered slowly and the brighter red color of the blood of the
extremuties or 1n the wound often denotes the strengtheming of myocardial
contraction and 1mproved pulmonary blood flow

Surgeons sometimes can assist abdomnal wound closure or avoid ab-
dominal distention by suctiomng trapped air out of the dilated ntestine
with a hypodermic needle attached to a suction

Even after several hours of surgery these patients move and cry almost
immediately upon extubation After prolonged surgery however, these

.- Patients are placed 1 a cold moist atmosphere to cure any subglottic
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care must ba provided The patent 1s changed frequently from sidz 10
side Secretions are gently and frequently aspirated out of the mouth aad
pharynx, and the patient 1s aroused evers hour for 2 short tme 1o ad
expansion of the Jungs Intermuttent positne pressure breathung for ten
mumetes every four hours during the first two days postoperatriely ba'ps
to expand thz night lung. Dunng the first taenn-four hours the mfant
should have tracheobronchial aspiranon, with oxygen by mask betwean
aspirations, and mtramuscular mjections of 05 ml of nilethanude (Cora
mne) Dailv diagmostic x-rays of the chast are talen, since atelactass,
pocomonra, 2nd hemothorax are the commonsst causes of death m the
first few davs postoperatnely Daily flmds are restrcted to 50 to 100 ol
of 5 per cent glucose 1n water per kg of bodv weight.

Exasion of Esophageal Duphication

Panents with esophageal duphication alone are managed i a2 manor
similar 1o those with tracheoesophageal fistula. However the patient with
esophageal dupheation 1s not handicapped by lung contamunation frod
ether the stomach or the proxumal blind esophageal pouch.

OPERATIONS O\ THE STOVIACH AND INTESTINES

Gastroegterostomy; Gastrectomy; Repair of Perforated Gastnie Ulcer Gas-
trostomv; Repar of Petforated Intestne; Exaston of Meckel's Diverticn-
lam, Redoction of Intussmsception or Volvalas: Colectomy; Removal of
Mesenteric Cvsts; Removal of Infraperifoneal and Retropentoneal Tamors
Exasion of Daplication of the Intestine; Resection of the Intestme and
Colostomy

This group of operatiops represents the fargest number of major swrgt
cal operzhions 1n the abdomen. Some of them are done mfrequenth For
exzmple, gastroenterostomy 1s used occasionafly m an mfant or a chid 10
bypass a duodenal atresa. A reparr of a perforated ulcer ocenrs on rare
occasions. Gastrostoms 1s parformed for feedmg purposes mn such mstances
as followrng a trachzoesophageal fistula reparr or canstic burns of the esoph-
agos. The remarmder of the operations 1 this group are not unustal pedi-
amc procedures. In a larpe number of them, the disease nself may have
creatly mereased the znesthetic nsl. Considzrable blood loss may have
occurred or will occar duning surgery Marled abdomimnal distention mav
b preserit. Grave fld 2nd electrolvte imbalance may exst. Often these 15
e to corect somz of these handicaps before surgery  thus reducing the
znecthene sk
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Preanesthetic medication 1s governed by the condition of the patient In
the very 1ll infant or chuld 1t must be reduced to one half of the standard
dosige

The precordinl stethoscope blood pressurc cuff, finger plcthysmograph
and continuous reeording rectal thermometer tre used The small infants
arc placed on 1 warm water matteess  Thermonator (Fig 203, p 433)

For these operamons nfants and children re anesthetized much hihe
adults Tn older children two 18-gruge styletted ncedles are placed m
ems under local or cvclopropane anesthesin In infants 1 cut down 15
placed m the saphenous v at the ankle If 2 nsogastric tube 1s 1n place
for the treatment of ntestnil obstruction the tube 1s flushed out with
normal saline and allowed to drun freely In spite of assiduous cfforts to
empty the stomach, 1t 1s surprsing how many of these children vomit
around the nasogastric tube this may be prevented by using a larger-bore
or cuffed gastric tube A good sized aspirating catheter 1s always at hand
for pharyngeal aspiration n the cvent that vomiting occurs during iduc-
tion of anesthesia We prefer to anesthetize the patient quickly with eyclo-
propane. then to gnve mtramuscularly or stravenously 0 5 mg/kg of body
weight of succnylcholine chloride to factlitate the intubauon

Following tubation anesthesta 1s continued with cyclopropane by
absorption 1n circuit or nonrebreathing techme with manually or mecham-
cally controlled respiration Surgery 1s facilitated by succinylcholine chlo-
nide intravenously given as a continuous dnp or small intermttent doses

Blood 1s admimstered throughout the operation A falling blood pres-
sure and nising pulse rate pallor of the face, and coolness of the extremities
indicate the need for mare blood The face however, 15 often pale duning
the exterionization of the intestine If this pallor does not disappear on
closure of the abdominal cavity, then more blood usually 1s required

A very important prophylactic agamst shock in mfants and children,
not so remarkable 1n adults 1s the admimstration of calcium gluconate
accompanying blood transfuston The dosage 15 50 to 100 mg/100 ml of
blood admimistered slowly, and the brighter red color of the blood of the
extremities or n the wound often denotes the strengthening of myocardsal
contraction and improved pulmonary blood flow

Surgeons sometimes can assist abdominal wound closure or avoid ab-
dommal distention by suctionmg trapped air out of the dilated intestimne
with a hypoderrme needle attached to a suction

Even afty ral hours o
el pon exbaon. Abwt prolnied.soge b e
patients are placed m a cold moist almosgh o ey hese
phere to cure any subglottic
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edema but if the infant has a low body temperature, then such treatment
should not be instituted

In the young infant, especially 1n the newborn, atelectasis 1s always a
threat Cyanosis of the tips of the extremttes, indrawing of the mter
costal spaces, paradowcal breatlung, the presence of rales and ncreasing
heart rate must be taken as evidence of early atelectasts, for which treat
ment 1s asprration of the throat, mtramuscular injectton of mikethamide
(Coramine) or caffemn sodium benzoate, changing the position of patient
from side to side and application of intermittent positive pressure breath
ng

Electrolyte and flmd balance following surgery s regulated by the
pediatrictan  Postoperatively, the stomach 1s kept deflated by a gastne
dramage tube Even n these extensive operations, postoperative ileus or
death from embolism 15 an exceedingly rare complication However, 1n the
mfant 1t 15 not uncommon to see postoperative mtestinal obstruction from
bands or adhesions

Pyloromyotomy

Infants with pyloric stenosis have protracted vomuting with a consequent
loss of water and electrolytes There 15 a much greater loss of chlonde
than of sodwm, causing a metabolic alkalosis To compensate for the
chloride loss there 1s a compensatory retention of bicarbonate 10n caused
by depression of respiration and by renal tubular reabsorption of the bt
carbonate If an infant with pyloric stenosis has a respiratory rate around
30/munute or slower 1t strongly suggests uncorrected metabohe alkalosts
In addition a sigmficant amount of potassium jon 1s lost m the vomutus
and 1 the urme Ths hypokalemia causes muscle weakness and fish
mouth breathing

Loss of weight and lack of tissue turgor indicate the degree of dehydra
tion Hemoglobin and plasma protemn values mdicate the degree of de-
hydratton anemia and hypoprotememia Plasma carbon dioxide and
chloride levels reflect the degree of alkalosis and afford a guide for re-
placement therapy with an alkaline urinary pH further emphasizing the
degree of alkalosis

Since 1t 1s recogmzed that pyloric stenosis 1s not a surgical emergency
48 to 72 hours may be allowed for the preparation of the patient Flud
and electrolyte balance 1s achieved with Ringers or hypotomic Ringers
solution, the latter providing sodmm, potassium calcrum and chlornde
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Usually 150 to 200 mi/kg of body weight of this hypotonic Riunger’s solu
tion are gven to the infant over a 24-hour period, and this 15 continued
until his dehydration 1s cured and his clectrolytes approximate normal
Extra potassium 1s provided 1 moderate to scvere alkalosis, by potissium
chlonde, 2 to 3 mEg/hg of body weight, diluted 1n the total daily flwid
needs After onc to three days of inittal hydration and st replacement
Amgen may be ginen The ancmin and hypoprotemnemia are corrected by
a small blood transfusion 25 mi/kg of body weight The optimum time
for the pyloromyotomy 1s whea the fluid and clectrolyte balance 1s closc
to normal
A No 12 French nasogastric tubc s inscrted in the infant on the ward,
lavaged with saline until clear, and left 1n place when he 1s sent to the
operating room
For preancsthetic medication, these infants, usually about three to six
weeks of age, are given atropine, 01 mg (gr 1 600) to 006 mg (gr
1 1000), intramuscularly onc half hour prior to surgery
Infants with pyloric stenosis, possibly because of their recent lack of
protein intake, have a marked tendency to lowered body temperatures
when exposed to a cool atmosphere The infant 1s brought to the operating
room in a warm incubator Conservation of body heat duning operation 1s
accomphshed by warmng the operaung room to 23 9° C (75° F) and plac-
g the patient on a rubber mattress or hot water bottles contaning water
heated to 40° C (104° F) The rectal temperature 1s recorded continu-
ously
Just prior to induction of anesthesia, all flid and aur are aspirated from
the stomach (Fig 173), 1f the gastric tube has become blocked with gastric
secrenons, 1t 1s removed and replaced with a new one In addition to the
precordial stethoscope an electrocardiograph, a carbon dioxide analyzer,
or a finger plethysmograph may be used to monzstor the heart
Anesthesia 1s induced with cyclopropane, followed by succinylcholine
chlonide intravenously or intramuscularly 1n 2 to 4 mg doses As soon as
the patient 15 relaxed, a No 14 French oral endotracheal tube 1s 1n
serted
. ;\l!rllt;;h!e::c;s continued with a mixture of cyclopropane and oxygen by
e absorption techmic (Fig 174) or nonrebreathing vatvular
techie (Fig 175) using controlled respiration to overcome resistance
:;kzz:sql:lsp::::d:;ov;z:e:hlhypervcrmlauon with consequent respiratory
N s would exaggerate the residual metabolic



366 ANESTHETIC MANAGEMENT OF SURGICAL PROCEDURES

i

Tig 173 Through the nasogastric tube the pattents stomach 1s aspirated before
anesthesia

alkalosis and nught produce tetany Abdommnal relaxation 1s obtained if
necessary, with the use of succinylcholine chloride m 2 to 4 mg doscs
If secretions are heard 1n the small endotracheal tube 1t should be cleancd
out with a fine polyethylene suction catheter

Other methods of anesthesia mnclude fant circle filter with a mask
using cyclopropane or open drop ether with oxygen flowing under the
mask (Fig 176) Ether tends to produce a metabolic acidosis and mm
prove the breathing, although induction of anesthesta may be prolonged
by alkalotic suppressed resprration and a tendency to breath holdmg I
the tnfant 1s premature or emaciated the operation may be performed
under local anesthesia

Little 15 necessary mn the form of electrolyte solutions or blood durmng
surgery Occasionally unforeseen bleeding at the operative site may neces
sitate the use of a small blood transfuston through a cut down

As soon as the operation 1s over, the infant 15 placed tn a warm mcu
bator to prevent an alarmung postoperative apnea from hypothermia When
the patient has fully reactud the nasogastric tube 1s removed, and the



TIF DICESTIVE 51ST1 M 367

Fig 174
infant Heidbrink circle filter 1s being used with cyclopropane as the anesthetic agent

Patient anesthetized preparatory to the correction of a pylone stenosis An

pattent 15 returned to the ward Approximately six hours after surgery,
the postpyloric feeding schedule 1s nstituted

Operation for Mecomum Ileus

Mucomum ileus 1s the accumulation of inspissated mecomum n the
termunal ileum caustng intestinal obstruction with severe distention of the
small bowel The mspissated mecomum 1s said to be due to a lack of ex-
cretion of trypsin from the pancreas This 1s a disease of the newborn
and if the infant survives the first few weeks of Iife he later may show
fibrocystic disease of the lung

The surgical treatment 1s either an abdomnal laparotomy, opemng up
the termimal deum and attempting to clean out the puttylike meconium
or resecting the termunal ileum doing a colostomy and for the next two
or three wechs cleansing the remamder of the rleum and colon through
the colostomy Two to three wecks later the bowel s anastomosed Some-
umes the surgeon uses a variety of substances to help liquefy this putty-
like meconum  The pharmacological effects of such substances should be
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Fig 175 For correction of this pyloric stenosis the nonrebreathing technic and
cyclopropane are used The anesthesiologists finger on the hard palate extends the
head of the patient and mimmizes the likelihood of kinking of the endotracheal tube
The warm water mattress 1s maintamned at body temperature and the rectal tempera
ture 13 bemg momitored continuously

famibiar to the anesthesiologist for it 1s conceiwvable that toxic amounts
can be absorbed by the patient

The anesthetic management 15 the same as that previously outlned for
operations on the stomach and ntestines (p 362)

If subsequent operations are necessary fibrocystic disease of the lungs
may have made 1ts appearance Spectal care must be taken with the pa
tient 1f this complication 1s present The largest possible endotracheal tube
should be employed m order to avord obstruction to exhalation, the gases
should be humidified, and overdistention and rupture of the lungs avoided

Postoperatively, these infants are subject to atelectasis and consequently
are kept 1 a cool moist atmosphere Nikethamide (Coramine) 05 to
10 ml intramuscularly every hour postanesthetically until there 15 no
atelectasis present 1s valuable treatment
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Fig 176 Open drop ether techme for pyloromyotomy A source of oxygen 1s
delnered beneath the mask The child 1s Iying on a warm water mattress and the
1y

rectal P 15 J

OPERATIONS ON THL APPENDIA

Appendectomy

Acute appendicitis 1s most frequently scen m children over four years
of age but can occur i mfants The disease tends to cause a metabolic
acidosis and dehydration because of inadequate food and flmd mtake
These are the direct results of the anorexia and emesis If the urme con-
tains acetone and chacetic acid, the patient 1s given intravenously 5 per
cent glucose 1n water before anmesthesta Since an appendectomy 1s an
emergency operation, often there 1s mnadequate time to correct the acidosis
Most of these patients may be given full sedative premedication, for often
there 1s a hyperpnea from the metabolic acidosts

There are several methods of anesthesia suitable for this operation One
1s ¢yclopropane induction with the cucle filter and mask, and then intra-
venous mjection of succinylcholine chloride, or even d tubocurarine n
older children to facilitate intubation Intubation 1s selected since 1t re-
duces the dead space, provides a ready means of ventilating the Jungs, and
keeps the respiratory acidosts at a mummum, 1t being madvisable to en-
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Fig 175 For correction of this pyloric stenosts the nonrebreathing technic and
cyclopropane are used The anesthesiologists finger on the hard palate extends the
head of the patient and mimimizes the likelihood of kmking of the endotracheal tube
The warm water mattress 15 d at body p and the rectal tempera

ture s beng monitored continuously

familtar to the anesthesiologist for 1t 15 concervable that toxic amounts
can be absorbed by the patient

The anesthetric management 15 the same as that previously outlmed for
operations on the stomach and mtestines (p 362)

If subsequent operations are necessary, fibrocystic disease of the lungs
may have made 1ts appearance Special care must be taken with the pa
tient 1f this complication 1s present The largest possible endotracheal tube
should be employed 1n order to avord obstruction to exhalation, the gases
should be humudified, and overdistention and rupture of the Iungs avorded

Postoperatively, these infants are subject to atelectasts and consequently
are hept m a cool, moist atmosphere Nikethamide (Coramne), 05 to
10 m! mtramuscularly every hour postanesthetically untd there 1s no
atelectasis present 1s valuable treatment
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Although one hour m1y be required for preparation, the advantages of
mild hypothernua in these cases are dramatic, these are  reduction 1n the
febnile response to nfection, creation of a state of phystologicl rest, and
provision of an clective anesthesin wath 1 consequent greater margin of
safety for the patient In addition, the danger of generalized convulsions
1s runimized at this reduced body temperature
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Fig 177 A chart of a very 1ll patient
undergoing removal of a ruptured ap
pendix without hypothermia The top
dotted line mdicates the course of the
pulse rate About three minutes after
the of the h
the blood pressure took a precipitous
drop The patient remained tn decp shock

untit his demuse the first day postopera
tvely

Time

Fig 178 A chart of a patient with
acute appendicitis and secondary pert
tonitis  After the patient was anes
thetized with cyclopropane he was op
erated upon under moderate hypother
mia dropping the temperature from
40 to 33 C The pulse dunng this time
dropped from 180 to 100 The appendix
was removed and the patient made an
uneventful recovery

On account of the distention of the abdomen and some mcreased ab-

dominal muscle tone due to the hypothernia 1t may be necessary to give
very small doses of succinylcholine chloride The munimal dose should be
given travenously and the length of time of muscle relaxation noted so
that the next dose of succinylcholine chloride may be determined

Because of the kidney suppression and the peritonitis, the anesthesi-
ologist should be extremely cautious n his use of any muscle relaxant,
which mught produce a prolonged apnea, 1n fact, the dosage of all anes-
thetic agents should be kept to a bare mmmum, and hypothermia facili-
tates this If hypothermia is not used even if the anesthetic agents are
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graft respiratory actdosis on metabolic acidosis Ether 1s avoided since
1t ncreases the metabolic acidosis

The second method 1s somewhat sumuilar except that the basis of anes
thesia 1s ntravenous thiobarbiturate and mitrous oxide inhalation anes
thesta muscle relaxation bemng provided by d-tubocurarme or succiny!
choline chloride

The third method which 1s adaptable to childrent of seven years and
older 1s spinal anesthesia Since children usually struggle dunng the m
troduction of the spimal needle, 1t 1s best to anesthetize them lightly for
msertion of the spinal anesthetic Cyclopropane anesthesia may be used
for this purpose Light general anesthesia ts also used throughout the pro.
cedure to prevent agitation, nausea, and emests The blood pressure should
be followed closely dunng nduction and maintenance of anesthesa The
profound muscle relaxation and the ribbonlike bowel produced by the
spinal anesthesta, together with the lack of metabolic upset are advantages
to both the patient and the surgeon

The temperature of these patients 1s momtored throughout the pro-
cedure, for hyperthermia may be a complication and can be corrected with
a cooling mattress and with reduced operating room temperature

On occaston the anesthestologist 1s confronted with a child with a rup
tured appendix of hours or days duration and prolonged mtestinal ob-
struction Accompanymg thus condiion will be lethargy, dehydration
hyperpyrexia ketosis tachypnea, tachycardia and a distended and firm
abdomen The kidney function 1s usually suppressed and urine 1s dark,
concentrated, often has albumen, acetone and diacetic acid present These
extremely acidotic patients may be n shock with the blood manifesting
an elevated hematocrit and hemoglobin, and a high red blood cell count
mdicative of dehydration

In these extremely 11l mnfants and children the preoperative preparation
mcludes the mntravenous admumstration of 5 per cent glucose 1n water 10
stmulate the secretions of urine and to amelorate dehydration and act
dosis Potassium solutions are used cautiously if there ys marked suppres
sion of unge The body temperature 15 reduced and the pulse rate lowered
before surgery with alcohol sponges, ice bags and scanty covering Atro-
pme alone 1s given for premedication

These patients may be anesthetized with mhalation anesthesia our
choice bemng cyclopropane They are intubated with the aid of a mmmum
amount of relaxant drug The body temperature 1s then lowered, by rest
mg the patient on 1ce bags or a cooling mattress, usually resulting in a very
rapid heart rate falling to 120 or 100 per minute (Figs 177 and 178)



Fig 180 A patient p d for pri lasty End heal techmic 1s used and

the an:slhcsnologxst ventilates the lungs either manually or mechanscally

— e

. Fig 181 A close up enlarged view of the Digby Leigh circle filter valve One
ke housing valve while the other contams an exhalation
valve The shape of this housmg reduces tremendously the turbulence to airflow
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kept at mummal dosages, the patient may develop an apnea and never
recover from 1t

We have noted that when these very 1ll children have a temperature
reduction and a slower heartbeat, they usually survive the surgery and
anesthesia and have a very good prognosis postoperatively if hyperpyrexia
15 avorded 1n the postoperative period

OPERATIONS ON THE RECTUM AND ANUS

Proctoscopy, Proctoplasty, Closure of Rectovesical, Rectourethral, and
Rectovaginal Fistula, Anoplasty, Dilatation of Anal Sphincter, Combmned
Abdominal Permeal Repair

The anesthetic management for the operations 1n this group 1s similar
to that outlined for operations on the stomach and imntestines except that
relaxation of the abdommnal muscles 1s not usually required (Frgs 179,
180, 181) However, m abdommal perineal repair, abdomnal muscle

Fig 179 An nfant about to undergo a proctoscopy has been anesthetized with

yelop trous oxide using h valvular technic
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In patients with Iacerations of the Iiver, blood loss 1s generally cxcessive,
and provision must be made for replicement of blood before and even
after surgery Ancsthetic management 1s similar to that for operations on
the stomach and intestines (See p 362)

Removal of Liver Tumor or Cyst

The anesthesta for these operntions 1s managed like that for operations
on the stomach and intestines, although considerable blood loss should be
anticipated and must be replaced (Sec p 362 )

OPERATIONS ON THL BILIARY TRACT

Bihary Tract Exploration and Possible Choleduodenostomy
(Biliary Atresia)

Infants with bihary atres:a are cachectuic jaundiced and somewhat
lethargic but Ine a surprisingly long time 1n spite of intense jaundice and
disturbance of Iiver function Their cardiac reserve 1s often reduced by the
chrontc diness Such patients arc prepared the same as patients for any
operation on the stomach or intestines (sce p 362) Premedication 1s
scopolarmine alone

A nonexplosive technic 1s used, since 1t 1s common practice to mject
radiopaque dye into the gallbladder and trace the outline of the biliary
tract system by x-ray

A mummum of anesthetic agents such as a combination of mitrous oxide
with small intermuttent doses of succmylchohing chlonde, 1s used Endo-
tracheal with nonrebreathing or infant absorption in circuit techmic 15 em-
Ployed Even mimmal doses of thiobarbiturate can be used n spite of the
liver damage Surgical correction of many of the biliary atrestas 1s im-
Possible, and even though the patient recovers from anesthesia and surgery,
his ulimate prognosis 1s usually grave

OPERATIONS ON THE ABDOMEN, PERITONEUM,
AND OMENTUM

Exploratory Laparotomy, Drainage of Pentoneal Abscess (Subdiaphrag-
matic), Division of Penitoneal Adl and R e of Abd 1 Wall

Management of anesthesia for the above surgical procedures 1s similar
to that described for operations on the stomach and intestines (p 362)



374 ANESTHETIC MANAGEMENT OF SURGICAL PROCEDURES

relaxation 1s a necessity, also generous blood replacement through mtra
venous needles 1n the forearm or hand 1s essential Unlike adults, mfants,
when changed from the lithotomy to the supme position at the end of the
operation, seldom demonstrate hypotension

Postoperative observation and treatment following combined abdommal
permeal reparr are particularly concerned with early detection of madequate
replacement of blood during surgery or a contmuing loss postoperatively

OPERATIONS ON THE LIVER

Dramage of Liver Abscess

Infants or children with a hiver abscess often present a difficult diagnostic
problem, and the delay 1 diagnosis may bring about marked emactation
due to nfection, hyperpyrexia, and prolonged mactivity Emotional dis
turbances are common, and therefore sedative premedication 1s mdicated
The prolonged iliness may considerably reduce the patients myocardal
reserve

Usually the patient 15 anesthetized with inhalation anesthesta, using 2
munmum of anesthetic agents, since analgesia alone 1s required The
surgeon attempts to locate the abscess by exploration with a needle If pus
15 located, an meiston 1s made to drain the abscess

Biopsy of Liver

The preparation of the mfant or child for biopsy of the lrver must 1n
clude a critical evaluation of the patients particular disease Premedica
tion and management of the anesthesia are similar to that for operations
on the stomach and intestines Although theoretically thiobarbiturates
should have a prolonged effect in such a patient m our expertence this
has not appeared clinically factual Smce continued oozing of blood from
the liver bed after the biopsy occasionally occurs, cross matched blood
should be available Careful observation of the patient for several hours
after operation will detect any delayed oozing

Hepatorrhaphy (Suture of Liver Laceration)

Because of the numerous accidents which occur in the infant and child
age groups a lacerated liver 1s frequently seen by the pediatric anesthest
ologist These lacerations vary m their severity In one mstance that comes
to mind the entire left lobe of the liver was severed from the right lobe



TIHE DICESTIVE SYSTEM 377

bradycardia, or rrregulanty of the heart on the clectrocardiogrim Consc-
quent postoperatne pulmonary insufficiency may 1lso occur s a result
of restriction of the descent of the dinphragm Because of this, the surgeon
may not attempt to close the muscle Inyers of the abdominal wall but may
be content with a shin closurc with sutuning of the fascral and muscle
layers a few months later Nikethamude (Coramune), 05 to 1 0 ml, mtr-
muscularly cvery hour unul the mfant's color remams pink and he cn
emit a vigorous cry, and intermuttent positive pressurc breathing both
elevate the survival rate

Fig 182  Aninfant undergoing a left inguinal herniorraph:
phy under light cycl
pane anesthesta with endotracheal and nfant circle absorption tichn?c OPI{l?e

15 the

Repair of Congemtal Diaphragmatic Herma

Congential herniation of abdominal organs through the left leaf of the
diaphragm prevents expansion of the left lung and displaces the medi-
astmum to the nght, while the opposite lung develops a compensatory
hyperdistention of its alveol

The condition 15 usually diagnosed 1n the newborn from the ntermttent
bouts of cyanosis and the chest roentgenogram showing loops of bowel
occupying the left chest and marked displacement of the heart to the nght

~—
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Hermoplasty Ingumal, Femoral, Umbilical, Ventral, and Epgastnc

These operations are performed on infants and chidren of all ages
Ingumal herma 1s extremely common and 1s repaired as soon as discovered
m order to prevent strangulation and incarceration

Preanesthetic medication 1n infants 1s ordinanly scopolamrne or atropine
Older children recetve a barbiturate and an optate or opiate like drug n
additton to the drymg agent A precordial stethoscope and blood pres
sure cuff are applied Atropine premedication only and a light stage of
anesthesia produced by open drop ether with its spontancous vigorous
respiration are certamnly the method of choice for the mexperienced pedi
atric anesthestologist A moderately rapid recovery results from this tech
nic Lately, however, there has been a tendency, as in adults to use
cyclopropane anesthesta 1n these patients, employing infant curcle filtet
with mask and assisted ventilation throughout One of the dangers with
this technic 1s that insufficient depth of cyclopropane anesthesia may pre
dispose the patient to sudden, severe, alarmingly sustamed laryngospasm,
therefore, succmylcholine chloride should be ready for intravenous of
intramuscular mjection at the onset of laryngospasm With the subsequent
muscle relaxation produced by succinylcholine chloride, mtubation can be
accomplished readily Preferably, cyclopropane should be admimstered
and an elective ntubation performed before the commencement of the
surgery (Fig 182) With this technic, the infant or child 1s awake as soon
as the dressing has been applied Also, nausea and emes:s are mimmal with
this techme

Repair of Omphalocele

The congenttal anomaly, omphalocele, requires an emergency opera
tion, since rupture of the thin sac covering the intestines causes peritomtis,
a fatal condition to the newborn nfant

No premedication 1s required, and the management of anesthesta 15
sumilar to that for operations on the stomach and itestines (Fig 183)
(See also Chapter 27 p 423, with reference to anesthesia in the pre
mature and newborn infant ) However the most vital part of the manage
ment of the anesthesia 1s the time of attempted replacement of the viscera
mto the abdomunal cavity, since the shallow abdominal cavity has not
enlarged to accommodate all these organs Attempted closure of the an
terior abdomnal wall over the intestines may result i scrious embarrass-
ment to respiration and circulauon, as evidenced by marked tachycardia,
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Preancstheic medication 1n the newborn may be omutted, sinee trachco-
bronchial sceretions nre 1nconsequentinl the first week of lifc Provision 1s
made for the ndministration of blood through a cut down in the saphenous
e at the ankle i the infant or by two styletted needles i the child

Cyclopropane anesthesia and oral endotracheal techmic with an nfant
circle absorption or nonrcbreathing valvular techme are used The anes-
thetic nisk 1s compounded by this transthoracic operation 1n a partially
asphyxiated nconate

As much as possible, the mfants are allowed to breathe on their own,
if assisted or controlled ventilation 1s necessary, extreme care 1s exercised
m the amount of pressure used n order to prevent any further overdis-
tention of the hyperdistended alveoli Excessive pressure directed at the
collapsed left lung 1s unwise, since rupture of already expanded alveoly
and pneumothorax may occur 1n the contralateral lung

Both circulatory and further respiratory embarrassment are likely to
occur when the abdominal viscera are replaced i the small abdominal
cavty  An clectrocardiogram may show bradycardia tachycardia, elevated
ST segment, or enlarged T wave These abnormal signs probably arise,
first, from imitation of the descent of the diaphragm, and, second, from ele-
vation of the venous pressure which occurs by compressing the splanchnic
vems Increased respiratory insult 1s also due to diaphragmatic restnicion
causing hmitation of mouon of the night lung This pulmonary nsufficiency
1s corrected only with full expansion of the left lung, several hours or days
after the operation Of course, as the abdomen stretches with its new
contents, the action of the diaphragm 1s more freely accomplished

Postoperative fatalities are not uncommon and usually are due to some
respratory complication such as atclectasts emphysema with preumo-
thorax, or a progressive chrome hyperpyrexia of some hours, or days’,
duration Postoperatively, therefore, these patients require constant vigi-

lance and treatment similar to that previously described for repair of
omphalocele
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Fig 183 A two-day-old infant ready for an omphalocele repair He 1s on 2
warm water his 15 d with a rectal ther There
15 a cut-down 1n the left saphenous vein through which blood can be introduced

with compression atelectasis of adjacent lung fields The demonstration of
barium 1n the herniated bowel completes the diagnosis

Surgical treatment consists of replacing the ntestine and other hermated
abdomunal viscera 1 the abdommnal cavity and closing the aperture m the
diaphragm through an abdominal or thoracoabdominal mncision A closed
water seal may be attached to the pleural cavity to aid the expansion of
the collapsed left lung Before the hermoplasty an emergency thoracotomy
to relieve the mtrapleural pressure may be necessary in the severely dis-
tressed infant
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The preancsthetic sedation wil be decreased for the underweight,
anemie, 11l patient with sesere rentl impurment

Certam measurcs should be followed in the ancsthetic management of
the 1ll pauent with impured renal function use of endotracheal techme
to provide an urway for adequite pulmonary ventilation of both lungs,
particularly the dependent lung often compressed by the hidney bar (Fig
184), usc of gascous nnesthetic agents readily chnunated by the lungs,

Fig 184 A child i a lateral position for nephrostomy or nephrectomy There 15
2 sand pillow acting as a kidney bar Ventilation of the lungs during this procedure 1s
essential to avord m the dependent lung

limutation of flusds to minimize pulmonary edema, adequate blood replace-
ment for an anemic patient with low cardiac reserve

On completion of surgery the patient should be turned from the lateral
to the supine position and the chest examined for signs of compression
atelectasss on the formetly dependent side

In the recovery room, hypertension and pulmonary edema are two of
the more severe sequelac of the procedure Positive pressure breathing
may be helpful for the treatment of pulmonary edema



CHAPTER 23
OPERATIONS ON THE UROGENITAL SYSTEM

THE URINARY SYSTEM

OPERATIONS ON THE KIDNEY OR KIDNEY PELVIS

Dramage of Kidney or Perirenal Tissucs (Nephrostomy)

Nephrostomy 15 usually done to dram a hydronephrosts, a result of
uninary tract obstruction which has caused backward pressure If the ob
struction 1s low down m the urmary tract the bladder and ureters also
may be diated The anesthestologist should discuss with the pediatne
urologist the disorders of mictuntion and renal function In the older child
disorders of micturition may give r1se to psychological problems, whereas
chronic disorders of renal function may produce an anemic, sallow, and
underwerght chdd

The urnnalysis hemogram, renal function tests blood chemustry—par
ticularly the blood urea—provide evidence of the degree of renal mmpalr
ment The diagnosis which indicated the need for nephrostomy usually
has been confirmed by the itravenous or mtramuscular pyelogram, the
cystoscopy, or the retrograde pyelogram The performance of cystoscopy
and retrograde pyelogram requires general anesthesia

The anesthesiologist will also discuss with the urologist his proposed
operation, positoning of the patient, which will likely be the lateral post
tion with elevated kidney bar probable blood loss, use of electrocautery,
degree of relaxation required and fluid and electrolyte balance, especally
sf there has been emesis and impaired renal function

384
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OPERATIONS ON THF URFTIR

Removal of Caleulus, Urcteroplasty, or Transplant of Urcters

Ureteral plastic operations are sometimes performed on long, tortuous,
dilated ureters Such ureters are strughtened, shortened, and the Tower
end anastomosed to the bladder or lnrge intestine

Ancsthesia 15 similr to that admunsstered for nephrectomy, except that
more muscle relaxation 1s provided by minimal amounts of succinylcholine
chlonde so that the work of the surgeon may be facihitated

wﬁg 185 A child positioned 1n the semilateral posttion for removal of a large
ilms tumor Anesthesia 1s the endotracheal circle absorption technic A nasogastric

tube 15 1n place a cut-down 1n the left arm 15 attached to the mfusion tubing by a
three way stopcock

OPERATIONS ON THL BLADDER

Cystotomy

Suprapubic cystotomy, performed for correction of vesical rupture or

Tetention, 1s done with the patient 1n the supmne position Seldom 1s there
marked kidney impairment
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Nephrectomy

Removal of the kidney 1n children 1s usually necessary for one of three
conditions embryoma (Wilms® tumor), ruptured kidney, or hypoplastic
kidney Of these, the most commonly occurning condition 15 embryoma,
a rapidly growing tumor not noticeable at burth, but usually appearng
prior to the fifth year of age

In his preanesthetic evaluation of the patient the anesthesiologist must
consider dehydration, malnutrition, anorexia, and especially the rapidity
of growth of any tumor present Hypertenston 1s often a concorutant find
mg 1n patients with hypoplastic kidneys Patients with embryoma or rup-
tured kidney frequently demonstrate hematuria often enough to necesst
tate blood replacement For this reason blood for transfusion 1s always
ready, and a cut-down 1s performed in the Jower leg or arm 10 small infants
or two 18 gauge styletted intravenous ncedles are mserted m older chil
dren These precautions are sigmificant m any renal operation because
there 15 always the possibiity that not only hemorrhage may occur from
one of the renal vessels, but also the dissection of a large renal tumor may
be traumatic, bloody, and prolonged

If there 15 no profound kidney dysfunction patients scheduled for
nephrectomy are given the usual premedication m accordance with their
age and weight

Before anesthesia, the anesthesiologist should check with the chart and
with the surgeon to find out on which side the nephrectomy 1s to be per
formed These patients are given mitrous oxide supplemented with either
cyclopropane, tnchlorethylene, or Fluothane Succinylcholne chioride 1s
gwven to facilitate miubation The urologist postures the patent Very httle
muscle relaxation 1s required since the operation 1s retroperitoneal How-
ever for removal of a large Wilms’ tumor the patient 1s placed n the
supme position In this mnstance abdomunal muscle relaxation and blood
replacement are essenttal (Fig 185) If the patient has been n the Iateral
posttion the anesthestologist should lower the kidney bar when he ob
serves that this procedure will facilitate wound closure

At the end of the operation, the patient 1s turned on his back, and both
sides of the chest are carefully watched and auscultated Cyanosts 07
dimmnution of expansion or of breath sounds in the formerly dependent
chest should make the anesthesiologist suspicious of atelectasts Atclectasts,
however, 1s exceedingly rare dunng nephrectomy m children as compared
to 1its frequency observed 1n the adult patient
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sedation should be reduced In prepanng for a resection of the bladder
neck, the anesthesiologist anticapates a severe blood loss during surgery

I'ndotrachen! technic and nonexplostve, nonflammable anesthetic agents
are employed Blood replacement during surgery 1s an important function
of the ancsthesiologist

Postoperatine care 1s similar to that following nephrostomy or nephrec-
tomy, but close obscrsation of color, blood pressure, and pulse must be
hept to detect the presence of bleeding

Fig 187 For a cystoscopy a child recerving mitrous oxide and Fluothane anesthesia
using a mash and circle filter

Cystascapy and Retrograde Pyclogram

Many of the patients who undergo cystoscopy and retrograde pyelogram
are very 1l and require a crtical preanesthetic assessment Severe imparred
renal function or massive pleural effusion must not be overlooked

Premedication will vary with the preanesthetic evaluation of the patient
Infants or children with no mmparment of kidney function will receve
the standard doses of premedication

A nonexplosive nonflammable techmic such as mitrous oxide and tr-
chlorethylene or mitrous oxide and muscle relaxants 1s required because
of the x-ray filming (Fig 187) Endotracheal anesthest1 avoids respira-
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Our standard premedication 1s given Since blood loss m the ordmary
case 18 not excessive, replacement 1s not necessary

Although endotracheal mtubation 1s not mandatory, we prefer to take
advantage of its many attnibutes (Fig 186) Generally, cyclopropane anes
thesia and the circle absorption technic are used even though there 1s 2
variety of smitable agents and techmes for cystotomy

Fig 186 A cystotomy bemng done with mitrous oxide and trichlorethylene anesthesta
with a nonrebreathing valve attached to the endotracheal tube

Resecfion of Bladder Neckh

One of the causes of obstruction to the urmary system in nfants 1s
congenital constriction of the bladder neck Such a patient may have a
resultant hydronephrosis or pyelonephnitis from the obstruction which 1s
relieved by operative resection of the bladder neck Preanesthetic evalua
tion of this patient depends upon the urinalysss, the blood analysis and
the effectivencss of antibiotics 1n controlling the stasis induced pyelo-
nephritis

With lutle mamfestation of kidney dysfuncuon, the patient can be
given the standard premedication but with dmmimshed kidney function
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Fig 188 For repair of extrophy of the bladder the patient s recerving cyclo-
propane anesthesia There 15 a cut-down in the saphenous vein of the night ankle so
that blood may be transfused as 1t 1s lost

THE GENITAL SYSTEM
MALE Circumasion, Plastic Repar to Pems (Hypospadius and Epr-
padins), Orctudoplasty (Cryptorchidism), Reductton of Torsion of the
Testes (Spermatic Cord)

FEMALE Clitondectomy, Biopsy of Gonads for Sex Deterrmnation and
QOophorectomy, Closure of Rectovaginal Fistula, Plastic Reparr for Double
Vagina

The above group of operations encompasses a variety of procedures re-
qunng hght anesthesia Our standard preanesthetic medication 1s given
to these patients

For circumaisions  cyclopropane, although 1t may increase bleeding and
may cause prsapism, 1s often used nstead of ether because of the rapd
and comfortable induction which 1t produces At present, there 1s a grow-
ing tendency to use mitrous oxide and Fluothane for circumcisions because
of the reduced bleeding which results with these anesthetic agents
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tory acidosts Personnel who are assigned to the x-ray room are protected
with lead aprons An intravenous needle 1s wmserted for the admumstration
of flmds or dyes For cystoscopy in the female patient only very light
anesthesia 15 required, since the procedure 1s less painful in the female
than 1n the male

Cystoplasty (Extrophy of the Bladder)

In recent years a combmned team of urogenital and general surgeons
have attempted to construct a bladder from the colon the colon being
sutured fo the suprapubic region and the ureters transplanted into this
new bladder In the preanesthetic evaluation, the age of the chid 1s 1m
portant, most of these operations bewng done in early chuldhood There
may be other anomalies present which affect the general condition of the
patient Many of these patients, kept m bed for some time, lack the vigor
of the active child, are malnounished or may have some chrome mfection
of therr exposed bladder All of these factors combine to give them a di
mushed cardiac reserve and a reduced ability to recover rapidly from the
surgical procedure, which 1s often prolonged and extensive However, since
this congemtal anomaly 1s one of the most unfortunate that can oceur, any
effort to improve the condition of these miserable patents and permit
them to hve a useful ife 15 well worthwhile

Premedication m these children depends agam on their general condt
tion If they are handicapped, underweight, and have been bedndden, pre-
medication should be reduced Anesthetic management 1s the same as for
operations on the stomach and intestines, using as httle anestbetic agent
as possible The anesthesiologist must endeavor to keep pace with the
blood loss by blood replacement (Fig 188) Because of the large amount
of blood often needed to replace the constant oozing calcium gluconate
should be given intravenously slowly, SO to 100 mg after every 100 ml of
‘blood

Following extubation at the end of surgery, patients often appear some
what pale and 1n mud shock, although the blood pressure and pulse are
usually normat This condition 1s probably due to prolonged surgery and
anesthesia n a debilitated patient, and often requires no treatment if suf-
fictent blood has been given It 1s advisable however to put these patents
1n cold, moist atmosphere to prevent subglottic edema which might occur
following four to five hours of mtubation
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From our very himited experience 1n anesthesia for operations on the
endocrine system, 1n this chapter we offer some of the theoretical and
practical pomts which concern the pediatric anesthesiologist

ADRENALECTOMY FOR ADRENAL CORTICAL
HYPERFUNCTION

Hyperadrenalism, otherwise known as Cushing s syndrome, 15 a symptom
complex of excess adrenal cortical actiity Hyperadrenalism 1s sometimes
caused by a malignant tumor or bemgn hyperplasia of the adrenal glands
One of the more radical attempts at cure of this condition 1s total bilateral
adrenalectomy Hyperaldosteromsm, a form of adrenal hyperfunction m
which patients demonstrate hypertension, weakness and hypokalemia, may
be caused by bemgn or malignant tumors or hyperplasia of the adrenal
cortex Surgrcal removal 15 agam an attempted method of cure

Usually children scheduled for adrenalectomy because of adrenal corti-
cal hyperfunction are preoperauvely prepared with hydrocortisone The
electrolyte and hormone therapy 1s admmnsstered according to the advice of
the pediatrician or endocrinologist For these patients, the anesthesiologist
should have ready hydrocortisone and m addition, norepmnephrine 1 a
concentration of 1 mg n 500 ml of normal saline

For preanesthetic medication, moderate doses of a barbiturate, an opiate,
and scopolamine are switable Anesthesta for excision of an adrenal tumor
15 similar to that for operations on the stomach and intestnes, using
cyclopropane, a muscle relaxant, and endotracheal technic

393
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For the longer, more hemorrhagic hypospadius operations where cautery
necessitates a nonexplosive technic, a combination of intravenous thio
barbiturate, and mitrous oxide and tnchlorethylene with nonrebreathing
technic, or mitrous oxide and Fluothane with absorption technic may be
employed Other nonexplosive methods such as mtrous oxide and mtra
venous or ntramuscular succinylcholine chloride, with or without minimal
amounts of mepenidine (Demerol) and thiobarbiturate may also be used

Biopsy of gonads for sex determunation 1s performed early m life so
that a male or female pattern of Iife can be deternuned early The usual
premedication and anesthefic methods used for surgery on the stomach
and intestines are employed (See p 362 )
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These paticnts re momtored continuously with an electronic thermom-
eter and hept cool by lowering the temperature of the operiting room,
while any clevation of body temperature 1s feversed quickly by pliing
the patient on 1ce bags The heart also ts monitored by an clectrocardso-
graph and any marked tachyeardin 1s reduced by further lowering of the
body temperature Extubation follows the apphicition of the dressing The
ancsthestologist then examines the voenl cords to determine whether there
1s adduction paralysis of them from mjury to the recurrcnt laryngeal
nene

Postoperatnely, the patient 1s observed closely for respiratory obstruc-
tion from a paralyzed vocal cord or a hemorrhage which compresses the
trachea Sterile scissors and foreeps should be avarlable to cut the dressings
and the suturcs to rclease accumulating blood An endotracheal tube,
laryngoscope, and trachcostomy tube also should be at the bedside to re-
lieve any severe respiratory obstruction Some of these patients because
of the mampulation of the thyroid gland, do show increased metabolism
postoperatively and become restless from this relative hypoxia, they should
be given oxygen therapy These children are immedrately placed m a cold,
moist atmosphere to reduce to a rmmmum any traumatic subglottic edema
from the endotracheal tube, and, at the same time, such treatment lowers
their metabolism Postoperatively, large dosages of sedattves may be dan-
gerous, for these patients can rapidly develop an unnoticed respiratory ob-
strucion If exophthalmos 1s severe, the eyes must be protected during
recovery by moistening them with a bland 5 per cent boric acid omntment
and by covermg them with a shield

The operative removal of carcinoma of the thyrod 15 similar to any
thyrordectomy except that there 15 total removal of the mvolved gland
Management of the anesthesia and the postanesthetic course 1s simtlar to
that for remaval of a hyperthyroid gland but hypothyrordism 15 more Likely
1o develop, with low blood pressure, slow pulse, and a drop m body tem-
perature Such a sequela requires treatment by an endocrinologist

EXCISION OF THYROGLOSSAL CYST

Thyroglossal cyst 1s a common leston m cluldren The treatment 1s com-~
plete excision of the cyst and sinus

Premedication consists of an oprate barbiturate, and scopolamine The
patent 1s anesthetized with intravenous thiobarbiturate, cyclopropane and
then ntubated Anesthesia 1s maintamed with mitrous oxide or cyclopro-
pane (Fig 189) The normal postoperative precautions are taken with
particular emphasis on vigilance for detection of respiratory obstruction
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A drop 1n blood pressure 1s reported to occur often on removal of the
cortical tumor, although m our experience these patients have not shown
any hypotension, but rather a tendency to hypertension, probably from
handling of the gland with release of norepinephrine and epwnephrme I
the blood pressure rises while the chuld 1s recetving cyclopropane the an-
esthesiologist may add erther ether or mtravenous thiwobarbiturate Post
operatively, these children are given normal saline and hydrocortisone

ADRENALECTOMY FOR PHLOCHROMOCYTOMA

Hyperfunction of the adrenal medulla from a benign or malignant tumor
occurs rarely m children These tumors are designated, as a rule, as
pheochromocytoma and are characterized by a hypertension and hyper
metabolism which responds to phentolamme (Regitine) The plasma and
urine usually contun gh levels of epmephrme and norepinephrnne, and,
since the treatment 1s surgical removal of the tumor, 1 preparing for anes
thesia the anesthesiologist should have norepmephnne avaiable

In the removal of a pheochromocytoma anesthetic gases must be
metered carefully Ether and barbiturates may be advantageous n the early
part of the surgery when the gland 15 being mamipulated their use possibly
preventng a marked rise 1n blood pressure and cardiac arrhythmias Later
however 1f the blood pressure commences to fall after the removal of the
tumor, ether should be discontinued and cyclopropane used Should the
blood pressure still continue to fall, then the anesthesia 1s changed to mt
trous oxide, succmylcholine chlonde and norepmephrine drip, and this
dnip 1s continued mto the postoperative pertod However n our exper
ence, 1n most instances dramatic changes n the blood pressure do not
occur

THYROIDECTOMY

Although rare children may have an adenoma, hyperplasia, or carc
noma of the thyrord In wstances of hyperthyroidism they are treated with
propylthiouracil and 1odme until the pulse rate decreases and the metab-
ohism 1s reduced Rarely do these chuldren have thyrotoxic heart disease

Hyperthyrowd children are given shightly more than the normal premed:
cation Anesthesta 1s induced with a thiobarbrturate, and mtubation 1§
performed after the admunmstration of sucainylcholne chlonde A large
sand piltow placed under the shoulders and lower neck provides good ex-
posure of the gland The table 1s tited m shght reverse Trendelenburg
position Anesthesia 1s mamntawed with intravenous thiobarbrturate opiate,
and mitrous oxide
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These paticnts arc monitored continuously with an clectronic thermom-
cter and hept cool by lowering the temperature of the operating room,
while 20y clevation of body temperature 1s reversed quickly by placing
the patient on 1ce bags The heart also 1s momtored by an clectrocardio-
graph, and any marhed tachycardin is reduced by further lowcering of the
body temperiture Extubation follows the application of the dressing The
anesthestologist then examines the voel cords to determine whether there
15 adduction paralysis of them from injury to the recurrent Jaryngeal
nence

Postoperatincly, the patient 1s observed closcly for respiratory obstruc-
tion from a paralyzed vocal cord or 1 hemorrhage which compresses the
trachea Stenle scissors and forceps should be available to cut the dressings
and the sutures to release accumulating blood An endotracheal tube,
laryngoscope, and trachcostomy tube also should be at the bedside to re-
lieve any severe respiratory obstruction Some of these patients, because
of the mampulation of the thyroid gland, do show mcreascd metabolism
postoperatively and become restless from this relative hypoxia, they should
be gisen oxygen therapy These children are immediately placed 1n a cold,
moist atmosphere to reduce to a mimmum any traumatic subglottic edema
from the endotrachcal tube, and, at the same time, such treatment lowers
their metabolism Postoperatively, large dosages of sedatives may be dan-
gerous, for these patients can rapidly develop an unnoticed respiratory ob-
struction If exophthalmos 1s severe the eyes must be protected during
recovery by moistening them with a bland 5 per cent boric acid omntment
and by covering them with a shield

The operative removal of carcinoma of the thyroid ts similar to any
thyroidectomy except that there is fotal removal of the nvolved gland
M of the hesia and the postanesthetic course 15 similar to
that for removal of a hyperthyroid gland, but hypothyroidism 1s more Iikely
to develop with Jow blood pressure, slow pulse, and a drop m body tem-
perature Such a sequela requires treatment by an endocrinologst

EXCISION OF THYROGLOSSAL CYST

Thyroglossal cyst 1s a common lesion 1n children The treatment 1s com-
plete excision of the cyst and sius

Premedication consists of an oprate barbuturate, and scopolamme The
patient 15 anesthetized with intravenous thiobarbiturate cyclopropane, and
then intubated Anesthesia 1s maintamed with nitrous oxide or cyclopro-
pane (Fig 189) The normal postoperative precautions are taken with
particular emphasts on wigilance for detcction of respiratory obstruction
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Fig 189 A child 1n a shght reversed Trendelenburg position preparatory 10
excsion of a thyroglossal sinus and cyst

PARATHYROIDECTOMY FOR HYPERPARATHYROIDISM

When hyperparathyroidism 1s caused by an adenoma or diffuse pard
thyrord hyperplasia the treatment 1s surgical removal of the affected gland
Fluids are forced preoperatively and the intake of mulk restricted because
the serum calcrum 15 usually mcreased m such a patient If this mcrease i
serum calcium 1s associated with impaired renal function and generahized
Toss of calcium from the bones (so-called “ostettis fibrosa ), there may be
a deposition of calcium 1n many parts of the body, the most urious 10
the patrent being calcinosts 1 the kidney

Durmg surgery these patients are montored by a continuous electro
cardogram to detect the onset of hypocalcemia which 1s 1n fact a relatne
hyperkalemta and wtravenous calcwm gluconate may be required to sus-
tamn myocardral tone and cardiac output The anesthesia 15 the same as
that used for thyrordectomy

The postoperative course of the patient 15 abserved carefully with par-
peular attention paid to any indications of paralysis of the vocal cords or
subglottic edema Any signs of tetany are corrected with intravenous 10
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jection of calaim gluconate The patient 1s put on a diet high m calctum,
phosphorus, and vitamin D
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CHAPTER 25
OPERATIONS ON THE NERVOUS SYSTEM

The anesthetic management for neurosurgtcal operations 1s one of the
most difficult and hazardous encountered by the pediatric anesthestologist
chiefly because of the effect of the disease on the general condttion of the
patient, the tremendous blood loss wiuch can occur, and the postiton of
the patient to facuitate. surgery the latter may handicap the anesthesiolo
gist 1n the management of both the respiratory and the cardiovasculat sys
tems

Ths chapter will mnclude first, an outhne of the basic requurements for
the major cramal operations and second a discusston of the common
neurosurgical procedures m mfants and chddren remarking upon any
vanation from the basic techmc set forth for major cranial operations

BASIC ANESTHETIC MANAGUMENT I'OR MAJOR
CRANIAL OPERATIONS

In evaluating the wfant or chid for major cramal operations, the anes-
thestologist must be cognizant of the fact that the neurological disease may
cause electrolyte flud nutritional and vitamin mmbalance, hyperventla
tion or hypoventilation, paralysis of some part of the respiratory mech
amism, bradycardia tachycardia, hypotension or hypertenston, convulsions,
and unconsciousness any one of which may mterfere with the safe man
agement of the anesthesia

In preparng the conscious patint no solid food 1s allowed for eight
hours preoperauvc!y but clear sweetened fluids are given orally untl téo
hours prior to operation
398
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Premedication 1n consctous patients consists of scopolimine 1ntramus-
cularly and a barbiturate suppository reetally, whereas 1 unconscious pa-
tients scopolnmune alone 15 grven

A cut-down (Fig 190) 1s done, or two 18 gauge styletted intravenous

Fig 190 A cut-down with a polyethylene tubing mnserted into the saphenous vem

at !):AdeI ankle There 1s also a three way stopcock through which blood can be mjected
rapidly

needles are nserted prior to anesthesta One to 4 liters of cross-matched
blood should be available for use The usual precordial stethoscope, blood
pressure cuff, and finger plethysmograph are applied Clipping and shav-
ing of the child’s hair may require intravenous quiescent doses of thio-
barbiturate, 1 which case oxygen by bag and mask should be available

Induction of anesthesia 1s accomplished with ntravenous thiobarbiturate
followed by 0 5 to 10 mg/kg of body weight of succinylcholine chloride
to facihtate mtubation A wire-coled nonkinkable, endotracheal tube 1s
usually used The endotracheal tube 1s jomed to the mfant or adult circle
filter (Fig 191), umdirectional valve (Fig 192), or T-tube (Fig 193)
The tube 1s very securely strapped to the face, and the eyes are protected
by 5 per cent boric acid owntment, closed lids, and a soft pad

Monmtors, including a rectal or esophageal thermometer and an elec-



CHAPTER 25
OPERATIONS ON THE NERVOUS SYSTEM

The anesthetic management for neurosurgical operations 1s one of the
most difficult and hazardous encountered by the pediatric anesthestologist,
chiefly because of the effect of the disease on the general condition of the
patient, the tremendous blood loss which can occur, and the position of
the patient to facilitate surgery the latter may handicap the anesthestolo-
grst 1n the management of both the respiratory and the cardiovascular sys
tems

This chapter will mclude, first, an outline of the basic requirements for
the major cranial operattons and second a discusston of the common
neurosurgical procedures i infants and children, remarking upon any
variation from the basic techmc set forth for major cranal operations

BASIC ANESTHETIC MANAGEMENT FOR MAJOR
CRANIAL OPERATIONS

In evaluating the infant or child for major cranial operations the anes
thestologist must be cognizant of the fact that the neurological disease may
cause electrolyte fluid nutrittonal and vitamin imbalance, hypenemllﬁ
tion or hypoventilation, paralysts of some part of the respiratory mech
anism, bradycardia tachycardia, hypotension or hypertension, convulsions,
and unconsciousness any one of which may mterfere with the safe man
agement of the anesthesia

In preparing the conscious patient no solid food 1s allowed for enght
hours preoperatively but clear sweetened fluids are given orally until tw0
hours prior to operation
398
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Fig 193 For this cramotomy, the T tube 15 employed and the anesthesiologist
;ntcrmmemly places his finger over the open arm of the T tube to ventilate the
lungs

trocardiogram, arc now attached Ancsthesia 1s mamntained with nonflam-
mable and nonexplosive anesthetic agents such as mitrous oxide and oxygen,
Plus additional small doses of thiobarbiturate and succinylcholine chloride

Alternate anesthetic methods for cramal operations include mitrous
oxide and Fluothane by semiclosed circle filter, suggested only for the
skilled, cautious, and alert anesthesiologist to use on healthy patients
I prone or supine position, and mtrous oxide with trichlorethylene by
nonrebreathing technic, supplemented by intravenous thiobarbiturate or
meperidine (Demerol) and succinylcholne chloride Respiration 1s usually
controlled manually or mechanically (Fig 194)

Hypothermia to 31° C may be an aid 1n some operations such as excision
of cramopharyngiomas or vascular tumors to reduce hemorrhage and to
protect the vital centers from the damage of ischemic hypoxia In small
infants having ntracramal operations, however the room temperature 1s
raised to 23 9° C (75° F), and they are placed on a warm-water mattress
heated to 40° C (104° F), to mantamn their body temperature at normal
and prevent an apnea at the end of anesthesia

After anesthesia 1s established by a suitable technic, the patient 1s placed
I the appropriate position by the surgeon, care being taken that no pres-



Fig 191 Aninfant positioned for drainage of a subdural hematoma A precordial
st:lhoscoged blood pressure cuff cut down 1n the right saphenous vewn, and ECG
are attache:

Fig 192 A diagrammatic sketch of a patient in position for craniotomy The head
1s supported 1n a headrest part of which 1s cut away to show the Fink nonrebreath

mg valve

400
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Fig 195 The kurze Johnson modification of the Gardner bucket for posterior
fossa exploration 1n the upnght position Anesthesta 1s maintamned with the nonre
breathing valvular technie with a spiral embedded gum rubber endotracheal tube 1n
Place Attached to the patient are a saphenous cut down in the nght ankle rectal
thermometer ECG leads a blood pressure cuff and precordial stethoscope

15 removed 1t 15 desirable to have neurosurgical patients as free of anes-
thetic agent as possible at the end of operation, to distingwish between
Postoperative cercbral edema and the lingering effects of the anesthesia
The postoperative care of a neurosurgical patient requires the combined
efforts of the surgeon anesthesiologist, and pediatrician Slow, gentle trans-
fer directly to the bed 1s accomplished the child usually bemng postured
m lateral or semuprone posttion with shight Trendelenburg if still un-
conscious Sometimes, 1f a large tumor has been removed with the danger
of postoperative hemorrhage or increased ntracramal pressure from cer-
ebral edema mild reverse Trendelenburg posture or mild hypothermia of
34° C for one or two days 1s necessary Duning the subsequent period of
unconsciousness the patient 1s turned from one side to another almost
hourly to help prevent atelectasis In addiion mtermittent positive pres-
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Fig 194 Durning removal of a bram tumor the lungs are bemng mechamcally
ventilated with a Bennett ventilator attached to the circle filter On the right hand
side of the picture can be seen the h 3! s hand the bulb of 3

blood transfusion set

sure can damage the patient’s eyes or various superficial nerves, and that
no tmpedance to respiration exists from posture In our hospital the
difficult upright position a small chair or the Gardner bucket modified by
Kurze and Johnson holds the child while rubber clamps firmly fix the
head to metal supports (Fig 195) The blood pressure 1s taken often
during positioning to detect postural hypotension promptly treated with
analeptics Such postural hypotenston 1s somettmes prevented by bmding
the legs with elastic bandages and placing a firm pad against the abdomen

During operation supportive therapy entails contnuously replacing the
estimated blood loss by whole blood and caleium gluconate 10 per cent,
50 to 100 mg per 100 ml of blood given

At the end of operation and anesthesia, after the child 1s replaced m
the supmne position pharyngeal and endotracheal suction 1s pcrformcd,
when the child 15 well oxygenated breathing adequately and preferably
coughing, moving or showing other arousal signs the endotracheal tube
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OPERATIONS ON THT STRUCTURES OVFRLYING THE
MENINGLES, BRAIN, AND SPINAL CORD

Reduction of Tracture of the Shull

Compound fractures of the skull are treated carly by debridement to
mimmize any custing mfection Hemorrhagic shock 1s remedied by blood
transfuston before commencement of anesthesia

Preanesthetic medication, anesthetic management, and blood replace-
ment are stmilar to that descrnibed for crimal operations (p 398)

Decompression of the Shull in the Newborn

Birth trauma may cause simple depressed shull fracture with indenta-
tion 1 the newborn Usually the infant shows no signs or symptoms of
bram damage, but elevation of the fracture 1s undertaken No premedica-
tion 1s necessary  Since blood loss ts mimmal no cut down 15 necessary
The patient 1s usually postured in the supine position, and the neurosurgeon
makes a small incision close to the depressed fracture, through which he
inserts an clevator beneath the fracture

Anesthetic management 1s simifar to that descnibed for cramal opera-
tions (p 398), but thiobarbiturate, if used 1s given rectally, and succinyl-
choline chloride 1s given ntramuscularly
Cramectomy or Cramoplasty

Craniosynostosis, or premature closure of the sutures of the skull, re-
sults 1n deformuties of the head and frequently n damage to the bram and
eyes Surgical repair 15 undertaken as soon as the diagnosts 1s made,
usually during the first year of Iife, and consists of cutting sections out of
the skull along the prematurely closed suture to permit normal enlarge-
ment of the brain

Since hemorrhage 15 usually profuse, a preoperative cut-down using a

large-bore cannula 1s essential Scopolamune alone 1s adequate for pre-
medication

Anesthesia 1s duced and maintamned m accordance with that outlmed
for cramial operations (p 399) A strmght endotracheal tube adapter
affords a more convement connection to a valvular apparatus or nfant
circle absorber

The operation 1s usually performed with the patient in the prone post-
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sure breathing for ten minute periods about four tumes daily, tracheal
aspirations, and intramuscular nikethamude (Coramine) may be helpful m
preventing atelectasis

The child 15 often put 18 a cold, mosst, oxygen ennched atmosphere to
prevent development of laryngeal edema from several hours mtubation,
infants, however, with a tendency to apnea from hypotherrma, are kept
warm To prevent tracheal aspiration of stomach contents, a stomach tube
15 often mserted, left in place, and flushed out at intervals until conscious
ness returns It 15 used for feeding where paralysis or parests of glosso-
pharyngeal and vagus nerves has followed removal of acoustic neuroma
and produced dimmshed laryngeal and glottic reflex sensitivity

Blood pressure, pulse, respiration, response to reflex stimuls, and equahty
i the size of the pupils are carefully studied Opates are avoided since
they may depress vital functions, especially respiration and blood pressure,
moreover, opiates ate not necessary for reltef of pawn m these pattents
Codeme with some barbiturate may be given for headache and restless
ness after full consciousness returns

Fhnds can generally be taken orally a few hours postoperatively or may
be given m small amounts through the gastric tube Intravenous fluids are
rarcly necessary, furthermore, a shght oligemue state 1s destrable to pre
vent cerebral edema

The occurrence of a penpheral circulatory coflapse and unconscious
ness espectally after operations near the third ventnicle, has been described,
and may be treated with an intravenous or intramuscular vasopressor

Pulmonary edema, seen typically tollowmng excision of tumors of the
floor of the fourth ventricle or following operations for head mjurnes, may
be treated with oxygen under shght posttive pressure or by tracheostomy
if 1t persists Tracheostomy may also be indicated for tracheobronchial
suctton and prevention of atelectasis if the patient 1s unconscious many
days

Hyperpyrexia following mtracramal operations 1s a grave sign, often
indcating cerebrovascular thrombosis near the brain stem or thalamus, and
1s often resistant to treatment In such mstances the pattent 15 cooled 10
an oxygen tent Croupctte, or by bemng placed on a cocling blanket
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occur readily from Iack of vasomotor tonc Fortunately, complete com-
pression of the spinal cord 1s rare 1n chuldren

The hidney function of these paralyzed patients must be studied 1n
particular, especinlly 1f the lesion 15 of long duration, since the decaleificn-
ton of the bones may produce 2 cleinosis, often more marked in the
pelvis of the hidney, 1 discase aggravated by a physiological obstruction
caused by a cord bladder and the resultant infection

o Fig 197 For reparr of locele the shoulders and pelvis are supported
0 balsters The lungs are ventilated throughout the surgery by manual compression

on the breathing bag There 1s a cut-down 1n the left ankl
blood or medications e left snkle for the admmitraton of

Meningaceles having no nerve mnvolvement, have none of these prob-
lems of paralysis but inasmuch as the danger of rupture of the meningocele
with subsequent mnfection 1s immnent surgery 1s undertaken as soon as
possible

The management of the anesthesia 1s similar to that for any cramal
Operation with the patient in the prone position (see p 398) with the
€xception that 1n these cases the anesthesiologist 1s at the head of the
patient instead of being at one side (Fig 197)
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tion and with his head immobilized n a headrest at the end of the operat
mg table In this position, particular attention should be devoted to pro-
tection of the eyes so that there 1s no pressure on them (Fig 196)

Fig 196  Prone posttion for cramoplasty with the head secured 1n a rest at the
end of the operating table Bolsters are placed under each shoulder and the pelvis
A right angle Rovenstine catheter connector jomns the spiral embedded gum rubber
endotracheal tube to the circle filter

Most fatalities 1n the operating room, during this operation, result from
Jack of realization of the tremendous blood loss and lack of adequate blood
replacement

Repair of Spina Bifida with M gocele or M gomyelocele

‘There can be such multiplicity of comphications 1n these cases that each
child must be studied thoroughly by the anesthesiologist When the me-
mngomyelocele 1s hugh m the cervical region there may be intercostal
paralysis, as well as paralysis of the bladder and the intestine simulating
a high spinal anesthetic In such an mstance, postural hypotenston can
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A vempuncture with a styletted needle 1s desrable. A small intravenous
dosage of thiobarbiturate 1s gven, followed by succinylcholine for intuba-
ton Anesthesia 1s mantained with trichlorethylenc and mitrous oxide,
employing a umdirectional valvular techme

Both lower extremities are wrapped with an clastic bandage from the
ankles to the gron (Fig 198), and the patient 1s then placed 1n the up-

N Fig. 198 In preparation for an encephalography this mnfants legs are bound to
ecp more of the blood 1n the upper part of the body and thus offset the danger
of hypotension when she 15 placed 1n the upright position

nght posiion The blood pressure 1s taken to note any resulting postural
hypotension relieved by admuustration of a vasopressor, but since anes-
thesia 15 minimal, the cardiovascular system of the patient can usually ac-
commodate the change of position and no blood pressure change occurs

A lumbar puncture needle 15 inserted and the spinal fiud 1s replaced
with air As this procedure continues usually pallor occurs Any decrease
mntensity of the heart sounds, hypotension, or change m resprration may
signify the onset of a serious complication, and 1n such instances, the
Patient should be placed immediately m Trendelenburg position, the lungs
ventilated with oxygen, and a vasopressor admimstered intravenously



408 ANESTHETIC MANAGEMENT OF SURGICAL PROCEDURES

Following the application of dressings, the patient 1s turned to the
supme posttion, and the postoperative care 1s m accordance with all
cranal cases (p 402)

OPERATIONS ON THE MENINGES

Dramage of Subdural Abscess, Hematoma, and Hygroma

Befare surgery, 1t 1s difficult to distinguish between an abscess hema
toma, and hygroma These patients, however, are chromeally il and may
have considerable compression of the bram tissue, with convulsions and
vomuting the first sndications of such pressure The anemusa which fre
quently exists in these patients 1s treated by preoperative blood trans
fustons Preanesthetic medication 15 minsmal because of the child s debility
The surgeon may establish dramage through a trephine opening or tum
a bone flap for the removal of the thicker-walled chromc membranes
The patient 1s usually 1n the supine position Apart from the above the
conduct of anesthesia follows the outhine previously gwven for eramal
operations (See p 398 )

Tagation of the Memngeal Vessels

The mddle meningeal artery may be torn m a fracture of the skull
the symptoms bemg due to tncreased intracramal pressure The typical
history 1s a persod of unconsciousness followed by a lucid mterval later
succeeded by mereasing lethargy and finally coma Proguosts i these cases
1s very often serious, since the pattents condition may be crtical before
surgery 1s undertaken These patients requize only atropine or scopolamine
for premedication, anesthesta bemng munimal doses of the agents usually
employed for cramal operations (See p 398 )

Encephalography

Encephalography or the mtroduction of air smto the bram smuses
through a needle placed in the lumbar subarachnoid space, 1s performed 10
demonstrate any distortion enlarg , or displ t of the ventricles
The patient may have a history of convulsions or retarded development
In nfants this procedure must be regarded seriously, since the upset 1
cerebral d from the hange of arr and flurd can cause sudden
death

Premedication 15 normally a reduced dosage of thiobarbrturate rectally
combined with scopol mtr ly
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puncture needle, tped in place in the lumbr subarichnoid space, permits
dratnage of the spmai ffd 1nd reduction of the wze of the bramn Before
closure of the dury 2t the end of the operation the ventricular system
may be agam filled with sterile saline solution nscrted through the spinal
needle

Operations upon the basc of the bran for higation of n ancurysm or for
the removal of 2 tumor present a more difficult surgical problem because
of the vasculanty and the accessibility of the region The surgery can
be facihtated by using hypotensnve drugs or the hypotension which ac-
companies hypothermia This hypothernma reduces the amount of anes-
thetic agent required, causes marhed constriction of the blood vessels, n-
creases the length of time that brain tissue can be deprived of its blood
supply with ympumty, aflowing intermittent compression of the carotid

arteries to prevent or control severe hemorrhage, and reduces cerebral
edema

Ventriculocisternostomy

Pattents scheduled for ventriculocisternostomy have usually congemtal,
sometimes acquired hydrocephalus The size and weight of the head vary
tremendously, and 1t must be supported manually or by head clamps

All operations on these children are directed toward improved absorp-
tion of spmal flud by shunting some from the ventricles into another ab-
sorpuive arca of the body By means of a polyethylene tube the spinal
fluid from the ventricles ts taken to the abdommal cavity, mastoud cells,
or the superior vena cava

Most of these patients arc debilitated and inactive and require one-half
or less the normal premedication for their weight

Anesthesia consists of smaff doses of the usual agents used for cramal
operations Soon after induction an electrocardiogram 1s attached since
these patients have reduced cardiac reserve from mactivity and may de-
velop hypotension with blood loss or with shght overdosage of anesthetic
agent The electrocardiogram s also important if the catheter 15 to be -
serted 1nto the superior vena cava since nadvertent insertion 1nto the
nght ventricle may cause cardiac irmtability The location of the catheter
1s checked by means of a roentgenogram When the head 1s greatly 1
creased mn size the dramage of the spinal flid may cause a sudden dis-
Proportion between the skull and the hcad clamps The anesthesiologst,
therefore should be prepared to quickly adjust the equipment

At the moment of the filming the electrocardiogram should be turned
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Anesthesia must be continued throughout the roentgenography, and the
awrway must be kept patent masmuch as the patient 1s turned mn many
posttions as the many skull films are taken

At the end of the procedure, resprration and circulation may be de
pressed Nikethamude (Coramune), 25 per cent, 1 to 5 ml, may be ad
mimstered itravenously mn order to arouse the patient, but the palior and
lethargic condirons may remaw for some tume m spite of the fact that
sedative drugs have been mimmal

OPERATIONS ON THE BRAIN

Ventrsealography

Ventriculography usually replaces encephalography when increased m
tracranal pressure 1s suggested by history and by physical examination
It 15 done i the upright posmion It 1s advisable to have cross matched
blood avatlable, since occasionaily the trephme smay cause severe hemor
rhage

Premedication and anesthctic management are sumlar to that outhned
for encephalography (See p 408 )

Axr 1s 1jected 1mto the veatricles for their visualization by roentgencg
raphy If the films demonstrate displacement, distortion, or dilatation of
the ventricles by a mass, exploratory craniotomy 1s usually performed 1m
mediately

The neurosurgeon remams near the patient throughout since a sharp
mcrease n mntracramal pressure, sigmified by slow pulse, nismg blood pres
sure, and apnea, can occur If these signs develop the ventricles are tapped
immediately to reduce the mcreasing mtracranal pressure because herma
tion of the bramn may occur

Dranage of Abscesses, Cysts, or Neoplasms, Removal of Neoplasms

In operations upon the cerebellum in the upright or prone posthion
where the neck 1s flexcd acutely for adequate exposure there 1s grave
danger of a kmking of the endotracheal tube The management of thes¢
cases 1s the same as that for any cramal operation with two exceptions
Furst, the ance of spo us resprration 1s highly desseable m
cerebellar explorations because of the proxmmty of the respratory centers,
and a sudden apnea cnables the anesthesiologist to warn the surgeon of
tus mterference with the vital regions Second m operations for tumors
at the base of the brain where the approach 1s difficult, a malleable, lumbar
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off to avoid damage to 1ts stylus and the precordial stethoscope should
be removed to prevent obscuring the situation of the catheter m the su
penor vena cava. Following removal of the endotracheal tube the patent
must be moved gently to bed and observed closely, as following other
intracramal surgical operations (See p 403 )

OPERATIONS ON THE SPINAL CORD AND NERVE ROOTS

Exasion of Neoplasms or Cysts, Evacuation of Hematoma,
Dramnage of Abscess, Removal of Foreign Body

The evaluation of the patient and the of the hesia for
these operations 1s similar to that previously described for repair of spma
bifida (See p 406 )
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groups (1) ntrrocular, and (2) extraocular and operations on the ac-
cessory organs of the cye, since the sclection of anesthetic ngent 1nd tech-
me 1s for the most part dependunt upon this distinction

INTRAOCULAR OPFRATIONS

Gomotomy (Incision of Capsule of the I ens), Suture of I'ychall, Removal
of Foreign Body, Opertions for Glawcoma—Indotomy, Indectomy, In-
domesodialysis (Freeing of Adhestons of the Ins), Disaassion (Needling of
the Lens), Capsulotomy, Retina Reattachment

In these open-cye operations the possibility of losing the witreous and
probably the sight of the eye 15 of foremost concern to the anesthesiologist
In this respect coughing, vormting straiming  sneczing, or laryngospasm
must be prevented since any one of them is Iikely to merease intraocular
pressure and result in spilling of the vitrcous In an elective open-eye oper-
ation of the patient has a cough the operation should be postponed

Although some surgeons use phenylephrine (Neo synephrine) to pro-
duce a bloodless operative field, most of them use the more effective drug,
epmnephrine, 1n which case anesthctic agents compatible with epmephrine
must be used Nevertheless there are many methods of anesthesta suitable
for open-cye surgery and any of the following anesthetic agents and tech-
nics may be employed

Trbromoethanol, Nitrous Oxide, Muscle Relaxant, and Endotracheal
Intubation The mght before surgery the patient 1s given an enema to
prevent evacuation at the time of the rectal instillation of tribromoethanol
Clear flurds are given up to two hours before anesthesia Preanesthetic
medication in the form of scopolammne 1s given one hour before the rectal
instillation of the tribromoethanol The amount of tribromoethanol, 3 per
cent solution mstilled 1s seldom less than 100 mg/kg of body weight ex-
cept 1n obese children

When the patient 1s unconscrous, oxygen 1s admimistered by bag and
mask A muscle relaxant gallamine (Flaxedil) or d tubocurarine, 1s given
Intravenously or intramuscularly after which the patient 1s intubated with
the angle piece of the endotracheal tube pomnting caudad because the an-
esthesiologist sits at the side of the patient while the surgeons sit at the
head of the patient With the angle piece of the endotracheal tube con-
nected to an nfant or adult circle filter the patient s lungs are ventilated
manually or mechanically with a nitrous oxide-oxygen mixture

The medicant, atropine drops epnephrine or phenylephrine  (Neo-



CHAPTER 26

OPERATIONS ON THE ORGANS OF
SPECIAL SENSE (EYE AND EAR)

OPERATIONS ON THE EYE

Because of mncreasing awarcness that ultimate visual and psychological
effects may be considerable in the child suffering from an eye defect, cor
rective eye operations are being performed on patients m eatly chiddhood
Consequently, anesthesia for these operations has become a very important
branch of pediatric anesthesiology

In prepaning a child for an eye operation, 1t 1s explamed to him that his
eyes will be bandaged followmng the operaton for such an explanation
promotes his cooperation dunng the postoperative period whick should
be as restful as possible to ensure a satsfactory recovery The customary
cntical preanesthetic evaluation of the patient 1s just as essential before an
eye operation as before any other operation Although patients with con-
genital eye defects seldom have associated anomalies of other systems of
the body a history, physical exammation hemogram and unnalysis should
be done for other diseases may be present Moreover, swmce most oph
thalmic operations are elective the results of the preanesthetic evalvation
may render advisable the postponement of the operation so that necessary
corrective measures may be nstituted For example an elective cye opera-
tion would be postponed tf upper respiratory infection were discovered
or 1if the hemoglobin values indicated the presence of anemia Many cases
of nutritional anema can be treated by proper diet

In the following discussion, operations on the eye are divided nto two

Av A
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dine (Demerol) onc hour before anesthesin A styletted needle 1s nserted
mto a v on the back of the hand of the patient which will be closest
to the ancsthesiologist during the operation, and then this arm 1s usunlly
splinted Often cyclopropane 1s admimstered to dilate the veins and facihi-
tate the cannulation

Through the intravenous ncedle, thiobarbiturate 1s admunistered, fol-
lowed by gallamine (Flaxedil) or d tubocuranine The patient 1s oxygenated
with a bag and mask, and when his muscles are relixed he ts itubated

The cardiovascular system 1s momtored nd the blood pressure 1s re-
corded A risc 1n blood pressure 1s an mdication of hghtening of the anes-
thesia, and fractional dosages of thiobarbuurate and gallamine (Flaxedil)
are administered when such a nise occurs Throughout the surgery, the
respiration s artificially controlled Spontancous respirations soon return
at the close of surgery, but intercostal paresss, if present, 1s corrected with
neostigmine (Prostigmin) or edrophonium chlonde (Tenstlon)

The pc hetic management of the patent 1s the same as that fol-
lowing tribromoethanol and 1ntubation, however, here the patient regans
consciousness somewhat sooner than the one who has been given tribro-
moethanol

Thiobarbiturate Rectally, Nitrous Oxide, Muscle Relaxant, and Endo-
tracheal Intubation Thiobarbiturate, 10 per cent, 1s sometimes given rec-
tally to the infant or chid The preparation of the patient 1s the same as
for the one who receves mtravenous thiobarbiturate

A muscle relaxant 1s admumstered ntravenously, and the patient 1s
Oxygenated After spraying the vocal cords with a local anesthetic, mtuba-
tion 15 performed Then mtrous oxide and oxygen are administered, using
an infant circle filter, with respirattons betng controlled manually or me-
chanically  Spontaneous respiration 1s usually resumed at the close of
surgery, at which time the patient 1s extubated

Agamn, mtercostal parests or lag 1f present, 1s corrected with Prostigmin
or Tensilon but with such hght anesthesia as provided by this method,
seldom 1s there any prolonged 1ntercostal paresis

The rest of the pc hetic manag 1s the same as that described
above for the other anesthetic techmcs for open-eye surgery

Thiobarbiturate Rectally and Nitrous Oxide Insufflation Although rectal
thiobarbiturate and nsufflation of mtrous oxide are recommended by some
anesthestologists we believe that the nisk of laryngospasm and sneezing
with consequent possible loss of vitreous which accompanies this techmc
makes 1t an madvisable one for open eye operations
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synephrine), used to dilate the pupuls 15 1nstilled 1n the eyes by the surgeon
with one eye bemng treated first and then the other, to avoid a high blood
concentration of the drug, which has such a pronounced systemc effect
The operative field 1s then prepared with germicidals Throughout the
surgery, the heart 1s monitored with the precordial stethoscope and finger
plethysmograph, and the blood pressure recorded

At the end of the surgery, spontaneous respiration 1s soon resumed, and
the patient 1s extubated At this time, lus arms are sphnted, after which
he 15 transferred to the bucket or carrier, placed on his side, and taken to
the recovery room When settled i his bed, the sphnts are secured to
the sides of the bed to prevent hun from tampermng with the eye dressings

He often requires prolonged attention inasmuch as conscrousness re
turns slowly Since a reposeful postoperative course 1s a principal objective,
the child 1s comforted by remunding lim agam that his eyes will be
bandaged for some ttme, and, at the same time, reassuring him that some
one will be near to hum at all mes At tumes, sedatives may be required
to keep the child peaceful and stll Another helpful measure 1s for the
nurse to apply a cold compress on the patient’s nose, since the opiates 10
the premedication often produce an rrritation of the nose In most cases,
the compress will help prevent the patient from attempting to rub his nose

One objection to the foregoing method of anesthesta for these open eye
operations 1s the possibility of postanesthetic laryngeal edema and hoarse
ness following the endotracheal intubation which, 1n turn, might make the
patient cough and become restless, not a desirable condition following an
ophthalmic operation If there 1s any indication of subglottic edema, the
patient 1s placed mn cold, mosst atmosphere

Tnbromoethanol and Nitrous Oude Insufffaion This techme differs
from the one above only m that muscle relaxant and intubation are omitted
Instead mitrous oxtde and oxygen are msufflated through the mipple of 2
Waters’ oropharyngeal airway Smnce this method does not afford the an-
esthesiologist the same degree of control of the anesthesia as does the
endotracheal intubation method the anesthesia may wane before the sur-
gery 1s completed unless an incr I dosage of tribromoethanol one
half the mutial quantity 1s given rectaily
This method of anesthesia 1s favored by most surgeons, smce the possible

hetic pl which follow endotracheal intubation are

p
avorded

Thiobachiturate Intravenously, Muscle Rel t, and End heal In
tubation With this techmic the patient 1s given scopolamine and meperi-
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who have undergonce open-cye operations, since felatnvely Iighter prean-
esthetic medication 1s gnen and highter stages of anesthesta are practicable
throughout the surgery The postanesthetic care of the patient 1s similar
to that for the patient following ntriocular operation, with the emphasts
on assuring 1 peaceful quict recovery period

Fig 199 A patient after an eye muscle operation with the oral endoiracheal
tube and the unidirectional valve still 1n place For the surgery she had been given

ntravenously mepenidine (Demerol) a small dose of thiobarbiturate and d tubo
curarine

OPERATIONS ON THE EAR

MYRINGOTOMY, INCISION OF FURUNCLL OF EAR,
OTOSCOPY, REMOVAL OF FOREIGN BODY IN
EXTERNAL AUDITORY CANAL

Of the above operations the most frequently performed one 1n infants
and children 15 myningotomy for otttis medra In the preanesthetic evalua-
tion of the patient consideration must be given to the fact that otitis media
often follows upper tespiratory mfection with accompanying high tem-
Perature. With such charactenstics as high tempefature and dehydration,
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EXTRAOCULAR OPERATIONS AND OPERATIONS ON THE
ACCESSORY ORGANS OF THE EYE

Examunation of Fundus, Measurement of Tenston, and Refraction

These three closed-eye operations are generally brief procedures, and
are managed without the advantages of control of anesthesia afforded by
endotracheal mtubation The patsent 1s therefore prepared with heavy seda
tion mn order to keep lim motionless during the surgery, since hght planes
of anesthesia are used, particularly 1s this so when the selected method 15
nitrous oxide anesthesia

The choice of anesthctic agents depends upon the drug to be used by
the surgeon to dilate the pupds If phenylephrine (Neo-synephrme) 1s to
be used for this purpose, cyclopropane or Fluothane anesthesia 1s employed
On the other hand 1f epmephrine drops are to be used mitrous oxide and
oxygen anesthesia 1s the choice Anesthesia for these operations 35 carned
on by means of an mfant circle filter absorption techmic, and resprration
15 controlled manually throughout the procedure

Enucleatton, Recession and Cinching or Advancement of the Oeular Mus
cles, Excision of Orbital Tumor, Excision of Methonuan Glands {Ch2
lazion), Blepharoplasty (Plastic Repar of the Lids), Probing of Lacs
maenasal Duct

The above extraocular and accessory eye organ operations are of long
duraton Following the preanesthetic evaluation of the patent, he 1s pre
pared with heavy preanesthetic medication For operations on the extra
ocular muscles, the scopolamine dosage s larger than normal, to offset
the aculacardiac reflex slowing of the heart which 15 induced by traction
on these eye muscles

Since the vasopressors used by the surgeon for dilaung the pupis are
usually wnstilled after mnduction of anesthesia, cyclopropane can be used
for the mduction A styletted needle 1s mserted nto a vein and meperidine
(Demerol) 1 mg/kg of body weight, 1s given slowly, mtravenously, and
then succmnylcholme chlonde 1s given mtravenously to facilitate mntubation
With the endotracheal tube connected to a circle filter or unidirectional
valve, anesthesia 1s mamtamed with occasional small doses of sucemnyl-
choline chlonde together with mitrous oxide and oxygen Assisted or con
trolled breathing s carnied on throughout (Fig 199)

Postoperatnely these patients are not nearly as depressed as those
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MASTOIDFCTONMY

Although mastoidcctomy 1s scen infrequently by the pediatric anes-
thesiologist now that antibiotics are used cxtensively, occastonally the
bactera are resistant to antibiotics and 1 ssmple or radical mastotdectomy
becomes mevitable If the infant or child has been 1l for several days be-
fore the mastotdectomy, he should be given intcavenous flwds, and possibly
blood transfusion for any existing ancmia Premedicition 1s generally a
combination of opiate, barbiturate, and scopolamine, 1n reduced amounts
if the child 1s toxic

As a rule, a nonexplosine, nonflammable technic 1s necessary because
the surgeon uses a dnll or cautery, ind the use of cyclopropane, tri-
chlorethylene, or Fluothane 15 usually precluded because he also employs
epmephrine Therefore, anesthesia 1s induced with meperiding (Demerol),
1 mg/kg of body weight, and mtravenous thiobarbiturate, and the patient
15 intubated with the aid of succtnylcholine chlonide A straight adapter
1s attached to the endotracheal tube, and circle absorption technic em-
Ployed, with the ancsthesiologist facing the patient on the side of the
patient’s head opposite to that of the surgeon Anesthesia 1s mamtained
with mtrous oxtde supplemented by occasional small doses of thiobar-
biturate and rarcly, additional small doses of mepenidine (Demerol) or
succinylcholine chloride Very small amounts of the anesthetic agents are
required except for the masion and sutuning of the skin, which are the
most painful parts of the procedure

In bilateral mastoidectomy, after the surgery on one ear is completed
the head of the patient 1s turned to his other shoulder In arder to keep
the surgeon 1n close proximity to the nurse and the mstruments, the table
can be turned end for end, or nstead of turning the operating table which
entals changing the location of the anesthetic machine, a curved angle
Prece can be interposed between the straight endotracheal tube connector
and the circle apparatus The disadvantage to the latter procedure 1s that
the patient s face 1s directed away from the anesthestologist so that he does
not have constant visualization of the face when the surgeon 1s operating
i the vicinity of the facial nerve

Postoperatively, these patients make a rapid recovery with minimal
mausea and vomiting Following bilateral mastoidectomy, some subglottic
edema from a long period of intubation may necessttate placing the patient
mn cold morst atmosphere
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these patients are particularly susceptible to convulstons, m addion the
anesthesta 15 often performed with the mask techmc which because of
the added dead space frequently fails to remove all the carbon dioude m
the mspired arr Low concentrations of carbon doxide, even as low as
1 or 2 per cent, are an additional mpetus to convulsions These con
vulsions usually cecur within five minutes of the induction of anesthesia

Because of this hikelthood of convulsions, 1t 15 advisable to premedicate
the patient scheduled for myrmgotomy with a barbiturate as well as scopol
amme If the patient has been without flmds for some hours and has a
high temperature and rapid pulse ntravenous fluds should be admm
istered prior 1o surgery a precaution which also may prevent convulsions
during the anesthesia Moreover, through the same miravenous needle
small doses of thiobarbiturate may be admunstered, another measure fo
avoid convulsions

In addition to these precautions, if the anesthesiologist 1s using the mask
techme he should employ a very lugh flow of gases 1 fact, several hters
and he should also employ manual ventilation of the lungs m order to
avowd any respiratory acidosis By using a crcalator, 1n which the gases
are kept m constant circulation by a mechanical pump, manual compres
ston of the breathung bag enables the hesiologst to reduce the high
supply of gases mince the mask 15 emptied contnuously

Preanesthetic medication for the operations listed above, other than
myringotomy, s the standard premedication 1 accordance with the weght
and physical status of the patient

For any of these operations cyclopropane and oxygen or mtrous oxide
and Fluothane by means of the umdirectional valvular or circle absorption
technic may be used also satisfactory are nitrous oxide and trichlorethylent
with the unidirectional valvular technic The patient 1s mtubated for we
have found that some of these procedures especially removal of a foreign
body m the external auditory canal, can be of long duratton and the an
esthesiologist must be prepared to mamtun complete control of the anes-
thesia for these extended periods

Anesthetic comphications following these operations are rare but the
usual anttbiotic treatment for miections and contmued fluid therapy for
the dehydration and acidosis particnlarly followsng myringotomy for acute
ottss media are carried out As following alf pperations m which endo-
tracheat intubation has played & part mcidence of subglottic edema must
be detected early and treated




CHAPTER 27

MANAGEMENT OF ANESTHESIA FOR
OPERATIONS UPON THE PREMATURE
AND NEWBORN INFANT

Remembering always that the balance 1s delicate between life and death
in the premature and newborn nfant, the pediatric ancsthesiologist never
strays from certamn esseatial principles n the care and management of
these infants, conscquently, he prevents infection, controls body tempera-
ture, regulates fluids and electrolytes m the operating room and avoids
damage by anesthetic agents, techmes, and high concentrations of oxygen

Although this chapter 1s Iimited to a d n of the t of
anesthesia during the opcrative and postoperative peniods, attention 1s di-
rected to the charactersstics of prematurity as outhned in Chapter 1
(p 7), for the preanesthetic evaluation of these infants 15 an 1ntegral
part of the management of the anesthesta

Already handicapped by disease engrafted upon immaturtty of all the
Systems of therr bodies these nfants are not equipped to combat mfec-
tion Therefore the ancsthesiologist when 1n communication with these

infants faithfully comphes with the sterile precautions exercised 1n the
nurscry

The infants body temperature 1s regulated at all times because he 1s
unable to stabilize luis body temperature For instance, he 15 transported
to and from the operating room 1 a warm ncubator 1 which the tem-
berature ranges from 32° to 37° C and this temperature range 1s duplicated
as closely as possible 1n the operating room In addition the operating
table 15 covered with a large warm-water mattress, the water within being

423
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TYMPANOPLASTY

Folloawing chronic infection of the middle ear, mn many mstances the
eardrum may be destroyed In this case tympanoplasty is performed to
reconstruct the eardrum, using the adjacent tissue liming the canal.

The £ of the h for tympanoplasty s the same as
that outhined for mastoidectomy (p 421)

OTOPLASTY

Otoplasty 1s usually done for the correction of protruding or underde
veloped ears or for construction of an ear in the event of congenital ab
sence of an ear Infants and children with these abnormahties are usually
1 good physical condiion when presented for this elective surgery, but
have a psychological complication because of the anomaly Therefore
heavy premedication consisting of a barbuturate, opiate, and scopolamine
15 used to overcome this mental state In other respects the anesthetic
management 1s essentially the same as that described for mastowdectomy
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There 15 an abose mverage lkelihood of overloading 2 small infant with
fluids, masmuch 1s he 1s unable 1o concentrate the urine and faces diffi-
culty in the cxcretron of sodium and chlonde In most instances, he re-
quires neither blood nor flnds during the operation However, 1n the
premature, any blood lost s replaced, but this 1s mercly a temporary
remedial measure as he quickly returns to lis typical ancmic state, then
again 1 the newborn, there are times when the extensivencss of the
surgery may nccessitate the admunistration of blood to compensate for
the amount Jost

In considening anesthetic agents for these infants, the anesthesiologist
should abide by onc steadfast rule, that 1s, to usc only mimimal amounts of
any sclected medication or ancsthetic agent Because of lethargy, rregu-
lanty of respiration, and ovcr all immatunty of the respiratory system of
the premature mfant and the newborn infant up to one week of age, no
sedatines are given to them, and because of the lack of sccretions, no
belladonna denvates are needed

Whenever possible, the operation 1s performed under local anesthesia,
with 2 mimimal amount of ancsthetic agent being employed In other m-
stances, the procedure 1s accomplished under nitrous oxide-cyclopropane
anesthesia, using a nonrebreathing technic The mitrous oxide 1s gven to
avoud the damage which may be caused by sustamed high concentrations
of oxygen although 1t 1s recogmzed that there are occasions when mndica-
tions of hypoxia may preclude the use of nitrous oxide

In the majonty of cases, the mfant 15 not imtubated because laryn-
£ospasm 1s a very rare complication 1n this age group Nevertheless there
are some operations such as extenstve ntrathoracic or intra-abdominal ones
I which endotracheal mtubation provides the safest conditions for the
Patient In these cases, a stenle endotracheal tube, from 4 to 46 mm
external diameter (No 12 to 14 French), 1s mserted while the infant 1s
either awake or under cyclopropane anesthesia One or two spare sterile
endotracheal tubes should be on hand for n prolonged operations the
tmy endotracheal tube may become blocked and have to be replaced 1m-
mediately Because of the immatunty of the respiratory centers, especially
n the premature nfant, he 1s given the least possible amount of cyclo-
Propane, for he may stop breathing with very small admimstrations of
the anesthetic agent Should apnea occur pressure 1s applied sufficient
only to overcome the resistance to airflow through the Iumen of the small
endotracheal tube As a further safety measure 1n these very delicate in-
fants, an nstant to mstant picture of the patient s condition 1s provided by
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40° C Then on top of this mattress 15 placed a dry towel (Fig 200)
Throughout the course of anesthesia, the mfant’s temperature 1s monitored
with a continuous-recording rectal thermometer, and any alteration n his
temperature provokes immediate action to restore 1t to the desired level

TrTREN I ™y
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Fig 200 On arnvalin the operating soom the infant 1s Iifted from an mcubator
and placed on 2 warm water mattress The thermometer at the bottom of the picture
records the rectal temperature contmuously during surgery
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If there s indrawing of the intercostal spaces, cyanosis of the tips of the
digtts, rapid pulse and respiration, rles in the chest, then tracheal aspira
tion two or three imes 1 day 1s necessary  As well, nikethaimide (Cora
minc), mtramuscularly, 1 05 ml doscs, every two hours 1s given, nd
low pressure (to 20 cm of water) posttive pressure breathing for five to
ten nunutes at a time, four or five times duly, 1s apphed In the resistant
case, low pressure positine pressurc breathing may be donc through an
endotracheal tube A crying squurming or restless nfant, absence of
cyanoss tn the fingers and tocs and nummal indrawing of the intercostal
spaces arc signs dicating ¢learance of the atelectasis

In resiewing the characteristics of these premature and newborn infants,
1t 1s apparent that unrelenting maintenance of the efficiency of the respira-
tory system of these infants by the ancsthesiologist, pediatrician, and sur-
geon 1s of prime concern before, during and after the operation
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means of an electrocardiograph or other momtor as well as the routme
precordial stethoscope

The infant should be moving by the termsnation of the surgery He 15
Ifted gently from the operating table and placed mn the Jateral position m
a warm hurmudified, and oxygenated mncubator (Fig 201) for the return
trip to the nursery where the meticulous sterile regime 15 continued

2l
.

<}

Fig 201 Newborn infant postoperatively m the lateral position in an incubator

Of utmost importance m the postoperative care of premature and new
born wfants 1s that they be under the constant viglance of a specially
tramned nurse In the first place, since the gag reflex 1s weak 1n the 1imma
ture mnfant, the aspiration of food 1s comparatively unrestramed, and the
possibility of this comphication occurring renders indispensable strict ob
servation of the infant after feedng 1s resumed Another nish 1s the mnfant s
tendency to stop breathing with the shghtest provocation such as turnuag
or feeding but immedsate detection of cessation of breathing accompanted
by mmmediate stimulation of the infant 1s generally sufficient to remtiate
respiration An even greater danger 15 the insidious onset of atelectasis at
first 1 an undiagnosable degree then n an hour or so progressing to 2
massive, sometimes wremediable atelectasss with cyanosis To prevent this
occurrence of massive atelectasis the mfant should be encouraged to cry
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RESPIRATORY COMPLICATIONS

Obstruction from Sccretions, Blood, or Gastric Contents

Obstruction 1 the pharynx and trachea from secretions, blood or gastric
contents can be prevented or alleviated by posturing the emerging patient
1n the lateral Trendelenburg position, with his head extended, his mandible
pushed fornard and his mouth open Secretions will, mn this way, drain
out of the mouth and nose These secretions also may be aspirated out of
the mouth bv the anesthesiologist

The greater hazard of the patient aspirating sold food 1nto his trachea,
when ancsthesta has to be admimistered for emergency surgery, can be
avorded by leaving the endotracheal tube 1n place until after vormting 15
fimshed Only when the patient s reflexes are very active and he 15 almost
conscious 1s he finally extubated

Laryngospasm

Another common cause of respiratory obstruction on emergence from
anesthesia 1s partial or complete laryngospasm, etther upon withdrawal of
an endotracheal tube or upon lightening of the anesthesia If an endo-
tracheal tube 15 1n position, the lungs are filled with a ugh concentranon
of oxygen and then the tube 1s gently withdrawn during exhalation, ad-
mmstening oxygen by mask immediately thereafter as a supplementary
safeguard These measures will usually prevent hypoxia occurring from
temporary laryngospasm Postpoming removal of the endotracheal tube un-
il the infant or child has active reflexes and 1s bucking on the tube will
frequently prevent laryngospasm

Should laryngospasm occur, 1t 1s treated with oxygen by mask under
steadily increasing pressure In the rare severe, prolonged case of laryn-
gospasm, a small dose of succinylcholine chloride, 10 mg/kg of body
weight, intramuscularly or mtravenously may be necessary to break the
spasm and prevent hypoxia with adequate oxygenation and ventilation
being mamtamed until normal breathing 1s re-established

Laryngeal (Subglottic) Edema

If laryngeal edema occurs from an endotracheal tube, 1ts location 1s sub-
glottic opposite the cricoud cartilage and uts presence 1s usually evident
within one-half to one hour after extubation Generally prompt treatment
1n 2 cold atmosphere ennched with oxygen and high humudity, will gradu-



CHAPTER 28
POSTANESTHETIC CARE

Mortality statistics must m truth include deaths occurnng dunng the
postanesthetic pertod, unfortunately many a patients hfe has been Jost
from madequate attention and treatment during the postanesthetic pertod

The necessity for wmntegrating the over-all condition of the patient with
the study of the patient’s condition as a result of the anesthetic and surgical
procedure 1s yust as essential m the postanesthetic perrod as before or dur
g the operation Therefore when carng for the patent after the anes-
thesta, the anesthesiologist must be aware of and take nto consideration
the treatment of the patient by the surgeon and pediatnician such as the
resumption of a particular treatment for a chsease unrelated to the surgical
proceduse since the disease iself may give nise to serrous complications
or aggravate exisung ones This cooperative management of the patent
postoperatively 1s dumonstrated by the fact that the anesthestolagust often
makes one or more visits to the patient m the company of the pedsatrician
or surgeon as well as making his mmdividual wisits  Also, an mtegral part
of the postanesthetic care 15 that carned out by the recovery room nusse,
her coastant vigifance skal and willingness and ability to carry out treat-
ment are essential to a successful outcome for the patient

The followmg discussion covers the preventon and treatment of those

cC tons which particularly concern the pediatnc anes-

po

thestologist

P
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treated by artificial ventiltion of the lungs, using the Pulmonator (Fig
202) Tn our experience, there 1s no spectfic wnndote for the combined
barbiturate-opiate depresston of respiration Onc of the most helpful anti-
dotes 15 mhetharmde (Coramine), winch can be given intravenously or

>

Fig 202 Pulmonator A modified Lewis Leigh valve 1s connected to the mask
On compressing the bag the lungs are inflated with arr On releasing the bag 1t

:gpaglds causing air to flow 1nto 1t through the undirectional valve at the tail of
e bag.

intramuscularly every two hours untl the patient 1s able to assume ade-
quate spontancous respiration

Depression of Respiration by Muscle Relaxants

The basic treatment for muscle relaxant apnea 1s pulmenary ventdation,
manual or mechanical, until the child breathes spontaneously If mid but
inadequate respiratory efforts are present after d tubocurarine has been
used Tensilon, 10 mg, or Prostigmn, 1 to 5 mg depending on age pre-
¢ceded by intravenous atropine, often causes a dramatic merease 1n depth,
rate, and adequacy of respiration There 1s not, however, a specific anti-
dote for succinylcholine chloride, although fresh blood, calcium, Tensilon,
and mtravenous fluids have been used for this purpose

Worthy of note 1s the fact that we have not seen a severe apnea of over
fine to ten minmtes’ duration since we have given smaller doses of suc-
cnylcholine chloride mtermuttently when required rather than by the
continuous drip method With the continuous dnp technic, there 1s a
tendency to give larger doses of succinylcholine chlonde, and even though
this might not cause postanesthetic apnea, 1t might produce a residual
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ally reheve the edema over a twelve- to twenty four-hour period A
Croupette which supplies cold, saturated oxygenated atmosphcre or a cold
steam room 1s used The temperature of the Croupette or room should be
from 20° to 21 1° C (68° to 70° F), the atmosphere should be saturated
with morsture (tested by a hygrometer), and the oxygen concentratton
should be no more than 40 per cent (verified by an oxygen analyzer) A
continuous-recording rectal thermometer should be nserted in the patient
¥ such treatment 1s not effective, the patient 1s placed on an ice water
matiress (Fig. 203, p 433)

Laryngeal edema, bemng a partial respiratory obstruction, encourages
atelectasss, and therefore the edema must be treated early A senious laryn
geal edema requires constant observation and attention by the anesthest
ologist For sstance particularly in infants and young chuldren he may
have to perform tracheal aspirations three or four times durmg a twenty
four-hour pertod

In rare cases where the edema 15 unnoticed until advanced, or there 1s
a complication such as paralysis of one vocal cord, a tracheostomy may be
performed to cure the laryngeal obstruction However, we have had only
four patients tracheostormzed during twenty-five years of intubation 1 10
fants and children, and with our present knowledge and experence, we
question whether any of these four tracheostomues were actually necessary

Depression of Respiration by Preanesthetic Medications

Since barbiturates oprates and tranquilizers are used freely i premedi-
cation and can depress respiration postanesthetically the dosages of these
drugs should be kept to a mmmum Also, since it 1s common practice 0
admuster opiates and thiobarbuturates intravenously throughout the oper-
ation one must consider that the cumulative effect of these drugs may be
a rather severe postanesthetic depression

In the event that any of these drugs has produced a noticeable depres
sion of respiration, certain antagomstic drugs may be helpful For example
depression of resprration by oprates can often be overcome by n alylnor-
morphme (Nalline) or levallorphan tartrate (Lorfan) These antagomsts
are injected until respiration 1s sufficient for adequate oxygenation If the
drug depresston 1s severe oxygen therapy may be required Fortunately,
depression of respiration by opiates 1s not usually prolonged Then agam
seldom are we confronted with depression of respiration attributable solely
to opates, for the opuates are ordnarily combined with barbiturates m the
premedication Therefore the dcpression of respiration may have to be
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Such 2 comphe won should be prevented by muntunming the patient s
normal body temperature throughout the ancsthetic procedure, 1ccom
plished by rasing the temperature of the operating room and resting the
nfant on a mattress contumng water heated to normal body temperature
The temperature of the water 1n the mattress 1s hept constant by continu-
ous airculation through cotls (Fig 203)

Fig 203 Thermonator a umt for controlling the body temperature of a patient
(Left) Container for water and a circulating pump The water 1s pumped to the
mattress on the nght through one of the attached plastic tubes and then returns
10 the container by the other tube (Right) Cooling or heating mattress with embedded
plastic coils through which water circulates (Western Anesthesta Equipment Co
Redwood City Cahforna )

Afelectasis

One of the most severe respiratory complications 1s atelectasis Its
Causes are mamifold, with any one of the following shouldering or shanng
the responsibility for its occurrence madequate expansion of the alveoli
1 the newborn, muscular weakness from a pre-existing disease, surgical
procedure anesthetic agents or muscle relaxants, engorgement of the lungs
with blood from congenital heart disease, residual atelectasis of the lungs
from intrathoracic operations or partial chronic obstruction to respiration
—cach one of which causes a reduced tidal volume and 1t 1s this reduced
;Idﬂl volume which causes an incipient collapse of small sections of the

ung

In children, ventilatory wmsufficiency especially madequate ndal volume,
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paresis of the muscles of respiration siular to that seen following d tubo-
curarme If depression of respiration does occur postoperatively, artificial
resprration 1s used until the patent’s regular breathing ss established This
artfictal respiration can be carrted out by one of the many devices avail
able, such as the Pulmonator, or the Bird, Bennett, or Jefferson ventiators
Considerable gwdance can be provided m these cases by observing care-
fully the expansion of the thorax and the continnous recording carbon di
oxide analyzer

Depression of Resprration by Anesthetic Agents

Even though some of the inbalation anesthetic agents cause a depressien
of respiration, 1t 1s usually of exceedingly short duration because the gases
are ehmmated rapidly from the patient s system For example, there may
be nstances of short pertods of respiratory depression followmg the use of
cylopropane or trichlorethylene, but this depression ss overcome before
the patient Jeaves the operating Toom by applymg artificial resprration for
a short period of time

A more severe complication 1s that caused by the cessation of the ad
mumstration of ether or cessation of the stmulating surgery, producing 3
hypoventidation by leaving the patient to the mercy of the previously ad-
mmstered hypnotic drugs

Habit Apnea

Of frequent occurrence 1n the operating room 1s so called habit apnea,
whch ts a period of apnea seldom lasting more than five mnutes following
the cessation of the administration of the anesthetic agents but this apoea,
on occasion 15 prolonged by the dep drugs which have been ad-
munstered It follows a period of controlled respiration, and even though
the patient may have a high alveolar carbon dioxde spontaneous breath-
mg 15 not resumed

Recovery from habit apnea 1s usually spontaneous, and the patient
rapidly resumes resprration with rapid return of reflexcs However, should
this apnea be prolonged ntravenous mkethamide (Coramune) 250 to
1250 mg, depending on the age of the patent will generally provide the
necessary stmulus to start normal breatiing

Depression of Respiration by Reduchion in Body Temperature

Occastonally, small infants whose body temperature has fallen in the
operating room may need to be warmed almost to normal before adeguate
respiration 1§ established
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8 Stop passing the catheter 1f difliculty i prssage 15 encountered
oxygenate the patient, using bag and mask before making another attempt

9 Suction trachen briefly, since prolonged suctiomng causes unrelent
g coughing 1nd severe hypoxe

10 Oxygenate patient on withdewwing teachenl suction catheter

11 Take the blood pressure

12 Pass suction catheter 2gain if necessary

13 Stop the procedure 1f severe bridycardia occurs, oxygenate the
patient and check the blood pressure

Pneumothorax

Pncumothorax, a rare complication oceurs particulrly mn newborn -
fants It may be spontancous as a result of the infant s own violent cfforts
to fully expand his partially atelectatic lungs, 1t may be created by the
anesthesiologist while he 1s artificrally ventilating the Iungs, or 1t may be
created by the surgeon during certamn thoracic operations such as tracheo-
esophageal fistula repair or diaphragmatic herma repair

If the pncumothorax 1s caustng hypoxta hypercarbia, or circulatory de-
pression as a result of a misplaced heart, 1t 1s necessary to aspirate the
air or apply underwater seal drunage

CARDIOVASCULAR COMPLICATIONS

Patients who have either congemtal or acquired cardiac disease may
have many cardiac complications following operation most of them being
alterations in rhythm or rate of the heart, and are treated by the cardiolo-
gist There are however other cardiovascular complications which can
occur 1n any patient after anesthesia and in such cases the care 1s largely
the responsibility of the surgeon and anesthesiologrst

Certain cardiovascular complications such as hypotension hypertension
rarely cardiac arrhythmias and cardiac arrest may occur during the 1m-
meduate postanesthetic recovery pertod The cardiovascular monutors used
duning anesthesta—the precordial stethoscope the blood pressure cuff, the
finger plethysmograph, and mn some cases the electrocardiograph and car-
bon dioxide analyzer—are left attached until all the storminess of emer-
gence from anesthesia 1s past and the infant or child 1s considered fit to be
sent to the recovery room, where the monitoring of blood pressure and
pulse rate 1s continued Also, 1if the anesthesologist determines that fluids
blood or drugs may be needed duning the postanesthetic period he will

Yeave n place the cut down or styletted intravenous needle used during the
operation
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1s seldom sustained since they can cough move actively, and take deep
breaths In some mnfants, however, who can neither cough nor cry, sus
tamed hypoventilation can occur An ndrawing of the lower or upper 1t
tercostal spaces on wsprration, or an mdrawing or lag in elevation of one
side of the thorax on mspiration calls for prompt efforts to taduce cough
ing Nikethamude (Coramune), tracheal aspiration, or a five minute pened
of intermuttent, positive pressure breathing will often elmmate this in
cipient atelectasts But if the cause of the hypoventlation 1s sull present
that 13, obstruction to respiration or depression of respiration, then m
«ipent atclectasss can reappear i an hour or so, and the treatment to
promote coughing and thus improve the tidal volume must be repeated
In untreated cases, the nunor degrees of atelectasis progress and soon
mvolve large areas of the lungs The temperature, pulse rate and respira
tory rate become elevated, cyanosis appears but can be relieved by high
concentrations of oxygen, and breath sounds become distant over the af
fected areas Confirmatory evidence 1s a film of the chest winch will show
large areas of atelectasis Undaunted by the fact that such advanced and
extensne atelectasts mn the imnfant is, mm most mstances, resistant to treat
ment by mhethamde (Coramine), trachial aspiration, mereased humudity,
and/or mtermittent positive pressure breattuing the anestheswologst, never
theless must assiduously pursue this course of treatment since survival of
the patient 15 dependent upon 1t
Procedure for Tracheal Aspiration Tracheal aspiation for relief of
atelectasis 1s attendant with the possible complications of trauma or acute
hypouia but the occurrence of these complications cmn be munmized by
adopting the following procedure for tracheal asprration
1 Have avadable the following equipment
a Bag mask laryngoscope suction apparatus, and firm stff suc
tion catheters
b Oxygen supply
2 Wait four to five hours after a meal before commencing tracheal
asprration
3 Check blood pressure Patients with low blood pressure do not
tolerate this procedurc well
4 Atiach precordial stethoscope
5 Restramn the patient by bundhng htm m a sheet
6 Osxygenate the patient using bag and mask since cardiac vagal
reflex 1s more severe n the presence of hypoxia
7 Perform laryngoscopy and gently pass suction catheter mto the
trachea, while the patient 15 held firmly by the nurse or assistant



POSTANISTIETIC  CAT 437

anesthesta exeessivels tight bandages around neck, chest, or 1bdomen, and
gastric dilatation from ngested air Some of these conditions when present
m 1 moderately healthy patient may prove unesventful, but in 2 weak,
sichly, debilitated 1nfant or child may be rapidly fatal

If cardrc arrest or sentnicular fibriliation occurs 1t must be treated
forthwith by ventilaton with high oxygen eflective eardine massage, and
admimistration of simulatory, vasopressor, or antifibrillatory drugs, 1s the
sttuation warrants

NERVOUS SYSTFM COMPLICATIONS

Fmlure to Regun Consciousness

Failure to regan conscrousness n 1n infant or child who has not under-
gone ncurosurgery or who has not had large sedative doses of opiates or
barbiturates 1s scen most frequently following cardinc arrest in the operat-
mg room If following cardiac arrest, the patient has roving cyeballs small
pupils pupils that react to ight or he responds to pamn by movement of
the hands or legs, then the prognosts 1s usually favorable Nevertheless,
any patient who has suffered cardiac arrest on the operating table should
have his body temperature cooled to around 33° C for two or three days
postoperatively This reduction m temperature helps prevent the occur-
renee of cerebral edema which can cause considerably more brain damage
than that caused by the hypoxia m the operating room

To reduce the body temperature rapidly, the patent 1s covered with
chipped 1ce and then wrapped 1n a coiled cooling mattress (see Fig 203,
P 433) When the patient s temperature 1 reduced to about 33° C 1t 1s
mantamed at this level by means of the wce water circulating through the
plastic tubing 1n the mattress

After cardiac arrest some patients have tetamc convulsions and go nto
opisthotonus but these tetamic spasms tend to disappear as the pattent’s
condition improves But 1f the pupils remam fixed and there appears to
be no gradual improvement n the patients condition m the first forty-
cight hours postoperatively, the prognosss 1s exceedingly grave

Convulsions

Convulsions even though a rare postanesthetic complication, may anse
as a result of any of the following 1diopathic epilepsy brain tumor or
scar cerebrovascular accident water mtoxication high body temperature,
acidosis, or dehydration Those convulsions with a central nervous system
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Hypotension

Hypotension durmg emergence from anesthesia may result from de
pressed respiration, bucking, coughmng laryngospism cessation of anes
thesia blood loss withont adequate replacement during operation hypo
thermia or sudden rough movements of the patient This hypotension may
tip the precarious balance i an il infant or chid

In most mfants and children, hypotension 1s accompamed by a rapid
pulse although some mfants will show a slow pulse If the blood pressure
1s low, the recovery room nurse promptly consults the anestheswologist
who treats the hypotenston with enriched oxygen atmosphere Trendelen
burg posture, abdommal binder, elastic bandages on the legs, and blood
replacement

Hyperteasion

The ocenrrence of hypertension m a patient 1 the recovery reom Js rare
If seen postanesthetically, it can generally be coneluded that st was present
before anesthesta as 1 result of kidney disease, coarctation of the aorta,
endocrine disease, or essential hypestension Therapy, i this event, 15 dt
rected toward the specific disease

Hypertension m a patent recoverng from 3 brun operation, especially
if accompanted by a slow pulse, may be a grave omen of wncreastng ntra
cramal pressure and in tus case the anesthestologist consults the neuro
surgeon who may want to remove fluid from the ventricle

Changes m Rhythm or Rate of the Heart

Cardsac irregulanities are often due 1o a short peniod of hypoxia or £af
bon dioxide excess and may be remedied spontaneously with oxygen
therapy On the other hand, preswtent tachycardias or urcgularsties de
serve an electrocardsogram and the concerned attention of a cardiologist,
who will chagnose and treat them before more serious consequences such
as cardiac fature cardsac arrest, and vemtricular fibrllatien occur

Cardiac arrest or ventnicular fibrillation occurrmg m the operating room
during emergence from anesthesta may have many contributory causes,
for this 15 a pentod fraught with sudden changes and any of these changes
may disturb the del ly bal: d body h which are alrendy
wpatred by the msults of anesthesia and surgery Tt therefore behooves
the conscienttous anesthesiologist to protect the patient from all possible
dangers, such as hypouia, carbon dioxide excess rough movements, deep
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anesthestn, excessively tight bandages around neck, chest, or 1bdomen, and
pastric dilatation from ingested it Some of these conditions when present
m a moderately healthy patrent may prove uncventful but m 1 weak,
sickly, debilitated infant or child may be rapidly fatal

If cardiac arrest or ventricular fibnllation occurs, it must be treated
forthwith by ventilation with high oxygen, cffective cardine massage, and
admmistration of sumulntory vasopressor, or antifibnillatory drugs, as the
situatton warrants

NERYOUS SYSTIM COMPLICATIONS

Falure to Regan Consciousness

Failure to regain consciousness m an mfant or child who has not under-
gone neurosurgery or who has not had large sedative doses of opiates or
barbiturates 1s seen most frequently following cardiac arrest i the operat-
g room If, following cardiac arrest, the patient has roving eyeballs, small
pupils, pupils that react to light, or he responds to pain by movement of
the hands or legs then the prognosis 1s usually favorable Nevertheless,
any patient who has suffered cardiac arrest on the operating table should
have his body temperature cooled to around 33° C for two or three days
postoperatively This reduction n temperature helps prevent the occur-
rence of cerebral edema which can cause considerably more brain damage
than that caused by the hypoxra n the operating room

To reduce the body temperature rapidly the pattent 1s covered with
chipped 1ce and then wrapped 1n a coiled cooling mattress (see Fig 203,
P 433) When the patient s temperature 1s reduced to about 33° C 1t 1s
marntained at this level by means of the 1ce water circulating through the
plastic tubing i the mattress

Aftter cardiac arrest, some patients have tetanic convulsions and go mto
opisthotonus  but these tetanic spasms tend to disappear as the patient’s
condition improves But, if the pupils remain fixed and there appears to
be no gradual mmprovement 1n the patient s condition 1 the first forty-
eight hours postoperatively, the prognosts 1s exceedingly grave

Convulsions

Convulsions even though a rare postanesthetic complication, may arse
as a result of any of the following 1diopathic epilepsy bram tumor or
scar cerebrovascular accident water ntoxication high body temperature,
acidosts, or dehydration Those convulsions with a central nervous system
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origm can be prevented or at least obtunded with adequate barbiturates
or anticonvulsant drugs m the preancsthetic medication, while most of
those with another origin can be avoided by not permutting the caus. to
develop

If convulsions occur, treatment 1s oxygen nhalation, intravenous tho
barbiturate, and specific treatment of the particular cause

Nerve Injuries

Seldom are postanesthetic neuropathies seen 1n pedratric anesthest
ology, perhaps because of the young patient s Iiberal distribution of sub
cutancous fat which protects the nerves Occasionally, however a foot
drop 15 seen asually due to a tightly attached sphint Brachial plexus palsy
15 practically unknown m pediatric practicc On one occasion, we saw 2
child with a strabismus following general anesthesta, however, this cleared
m a day or two and may have had an emotronal basis

Pam

With most wnfants and children postanesthetic pam 1s seldom severe
enough to warrant analgesics or sedatives Should pan become unbearable
morphme 075 mg/yr of age, or mepertdine (Demerol), 05 mg/hg of
body weight, may be given with good effect

UROGENITAL COMPLICATIONS

The commonest renal complication mn infants and children 1s the 1€
tention of urme A full bladder not only 1s uncomfortable but also predis
poses the patient to uninary reflux and mfection Seldom 1s cathetenzatton
necessary m the conscious wnfant or chid, but may be required 1f bladder
distention persists m the unconscrous nfant or child

TRAUMATIC COMPLICATIONS

Protcting the mfant or cluld from mjury 1s an essential element of
postanesthetic care In the first place a check of the child s tecth 15 ad
visable to assuse that none have been madvertntly chipped or removed
by the laryngoscope arrway, or mouth gag If any arc mussing they must
be erther found or the child s chest x rayed to ensure that the tooth 15 not
n Jus Jung If by 1l chance he has aspirated nto hus lungs the mussing
tooth removal of 1t as soon as possible by the endoscopist 35 naturally a
requistte of good medical care

Traumatic comphcations 4re an ever present hazird s the nfant of
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child 1s rousing  Unless guarded At every moment, he m1y tumble from
the operating table or stretcher and suffer injury He may scratch his skin
or his eyes, tenr off bandages, or imvestigate his surgienl wound

Teauma 1s still 1 hazard 1in the recovery room as the patient emerges
mto a state of full consciousness Until conscrous, the infant 1s prevented
from falling by his incubator sides 1nd top or by the cnb sides, while the
older child 1s restruncd within the compass of his bed by barred sides If
the child thrashes about lus arms and legs may be sccured to the bed
side by restramts but if this 1s done, the child should be in the lateral or
pronc posttion to prevent asprration of any vomutus The special form
padded arm restramnts apphed to a child after an eye opcration to prevent
him from removing the eye bandages, are left n place until a state of con-
sciousness and reasonable quictude 1s regained

TEMPERATURE

The temperature of the mfant or child 1s recorded by the recovery room
nurse immediately upon fis arnval n the recovery room and frequently
thereafter A low body temperature not deliberately induced n the operat-
ng room 1s seen frequently m nfants up to one month of age, especially
1n prematurc infants and 1 infants who have undergone prolonged ab-
domunal or central nervous system operations Siwnce mfants with a low
body temperature may breathe mdifferently or not at all unless stimulated
and warmed they are usually treated with nikethamude (Coramme) inter-
mittently, 05 to 1 0 ml and warmed 1n an incubator

On the other hand, a distinctly elevated temperature, seen more fre-
quently 1n children than in infants, can be equally deleterious and must

be remedied by using mimmal covering, sponge baths, cold-water mattress
or ice bags, and oxygen tent
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Abdominal distention restricting move
ment of diaphragm 69-70
Abdominal perincal repair  anesthetic
management for 372-74
Abdommnal  wall resuture  anesthetic
management for 375
Abscess See organ or region affected or
name of specific abscess
Absorption m circurt techmc 228-33
circle filter apparatus adult disadvan
tages 229
Edison (Roswell Park) ctrculator
229

Foregger Adnant pediatric conver
ston kit 229 230

Foregger Bloomguist mfant circle
filter 232

Foregger infant cicle filter by
Leigh 232

Heidbnink infant circle filter 230-32
Revell circulator 229-30
intubation of infants 233
semiclosed system use of 233
Absorpuc;\8 to and fro techmc 226-
advantages 227
disadvantages 227-28
soda lmz\;.’czmster care 1n preparation

size 226
temperature monitoring of 226
Acetone bodies 158-59
Acid base balance 28-34
function of kidney 1n 150-52
metabolic acidosis 31-33
metabolic alkalosis 28-31 66

respiratory acidosis 33
respiratory alkalosis 33-34
Acoustic neuroma removal of anes
thetic management 398404
Acquired diseases See specific diseases
and systems of the body affected
Actinomycosis 15
Addison s disease See Hypocorticism
A d See Tonsill y and
adenoidectomy
Adenoild tissue  as nasal obstruction
Adiposogenital dystrophy See Froehlichs
syndrome
Adrenal cortical hyperplasta See Hyper
cortictsm
Adrenal cortical sterords 165
Adrenal cortical tumor
corticism
Adrenal glands 164-68 See also spe
cific diseases and operations
diseases of affecting the heart, 120
Adrenal hyperplasia See Hypercorticism
Adrenal medulla tumor See Pheochromo
cytoma
Adrenalectomy  See  Hypercorticism
Pheochromocytoma
Agents See Anesthetic agents
Albumin 132
Allergies 17-18
Amebiasis 16-17
A h

See Hyper

287-88
Amylordosis 34-35
osteomyelitis S0
spleen 133

441
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Amyotoma congenita 175
effect on respiratory muscles 67
Anal sphincter dilatation anesthetic man
agement for 372
Anastomosis arterial and venous 325-26
See also specific diseases 1n
volved
Anatomy See also Premature infant—
evaluation of specific systems
of the body
cardiovascular system abnormal 59—
124 See also specific diseases
and congenital defects
normal 90-91
digestive system 135-36
nervous system 169-70
respiratory system 54-59
bronchi 58
larynx 56-57
lungs 59
mouth and oronasopharynx 56
thorax 54-56 86
trachea 57-58
urogenital system 148
Ancylostomiasis 16
Anectine See Succtnylcholine
Anemta  128-31  See also
diseases
effect on cardiovascular system 121
pathological 130-31
splenectomy 1n 333-3§
physiological 129
Anesthesra  See specific agents diseases,
and procedures
Anesthetic agents 185-98
gaseous anesthetics 185-87
hypotensive agents 195-96
local anesthetic agents 195
muscie relaxants 196-98 431-32
nonvolatile drugs 192-95
postanesthetic depression of respiration
from 432
volatile Liquid anesthetics 187-92
Anesthetc chart 265
Anesthetic equipment  250-63 See also
specific equipment
basic 250
mobile cart 250 310
preparatios of 250
cardiac monitors 250-60
carbon dioxide analyzer 257 263
313
electrocardrograph 98-99 101 123-
24 240 256
electroencephalograph 171 257-60

specific

INDFY

esophageal stethoscope 253
plethysmograph 253-55
precordial stethoscope 251
cardrac surgery 310
endotracheal intubatron 205-10
tracheal aspiration 434
ventilators 260-63
Bennett 263 401 432
Burd 263 314 432
Jefferson 432
necessity of observing climcal signs
duning use of 262-63
Pulmonator 431 432
Takaoka 263
Anesthetic techmics 200242
hypothermia 239-42, 311-19 370-72
401 403 411
mhalation 200-233
absorption 226-33
endotracheal mntubation 200-218
insufflation 219-21
nonrebreathing valvular 223-25
opendrop 218
T tube (Ayres) 221-22
mtravenous 233-34
local 234-39
epidural 239
nfiltration 235-36
nerve bloch 236
spinal 237-38
topical 235
Angrocardiography 102
anesthetic management for 319-21
Anomalous pulmonary venous coanec
tion  anastomos)s for—anes
thetic management 326
medical considerations i 115
Anaplasty See Imperforate anus
A gic drugs pr
wation 268—71L

med

pr
268-71
Aortic stenosts congenital 108
Aortography 102
anesthetic management for 327-28
Apnea See Habit apnea
Apparatus Sce Anesthetic equipment
Appeamnce evaluation of 21
See Append
Appendlcms 14’-43
appendectomy for—anesthetic manage
ment 369-72
hypothermia technic 370-72
methods of anesthesia 369-70
spinal 237 370
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Archnodictvly 6-7
Arhsthmis chewfication of 124 See
also Heart rate Heart thythm
Artenies and veins—aperfions on - See
Cardiovscular  system—opera
tions on arteries and veans
Arthrodests ancsthetic management for
287-88
Arthroplasty anesthetic management for,
287-88
Ascanisis 16
Ascorbic acid See Vitamin deficiency C
Asprration food See Food
trachcal See Tracheal aspiration pro
cedure
Asthma 17-18
bronchial obstruction 83
Astrocytoma 179
Atelectasts 59 73
Cyanosis
bronchoscopy for relief of 298-99
postanesthetic  prevention and  treat
ment of 426-27 433-35
tracheal aspiration procedure 434-35
Atral septal defects 1034
cardiotomy for—ancsthetic manage
ment 311-17
Atropme preanesthetic medication 268-

64 See also

71
Ayres tube 221-22

Bacternal diseases 12-15
Bactenal endocardiis 115-16
Baffe s operation 326
Banus syndrome
congestive
Baralyme absorption 1n cireuit techmic
use in 229-33
to and fro absorption technic use m
226-28
Barbiturates 192-94
advantages 192
disadvantages 193
depression of
by 430-31
uses 194 See also specific diseases and
operations
preanesthetic medication 268-71
Barcroft oxygen dissociation curve 127
Barton mouth gag 353
Basophilic tumor of pitutary See Cush
ing's syndrome
drugs
tion 268-71

See Splenomegaly

Bellad,

medica

113

Bennett senfilator 263 401 432 See
alwr Venul wtors
Beribert See Vitamun deficiency By
Biliary atresn 144
operation  for—anesthetic manage

ment 375
Biot s resptration 9-10
Bird assstor/controller 263 V14 432
See alvo Ventiltors
Mite block use 1n cndotracheal mtubz
tion 210
Bladder operitions on 387-90 See also
specific dise 1ses and operations
Bladder nech constriction 149
resection for—ancesthetic management
388~
Blalock Taussig operation
Fallot 107 325
tricuspid atresia 110 325-26
Blast injuries 19
Bhindness premedicationn S
Blood Se¢e Chrdiovascular system—eval
uation of Hemic and lymphatic
systems—evaluation of
Blood pressure measurement of 94-95
253-55
Blood protemns 132
Blood transfusion preanesthetic prepara
tion for 95 274 275-76
Blood vessels See Cardiovascular system
—evaluation of
Blood volume flow 97-98
normal 95
Body as a whole—evaluation of 3-42
See also specific diseases
generalized body disturbances 5-42
collagen diseases 41-42
infectious diseases 11-17
ntoxications 17-19
metabolism 21-39
new growths 40-41
prenatal influences 6~11
reticuloendothelial system  diseases
41

tetralogy of

trauma 19-21
vitamins 39-40
psyche 3-§5
Body as a whole—operations on 279-85
See also specific diseases and
operations

Bone(s) diseases of 49-52 See also
spectfic diseases
Cperations  on—arnesthetic  manage

ment 286-90 Sce also specific
diseases and operations
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Bone marrow discases of 133
Brain diseases of and operations on See
Nervous system spectfic diseases
and operatrons
Brain abscess 178
causing convulsions 171-72

INDEY

evaluation of cardiovasculir system it

101-2

Cardiac defibrillation 322

Cardiac diseases and surgery See Cardio
vascular system  specific diseases
and operations

Cardiac 321-22

dramnage of—anesthetic
398404 410-11
Bram tumors 179

postanesthetic 437
Cardiac momtors 250-60
carbon dioxide analyzer 257 263 313

causing convulsions 171-72
h

electr 98-99 101 123-

operation f
398-404 410-11
Branchial cleft cyst or fistula removal of
351

24 240 256
electroencephalograph 171 257-60
haseal steth 253

~—anesthetic
Broncht anatomy of 58
operations on—anesthetic management
298-303
Bronchual atresia or stenosis 83
Bronchiectasis functioning lung tissue de
creased m 75
treatment of 82-83
Bronchogram  anesthetic
for 301-3
topical anesthesta in 235
Bronchomalacia 83

management

plethysmograph 253-55

precordial stethoscope 251

visuahization of heart 259
Cardiotomy See Atrial septal defects

Ventricular septal defects
f " Tuat of

Card y

90-124

abnormal anatomy and physiology 99-
124

acquired diseases of the heart 115-
24 See also specific diseases
1 lies and defects of

y
for 298-301
diagnosss or aspiration 298-99
temoval of foreign body 233-301
topical anesthesia in 235
Burns adrenal cortical disturbances m
167-68
antertor chest wall of use of esoph
ageal stethoscope 253
lower nephron nephrosts in 153
medical considerations 1 19-20
surgical treatment of-—anesthetic man
agement 281-84
Butler s solution 23

Calcium defieit 27-28
excess 27
Carbohydrate metabolism 36-37
Carbon dioxide analyzer cardiac momtor
257

pulmonary ventilation monitor 263
use in cardiac surgery 313
Carcinoma thyroild 394-95  See also
Hyperthyroidism
Cardiac arfest cardiac massage for 321—
22

neurocirculatory asthema m 122
postanesthetic treatment of 436-37
Cardiac cathetenization anesthetic man
agement for 319-21

the heart and great vessels 102-
15 See also specific anomalies
and defects
methods of evaluation 99-102
diseases of imiting movement of lungs
70

endocrine diseases affecting the heart
1

normal anatomy 90-91
blood vessels 91
heart 90-91
normal physiology 91-98
blood pressure 94-95 253-55
blood volume 95
flow 97-98
cardiac thythm 94
circulation course of before and
following birth 91.-93
crculation time 95-97
electrocardiogram 98
heart rate 94
heart sounds mtensity of 94
premature ifant 10
Cardiovascular  system—operations on
309-29 See also specfic dis
eases and operations
arteries and veins 322-29
basic preparations for cardiac surgery
309-11
heart and perrcardium 311-22
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Cardiovascular  system—postancsthetic
complications of 435-37 Sece
also speaific discases and opera
tions

heart rate or rhythm changes 435
436-37

hypertension 438 436

hypotension 435 436

Celiac syndrome 14142

Cephalhematomn 176-77

Cercbral arteriography ancsthetic man
agement for 328-29

Cerebral cortex development of 169

Cerebral palsy 175-76

rcpmroflcclh i 346~-48

1 ffuid hydr hall

Cercbrosp P 174
mfant 171
Cheiloplasty See Cleft lip

Choanal atresia nasal obstruction 77

15

and systems of the body af
fected
Congestsve heart failure 118-19
Consctousness failure to regun postan
csthetically 437-3R
Contustons 47
Convulsions See also specific diseases
causes 171-74
cther anesthesta tn 188 189
tocal anesthesiain 234
Iidocarne or tetracatne 195
pncumoencephalography following his
tory of 408
postanesthetic complication 437-38
Cooleys ancrma  See  Mediterranean
anemia
Coomb s test 130
Cortisone See Adrenal cortical sterords
Cramal nerves nconatal pertod 169-70

operation  for—anesthetic  manage Cranial operations See Nervous system—
ment 293-95 operations on specific diseases
Chondrosarcoma 51-52 and operations
Chylothorax 133 337 Cr 3 h for
Cicatrix 47 398-404 405-6
Circle filter technic See Absorp m C haryngioma 179
crrcust technic f: h

Circulation  See Cardiovascular system

Hemic z\nd lymphatic systems
C

398-404 410-11
h)potherrma technic mn 401

for
391-92
Classification of diseases and operations
2

Cleansing of endotracheal tubes 209
Cleftip 136
hedl,

anesthetic management for
398-404 405-6
Cramostenosis 174-75
craniectomy for—anesthetic manage
ment 398-404 405-6
See Cr
h

Craniosy
C

plasty  for- h
ment 341-43
Cleft palate 136
palatoplasty for—anesthetic manage
ment 348-50
Chitonidectomy h ent

manage

y 1c for
398-404
Cramum bifidum 175
Cretimsm 161

effect on the heart 119
Cryptcrchldlsm 160

for 160 391-92
Coarctation of the aorta 112-13
excision of with anastomosis—anes
thetic management 324-25
Cocerdioidomycasts 15
Codeme preanesthetic medication 269
(C_n}c endotracheal tube 207-8
h

y for
362-64

Collagen discases 41-42

Colon See Digestne system

Col h for

b
362-64
Compliance lung 63-64
Congenital defects See speatfic discases

lasty for 391-92
Cushing s syndrome 163-64 166-67
adrenalectomy for—anesthetic manage
ment 393-94
effect on cardiovascular system 120
Cut down preanesthetic preparation 95
75-76
Cyanosts See also Atelectasis
acrocyanosss 47-48 84-85
generalized 48 85
of head 84
Cyclopropane 186-87
advantages 186
d|sadvantages 186—87
Cy:

fo
*389-50 ’
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Cystoscopy [cont ]
Pontocaine or Xylocaine jelly use of
235

anesthetic for

INDLY

Digestive  system—operations on  339-
See also specific diseases
and operations

peritoneum  and omentum

387-88

Deafness osteogenesis imperfectum 49
premedication §
Decamethonium (Syncurine) 198
Decholin See Dehydrocholic acid
Decompression of shull See Fracture
depressed skull
Decortication anesthetic management for

Dehydration 22-23
Dehydrocholic acid (Decholin) circula
tion time test 96-97
Demerol See Mependine
Dental operations See Teeth and gums
Deviated septum nasal obstruction in 78
Diabetes 162-63
acetone bodies 1n 159
effect on the heart 119-20
Diamond L K pathological anemias
tabulation of 130
Diaphragmatic hernia See Hernia dia
phragmauc
Diarrhea consideration of before anes
thesia 145
Dibucaine hydrochloride (Nupercane)
spinal anesthesta 237
Diethyl ether 187-88
advantages 187
disadvantages 187-88
open drop techme 218
Digestive system—evaluation of 135-46
See also specific diseases
acquired diseases of the digestive tract
142-43

diseases wall

14.
digestive system 13642
liver 144
normal anatomy and physiology of
digestive system of the infant
135-36
premature infint 10
preparations for anesthesia and surgery
14446

bowel habits 145

distention of stomach 145

enema 145-46

food 145 Sec also Food preanes
thetic rules regarding  Food
provention of wspirtion

375-79
appendix 369-72
biliary tract 375
esophagus 356-62
hp 341-44
liver 374-75
mouth 33941
palate and uvula 348-50
pharynx adenoids and tonsils 350-56
rectum and anus 372-74
salvary glands and ducts 350
stomach and intestines 362~68
teeth and gums 344-48
tongue 344
Diphtheria 13-14
effect on the heart 116-17
tracheal obstruction in 82
Diseases See also specific diseases and
specific systems of the body
classification of 2
Distention of the stomach 145
Divinyl ether (Vinethene) advantages
189

disadvantages 189
Double aortic arch 11314
Double vagina plastic repair for—anes
thetic management 391-92
Drugs See also specific drugs
abnormal response to 18
Duplications of the digestive tract 142
excision of—anesthetic management
3624
Dysautonomta See Riley Day syndrome
Dyspnea 86

Ear anomalies of 181
operations on 419-22
mastoidectomy 42)
myrnngotomy mciston of furuncle
otoscopy removal of foreign
body 1n external auditory canal
419-20
otoplasty 422
tympanoplasty 422
Ectodermal dysplasta 46
Ectopic hidrey 148
Eczema 17
Edema generahized 19
Edison (Roswell Park) circulator 229
Ehlers Danlos syndrome 45
Tisenmenger s complex 108
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Electrocardiograph 123-24 256
normal patterns 9%-99
use In hypothermia techmic 240
preancsthetie evaluation 101
Electroencephalograph  as cardine momi
tor 257-60
patterns 171
Electrolyte balance See Flud and elec
trolyte balance
Embryoma of hidney 155
nephrectomy for-—ancsthetic manage
ment 386
proteinunia tin 158
Emergency surgery blood Toss and shock
19

care n prepanng patient 340
prevention of aspiration of food 145

274 340
postoperatinely 429
traumatic inury  cardiovascular  ef

fects 121-22
Emotional disturbances psychotherapy in

>
Emphysema endatracheal intubation 1
202

subcutaneous 4647
Empyema 303
Encephalins 116
mnvulsmnsm 171-72
Enct aphy See P hal
graphy
Eﬂdocardml ﬁbroelaslosxs 122
Endocarditis bactersal 115-16
Endocrine system——evaluation of 161-68
See also specific discases
adrenal glands 164-68
endocrine diseases affecting the heart
119-20
Pancreas 162-63
parathyroid glands 162
Pltustary gland 163-64
thyroid gland 161
Endocrine system—operations on  393-
97 See also specific diseases and
operations
adrenalectomy 393-94
excision of thyroglossal cyst 395
Parathyroidectomy 396-97
thyroidectomy 394-95
Endotracheal sntubation 200-218
advantages 200-201
cleansing of respiratory tract 201
comr% of pulmonary ventilation
201

patency of arrway 200
reduction of dead space 200

117

removal of ancsthesiologst from 1im

mediate operative field 201
disadvantages 201-3

accidental removal of teeth 202

aspirited tubes 204

foreign bodies 205

granulomn of vocal cords 204

hemorrhage 202

improper diameter or length of tube
205

increased risk of trauma 202
obstructed tubes 204
obstruction to airflow 201
overdistention of alveolr 202
prolonged tduction 205
separation of angle picces 204
subglottic edema 202-4 205 249-30
equipment 205-10
bite block 210
headrest 210
laryngoscopes 205-6
Iubricant 210
tubes and connectors 206~9
extubation 216-18
intubation procedure 210-16
blind nasal 215-16
tactile nasal 215
tactile oral 215
visual nasal 215
visual oral 210-14
Endotracheal tubes and connectors 206-9
cleansing 209
diameter 208
fength 208-9
Enema 145-46
Eosinophilic granuloma 41
Epidural anesthesia 239
Epidural hemorrhage 176
Itgation of menmgeal vessels i 398-
404 408
Epiglottitts 81
Epilepsy, 173-74
Epistaxis 78
E See Anesth
specific equipment
Erb Duchenne paralysis  effect on re
spiratory muscles 67
Erythroblastosis fetalis 116 130
Erythrocyte 127-31
renal disease 159
Erythrocytosis 128
Esophagea! atresia 137
anastomosis of—anesthetic manage
ment 358-62
Fsophageal stethoscope as cardiac mon
or 253
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Esoph thet!

INDEX

(o4
for 356-58
Esophagus congenstal malformations of
136-40

operations on, 35662 See also spe
cfic diseases and operations
Ether See Diethyl ether
Ethyl chloride 189-90
advantages 189
disadwantages 190
Ethyl vinyl ether (Vinamar) 189
advantages 189
disadvantages 189
Evalnation of the patient 1-181 See also
specific systems of the body and
specific diseases
Ewng s sarcoma 5152
Extrophy of bladder 149
cystoplasty for—anesthetic
ment 390
Extubation procedyre 216-18
Eye diseases of (81
operattons on 41419
extraocular and on accessory organs
of eye 41819
mtraocular 415-17
preparation and evaluation of pa
tient 414

manage

Fascial tr. ! bd 1

muscles

for weak
"

Food of mn premature mofant

postoperatively 426
peristaltic movement of mfant 135-
36

274
prevention of asprration
340

rules regarding 143

145 274

postoperatively, 429

Foregger infant circle filter devised by

Legh 232
measure for endotracheal tubes 208

Foregger Adnam  pediatric  conversion
kit 229 230

Foregger Bloomquist nfant circle filter
232

Forewgn body bronchoscopy for removal
of-—anesthetic mMmanagement
299-301
bronchus 83
farynx 82
pose 79-80
pharynx nasal intubation, 205
spinaf cord and nerve roots removal of
—anesthetic management 398~
404 412
trachea 82
Fracture compression fracture of spmne
reduction of—anesthetic man
agement 288-90

for 178 290
Fibrinogen 132
Fibrocystic disease 14142
functioning lung tissue decreased 1n
75

operattons in precautions 367-68
Fibrosarcoma 51-52
Fibrothorax 3034
Fink nonrebreathing valve 223-25
Fistula See specific name of fistula
Flaxedd! See Gallamine
Fluid and electrolyte balance 21-34
acid base imbalances 28-34
function of kadney m 150-52
metabohic acidosis 31-33
metabolic alkalosss 28-31 66
respiratory acidosis 33
resprratory alhafosts 33-34
compositional imbalances 26-34
concentration smbalances 23-26
pyloric stenosis 364-66
volume mibalances 21-23
homeolvtc solutions 22-23
Fluothane See Halothane

P dskull 176
elevation  of—anesthetic
ment 398-404 405
large bones blood loss and shock 19
st

manag¢

reduction  of—anesthetic  manage
ment 286-88
mandsble reduction and fixation of—
anesthetic management 288
nose nasal obstructron 78
osteogenesis ymperfectum and osteope

tross 49
skull 19
ligation of meningeal vessels 398-
404 408

reduction of 398-404 405

Fragilitas ossiutn See Osteogenests tm
perfectum

Frequency of respiration 63-~62
Friedreschs ataxia 117
Froehlich s syndrome 163
Functional restdual capacity 60
Fungal diseases 1§
Funnel chest See Pectus excavatum
Furunculosis 46
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Gallamune (Flaxedil) 196
advantages 196
disadvantages 196
Gardner bucket 402
Gargoyltsm 6
Gascous amesthetics  185-87  See also
specific agents
Gas gangrene 14
subcutancous emphysema in 46
Gastrectomy  anesthetic management for

362-64
Gastric contents See Food
Gastroenterostomy  anesthetic  manage

ment for 362-64

Gastrostomy 362-64
anastomosts of csophageal atresia or
closure of trach h 1

149

postanesthetic 435 436-37
normal 94
Heart sounds sntensity of 94
Heat production and loss See Tempera
turc—body
Heidbrink anfant circle filter 230-32
Hemtc and lymphatic systems—cevalut
tion of 127-34 See also specific
disenses
blood 127-33
blood proteins 132
erythrocyte 127-31
heparin 133
leucocyte 131-32
platelets 132
prclhrnm)em 132

atresia 359 361
Gaucher s discase 36
Genital system See Urogemtal system
specific diseases and operations
Gigantism 163
cffect on cardiovascular system 120
Gliomas 179
Globulin 132
Glomerulonephritis 153-55
acute 153-54
adrenal cortical disturbances in 16768
chronic 154-55
hyperparathyroidism in 119 162
Glossoptosis See Pierre Robin syndrome
Glossorrhaphy  anesthetic management
for 344
Glycogen disease 36-37
Glycosuria 158
Granuloma of vocal cords 204

Habit apnea postanesthetic treatment of
432

Halothane (Fluothane) 191-92
adminsstration 192
advantages 191
disadvantages 191
Hand Schuller-Chrisuan syndrome 41
Hay fever See Rhimtis allergic
Headrest cramoplasty 406
endotracheal sntubation 210
Heart diseases and surgery See Cardio
vasular system specific diseases
and operations
Heart lung machme 310 311 317-19
Heart rate disorders of 123-24
postanesthetic 435 436-37
normal 94
Heart rhythm disorders of 123-24

P 132
blood forming organs 133
bone marrow 133
spleen 133
lymphatic system diseases 133-34
Hemic and lymphatic systems—opera
tions on 333-38 See also spe
cific diseases and operations
lymphatic channels 335-38
spleen 333-35
Hemoglobin 127-28 129
Hemogram 101
Hemolytic anemia acquired 131
congemtal 130-31

splenectomy in—anesthetic manage
ment 333-35
I hil thrombopl. n 132

Hemopinlus influenza¢ menmmngitis 177

Hemorrhage during endotracheal intuba
tion 202 See also Eprdural
hemorrhage

Heparin 133

Hepatitis 116

Herma diaphragmatic 73-74 144

hermoplasty for—anesthetic manage

ment 377-79
of h m str lated
145
mnguinal and umbilical 144
mgunal  femoral umbilical ventral

and epigastric hernioplasty for
—anesthetic management 376

Hernioplasty See Hermia

Herpes simplex 12

Heterosexual development See Sex deter
mination

Hurschsprung s disease See Megacolon

Histoplasmosis 15

History of patient in evaluating ¢ rdio
vaseular system 99-100
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Hodgkin s disease 134
Homeolytic solutions 22-23

INDEX

nephrectomy for—anesthetic manage
ment 386

H d

d "

Hookworms See Ancyl
Hurler s syndrome  See Gargoyhism
Hyaline mumbrane 74~75
Hydrocephalus 174
convulsions in 171-72
venir thetic
management 393—404 41112
Hydrocortisone  See Adrenal cortical
steroids
Hydronephrosis nephrostomy for 384-
85

resection of bladder neck for 388-89
Hygroma of neck 133
causing tracheal obstruction 82
CXClSlJOn of—anesthetic management
subdural dramage of-—anesthetic man
agement 398-404 408
Hyperadrenocorticism  See  Hypercortt

cism
Hyperbihrubinemia 129
Hypercalcerma hyperparathyroidism
19 162 396-97
vitamm D excess 121
Bypercorticism 163-64 166-67
adrenalectomy for—anesthetic manage
ment, 393-94
effect on cardiovascular system 120
Hyperheparinerma 133
Hypernatremia 23-25
Hvpernephroma 179
Hvperparathyroidism 162
effect on the heart, 119
parathyroid

and P
management for 391~92
Hypotension postanesthetic 435 436
Hypotensive agents 195-96
Hypothermia See Hypothermia techme
Temperature——body
Hypothermia technic 239-42
physiological effects 240
procedure 240-42
uses 239 See also specific diseases
and operations
cardiac surgery 310 311-19
cramal operations 401 403 411
pentomtis 370-72
Hypothyrordism 161
effect on the heart 119

Hy

{chthyosis 45
Icterus See Jaundice
Imperforate anus 141

{asty f "

372
Impetigo 46
Infections See afso specific diseases
bones 50
bram convulsions it 171-72
cemral nervous system 177-78
effect on m

diam

116
integumentary system 46
mandibular joint 52
prcmarure and newborn 8 11 423
i diseases 11-17 See also spe

management 396—97
Hyperpituitarism  163-64
Hypertension postanesthetic 435 436
Hypertensive cardiovascular disease 121
Hyperthermia  See Hypothermia technic
Temperature—body
Hyperthyroidism 161
effect on the heart 119
thyroidectomy for—anesthetic manage
ment 394-95
Hjypocorticism 166
Hyponatremia 25-26
convulsions in 172-73
hypocoricism 1n 166
Hypoparathyroidism 162
effect on the heart 119
H: nuitansm 163
H;:gglamchdrey 149
c,smscop) and 9r:tmgmde pyelogram
s 389-90

cific diseases
Infectious hepatstis 12
Infectious mononucleosss 12 (16
Infiltration anesthesia 235-36
Influenza 116
InsuﬂTauon lechmc 2!9-2!
of
44—48 See al.m spectfic diseases
cyanosts 47-48
infections 46
prenatal influences 44-46

trauma 4647
Integumentary  system—operations on
279-85 See also specific dis

eases and operations
Intestimal atresta or stenosis 140
distentron of stomach in 145
operation  for——anesthetic
ment 362-64
Intestine  Sce Digestive system  spuaifie

manage
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diserses and operations
Intracerebral hemorthage 176
Intracrantal operatrons  See Nervous sys
tetn—aoperations on
Intraocular operations  Sce Tye opera
trons on
Intraperttoncal  tumors  remosal  of —
anesthetic manapement 362-64
Intravenous ancsthesta techme 233-34
Intubation  See Fndotracheal ntubation
Intussusception 143
distention of stomach 1in 145
reduction of—anesthetic management
362-64
Trradiation See Radiation injuries

Jaundice pathologreal 18
obstructine 144
operation for—ancsthctic manage
ment 375
physiological 18 129
spirochetal 16
Jeflerson ventilator 432 See also Ven
tlators

131

rare in premature and newborn 425
Laryngotracheohronchinis 82
1 arynx anatomy of 56
operations on—anesthetic manigement
295-96
1 aurence Moon Bicd! syndrome 163
Lawrence Slobody et al  study of crr
culitton time 96
1 contiasis osstum 50
Tetterer Swe disense 41
1 cucocyte 131-32
renl disease 159
I cukemin 133
Lewis Leigh nonrebreathing valve 223-
25

Lidocune (Xylocime) 195
epidur sl wnesthesty 239
nfiltration ancsthesin 235
nerve block ancsthesia 236
spinil ancsthesin 237
toprcal anesthesta 235
Ligation of meningeal vessels ancsthetic
management 398—404 408
Lip operations on See Cleft lip Pierre

Jomnts—diseases of and operations on Lipemia ;z:b'" syndrome
See Musculosheletal  system Lipid . 35-36

specific diseases and

Kidney See Urogenital system  specific
diseases and operations

Klippel Feil syndrome 7

Rurze Johnson modification of Gardner
bucket 402

Kyphoss lirmting movements of thorax
67-68

Laparotemy—exploratory
management for 375
Laryngeal edema See Subglottic edema
Laryngeal web 82 295
Laryngitss See Subglottic edema
Laryngomalacia 81 295
Laryngoscopes 205-6
use of during intubation 210-16
Macmtosh 214
Ldf}’ngoscopy anesthetic
for 295-96
topical anesthesia 1n 235
Laryngospasm causes 82 187
ollownr;gsexlubauon prevention 216-

anesthetic

management

lubricated tube 210
POMancsthetic  presention and  treat
ment 429

Lipochondrodystrophy See Gargoylism
Lipodystrophy progressive 36
Liston Becher carbon droxide analyzer
257 263 313
Liver congenstal diseases of 144
operations on 37
biopsy of Iiver 374
drainage of abscess 374
hepatorrhaphy 374-75
removal of tumor or cyst 375
Lobictomy  anesthetic management for
304-6

previous decreasing functioning lung
tissue 75
Local anesthesia techmics 234-39
epidural 239
infiltration 235-36
nerve bloch 236
sptnal 237-38
topical 235
Local anesthetic agents
speaific agents
Lung abscess cardiac reserve reduced 13
functioning lung tissue decreased 75
lobectomy  for—anesthetic

195 See also

manage
ment 304-6
Lung cyst 75
exciion  of— inesthetic minagement

04-6
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Lungs anatomy of 59
decrease m fupctioning lung tissue—
causes 74-75
hnutation of movements of lungs—
causes 70—74

INDEX

Meningoencephalocele  cranum biidum
with 175
Meningomyelocele spina bifida with 175
repair of—anesthetic management,
398-404 406-8

operations orn
303~6 See also specific diseases

Mental devel normal 3-4
psychic preparation of patient for sur

and op¢rations gery 4
Lymphangioma 133 Meperidine  (Demerol)  preanesthetic
excrsion d 268
335-36 Mesenteric cysts removal of—anesthetic

Lymphatic system See Hemuc and lym
phatic systems

Lymphoma 82

Lymphosarcoma 134

management 362-64
Metabolic acidosis 31-33
kidney function m 150-52
Metabalic alkalosts 28-31
66

excision

Macintosh laryngoscope 214
Malara, 16
convulsionsn 172

Malignancy 4041 See also specific dis
eases and orgams or regions
affected

Mandible reduction and fixation of frac
ture of 288

Mandibular joint infection of 52

Marble bone See Oleope!rosxs

LAdncyfuncuon m 150-52
Metabolism 21-39
carbohydrate 36-37
Iipid 35-36
nitrogen 37
prateta 34-35
Mucrocephaly 174
convulsions 17172
Micrognathia See Prerre Robin syndrome
Muctunition 152 384
Minute volume 62-63
Mongohsm 6 80
Monitoring  See spectfic monttors and
specific procedures

Muarfan s discase See A yly
Mastorditss 181
mastosdectomy for 421
Measles 11 {16
Meckel s diverticulum 141
excision  of—anesthetic management
362
Mecomum rleus 14142
operation  for--anesthetic
ment 367-68
Mediastinal temor 82
Mediterranean anenma 131
splenectomy in—anesthetic manage
ment 333-35
Medulloblastom 179
Megacolon 141
operation for~-anesthetic management
2-64 372-74
Melanoma 17¢
Mesngits 177
convulsions in 17172
Nenmngocele crantum bifidum with 175
spna bifida with 175
repatr of—anesthetic management
398-404 406-8
Menmngococsemia 116

manage

Moro reflex myasthema gravis 52
neonatal period 171
premature infant 11
Morphine preanesthetic medication 268~
71

Mouth operattons on—anesthetic man
agement 339-41
meision and drainage of abscesses
33940

suture of laceration 34041
Mucoviscrdosts  See Fibrocystic disease
Mumps 11-12 116
Muscle relaxants 196-98

postanesthetic depresston of respira
tion from 431-32
Muscles diseases of and operations on
See Musculoskefetal system
Muscualar dysimph) 52 u7 y
ol
49-53 See al.ra specific diseases
bones 49-52
jounts 52
muscies 52-53
Musculosheletal system—operations o7
2896-90 See also spuufic s

-
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¢ wnes and operitions
Ms wthema gravis 52-53
eflect on respiratory muscles 67
Myocardial discase  116-17  See also
specific discases

173

posittontng of pattent 4(H-2
postanesthetic care 4014
brain 410-12
meninges 408-10
spinal cord and nerve roots 412

Myotoma congenita 52 structures  overlying  the mchinges
brun and spinil cord 405-
8
N T t dep of Nervous system—postanesthetic comph
respiration by 430-31 cations of 437-38
preanesthetic medication 268-71 convulsions 437-38
Nasal intubation 215-16 farlure to regatn consciousness 437
in patient with contustons 47 nerve injunies 438
Nembutal See Pentobarbital pain 438
Nephrectomy h for N latory asth 122

386
Nephritis See Glomerulonephnis Pyel
onephnitis
Nephrosis 152-53
lower nephron 153
Nent "

for 384-85
Nerve block anesthesia, 236
Nerves See specific nenves
Nervous system—evaluation of 169-79
convulsions 171-74
epileptiform 173-74
development 169-71
cerebrospinal fluid in the infant 171
clectroencephalographic patterns
171

reflexes in neonatal period 170-71
somatic and cranial nerves 1n neona
tal perrod 169-70
diseases 174-79 See also specific dis
eases
congeniat defects and developmen
tal diseases 174-76
infections of central nervous system
177-78
trauma 176-77
IUmm]'s7 of central nervous system
9

vascular disorders 177
organic bran disorders mental status
of patient 5
Nervous system—operations on 398412
See also specific diseases and
operations
basic anesthetic management for major
cramal operations 398-404
emergence from anesthesia precau
tions 402-3
evaluation and preparation of pa
tient 398401
methods of anesthesia 401

Neurologieal disenses and operations See
Nervous system  specific dis
eases and operations

Newborn infant—evaluation of See also
specific  diseases  procedures
and systems of the body

acid base balance function of hidney
n 150-52
albumin and globulinin 132
anatomy cardiovacular system 90-91
digestive system 135-36
respiratory system 54-59
urogenital system 148
atelectasis in 59 74 364
bronchoscopy for relief of 298-99
postanesthetic prevention and treat
ment of 426-27 433-35
body temperature regulation in 37-39
45 423-24 432-33 439
cyanosis in 47-48 B84-85 See also
Atelectasis
depressed skull fracture in 176
clevation of 398-404 405
development of adrenal glands 164
development of nervous system $69-71
mnfection i 11 46 423 See also
specific diseases
jaundice in obstructive 144 375
phystological 18 129
overdistention of alveoh
tubation 202
physiology See also specific systems
of the body
cardm;ascu]ar system 91-98 99—
124

duning 1n

digestive system 135-36
respiratory system 59-65
urogenital system 149-52
pneumothorax in 435
protemnunain 158
pulmonary function tests in 59-65
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Newborn infant—evaluation of {cont }
reflexes 169 170-71 426
i myasthenia gravis 52
respiration rate of 85
thythm of 85-86
sclerema neonatorum 1 45 69
somatic and eramial nerves in 169-70
subglottic edenza 1 82
Newborn nfant-—operations on  anes

INDEA
Orchitis 12
Organs of special sense——evatuation of
181
car 181
eye 181
QOrgans of special sense—aoperations on
414-22
ear 419-22
eye 414-19
1 operations See Musculoskele

thetic  mana

principles 423-27
body temperature controllad 423~

4

flirds and blood regulated 425

mfection prevented 423

mimimal anesthetic agent used 425~
26

postanesthelic care 426-27

Niacin See Vitanmn deficiency ntacint
Niemann Pick disease 36
Nitrogen metabolism 37
Nitrous oxide 185-86

advantages 185

disadvantages 136

preanesthetic medication with 271
Nonrebreathing valvalar techme 22325
Nomvolatile drugs 192-95 See also

spectfic drugs

Nose and actessory sinuses operations

292-95

tal system-—operations on
Ossifysng myosiss 33
Osteatss fibrosa cystica 51
hyperparathyrosdism 162 39697
Osteogenesis imperfectum 49
Osteormyelitss 50
proteinuria 158
Osteopetrosts 49
P renal osteodystrophy 51
Outis media 419-20
Otoplasty See Ear operations on oto
plasty
Oxygen consumption and carbon dioxsde
ehmnation 64
Oxyuriasis 16

Pamn postanesthetic 438

Palate and uvufa operattons on—anes
thetic management 348-50 See
also specific diseases and opera

Nupescame See Dibucame hydrochlonde Bons
Nutrition diseases of bones due to 51  Pancreas 162-63 See also specsfic do
general 21 eases
dsseases of affecting the heart 11928
Panhy 1sm See S ds dis
Obstruction 1o respiration See Respira ease
tory  system i of  Papll vocal cords 81-82
Respiratory  system-—postanes removal of—anesthetic Management
thetic complications of 235 295-96

Omphalocele 144
f.

Parasttic diseases ammal 16
P i glands 162 See also Biper

repatr
376-77
Open drop techaic 218
Operations  See also specific  diseases

operattons and systems of the
body
classification of 2
QOphthatnue operatiens  See Eye opera
tions on
Qprates postanesthetse depression of ses
piration by 430-31
preanesthetic medicaion 268-71
Oppenheim s disease See Amyotoma con
gentta
Orchidoplasty See Cryptorchidism

F Y
parathyrowdism  Hypoparathy
soidism

diseases of affecting the heart 119

Parathyrowd hyperplasta See Hyperpara
thyrowdism.

Parathyrowectomy See  Hyperparathy
rowdism

Paratyphotd diseases 14

Parmelee prematurty jedgme 8

sclerema neonatorum 45

Patest ductus arteriosus medical cof

siderationy 19 110-12
fransection  of—-anesthetic
mens 322-24

manage
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atent urachus 149

Pectus cxearvatum S0 6%

Pellagra See Vitamin deficicney mivcin

Penrose drun 253

Pentobarbital (Nembutal)  preanesthetic
medication 268-71

Pentothal See Thiopental

Peptrc ulcer 143

repair of—anesthetic mangement 362-

64

55
oper iion for—anesthctic management

Pinworms See Oxyunasis

Pituttary glaind 16364 See also specific
diseases

diseascs of aflecting the heart 120

Plhateiets 132

Plethysmograph s
253-55

Preumococenl diseases 12-13

cardinc  monitor

Perforated intestine repair of— thet

management 362-64
Penicardiotomy Sece Pericarditis
Penicardiis 117-18

acute 117-18

chronic adhesine 118
chronic constrictnve 118
pericard y for:

agement 319
Pentoneal adhesions division of —anes

thetic management 375
Pentomitis appendicstis 143

hypothermia technic in 370-72

omphalocele 376-77

preumococeal 13

protemuria 158

n utero 69-70

Perntonsiffar abscess 80-81

meision  of—anesthetic  management

350-51

man

Persistent double aortic arch See Vascu
lar ning
Pertussis 13
convulsions in 172
Pharynx adenoids and tonsils opera
tions on—anesthetic manage
ment 350-56 See also specific
diseases and operations
Pheochromocytoma 164-65
adrenalectomy for-—anesthetic manage
ment 394
effect on cardiovascular system 120
Physical examination evaluation of card:
ovascular system in 100-101
Phystological effects hypotherrmia 240
Physiology See also Premature infant
specific systems of the body
cardiovascular system abnormal 99
=124 See also specific diseases
normal 91-98
digestive system 135-36
nenvous system 169-71
respiratory system 59-65
factors affecting 66-86
urogemtal system 149-52
Pierre Robin syndrome 80

T phy hetic man
agement for 398-404 408-10
Pneumomediastinum 72-73

P h

y 16
for 304-6
Pncumonia convulstons in 172
effect on functioning lung tissue 75
cffect on myocardium 116

Y
for 304-6
r hi diaph herma

X phragl
reparr 379 435
endotracheal intubation 202
hming movement of lungs 70-72
lobectomy pneumonectomy or exct
sion of lung cyst 305
postanesthetic treatment of 435
removal of }ymphangtoma or hygroma
of nech 133
splenectomy 133 335
subcutaneous emphysema 46 70
tracheoesophageal fistula repair 361
435

Poiseuslles Jaw airflow through endo
tracheal tube 201
blood volume flow 97
Poisoning lead convulsions in 172
Poliomyelitis 177-78
effect on myocardium 116
effect on respiratory muscles 67
fascial transplant for weak abd 1
muscles following 290
Polycystic hidney 149
Polydactylism or syndactylism plastic
reconstruction  of—anesthetic
management 279-81
Polyps digestive tract 143
operation for—anesthetic manage
ment 372
nasal removal of—anesthetic manage
ment 292-93
Pontocatne See Tetracaine
Porencephaly convulsions in 171-72
Porphyria 37
Postanesthetic care 428-39 See also
specific dieases and operations
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Postinesthetic care [cont ]
cardiovascular complications 435-37
heart rate or rhythm changes 435,
436-37
hypertenston 435 436
hypotension 435 436
nervous system complicattons 437-38
convulsions 437-38
fatlure to regain conscrousness 437
nerve injuries 438
pam 438
premature and newborn mfants 426~
27

respiratory complications 429-35
atelectasts 43335
tracheal aspiration  procedure,
434-35
depression of respiration by anes
thetic agents 432
body temperature reduction 43%3-
33

muscle relaxants 431-32
preanesthetic medication 430-31
habit apnea 432
laryngeal edema 429-30
laryngospasm 429
obstruction—secretions
gastric contents 429
pneumothorax 415
temperature 439
traumatic complications 438-39
uwrogenual complications 438
Potasstum deficit 26-27
excess 26
Potter Edith hypoplastic kidney studes
149

blood or

INDEN

cvaluation of patient 265-67
gastric contents precautions to prevent
asptration 265 See also Food
4 "

pr
275-76
blood pressure pulse rate and
rhythm recording of 276
confirmation of dentity of patient
and operation scheduled 275
conveyance of patient to mduction
room 275
lay 1n or cut down checked 275
monitors application of 276
oropharynx exammation of, 275
preanesthetic mediation 265~71
transfusion and cut down 274
Precordial stethoscope, as cardiac mont
tor 251
Premature tafant—evaluation of 7-11
See also specfic diseas*s pro
cedures and systems of the

y

acid base balance function of kidney
m 15052

alburmun and globulin 1o 132

anemiz m pathologcal 130

physiological 129

body temperature regulation 10 8 37-
39 423-24 432.33 439

circulatron time 1n 96

definttion of 7

wnfection n 8 423 See alse spectfic
diseases

kidney immatunity of 148

proteinuria tn 158

reflexesin 11 426

Potts Smith i of Fal rate of 85
lot 107 325 rhythm of 86
trrcuspid atresia 110 325-26 Premature infant—operations gn anes
Preanesthetic  medicaton  265-71  See thetic  management—essential
also spectfic diseases and opera principles  423-27  See also

trons
basic schedule of premedication 268
ton of patient chart
265
conference with pedratrician  and
surgeon 265
visit fo patient 266
drugs employed 268-71
postanesthetic depression of respiration
by 430-31
Preanesthelic  preparation 265-76  See
also spectfic diseases and opera

tions
cardiac surgery 309-11
digestave tract 14446

specific diseases and operations
body temperature controlled 423-24
fluids and blood reguiated 425
nfechion prevented 423
mimimal anesthetic agent used 425~
26

postanesthetic care 42627
P d See Pr
non
Procamne 195
epidural anesthesia 239
infiltration anestbesia 235
travenous anesthesra 233
nerve block anesthesia 236
spma} anesthesia 237

medica
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Proctoplasty wnesthetic management for
in

Proctoscopy anesthetic mmagement for
n

Protein metabolism  34-35
Proteinunia 158
Prothrombm 132
Protozoan discases 16-17
Psyche 3~5 See also Psychotherapy
Psychotherapy 3-5

cmotional distutbances 4-5

normal mental deselopment 34

organic bram disorders §

palatoplasty 348

tonsillectomy 351-52
Pulmonary aortic window 112
Pulmonary circulation See Respiratory

system—eraluation of

Pulmonary function tests §9-65

obstructive lesions 83-34
Pulmonatry valvul y See P

457

See also specific diseases and
opcrations
Red blood cell See Erythrocyte
Reduced cardiac reserve  See Neurocir
culatory asthenin
Reflexes myasthemia gravis 52-53
neconatal period 169 170-71 426
pharyngeal  actine following extuba
tion 210
premature 11 426
Renal discases See also specific diseases
effect on cardiovascular system 121
Renal osteodystrophy 51
R of the
management for 362-64
Respiration See  Respiratory  system—
evaluation of
Respiratory acidosis 33
function of hidney in 150-52
RC’SPIK\(OTY alkalosis 33-34

b

stenosis
Pulmonator artificial ventilation of lungs
with 431 432
Pulmonic stenosis medical constderations
m 108-9
y valvul y f
management 319
Pyelonephnitis 155
cystoscopy and retrograde pyelogram
for 389-90
hyperparathyroidismn 119 162
resection of bladder neck for 388-89
Pyloric stenosis 140
distention of stomach in 145
pyloromyotomy for—anesthetic man
agement 364-67
Pyloromyotomy See Pyloric stenosis
Pyndoxine See Vitamimn deficiency Be

Qfever 15
Quelicin See Succinylcholine

Radration mjuries 20-21 133

Rectal technic adminsstration of prean
esthetic medication 269-70

Rectourethral fistula closure of—anes
thetic management 372

Rectovagmal fistula closure of——anes
Ighzmc management 372 391-

Rectovesical fistula  closure of—anes
thetic management 372
Rectum and anus operations on 372-74

of hidney in 150-52
Respiratory system——evaluation of 54-
86

anatomy 54-59
bronch: 58
larynx 56-57
lungs 59
mouth and oronasopharynx 56
thorax 54-56 86
trachea 57-58
climeal methods of assessment 84~86
cyanosts 84-85
dyspnea 86
rate of respiration 85
rhythm of resprration 85-86
shape of thorax 86
physiology 59-65
compliance 63-64
frequency of respiration 61-62
functional restdual capacity 60
munute volume 62
oxygen consumption and carbon
dioxide elimination 64-65
tidal volume 60-61
pulmonary circulation 66
pulmonary complications 66-84
decrease in functioning lung tissue
74-75

depression of respiratory centers
66-67

mnefficiency of respiratory muscles
67

limitation of movements of lungs

limitation of movements of thorax
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Resprratory system—evaluation of fcont }
pulmonary complications {cont ]
obstruction to respiration 75~84

bronchtal 82-84
laryngeal 81-82
oronasopharyngeal 77-80
pharyngeal 80-81
tracheal 82

premature infant 9-10

INDEX

Runger s solutton 22-23 27
pyloric stenosis 36465
Rocky Mountam spotted fever 15
Roentgenography evaluation of cardio-
vascular system 101
Roundworms Sec Ascariasis
Rovenstine angle piece 360

'y system—operations on 292-
306 See also speufic diseases
and operations
larynx 295-96
Jungs and pleura 303-6
nose and accessory smuses 292-95
trachea and bmnchl 296-303
R y sy hetic com
pllca(lons of 429-35 See also
spectfic diseases and operattons
atelectasis 433-35

excision of—
284~

ygeal
anesthetic  management
85

Sahvary glands and ducts operations on
350

Salmonellosts 14-15
Sarcordosts  functionmg lung tissue de
creased in 75
Scarlet fever 12
convulsions mn 172
Sclerema neonatorum 8 45 69
Sel.

dure, 434~

tracheal aspiration
35

depresston of respiration by apesthetic
agents 432
body temperature reduction 432-33
muscle relaxants 431-32
preanesthetic medcation 43031
habit apnea 432
laryngospasm 429
obstructton—secretions blood or gas
tric contents 429
pneumothorax 435
subglottic edema 429-30
Reticuloendothelial system  diseases of
41

Retrograde aortography Sece Aortography
Retrograde pyelogram See Cysioscopy
Retrolental fibroplasia 11 181
Retroperitoneal tumors remaval of—an
esthetic management 36264
Retropharyngeal abscess, 80-81
meision  of—anesthetic  mapagement
15051
Revell D circulator 229-30
Rheumatic fever 41-42 115
adrenal cortical disturbance i 167~68
Rheumatowd asrthnitis 42
adrenal cortical disturbance in 167-68
Rhimtis allergic 17
nasal obstruction m 78§
last h for

292-93
Riboflavin See Vitamin deficsency B,
Rickets 40 121
Richettstal diseases 15 116

Ruckettstipox 1
Riley Day syrdrame 44-45

'ma

S, 1 pr h 4
268-71

Scurvy 40 121

Secobarbital  (Seconal)  preanesthetic

medwation 268-71
Seconal Sec Secobarbital
Serum sikness 18
Sex determmnation 160
operation for—anesthetic management
391-92

Sex glands See Urogenital system specific
diseases and operattons
Shigellosts 15
Sickle-cell anemia 130
Simmond s discase 163
effect on cardiovascular system 120
Skim—diseases and operatrons See In
tegumentary system
Smith R M 309
Snowite endotracheal tube 206-7
Soda Iime camster absorption 1a circuit
techmic 229-33
care 1n preparatton of 227
size of 226
to and fro absorption techmic 226-28
Somatic nerves neonatal peniod 169-70
Spna bifida 175
reparr  of—anesthetic
398-404 406-8
Spinal anesthesta 237-38
Spinal cord Sec Nervous system
Spinal fusion anesthetic management for
288-90
Spirochetal discases 15-16
Spirochetal jaundice 16
Spleen 133

management
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aperations on—anesthetic man sgement
131§
Splencctomy anesthetie mnagement for
1133

diseases trented by 13023
Splenomegaly congestine 131
splencctomy 1n 13335
Spongtoblastoma 179
Staphvlocoweal disenses 13
Stephen Shiter nonrebreathing vilie
23
Sternoplasty  ancsthetic manigement for
28R

Stomach See Digestive system  specific
diseases and operations
Streptococcal diserses 12
Subaortic stenoyis 108
Subarachnowd hemorrhage 176
Subcutincous emphysema 46-47
endotracheal intubation 202
Subdiaphragmatic abscess drunage of—
anesthetic management 375
Subdural abscess dramage of—nnesthetic
management 39%-404 408
Subdural hematoma 176
dramnage of. th

139
Tihaoks venlilator 263 Sce also Ven
tilators
Tapesorms See Trichinosis
Technies See Anesthetic technics, specific
technucs
Tecth acerdental temoval of during 1
tubation 202
postanesthetic examination of 438
preanesthetic examin ition of 275
Teeth and gums operitions on—ints
thetic mnagement 344-48
extriction of tecth 34446
mcision of alveolar abscess or in
fected cyst and exersion of
adamantinoms 344
repur of teeth 346-48
Temperature~body See afso Hypother
mi1 technuc
apnea from decrease in 67
heat toss 38
heat production 37-38
hyperthermia  ¢auses and prevention
38-39
hypothermia causes and prevention
8 38 39 45 423.24
of 432-33

hetic regul

398-404 408
Subdural hygroma drawmnage of—anes
thetic management 398404
408
Subendocardial fibroelastosts  See Sub
endocardial sclerosis
Subendocardial sclerosis 116
Subglottic edema causing respiratory ob
struction 82
following extubation prevention and
treatment 2024
hypothermia technsc effect on 317
large-dlametered tybe causing 205
postanesthetic treatment of 429-3¢
gu‘tzgloluc web See Laryngeal web

439
Tests See names of specific tests
Tetanus 14
Tetany chrome glomernlonephntis 155
hypoparathyroidism 162
metabolic alkalosis 28-31 66
respiratory alk slosis 33~34
Tetracaine (Pontocane) 195
jelly 210 235
spinal inesthesia 237
topreal anesthesia 235
Tetralogy of Failot anastomosis for—
anesthetic management 325
326

medical considerations in 106 7

Tesection thetic manage
ment for 292-93
Suceimylcholine (Apectine)  (Sucostrin)
(Queltein) 196-98
advantages 196
disadvantages 197-98
Sucostrin See Succinylcholine
Surgical procedures See specific diseases

procedures and systems of the
bod;

Surital See Thiamylai

Word Brian absoption i csrewt Tech
e 228

Syncurine See Decamethomum

Syphilis 15-16

See Mediterranean anerma
Thermonator 363 430 433 437
Thiamine chloride See Vitamin  defi

clency By
Thiamylal (Surital) 192-94
advantages 192
disadvantages 193
uses 194 See also specific diseases and
operations
preanesthetic medication 268-71
Thiopental (Pentothal) 192-94
advantages 192
disadvantages 193
uses 194 See also specific diseases and
operations
prenesthetic medic inon 268-71
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Thomsens disease See Myotoma con
genita

Thaoracentests 303

Thoracic duct operations 337

‘Thoracotomy, 303

Thorav anatamy of 54-56 86

INBEX

epiglottitts 81

lymphangioma 335

lymphosarcoma 338

papilomas of vocal cords 295-96

pohomyelms 177-78
emphysema

edema 202 430

g 47

67—70
operations on See specific operations
‘Thrombocytopenic purpura 131
splenectomy 1n-—anesthetic manage
ment 333-35
Thromboplastinogen 132
Thyroglossal cyst excision of—-anesthetie
marnagement 395
See Hyperth
Thyrmd gland 161 See also Hyperthy
roidism Hypothyrotdism
diseases of affecting the heart 119
enlarged causmng tracheal obstruction

Thyroid hyperplasia See Hyperthyroid
1sm

Tidal volume 60-61

To and fro absorption technic See Ab
sorption to and fro l:chml:

bl
tetanus, 14
tracheal stenosis following 82
vascular ring 327
Transfusion  preanesthetic preparation
for 95 274 275-76
Transplant of ureters anesthetic manage
ment for 387
Transposition of the great vessels anas
tomosts for—anesthettc man
agement 326
medical considerations i 114-15
Trauma 19-21 See also specific trau
matic injurles
affecting infegumentary system 4647
cardiovascular effects of 121-22
cramal 176-77
convulstons in 171-72

postanesthetic  complications  from
438-39
Trib hanol 194-95

Tongue suture of lacerated
management 344
T g

advantages 194
disadvant

an
esthetic management for 351—
56

nasotracheal tubes in 204
Tonsils  hypertrophied, pharyngeal ob
struction 80
Topical anesthesia 235
Torston of testes reduction of—anes
thetic management 391-92
Trachea anatomy of 57-58

4-55
preanesthetic medication 268-71
Trichmosis 16
Trichiorethylene 130-91
advantages 190
disadvantages 190-91
Tricuspid atresta anastomosis for—anes
thetic management 325-26
medical considerations mm 110
T tube technic (Ayres) 221-22
Tub bone 50

operations on.
296-98 See also Tracheos
tomy
Tracheal aspiration procedure 434-35
Tracheal sterosts 82
Tracheitis acute 82
Tracheoesophageal fistula closure of—
anesthetic management, 35962
adrenal cortical disturbances 167-68
complicatrons 36061
postanesthetic care 36162
preanesthetic preparation 359
medical constderations m 137-40

thet!

Tr Y
for 296-98

cicatrix 47
crantal operations 404
diphthenz 14

- ¢

laryngeal obstruction 82
Tubocurarme 196
advantages 196
disadvantages 196
Tularemia 116
Tumor See spectfic name of tumor or
organ or region affected
Turb. h

Y

for 292-93

Tympanoplasty See Ear operations on
tympanoplasty

Typhoud disease 14

Typhus 15

Ulcer See Peptic ulcer
Ulcerative cohitis 143
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operbon for—anesthetic Mmanigement
162-64
Urenia convulaons i 172
Ureteral ealculus removal of—anesthetic
management 387
Ureteroplasty  anesthetic
for 387
Uninalysis 156-59
acctonc bodies 158-59
cardiovascular disabiliy 101
constituents of unine 157
glucose 158
microscopic examination 159
pH 157-58
protein 158
specific gravity 157
volume of unine 156
Urogenital system—cvaluation of
0

manigement

148-

6
acquired diseases of the hidney 152-
55 See also specific discases
anatomy 148
1 discases of ur 1 sys
tem 14849 See also specific
diseases
congemtal malformations of sex glands
160

physiology 149-52
premature infant 10-11
renal diseases effect on heart 121
selection of anesthetic agents 1n urolog
1cal disease 159
tumors of sex glands 160
uninalysis 156-59
Urogenital system—operations on 384-
92 See alsa specific diseases and
operations
genital system 391-92
unnary system 384-90
bladder 387-90
hdney or hidney pelvis 384-86

ureter 387
1 N H

Y P! com
pheations of 438

Valley fever See Coccidioidomycosis
Van den Bergh test 129 144
Vascular disorders 177
Vascular ring 113-14

tracheal obstruction 82

T .

327
Ventilators 260-63
Bennett 263 401 432
Bird 263 314 432

461

Jeflerson 432
necessity of observing chnical signs
during use of 262-63
Pulmonator 431 432
Takaoka 263
Ventricular fibrilfation cardine defibn!
Iationan 322
postanesthetic treatment of 436-37
Ventncular septal defects crdiotomy for
—anesthetic management 317~
19
medical considerations tn 105
Ventriculocisternostomy  See
cephalus
Ventriculography anesthetic management
for, 398-404 410
Vinamar See Ethyl viny! ether
Vinethene See Divinyl ether
Viral diseases 11-12
Vitamin deficiency A 39
B 39 121

Hydro

B 3
Be, 39 172
C 40 121
D 40 121
K 9 10 40 132
macin 39
diseases effect on heart 121
hypervitaminosts 40
Volatile hquid anesthetics 187-92 See
also specific anesthetic agents
Volvulus 140
distention of stomach in 145
) . h

362-64
Von Gierke s disease See Glycogen dis
ease

Water ton See Hyp
Waterhouse Friderichsen syndrome 177
Waters Ralph M headrest 210
oropharyngeal airway 416
to and fro absorption technmic 226
‘White blood cell See Leucocyte
Wilms tumor See Embryoma of hidney

Xanthochromia 171
X ray See Roentgenography
Xylocame See Lidocaine

Yellow fever 116

Ziegler R F  electrocardiac studies 98-
99









