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FOREWORD

1US PRESENTATION 15 a milestone in the development
Tof cardranesthesiology It represents diligent re
search the results of which have been emnently graufying
Its timcliness 1s attested by the rapid expansion of the
cardsac surgreal field and the concurrent need for especially
qualified anesthesiologists
It 1s fiting that this should be a summarnzation of the
work of my good friend and close assoctate Doctor hen
neth heown who has proneered thus specialty The com
petence of the anesthesiologist 1s responsible 1n Jarge part
for the tremendous mnroads made in cardiac surgery and
without his significant contributions the operative mortal
1ty and morbidity which we have encountered would have
been considerably greater
It 1s only night that Ins great knowledge and understand
ng should be dissemmated widely that others may aval
themsehes accordingly
C P Bamwey, M D






PREFACE

HIS WORK Tepresents an attempt to present a handbook
for the student of anesthesiology who deals with an

esthesia for surgery to correct both congenital and acquired
cardsac abnormalities The essenual symptoms, physical
findings, and laboratory results for each of the lesions for
which surgery 1s now considered apphicable have been out
lined 1n separate chapters

It has been my desire to outhine the selection of patients,
prelimmary medication and anesthetic management 1 a
manner that 1s not controverstal, but applicable wherever
an anesthesiologtst practices medicine

However, I have made no attempt to mclude a detailed
step by step description of techmques for anesthetic man
agement believing cookbook recipes to be a poor way
to teach Case reports have not been included, as I feel
little but words would be added to the manuscript

Concepts of approved medical practice will vary 1n the
future from those we now consider valid, and no essay on
anesthesiology for cardiac surgery can be considered final
Thus represents the knowledge ganed after ten years spent
anesthetizing pauents for heart surgery mn one of the pio-
neering cardiovascular centers m the United States
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INTRODUCTION

HE succEss of surgery for heart disease 35 a durect
Tresult of six things (1) anesthetic developments that
allow thoracotomies to be successfully accomplished (2)
the development of chemotherapeutic agents that will
mimmize or prevent postoperative nfection, (3) the de
velopment of modern blood banks which allow blood to
be stored and used as needed during surgery, (4) the ability
of the cardiovascular surgeon to solve the mechanical prob-
lems of the varrous heart lesions (5) the desire of the prac
titioner of medicine to ard his patent, and (6) the courage
mamtfested by the pattent physician, surgeon and anes
thestologist 1 attempting the unknown and uncharted
course

No one single factor has been all mmportant in the
achievement of success 1n thus newest field of medicine It
1s truly the teamwork of the entire medical profession,
nurstng personnel, and hosprtal staff that has afforded the
patient a new tenure on life

From ancient times to the present, infants children and
adults have been prey to the ravages of heart disease We
now believe the portal 1s open and that the knowledge of
our predecessors 1n anesthestology and recent advances of

our own will greatly aid in the curtailment of death due
to heart disease






HISTORY 5

Meltzer and Aucr made their classical contribution on
Respiration without Respiratory Movements an 1909, and
should be remembered as the forerunners of endotracheal
insufflaton In 1913, Chevalier Jackson published an arty
cle intended for ancsthetists, strongly adsocating direct
vision laryngoscopy prior to mtubatson

Magill and Rowbotham, dunng World War I, ntro
duced large bore catheters into trachea and were the lead
ers in the abandonment of the msufflation technique of
Meltzer and Auer 1n allowing the respiratory cycle to be
consummated through a single large bore endotracheal
tube

Ralph Waters applied to clincal anesthesia the princt
ples of the absorption of expired carbon diovide by chenu
cal means which had also been advocated by Snow Kuhn
and Denmis Jackson

Tuffier, in 1913, was the first to attempt corrective heart
surgery on a human patient His patient had aortic stenosts
and his procedure must be considered successful as the pa
tient Iived for several years following the mntervention As
stated previously, rhythmical mflation and deflation of the
lungs by means of an endotracheal catheter was employed

Doyen, 1n 1913, deliberately attempted to open a stenotic
pulmonary valve by inserting a cutting edge instrument
mto the right ventricle and out the pulmonary artery
These two interventions 1n the same year on humans
opened the way to sertous cardiac surgery

In Boston, m 1920 Levine and Beck began to investgate
the surgical approach to mtral stenosss, and mn 1923 op
erated on their first case

Souttar 1n 1925 mserted his finger 1nto the mitral valve
of 2 patient to rehieve the stenosis by digitally dilating and

splitung the commissure The patient succumbed five years
later as a result of a cerebral embohization



HISTORY

ARLY WRITINGS about anesthesia for heart surgery are
practically non existent It 1s extremely interesting to
review the history of medicine as applicable to the necessity
of an arttficial airway for the mamtenance of life when the
thorax 1s open
Paracelsus 1n the Sixteen Century inserted a tube con
nected to a bellows into the mouth of an asphyxiated pa
tient Andreas Vesalius was the first to deliberately intu
bate the trachea of an animal to overcome the lethal effects
of a pneumothorax Robert Hooke in 1667 presented a
paper before the Royal Soctety of London describing a
technique by which the trachea could be cannulated and
life preserved in ammals by blowing air into their lungs
with 2 bellows John Snow was certanly the first to admin
1ster an anesthetic agent by means of inhalation through an
endotracheal tube This was accomphished 1n 1858 It was
Wilham Macewen of Glasgow who used endotracheal anes
thesia as we know 1t by mserting the endotracheal cannula
through the glottic opening
In 1869 Trendelenberg was the first physician to de
scribe an 1nflatable cuff around an endotracheal cannula
to secure an air tight fit against the trachea
Majydl of Prague and Eisenmenger of Vienna both pub
lished 1n 1893 a description of a techmque for the ad
munistration of anesthesia by means of cannulation of the
trachea Tuffier and Hallion 1n Paris successfully opened
the thorax 1n ammals when the trachea was intubated and
ventilation was secured by means of bellows They were
also the first to use rhythmic inflatton of the lungs

4



MISTORY 7

of this wnung Harken reported Ius first success in the
same year

Other advances followed rapidly Sellors aind Brock of
England, wotking ndependently of cach other, corrected
the stenotic openungs of the pulmonary valve Smuthy and
s associates worked on the problem of aortic stenosis
prior to hus unumely death n 1918 In 1950, Bailey con
tinued his previous success i vahvular surgery by focusing
Iis attention on the aortic valve He opened the stenosis
1 the line of the fused commussures and called the opera
tion aortic commissurotomy Hufnagel reported s plastic
valvalar prosthesis for aortic mnsufficiency, n 1951

Bailey in Pluladelplua, Swan in Denver, Shumacker m
Indianapolis Gross tn Boston, Dodrill of Detroit, Gordon
Murray i Toronto hirklin 1in Rochester, Minnesota,
Husfeldt, Crafoord, and Bjork from the continent, were
reporting their experimental results of the production of
atrial septal defects and surgical closure

1955 produced great work by Lalliher 1 open heart
surgery which enabled interventricular septal defects to
be successfully closed In Philadelpiua, Nichols devised a
satisfactory operation for mitral nsufficiency 1n the same
year

All great contnbutors have been thwarted by delay and
falures but have repeatedly temporized the remorse of a
falure to achteve success by persistent drive and magina
tion It 15 axiomatic that each cardiac surgeon has an
equally dedicated anesthesiologist It 1s only by close co
operation of the team that acceptable results can he
achieved An 1ncomplete list of the groups now working
together who have made major contributions in the fields

of surgery on the heart and anesthesta for cardiac surgery
1s1ncluded
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In 1935 interest 1n the surgical treatment of coronary
artery disease was stimulated by Claude Beck when he
published a report on an attempt to revasculartze the myo-
cardium

In 1937 John Strerder, of Boston, was the first to attack
surgically the congenital defect of patent ductus arteriosus
this was achieved by ligauon but the patient died a few
days postoperatively In 1939 Robert Gross also of Boston
reported the first successful cure of a patient with a patent
ductus arteriosus

As a result of the expertences of World War II anes
thestologcal techmiques and practices were wmproved and
chemotherapeutic agents were 1naugurated Dwight Har
km working with his anesthesiologist Charles Burstein
reported therr success 1n removing foreign bodies from the
heart and great vessels

Crafoord 1n Europe Gross Blalock and Clagett in the
Unuted States were able to correct coarctation of the aorta,
and reported independently of each other 1n 1944

Ingress into cyanotic congenital heart disease was opened
m 1945 when Blalock and Taussig reported their work
The Surgical Treatment of Malformations of the Heart in
which There 1s Pulmonary Stenosis or Pulmonary Atresia
The following year Willis Potts of Chicago and his assoc1
ates amongst them his anesthesiologist Wilham O Mc
Quuston reported their contnibution for infants with con
gemtal heart disease

On June 12 1946 Charles P Batley of Philadelphia
digutally opened the antemior and posterior comrmussures
of a calaified mitral valve The operation was named mitral
commussurotomy by Thomas Durant of Philadelphia The
first successful case was anesthetized by the author for
Bailey two years later on June 10 1948 The patient 1s
stall alive and symptom free eight years later at the time



THE SELECTION OF THE PATIENT

iE AccrrTAnCE of the medical profession of hert

Tsuxgcq 1s now cstablished It 1s necessary for the
cardiac anesthesiologist 10 be familiar with the essennial
physical signs symptoms and laboratory data associnted
with cach of the various cardiac conditions for which sur
gery can be curative or palliative

The most satssfactory method of selection and evaluatson
has evolved as a joint conference attended by the cardiac
surgeon (to whom orniginally, nearly all cardiac patients are
referred) the cardiologist and the anesthesiologist It 1s
obvious that each participant should have examned the
patient and be farmliar with the symptomatology, physical
findings and pertinent laboratory data If the anesthes:
ologist assumes his position as a member of the team, he
will funcuion preanesthetscally durmng the course of anes
thesra and postanesthetically The position of the anes
thesiologist may well be likened to that of the pilot of a
ship the surgeon to the captain and the cardiologist to
the navigator all essentral for a safe voyage

It 1s unfortunately common for the anesthestologist to
have no part 1n the selection of the patients for heart sur
gery O Donnell and McDermott have quoted the philoso
phy of Pender as  Anesthesiologists must rely on the
mnternust to bring the patient to the operating room at the
optimum time and in the optimum condition for surgical
mtervention Nothing that we as anesthestologists can do
1s designed to improve this condition The best we can
bhope for 15 that our ministrations will not affect the patient
adversely There can be hittle agreement with such an
opinion

9
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THE SELECTION OF THE PATIENT
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SE1ICTION OT THE PATIENT n

The anesthesiologist was a physictan prior to training
1n anesthesia and unless he becomes nothing more than a
skalled techmician, he should act as a physician for the pa
tient s welfare

The knowledge of the pharmacological responses of pa
uents to all drugs commonly used 1 anesthesia 1s one of
the most ital portions of our truning and knowledge
Thus we should know better than any other specialist
which candidates are acceptable to our mumstrations of
depressing drugs All anesthetic agents with the exception
of oxygen, are depressant

The anesthestologist must assume that all patients he
anesthetizes will survive It1s unfortunate that this assump-
tion 1s not always true In many instances candidates wall
be brought to surgery who do not have sufficient myo-
cardial reserve to tolerate either the anesthesia or surgical
intervention

One of the difficult phases of preoperative evaluation 1s
the psychological trauma that the patient 1s undergoing
Many are no more than wards of society as a result of their
debilitating disease The candidate looks forward to sur
gery as a means of the resumption of the normal duties and
actnvates of ife Time and time again, famihes will bring
undue pressure upon all members of the cardiac team to
subject members of their family to surgery and anesthesta
The philosophy of a cardiac anesthesiologist 1s frequently
hindered by his desire to help as many people as 1s possible
It soon becomes obvious that many people will be studied
and surveyed for whom no hope for cure or palliation can
be held It 1s difficult when one has the final selection to
deprive a human being of the posstble resumption of a Iife
that 15 productive However, 1t 1s equally difficult to Lnow
ingly admunister anesthesa to a patient who has no chance
for survival Yet unless the anesthesiologist assumes a firm
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NORMAL HEART

CATHETERIZATION DATA

Pressures Obtawned
R A OMmm Hg

R v 15 30mmHg
05 mm Hg

P a 15 30015 L A (10}
512 120
mm Hg Lv st
Aorta 120
70

All Pressures Expressed in mm of Mercury
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One becomes rather used to death in this type of work
with the mortality rate varying {rom one discase to mother
We are constantly striving to maintain 3 mortality rate of
between 5 and 10 per cent, to be all inclusive for the surg
cal procedures that are now, routinely, beng done The
mortality rates for the various procedures are listed as
follows 1n the succeeding pages

The congemital heart disease of Tetralogy of Fallot has
amortality rate of 12 per cent We have had lower operative
mortality rates by following the Brock or Sellors procedures
m correcting only the pulmonic or infundibular stenosis
Pulmonary stenosis, as an 1solated lesion, has a mortality
rate of approximately 5 per cent Atrial scptal defects of
the ostium secundum type have a mortality rate of approst
mately 12 per cent those of the ostium primum variety
utitlizing closed techniques, have had the highest mortahity
rate 1n our senies~namely 60 per cent Atnal septal defects
associated with anomalous pulmonary venous drainage,
have a death rate of approximately 12 per cent

Those patients who have patent ductus artersosus have
the lowest of all anesthetic and operative mortality rates
for whom anesthesia for cardiac surgery 1s utthized The
rate should not exceed 21/ to 3 per cent Willis Potts and
William O McQuiston of Chicago successfully did more
than 300 cases without a single fatality Coarctation of the
aorta again has a smaller mortality rate than do the lesions
of Tetralogy of Fallot or atral septal defects Here the
mortality rate ought to be 1n the neighborhood of § per
cent The other congemital Jesion, aortic stenosts has an
operated hosprtal mortality of approximately 7 per cent

For the acquired heart diseases of valvular origin mutral
stenosts has a death rate of 714 per cent, and aortic stenosis
of 15 per cent Tricuspid stenosis has never been seen as

an 1solated lesion, and the mortality connected with ths
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stand a stigma may be attached to the specialty of cardiac
surgery because of an overwhelmingly high mortality rate
We must protect not only the patient but ourselves and
all members of the team Psychological trauma can best be
avorded by making careful selection after compiling the
physical status of each patient prior to hus selection as a
candidate for anesthesia and surgery

The thought that the anesthesiologist 1s the last person
to whom the patient has spoken while alive often plagues
us A very fundamental test of the patient physicran rela
tionship comes as the pauent asks the anesthesiologist

‘Will I survive this procedure? We have adopted the rule

that we tell each panent There 1s no such thing as a
minor anesthesia All anesthetics i which the patient loses
consciousness are major the only thing that we can promuse
1s that this 1s your sole chance for the resumption of normal
activities all of us will do our very best to see that you
go through your course safely and 1n your most physio
logcal state

Patients 1n actual heart failure are poor candidates for
anesthesta The higher the patents degree of physical
Iimitation the poorer will be the anticipated results No
candidate should be selected 1f rheumatic fever 1s present
1n an acute form The involvement of more than one valve
predisposes to poor results due principally to the mherent
complications of each valvular disease As the symptom
atology 1s compounded the satisfactory results are further
reduced In the congenital lesions particularly in the lower
age group the mherent nisk encountered in dealing with
children further decreases the satisfactory results of anes
thesia and surgery In children anesthesia 15 induced in
times of failure of the heart only after we are convinced
that medical regimes will produce no better results How
ever 1t 1s even harder to refuse a child than it 1s an adult



PRELIMINARY MEDICATION

HERE CAN BE 1o 1bsolute rule written that will cover
Tall the different phases of preliminary medication for
heart anesthesia Time has taught us to be suspicrous of
oersedation Howeser, certain generaliies can be safely
stated as guides for both the congenutal lesions and the
acquired diseases of the heart

Each patient 1s reviened by the anesthestologist twenty
four hours prior to the induction of anesthesta, and sur
veyed for prelmmnary sedauion We consider, individually,
the age of the pauent whether the pathology present 1s
acquired or congenital the duration and seserty of symp-
toms degree of cardiac reserve, and finally the psychologt
cl strain bewng undergone The mental outlook 1s usually
excellent 1n adults Fear and apprehension are of course,
present but rarely dommnant This single factor of fear 1s
overshadowed by the desire to be benefited by the surgical
ntervention offered

During the hosprtal stay prior to actual scheduling for
surgery free intermngling of preoperative and postopera
tive patients 1s encouraged The cardiologists visit each
patient daily and are responsible for the medical prepara
tion The surgeons and anesthesiologists also visit each
patient frequently This does much to decrease the fear of
the patent and a good patient physician relationship 1s
established Thus the pattent has faith in his management
knows from seeing postoperative patients that the mortality
rate 15 low, and that when brought to the operating room,
he will be surrounded by familiar faces Ths policy has
been immeasurably beneficial 1n allowing narcotics to be
eliminated except m the very young pattent (with a con

15
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disease 1s the same as for the other associated lesions

Mitral insufficiency at the present time has a death rate
of about 12 per cent aortic Tegurgitation is i the neigh
borhood of 25 per cent while combined valvular lesions
of the acquired type will approximate 20 per cent Coro
nary artery disease for which surgery 1s indicated domng a
revascularization by the techmques descrtbed by Thomp-
son Vineberg Beck or hralick will result mn a hospital
death rate of approximately 20 per cent Constrictive pert
carditis 15 a disease with a low mortality rate—approxi
mately 5 per cent Ventricular aneurysms are being done
with ever increasmg frequency and as the knowledge of
the lesion 1s enhanced the operative mortality 1s decreased

In the final analysis of the selection of patients last
munute cancellation of surgery should always be considered
1f 1t 1s observed by the anesthestologist that the medical
preparation has not been adequate Such cancellations
should be decided by mutual agreement between the sur
geon and the anesthesiologist each of whom respects the
opimon of the other A patients hife may be lost 1f good
advice 1s not heeded or 1f the anesthesiologist hesitates to
assert himself
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tesunal complaint following therpeutic doses of mor
phine

Ongmally, 1 barbiturate was ordered for the specificity
of protection aganst procaine reaction s procamne was
rounnely used 1n 02 per cent solution during nesthesia
Our results have been sufficiently sausfactory since 1948
using pentobarbrtal (Nembutal) and secobarbutal (Seconal)
m shght to moderate doses so that we believe some short
acting barbiturate ought to be used n all cases unless hypo-
tension or known drug sensitivity exists

Sccobarbital or Nembutal are used interchangeably and
are ordered gisen by mouth minety minutes prior to the
scheduled hour of anesthesia The blood pressure record
ing governs the dosage i the following manner THE
BASAL POSITIONAL PRESSURE IS OBTAINED (the
palpatory systolic pressure as ascertained with the patient
1n the same position to be used dunng the course of anes
thesta but prior to recerving any drug that might depress
the cardiac output) and recorded If the blood pressure 1s
less than 90 mm of mercury, no barbiturate 1s ordered If
the basal positional pressure 1s between 90 and 100 mm of
mercury 50 mg (34 gr) 1s ordered With the few pauents
where the basal positional pressure 1s greater than 100 mm
of mercury 100 mg (114 gr ) 1s ordered

Thiopental sodium (Pentothal) 15 administered intra
muscularly to infants and children 1if they are brought to
the operating room 1nadequately sedated Scott Smith was
the first to make us aware that the procedure was safe and
relatively free of complications Pentothal has been used
successfully for basal hypnosts 1n over 300 mfants and chil
dren at Hahnemann Hospital mn Philadelphia  Pennsyl
vanta We have not had a single case of tissue slough or
abscess formation when we have used the mtramuscular
route The proper dose 15 calculated to be 6 to 10 mg per
pound of body weight for children less than six years of
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gental defect) or the rare, acquired lesion 1n which pam
1s a dominant complaint

Adnant has listed five reasons for ordering preanesthetic
medication (1) psychic sedation (2) reduction of metabohic
rate (3) to obtain an additive effect between a non potent
drug and one which 1s more potent (4) abolitton of secre
tions from the respiratory tract and (5) prophylaxis to
avoid anticipated undesirable effects

A barbiturate of short action 1s ordered for oral ingestion
at the hour of sleep the night previous to the nductton of
anesthesia The dose varies from 50 to 200 mg (34 gr to
8 gr) depending upon the reflex rrmtability and com
placency of each patient

Mependine {Demerol) 1s used 1 all patients with con
genital heart or great vessel pathology The usual dosage
ordered 15 one mlligram per pound of body weight—not
to exceed 100 mg Demerol 1s utilized as a premedicant n
acquired lesions if pain 1s present and 1s of a severe type
1e coronary artery disease or angmna assoctated with
aortic insufficiency Mependine produces hypotension
when administered m large doses or intravenously n
patients with heart disease Thus the amount ordered
should not be excessive or admimistered other than by
hypodermic mjection The time prior to induction of
anesthesia ought to be forty five to minety mmutes with
one hour being optimal

Barbiturates have proven to be more efficacious than nar
cotics as tranquihizers for patients with acquired valvular
pathology Beecher has stated that less respiratory depres
sion occurs with the usage of barbiturates in achieving a
mentally relaxed patient than would accompany an equal
effect from narcotics It 15 certanly true that postanesthetic
nausea and vormiting 1s reduced by the oral administration
of secobarbital (Seconal) or pentobarbital (Nembutal) in
comparison with the deleterious effect of this gastromn
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ur pAsic PRincipLes of a properly admmstered
general anesthesta are utlized for paucnts with
cardioascular abnormaliies These mclude adequate oxy
genation of all tissucs the preservation of adequate cardiac
action, and decreasing the irritability of the heart All fac
tors such as nausea, vomiting hypotension, hypertension,
carbon dioanide excess or hypoxia must be meticulously
avoided
It 15 essentral that a sccond by second esaluation of the
anesthetized patient be mamtamed Individuals with le
stons of the cardiovascular system can be compared with
ught rope walkers Life 1s maintained by a very narrow
margn, and a push 1n either direction may rapidly produce
dsaster It 15 actually preferable that two anesthesiologists
be 1n attendance duning the course of anesthesia for heart
surgery to complement each other mn ascertaining the
status of the degree of oxygenation cardiac output, to
control fluid therapy, and to Leep adequate meaningful
records
The most serious anesthetic complications encountered
during anesthesia for heart surgery are oxygen want, hypo
tension cardiac arrhythmias carbon dioxide retention,
anesthetic overdosage, and cardiac asystole
Oxygen deficiencies are best managed by prevention To
secure this end result, a higher arterial oxygen tenston 1s
present during induction and intubation 1f the patient 1s
recewving oxygen by mask There 15, however, a single
factor that keeps us from making this a routine—many
cardiac patients have such a fear of suffocation that they
19
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age Hypnosis usually occurs in ten to fifteen minutes
Laryngospasm has been noticeably absent, and the major
problem has been associated with primary respiratory de
pression 1f the amount used exceeds 10 mg per pound of
body weight Care must be taken to avoid the sciatic nerve
dunng itramuscular injection

Atropine sulfate has proven to be the belladonna deriva
tive of choice The vagus nerve 15 inhubited more directly,
tesulting 1n a more predictable pulse rate at the time of
induction  Delerium has largely been avorded and the
tracheobronchial tree has been drter

There are two other factors that are used to regulate the
preanesthetic dosage of atropine sulfate They are the basal
heart rate (optimal compensated ventricular rate without
heart failure) and the type of valvular deformity existing
n the patient Matral and tricuspid insufficiencies dictate
that the basal heart rate must be eighty per minute or less
Ths 1s because 1nadequate filung time for the ventricles
precludes adequate ventricular output

Adults with stenotic lesions do better during anesthesia
-all other things being equal—with a pulse rate varying
between eighty to one hundred per minute Atropmne sul
fate 0 65 mg (1/100 gr) 1s ordered if the pulse rate 1s sixty
per munute or less or 04 mg (1/150 gr) 1f the pulse rate 1s
between sixty and eighty per minute 1if faster than eighty
per minute 0 3 g (1/200 gr ) 15 ordered

Insufficient valves require correspondingly smaller dos
ages Note well that the basal pulse rate should be slower
to allow adequate filling Atropine sulfate should not ex
ceed 04 mg (1/150 gr) on any occasion 1f mutral msuffi
ciency 15 the prime pathology

Atropine sulfate for children 1s based on two addittonal
factors—age and size Doses varying from 01 mg (1/600
gr) to 02 mg (1/300 gr) are usually used and ordered to
be given sixty minutes prior to the scheduled time of anes
thesia induction
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A solution of atropine sulfate should 1lso be selected,
a needle mtroduced through the rubber top of the con
tamner, so that if needed 1t will be within arms reach
mstantly

A mouth prop 15 placed on the top of the anesthesia table
50 that 1t can be inserted prior to the remoyval of the laryn
goscope from the patient, after intubation

It 15 relamvely essential that the anesthesiologist check
to see that the requisitioned atrated blood type 1s avarlable
and that each contamner of blood lists the patients name,
blood group and type

The anesthesia supplies and equipment should be pre
pared and checled prior to the patient being brought to
the surgical theater We believe that one rexson for the
safety record of commercial air lines has been the ad
herence of the flight crews to the rules for cheching and
rechecling their equipment prior to being airborne, and
that the same 1s true for cardiac anesthesiologists

All of this preparation requires time but short cuts are
prime factors 1n the precipitation of catastrophe, and no
place 1s this more true than 1n attempting anesthesia for
heart surgery, without adequate expenditure of the time
necessary for comprehensive preparation

The operating room personnel should not conduct loud
conversations and should be especially trained to be quietly
efficient Very few stimult are comparable to a dropped
basin full of surgical instruments to upset a patient lying
on an operating room table awaiting heart surgery

As soon as the patient has been brought to the operating
room and transferred from the carner to the operating
table the anesthestologist should make himself known to
the patient A kund word does much to ease the mental
tension The blood pressure cuff and stethoscope should be
applied quickly and the blood pressure and pulse rate re
corded on the anesthesia chart All cannulae for nfustons
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manifest major annoyance at having a mask placed over
their faces Rather than produce undue stramn or appre
hension by isisting that a mask be secured m place during
wnduction m these hghtly premedicated patients oxygen
15 utilized only when the patient does not object We recog
nize the theoretical and practical values but are equally
farmliar with the patient s objections

We have a check list for equipment and supplies that
are used or may be used during the anesthetic period and
each 1tem 1s prepared and placed 1n a readily available
location before induction The list includes a Jaryngoscope
with a blade of proper size that functions perfectly because
a light bulb that fa1ls to function during intubation 1s not
conducive to a well managed operative course Three as-
sorted endotracheal catheters with inflatable cuffs are
selected the adjudged proper size and one each the next
size larger and smaller In each instance the cuff 1s
flated and placed under water to detect leaks The carbon
dioxade absorber 1s filled and a spare cannister 1s provided
for rapid interchange The oxygen supply 15 rechecked
and a supply of at least two extra tanks provided so that
at no tume will we be without an adequate reserve supply
during anesthesia The nitrous oxide cyclopropane and
ether supplies are ascertained

We daily prepare fresh solutions of thiopental sodium
40 mg of methoxamine hydrochloride (Vasoxyl) mn 500
ml of 5 per cent glucose and distlled water 4 ml of 02
per cent (8 mg ) levarterenol butartrate (Levophed) 1s pre
pared by diluting 1t 1n 500 ml of 5 per cent glucose and
distilled water a third vasopressor solutton 1s prepared by
adding 40 mg of methoxammne hydrochloride (Vasoxyl)
and 2 m! of levarterenol bitartrate (4 mg) to a solution
of 5 per cent glucose and disulled water 3 ml of 1/1000
(3 mg) epmnephnne chloride 15 added to 500 ml of 10
per cent glucose and distilled water
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A soluton of atropme sulfate should also be selected,
a needle introduced through the rubber top of the con
tamer, so that 1f neceded, 1t will be withn arms reach
wmstantly

A mouth prop 15 placed on the top of the anesthesta table
so that 1t can be serted prior to the removal of the laryn
goscope from the patient, after mntubation

It 15 relatinely essential that the anesthesiologist check
to see that the requisitioned aitrated blood type 15 available
and that each contamner of blood lists the patient s name,
blood group and type

The anesthesia supplies and equipment should be pre
pared and checked prior to the patient being brought to
the surgical theater We believe that one reason for the
safety record of commercial air lines has been the ad
herence of the flight crews to the rules for cheching and
rechecking therr equipment prior to bemng arrborne, and
that the same 15 true for cardiac anesthesiologists

All of thus preparation requres time, but short cuts are
prime factors 1n the precipitation of catastrophe, and no
place 15 this more true than in attempting anesthesia for
heart surgery without adequate expenditure of the time
necessary for comprehensive preparation

The operating room personnel should not conduct loud
conversations and should be especially trained to be quietly
effient Very few stumult are comparable to a dropped
basin full of surgical 1nstruments to upset a patient lying
OB 2n operating room table awaiting heart surgery

As soon as the patient has been brought to the operating
room and transferred from the carrier to the operating
table the anesthesiologist should make himself known to
the patient A kind word does much to ease the mental
tenston The blood pressure cuff and stethoscope should be
applied quickly and the blood pressure and pulse rate re
corded on the anesthesia chart Al cannulae for mfusions
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should be recheched to ascertamt patency puor to actual
mduction of anesthesta

There 15 an swonclad rule 1 our operating raoms that
no induction of anesthesia will be permutted unul the
suture nurse is scrubbed gowned and gloved and untit
she has cheched her instruments and set her table There
must be at Jeast one responsible surgeon mn the operaung
room scrubbed gowned gloved and ready to operate This
15 not 2 wham of the anesthesiologist but a rule enforced
because of hus hnowledge based on expenence that regard
less of how carefully the patient has been prepared and
selected cardias asystole may occur durng induction
When such a comphcaton 1s produced by anesthesia ume
15 of the utmost importance and can not be wasted looking
for a surgeon to mstitute thoracotomy and manual com
pression of the heart Obviously surgical instruments are
necessary—hence the requirements placed on the nursing
and surgical staff

Anesthessa 1 mduced by injecting a muscle relaxant
thraugh a three way stop-cock uito a vemn We prefer deca
methomum bromde (Syncurine) as the relaxant for endo-
wracheal mntubavon Thiopental sodiim (Pentothal So-
dm) 1s next admumstered mtravenously and the trachea
15 intubated under direct vision laryngoscopy using the
oral route We use the largest bore rubber catheter with
nflatable cuff that can be mtroduced without producing
trauma The mouth prop s iserted the laryngoscope re
moied from the oral cavity and the patient s Tongs mflated
with oxygen by manual cornpression of the breathing bag
An assistant should palpate a penipheral artery (radsal)
from the start of anesthesia until the completion of 1ntuba
tion at that time the systemic blood pressure should be
ascertained

“The pattent 1s then positioned for surgery the pulse rate
and the blood pressure are agam recorded If the pressure
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15 less than preanesthetically, only ovygen 18 administered
If hypotenston (palpatory systolic pressurc of 80 mm of
mercury) exists, the case should be cancelled and the pt
trent anakened as quickly as possible Nitrous oxide 1n
equal amounts with ovygen 15 utilized 1f the systohic sys
temic pressure 1s 100 mm of mercury or more

Respirattons are controlled from the ime of intubation
until the pleura has been closed and a pneumothorax no
longer exists The rate of the resprratory cycle may vary
from twenty to thirty per minute without 11l effects The
mspiratory phase 1s posiive and the exprratory phase
should have a zero pressure We prefer a one to one
cycle with equal times of inspiration and expiration Five
liters of nspired gas per minute has proven satisfactory in
all of our adult cases The carbon dioxide absorber 1s
always n the circmt, and with a semi-closed technique, we
behieve carbon dioxide retentton to be abolished Carbon
dioxide 15 a waste product of respiration and excess predis
poses to cardiac dilatation

Thiopental sodinm 1s added as needed to produce hyp-
nosis and facilitate the positive pressure inspiratory period
of respiration Individuals with profuse secretions of the
tracheal bronchal tree demand either overdosage with
thiopental sodium or, preferably the use of 2 muscle re
laxant such as succinylcholine hydrochloride during aspira
tion through the endotracheal catheter

Citrated whole blood 1s used as needed An aspiration
contamer that traps blood loss will give a rough gwide as to
the degree of hemorrhage In general, during anesthesia for
cardiac surgery 1t 1s better to undertransfuse than to over
transfuse

There are many advocates of ether analgesta Others pre
fer cyclopropane and ether, while st1ll others give glowing
reports about various other techmques Each anesthesiolo
gist should use the agents and tcchniques with which he 1s
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most competent but keep an open mind about the Limita
tions of all agents The essentials are adequate oxygenation
constant evaluation and a light plane of anesthesta The
plan of the outline above was reached after careful observa
tron and a fair trial with other recommended agents It
affords a techmque that assures adequate oxygenatton in
take mumimal depresston of cardtac reserve and uses drugs
that have short duration of action

We used a solution of 0 2 per cent procamne hydrochlo
ride 1n 1800 consecutive cases Procaine hydrochlonde
has several distinct advantages 1t reduces the total amount
of requured intravenous barbiurates by onethird the
pulse rate can be more veadily controlled, and we be
lieve 1t affords some analgesta The disadvantages 1n the
use of procaine hydrochloride are an absolute contraindica
tion when the patient has been prepared with qumdine
sulfate as cardiac asystole 15 more prone to occur hypoten
s10n can be aggravated and a false sense of security results
as to the prevention of cardiac arrhythmias It can cate
gorically be stated that procaine will not preclude ventricu
lar tachycardia or ventricular fibnllation

We use electrocardiography routinely for only three
types of cases (l) whenever hypothermma 1s used as an
adjunct so that occult shivering can be detected (2) during
the repair of interaurnicular septal defects so that 1t 15 posst
ble to detect an interruption of the aurculo ventricular
conduction system and (3) whenever extracorporeal circu
lation 1s indicated

An anesthesiologist should be able to detect conduction
abnormalities or cardiac arrhythmas by careful palpation
of a peripheral artery and by direct vision of the heart

A general classtfication of heart rate abnormalities 1s 1n
cluded



CARDIAC IRREGULARITIES WITH
WHICH THE ANESTHESIOLOGIST
SHOULD BE FAMILIAR

GENERAL CLASSIFICATION
A. Ansing 1n Sino-Auncular node
1 Sinus arthythmia
2 Sinus brachycardia
3 S.A Heart Block
4 Wandening pacemaker
5 Sinus tachycardia
B Arthythmias from Auricles
1 Auncular premature systoles
2 Auncular paroxysmal tachyeardia
3 Auncular flutter
4 Auncular fibnilavon
C Ansung in Auncular Ventnicular node
1 AV Block
2 AV nodal thythm
3 Nodal premature systoles
D Dusturbances of Ventricles
1 Ventricular premature systoles
2 Ventnicular tachycardia
3 Ventncular flutter
4 Pulsus alternans
5 Ventncular fibnillation

SINUS ARRHYTHMIA
Sinus arrhythmia 1s known to be present when the sinus
node undergoes cyclic vanations of rate
Smus arrhythmia 1s seen mostly prior to the age of
twenty one and 1n the very elderly patient

In the operating room smnus arrhythmia frequently 1s
confused with auricular fibrillation If the patient 1s asked
to hold his breath while you listen to his heart, then 1s

25
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asked to breathe deeply, the sinus arrhythmia will dis-
appear During anesthesia, if either atropine sulfate or gen
eral anesthesta 15 used this 1rregularity 1s seldom if ever
seen

Sinus arrhythmia 1s the most frequent of all arrhythmias
found 1n the resting human free of disease Ordinarily no
medication 1s needed or indicated

SINUS BRACHYCARDIA

Simus Brachycardia exists when the heart rate 1s below
sixty per minute, and no conduction block exists

Acute eprsodes of sinus brachycardia are a result of vagal
stimulation 1t 1s found 1n increased ntracranial pressure
increased cerebrospinal fluid pressure gastric dilatton bili
ary or renal colic

Atropine sulfate 15 the drug of choce

SA HEART BLOCh
S A heart block clinically can not be differentiated from
atrial dropped beats fortunately sino atrial block has
Iittle clinical sigmificance and there 1s no therapy needed
except for associated heart disease 1f any 1s present

WANDERING PACEMAKER

‘Wandering pacemaker can only be diagnosed by ECG
and there 1s usually no disturbance of rhythm

SINUS TACHYCARDIA

Sinus tachycardia 1s present whenever the heart rate ex
ceeds 100 per minute It 1s possible for the rate to be as
rapid as 240 per minute Generally the rate varies from 120
to 140 per mmnute The rhythm 1s regular and produced
most frequently by fear worry fever nicotme alcohol and
atropimne sulfate
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AURICULAR PREMATUREL SYSTOLES

Arhythmas from the auricles may arise 1n 2 portion of
the sinus node or 1n any part of the atml tissue

Aurtcular extra systoles can be diagnosed by careful
palpation of the pulse, as atrial premture systoles are not
followed by a full compensatory pause as are ventricular
premature systoles

"This mequality 1s found in paucnts with severe infec
tious discase and during the course of anesthesia, as well as
following coronary artery disease They rarely occur in nor
mal hearts unless fever causes a disturbance of the metabo-
hism of the atnum

AURICULAR PAROXYSMAL TACHYCARDIA

Auncular paroxysmal tachycardia usually begins and
ends abruptly The rate 15 perfectly regular and may vary
from 100 to 250 per minute Peripheral vascular collapse 1s
not uncommon due to poor filling time and a backward
farlure ensues

Thirty four per cent of patients with auricular parox
ysmal tachycardia have normal hearts the remaiming por
tion equally divided between rheumatic heart disease and
artertosclerosis

The diagnos:s 1s made by suddenness of onset rapid rate
and response to vagal sumulation such as eyeball pressure,
carotid sinus pressure or induced vomiting If the rate re
mains rapid following vagal sumulation an ECG should
be taken for positive diagnosis and prior to drug therapy

AURICULAR FLUTTER

Auncular flutter may be considered a more serious form
of atrral tachycardia, the mawmn difference being the rate and
site of origin of the ectopic focus The rate of the auricle
may increase to 400 per minute The ectopic focus 15 low—
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near the stoma of the mfenor vena cava There 1s usually
a2 1or31block The radual pulse 15 then about the same
1n atral flutter as it 1s 1n atnal tachycardia

Since atrial flutter 1s caused by an ectopic focus far from
the smo auricular node 1t 15 not wnfluenced by vagal shmu
lation as 1s atnal tachycardia

Atral flutter should be regarded as evidence of organmic
heart disease and therefore treatment 1s mdicated Quunt
dne affords excellent results if the heart 1s not decompen
sated If failure 1s present digitalis 1s preferred Thus has the
distinet advantage 1n controlling the ventricular rate and
decompensation 1s relieved ECG shows saw tooth P waves

AURICULAR FIBRILLATION

Auricular fibrullation the rate of activity of the auncle
15 seldom less than 350 per minute Rates of 500 600 have
been described from the ordinary ECG The ECG tracings
reveal no P waves and no two QRS complexes are the same
wmterval apart Clinically the diagnosis 1s made by a pulse
deficit between the apex and the radial pulse and the 1r
regularity of the pulse The auricles lose all characterstics
of systole and serve only as a reservorr for blood this 15
followed by atrial dilation with a resultant decrease 1n
cardiac output.

Therapy 1s dependent upon the degree of myocardial
damage and the benefit of reverting the rhythm to a nor
mal sinus thythm Digitahs and quimidine are the two drugs
most frequently used to control atrial fibrillation Qunt
dne 15 the only drug capable of producing a reversion to
normal rhythm

AV BLOCh

AV block 1s the failure of impulses arising 1n the auricle
to be transmtted directly to the ventricle
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For the sake of simplicity, A V blocks are classified as

1 Furst degree, which 1s a prolongation of the conduc
tion time beyond normal

2 Second degree varies from a block which permats only
every second atrial impulse to pass (2 1) to one which per
mits only a few of the atrial impulses to pass (1 1)

8 Third degree (complete AV block) all of the atrral
impulses fal to reach the ventricle Two pacemakers in the
heart, one mn the atrium and one 1 the venincle

The most frequent cause of AV block 15 old age Heart
muscle may have depressed excitability but still appear
normal histologically For thus very reason even with severe
heart block being the cause of death, no microscopic find
ings can be found to substanuate the diagnosis

Posons drugs and fever all produce block Digitalis and
qumdine are the most frequently used drugs climeally
capable of producing heart block Prolonged fever of any
nature, including the fever produced by physical exercise
exhausts the heart and depresses excitability

Generally heart blockh does not exist 1n the absence of
organic heart disease

Atropine sulfate has lttle clinical effect, a sympatho-
mimetic drug (ephedrine sulfate or amphetamme) and
oxygen render the best results, particularly if the pulse rate
1s thurty five to forty per mimute

AV NODAL RHYTHM

AV nodal thythm 15 present when the AV node acts
as the pacemaker Under thts condition the impulses origy
nate mn the AV node and spread from there to the wuncles
and to the ventricles Clinically 1t 1s undetectable with the
ventricles and the aurncles contracting synchronously
Usually the rate ss from fifty to sixty per mmnute The clim

cal application 15 as a precursor to atrial tachycardia flutter
or fibrillation
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NODAL PREMATURE SYSTOLES

Nodal extrasystoles may occastonally anse at the AV
node This can not be diagnosed chmcally by auscultation
orartenal palpation

VENTRICULAR PREMATURE SYSTOLES

Ventricular extrasystoles are the most common of all ar
rhythmias By ausculiation premature beats are detected by
therr prematurity and the compensatory pause Ventricular
extrasystoles occur 1n every person they can be due to
fatigue or actual cardiac disease

‘When premature ventricular systoles occur during gen
eral anesthesia the oxygen concentration should mmmed:
ately be increased. If the arrhythmia continues small
amounts of barbiturates will ordinarily abolish the irregu
lanity except m the presence of coronary artery disease

VENTRICULAR TACHYCARDIA

Ventricular tachycardia when sinus thythm becomes
superseded by a ventricular ectopic focus of rapid rate the
resulting arrhythmia is called ventricular tachycardia The
rate tends to be 1n the neighborhood of 200 per minute

The presence of a rapid thready pulse and distant heart
sounds with hypotenston and a narrow pulse pressure in
pattents known to have cardiac pathology 1s most indicative
of ventricular tachycardia Vagal sumulation does not de
crease the heart rate and so 1t may thus be differentiated
from atnal tachycardia

Therapy 15 indicated 1mmediately and quimidine and
qunidine Ilke drugs are most commonly used DIGI
TALIS IS CONTRAINDICATED because 1t may pro-
duce ventricular fibnllation Oxygen and Methoxamine
hydrochlunde have proven very useful in the operating
room to control this irregulanty slowmng the pulse rate
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elevating the cardiac output, and ncreasing the systolic
pressure

VENTRICULAR FLUTTER

Ventricular flutter 1s an ECG variant of ventricular tachy
crdia. Chimcally there 1s no difference between the two
The treatment 15 the same

PULSUS ALTERNANS

Pulsus alternans produces alternately strong and weak
radral pulsations There are corresponding loud and distant
heart sounds at the apex (there 1s no vanation of the ECG
complexes) It may occur during myocardial infarction,
with left ventnicular failure or anoxia

Durng blood pressure determinations by the ausculta

tory method two systolic levels vary from 5 to 15 mm of
mercury

VENTRICULAR FIBRILLATION

Ventricular fibrillation 1s the most grave of all cardiac
rregulanities The only two ways by which the diagnosis
can be made are ECG or direct visualization of the ven
tricles Clincally 1t 15 difficult to differentiate from cardiac
asystole

The treatment 15 variable with no drug capable of ar
resting the irregularty once present Oxygen and artificial
respiration are mandatory Manual cardiac compression 15
indicated to noursh the ventricles via the coronary arterzes
Electric countershock should be employed following ade
quate oxygenation 1f manual compression of the heart and

epinephenine do not revert the thythm Untreated 1t 1s
100 per cent fatal



COMPLICATIONS DURING
ANESTHESIA

oMpLICATIONS during anesthesia may arse from sev
eral sources anesthesia per se surgical complications
patents disease or errors of judgment Whatever the
etiological factor the best therapy 15 avotdance or removal
of the cause Expertence 1s said to be the best teacher and
as one who 1s a firm believer 1n this philosophy 1t 15 pos
sible to write as an authonty—all known anesthettc complt
catrons having occurred duning the course of my career
The hindrances to adequate circulation are those most
frequently encountered during heart surgery These mn
clude hypotension hypertension arrhythmia heart block
pnimary cardiac failure pulmonary edema and cardiac
asystole
Respiratory difficulties that are manifest during anes
thesia for cardrac surgery are hypovia from ebstructed atr
ways 1nadequate oxygen source preeusting pathological
pulmonary changes pleural effusion secretions within the
tracheobronchial tree and nadsertent extubation
Hypotension 1s considered present if the systemuc systolic
blood pressure 15 100 mm. of mercury or less Hypotension
1s by far the most frequently encountered complication
durning the course of anesthesia. Most often hypotension 1s
simply a manifestation of poor myocardial tone and rela
tely meffectual ventricular output. It 1s 2an obvious truism
that the less cardiac impairment preoperatniely the more
stable 1s the heart action durmg anesthesta This 1s one
of the reasons cardiovascular surgeons cardiologists and
anesthesiologists make such a strong plea for early surgery
32
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It 13, at best, the difference between a cure and a palliation
The existence of a heart murmur 1s not the indication for
surgery, but increasing disabality and progression of dis
ease are

It 1s better to overcome hypotension on a physiological
basis rather than by pharmacological means This 1s true
when pressure 15 made on the heart, or aganst the wflow
tract. Stmply by standing and observing the position of a
retractor, gauze sponge, or surgical assstants hand, 1t 1s
possible to check this cause If the offending pressure can
be removed and traction released the systemic pressure
will rapidly return to 1ts normal level

Blood loss 1s another common factor wn the production
of hypotension There 15, at present no accurate say vail
able during surgery and anesthesia, to obtain immedrate
blood volume determinations Rough gurdes are available
by means of hematocnit, hemoglobin and erythrocyte de
terminations Sponges may be weighed and suction bottles
measured but st1ll thus 15 by no means accurate We have
advocated that the anesthesiologist have an 1larm system
or a dinner bell and ring 1t each time a unit of blood 1s
administered These methods could prove disturbing, but
would allow the team as a whole, to be made familiar with
the volume of blood used

There are several vasopressors that are recommended to
mamntain TEMPORARILY adequate circulation Much
has been written about pet agents We have found three
to be useful during anesthesia for cardiac surgery (1)
methoxamne hydrochloride (Vasoxyl) (2) levarterenol b
tartrate (Levophed) and (3) epmephrine Methoxamine
hydrochlonide 15 1ndicated 1f the pulse rate 1s rapid and
hypotension 15 present Levarterenol 1s used 1f the pulse
Tate 1s slow and hypotension exists 3 ml of 1 to 1000 ept
nephnine hydrochloride 1s added to 2 500 m! solution of
10 per cent glucose and water and admimstered 1ntrave
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oMPLICATIONS during anesthesia may arise from sev

G eral sources anesthesia per se surgical comphcations
patients disease or errors of judgment Whatever the
etrological factor, the best therapy 1s avordance or removal
of the canse Expertence 1s saxd to be the best teacher and
as one who 15 a firm believer in this plosophy, 1t 15 pos
sible to write as an authority—all known anesthetic compli
catrons having occurred during the course of my career

The hindrances to adequate crreulation are those most
frequently encountered duning heart surgery These mn
clude hypotension hypertension arrhythmia heart block
primary cardiac farlure pulmonary edema and cardiac
asystole

Respiratory difficulties that are mamfest during anes
thesia for cardiac surgery are hypoxia from obstructed air
ways 1nadequate oxygen source, preexisting pathological
pulmonary changes pleural effuston secretions withun the
tracheobronchial tree and inadvertent extubation

Hypotension 1s considered present if the systemic systolic
blood pressure 1s 100 mm of mercury or less Hypotension
1s by far the most frequently encountered complication
during the course of anesthesia. Most often hypotension 15
sumply a manifestation of poor myocardial tone and rela
tively ineffectual ventricular output It 1san obvious truism
that the less cardiac impairment preoperatively the more
stable 15 the heart action during anesthesia This 1s one
of the reasons cardiovascular surgeons cardiologists and
anesthesiologists make such a strong plea for early surgery
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corrected by the use of epinephrine 1 conjunction with
manual compression of the heart and adequate ovygenation
of the lungs It 15 less helpful 1n valvular lesions that are
regurgitant than n those resulting from stcnosis, whether
the leston 1s congemtal or acquired

Cardrac asystole 1s, of course, the most alarming compl:
catron encountered It can occur at any tume during anes
thesta There are several rather constant ctiological factors
m 1ts production (1) oxygen deprnvation, (2) anesthetic
overdosage, (3) hemorrhage, (4) coronary embolizatton, (5)
administration of improper drugs, (6) adrenal failure, (7)
too constant a pressure on the heart, (8) occlusion of a valve
onfice by thrombus, mstrument or finger, (9) myocardial
failure, and (10) carbon dioxide excess The anesthest
ologist must constantly seek to avoid the occurrence of car
diac asystole and can do so to a great degree by obtamning
an adequate history from the patient, by constant observa
tion during surgery and anesthesia, and by informing the
surgeon promptly of difficulties that predispose to death
duning surgery

Hypoxia as a major cause of complications during anes
thesia can probably never he overstressed The body hasno
reservorr of oxygen or means of producing oxygen during
penods of stress when an abundance 1s so acutely needed
As has been menuioned previously no single thing 15 so
vital to sustan life or prevent cardiac irregularities It
might be well to recall the old saying that notsy respirations
dunng anesthesia are pathognomonic of obstruction, but
;i;::eobstructed respirations need not be noisy 1€, com

Oxygen depnivation can largely be avoided by meticu
lous attention to detatls We believe the mspired concen
tration should never be less than a 2 1 ratio, and most often
211 ratio 15 desired Over 50 per cent of all heart cases
done 1n our hospital recerve a 100 per cent inspired con
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nously 1f no vasopressor response 1s elicited by erther of the
two previously named drugs We are fully acquainted with
the standard pharmacological textbooks and the warmng
they contamr about whipping a tired horse We are dscuss-
1ng diseased hearts that develop poor output and there 1s
no tired horse as tired as a dead heart. Epinephrine 15 2
natural stumulant to the heart and as such should be used
1n times of stress

Hypertension 1s a systemic systolic blood pressure of 150
mm of mercury or greater andfor a diastolic blood pres
sure of at least 100 mm of mercury Hypertension occurs
normally 1n pattents with coarctation of the aorta, aortic
msuffictency or coronary artery disease

If hypertension develops during the course of anesthesia
for cardiac surgery we consider one of four things to be
m effect (1) hypoxia (2) carbon droxide accumulaton (3)
the patient 1s feeling pain or (4) a vasopressor 15 being 1n
advertently admimstered Proper steps are taken to find
the cause and correct the discrepancy immediately

Cardrac arregulanties are discnssed 1 the sechion on
management. However the serious arrhythmias are ventric
ular tachycardia and sentricular fibnllation We prefer
to treat ventricular tachycardia by injecting a solution of
500 ml of 5 per cent glucose and water with 40 mg of
methoxamtne hydrochlonide added ntravenously at what
ever rate needed to slow the pulse This will almost 1n
vanably slow the pulse rate and elevate the systemic blood
pressure Sodium molar lactate has recently been advocated
by Bellett as a useful therapeutic and prophylactic meas
ure We have used sodium molar lactate eight umes with
varying degrees of success Epmephrine has been used to
treat ventricular fibrllation m our clinic for several years
It might seem heresy to wnte 2dsocating epinephrine for
the treatment of an arrhythmia that 1t supposedly causes
each time 1t 1s used but ventricular fibrillation can be
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corrected by the usc of epmephrine 1n conjunction with
manual compression of the heart and adequate oxygenation
of the lungs It 1s less helpful n valvular lestons that are
regurgitant than mn those resulting from stenoss, whether
the lesion 15 congenital or acquired

Cardiac asystole 15 of course, the most alarmuing comply
cation encountered It can occur at any time during anes
thesta There are several rather constant ctiological factors
m 1ts production (1) oxygen deprivauon, (2) anesthetic
overdosage, {3) hemorrhage, (1) coronary embohization, (5)
administration of improper drugs, (6) adrenal failure, (7)
too constant a pressure on the heart, (8) occlusion of a valve
onfice by thrombus, mstrument or finger, (9) myocardial
farture and (10) carbon dioxide excess The anesthest
ologist must constantly seek to avoid the occurrence of car
diac asystole, and can do so to a great degree by obtaiming
an adequate history from the patient, by constant observa
tion durning surgery and anesthesta and by wnforming the
surgeon promptly of difficulties that predispose to death
during surgery

Hypoxia as a major cause of complications during anes
thesia, can probably never be overstressed The body has no
reservorr of oxygen or means of producing oxygen during
periods of stress when an abundance 1s so acutely needed
As has been mentioned previously no single thing 1s so
vital to sustan life or prevent cardiac irregularities It
mught be well to recall the old saying that noisy respirations
during anesthesia are pathognomonic of obstruction, but
that obstructed respirations need not be nowsy, 1¢ com
plete

Oxygen deprivation can largely be avoided by meticu
lous attention to detarls We believe the wmspired concen
tration should never be less thana 2 1 ratio and most often
2 11 ratio 15 desired Over 50 per cent of all heart cases
done 1n our hospital receive a 100 per cent mnspired con
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nously, 1f no vasopressor response 1s ehicited by exther of the
two previously named drugs We are fully acquainted with
the standard pharmacological textbooks and the warnng
they contain about whipping a tired horse We are discuss-
ng diseased hearts that develop poor output and there 1s
no ured horse as tired as a dead heart. Epinephnine 1s 2
natural sumulant to the heart and as such, should be used
1n tmes of stress

Hypertension 18 a systemic systolic blood pressure of 150
mm. of mercury or greater and/or a diastolic blood pres-
sure of at least 100 mm. of mercury Hypertension occurs
normally 1n patients with coarctation of the aorta aortic
imnsufficiency or coronary artery disease

If hypertension deselops dunng the course of anestbesia
for cardrac surgery we consider one of four things to be
m effect (1) hypoxia (2) carbon dtoxide accumulation, (3)
the pauent 1s feeling pain or (4) a vasopressor 1s being n
advertently admumstered. Proper steps are talen to find
the cause and correct the discrepancy rmmediately

Cardiac 1rregularnities are discussed sn the section on
management. Honever the senous arrhythmias are sentric
ular tachycardia and ‘entricular fibnllatnon. We prefer
to treat ventricular tachycardia by mnjectng a solution of
500 ml. of 5 per cent glucose and water with 40 mg of
methoxamne hydrochloride added intravenously at what
ever rate needed to slow the pulse This will almost 1n
vanably slow the pulse rate and elevate the systemic blood
pressure Sodium molar lactate has recently been adsocated
by Bellett as a useful therapeutic and prophylacuc meas-
ure We have used sodium molar lactate eight times with
varying degrees of success Epmephrine has been used to
treat ventnicular fibrillation 1 our chinic for several years.
Jt might seem heresy to write adsocating epinephnne for
the treatment of an arthythmia that 1t supposedly causes
each nime 1t 15 used, but ventricular fbrillation can be



POSTANESTHETIC MANAGEMENT

1E putics of an anesthesiologist are not over immed:

Talel) following the completion of surgery, with bron
chual tracheal aspiration and estubation

The immediate postanesthetic period (twenty four hours)
15 2 most criical ime for the patient He has been sub-
jected to the trauma of surgery (no matter how efficiently
and quickly accomplished) and the added depression of a
general anesthesta Each pattent 1n the postoperative pertod
has to adjust to a change in hemodynamics This vanes
according to the surgery and whether or not the interven
tion was for obstruction, 1 e, any stenotic valve, or coarcta
tion of the aorta, or to changes n 1ntracardiac chambers
following the correction of an msuffictency

Immediately following extubation, oxygen 1s supplied
to the adult patient by means of a B L B mask, with a flow
rate of ten Liters per minute The patient should be ex
amned immedately for any evidence of embolization
Cerebral embolization can be detected by mability to speak
or loss of motor functions of the extremities The anesthest
ologist should command the patient to move a designated
limb f sufficiently conscious or recovered from the effects
of general anesthesta We attempt to have all pattents awake
at the completion of surgery so that 1f a cerebral vascularac
cident has occurred 1t will be known to us Pertpheral ar
terial pulsations should be noted, and 1f found to be absent
post surgically having been present pre surgically an em
bolectomy should be done promptly We prefer to use
erther spinal anesthesia or epidinal block as the anesthesia
of choice for embolectomies feeling that the sympathetic
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centration of oxygen

We have dewvssed a polyvinyl plastic mouth prop through
which an endotracheal catheter can be easily inserted Ths
prohibuts occlusion by the teeth The cannula has a phal
ange that 1s eastly secured 1n place agamst the lips with
adhesive tape The endotracheal tube can neither shp
further 1nto the trachea nor be pulled out as long as the
mitial posittonung has been correct

All endotracheal catheters should be measured prior to
wmsertion to 1vord nadvertent endobronchial intubation
The endotracheal catheter should be introduced under
direct vision laryngoscopy This provides further protec
tion agamnst hinking of the tube or esophageal intubation

An asprrating catheter 1s routinely lubricated and 1n
serted through the endotracheal tube prior to the start
of surgery If the aspirating catheter can not easily be 1n
serted some evidence of obstruction exists that must be
corrected before a pneumothorax 1s present

Secretions must be removed and not allowed to accumu
late or not only will hypoxia result, but greater depths of
anesthesia will be required to combat bucking by the pa
tient

Pulmonary edema as a complicating factor rarely occurs
but when 1t does develop emergency treatment 1s manda
tory The rouune for therapy that we use in combatting
pulmonary edema 1s discussed 1n the chapter on postanes
thetic management

Blood loss from hemorrhage 1s an excellent example of
the needed teamwotk for an outcome that will be success
ful for the patient Anesthesiologists seldom produce a
masstve hemorrhage but we should assume the responst
bility for adequate and rapid replacement of the depleted
circulating blood volume

Complications may be likened to accdents in that they
are always caused and never just occur
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nE DUTIES of an anesthesiologist are not over unmed:

Tatcl) following the completion of surgery, with bron
chual tracheal aspiration and extubation

The immediate postanesthetic persod (twenty four hours)
1s 2 most crical ume for the patient He has been sub-
jected to the trauma of surgery (no matter how efficently
and quichly accomplished) and the added depression of a
general anesthesia Each patent in the postoperative penod
has to adjust to a change in hemodynamics This varies
according to the surgery and whether or not the interven
tion was for obstruction, 1 e, any stenotic valve, or coarcta
tion of the aorta or to changes in intracardiac chambers,
follow1ng the correction of an insuffictency

Immedsately following extubation, oxygen 1s supphed
ta the adult patient by means of a B LB masl, with a flow
rate of ten liters per minute The patient should be ex
ammed immediately for any evidence of embolization
Cerebral embolization can be detected by mabihity to speak
or loss of motor functions of the extremities The anesthest
ologist should command the patient to move a designated
limb 1f sufficiently conscious or recovered from the effects
of general anesthesia We attempt to have all patients awake
at the completion of surgery so that if a cerebral vascular ac
cident has occurred 1t will be known to us Peripheral ar
tenal pulsations should be noted and 1f found to be absent
post surgically having been present pre surgcally, an em
bolectomy should be done promptly We prefer to use
either spinal anesthesia or eptdinal block as the anesthesia
of chotce for embolectomies feeling that the sympathetic

37



38 ANESTHESIA FOR SURGERY OF THE HEART

nerve 1nhibition overcomes spasm 1n the artenies and aids
the collateral circulation The comparison of preanesthetic
and postanesthetic oscillometric recordings 1n the lower
extremties has proven most helpful m taling the guess
work out of ascertaining the actual existence of an adequate
blood supply

The anesthesiologist should ascertain whether or not
the lungs are completely inflated while the patient 1s still
on the operating room table This can be accomplished
several ways auscultation of the breath sounds and by de
termimng the negative pressure present in the underwater
seal bottle These are the sumplest methads available A
routine chest plate can be made, but this seems expenstve
troublesome and unnecessary to us

‘We nsist that oxygen be administered by mask until the
patient 15 thoroughly conscious and the systemc blood pres-
sure 1s stabilized at 1 sausfactory level Following the ad
munstration of oxygen by B LB mask we use nasal cathe
ters to administer oxygen The oxygen should be hurmdi
fied by bubbling through water and the rate should not ex
ceed five liters per minute The nasal catheter should be
changed every eight hours a clean catheter introduced mnto
the opposite nares will do much to provide comfort to the
pauent and make him more prone to accept the inconven
1ence of oxygen therapy

It may be well to recall that there are three generally
used methods of administering oxygen (1) by mask (2)
by nasal catheter or (3) 1na tent Each of the three modes of
inhalation therapy has advantages and disadvantages The
usual concentration of oxygen 1n the mspired air by mash
with a flow rate of ten liters per minute 1s 95 to 100 per cent
Nasal oxygen allows a concentration of oxygen mspired
with air of 35 to 40 per cent at five liters per minute The
concentration of oxygen inspired under a tent 1s 35 to 50
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per cent dependent upon the flow rate and the Jach of lcaks
n the canopy

Postanesthetic sedation should be ordered by the anes
thesiologast for the first twelve to twenty four hours We
prefer to admimster no narcotics until after the patient 1s
fully awake, responsive, and has a sausfactory airculatory
system There can be no question but that adequate nurs
ng care markedly curtails the amount of sedation needed
following surgery Although talking and reasoning do not
replace adequate control of pamn, an attentive nurse can do
much to allay apprehension and so decrease the sedation
schedule It 1s necessary that all post thoracotomy patients
cough and expectorate sectetions thus mmmmuzing the
amount of retained secrettons and avoiding to a large
degree the development of atelectasis

Hypotension 1s a rather common postanesthetic problem
It should be recalled that hypotension 1s best treated physio
logically by removing the cause A decrease in cardiac out
put and low blood pressure, however must be corrected
rapidly no matter what the cause If untreated, renal fail
ure will ensue and death will result from uremia Of course,
1t must be borne 1n mind, that there 1s an abnormal renal
hydrostatic pressure m nearly all patients with acquired
heart disease, and renal complications are more prone to
develop following the further depression attendant to hypo
tension In our research laboratory and 1n chimical practice
levarterenol (Levophed) produced less constriction of the
renal arterioles than the other commonly used vasopressors
The prolonged use of levarterenol should not be con
sidered as untoward effects result such as tissue slough and
gangrene Certamly a judicious survey should be made as
to the existing blood volume 1n the immediate postanes
thetic phase This wall mean hematocrit erythrocyte hemo
globin and 1f possible bload volume determinations The
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use of crtrated whole blood 1s 2 ife saving procedure when
ndicated but unfortunately, the use of blood transfusions
1s not a completely bemgn process It 1s easy to overload a
heart with the rapid admimstration of blood and produce
pulmonary edema Also transfusion reactions do occur, al
though with an ever-decreasing frequency

Pulmonary edema may occur from any one of several
causes 1n the postanesthetic period As mentioned above,
1t may follow the rapid admimstration of citrated whole
blood or too large a volume of blood may be given to 2
laboring heart precipitating pulmonary edema Hypoxia,
regardless of the cause—be 1t respiratory obstruction, re
spiratory failure from irreversible lung changes primary
depression of the respiratory center from overdosage with
a narcotic or madequate oxygen concentration in the in
spired atmosphere—1s a major factor 1n the development of
pulmonary edema Cardiac failure perse may well be the
major etiological factor Whatever the cause the treatment
should be immediate and effective or death will rapidly
result Perhaps this 1s one phase of medicine that should
be routimized into a cookbook fashion and followed
closely by all physicians deahing with pulmonary edema i
the post surgical peniod of patients who have just had heart
surgery

The climcal picture 1s usually typical a sudden onset of
dyspnea and cyanosis with signs of circulatory collapse are
seen first Whate frothy sputum appears and soon becomes
pmk m color indicating bloody content The secretions
may be profuse and literally drown the patient 1n a matter
of a few minutes Crepitant rales may be heard over the en
tre lung field

The first step 15 to provide adequate oxygen to the pa
tient 1f sull in-the operating room, this 1s best achieved by
means of an anesthesia machine The oxygen should be ad
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mimstered under posine pressure We use 1s much 1s 40
mm of mercury during snspiratton The expiratory phse
should probably be maintained on the postive side, so that
a negatne pressure does not exsst i the Tespiratory cycle
If the patient 1s on the ward or 1n his room, any posiuve
pressure mask may be used with good results unless apner
ensues, 10 such 2 case, 2 means of affording respirations
must be obtamned Vartous anu foam agents have been
used Certamnly one 1s indicated and we prefer caprylic
alcoho! one part mixed with six parts water

A bloodless phlebotomy should be immedately st
tuted This may be achieved 1n one of two ways 1¢, by
applying tourmquets to three extrermties or by actual
adminustration of spinal anesthesta to a level of the tenth
thoracic dermatone The drugs that are useful are Lanato
side C 12 to 16 mg and Aminophyllin 0 25 to 05 grams
ntravenously The tracheobronchial tree should be as
prrated frequently but not at the expense of decreasing
the mspiration of oxygen and the defoaming agent We
have no place for morphine sulfate or any of the other nar
couesn the therapy of pulmonary edema 1n the rmmediate
postanesthetic period we mention therr wide spread use
only to condemn it

Actual phlebotomy 15 wndicated 1f there 15 not a pro
nounced decrease 1n the rate of production of the pul
monary edema 1n ten to fifteen minutes The blood should
be removed slowly from a vein The phlebatomy should
be discontinued as the production of edema 15 evident
Shock from blood loss could eastly cloud the clinical field
if carried to extremes

Hypothermia 1s utilized by slow deliberate means 1f pa
tients develop fever above 102° Fahrenheit 1n the post
anesthetic period We prefer a water cooled mattress, as
this has three distinct advantages (1) 1t can easily be m
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stalled 1n the patient s room, (2) 15 more comfortable for
the patient and (3) the speed of cooling (reduction of body
temperature) 1s controllable Each elevation of body tem
perature of 1° Tahrenhert increases the basal metabolic
rate by 7 per cent It 1s a well established fact that fever m
creases the pulse rate Temperature recordings less than
normal reduce the oxygen demand of the myocardium and
conserve body energies

The anesthestologist should visit the patients after sur
gery to continue the physician patient relationship We
should always recall that physicians are trmned to aid
patients not patients to aid physicians



TETRALOGY OF FALLOT

ALLOT, 1n 1888, published his classic treatise on The
Anatomic Pathology of the Cyanotic Heart Tour con
genital pathologcal conditions were histed (1) pulmonary
stenosis or pulmonary atresia (2) night ventricular hyper
trophy, (3) interventricular septal defect, and (4) dextro-
position of the aorta
The course of the arculation m piuents with the
tetralogy 15 best described by starting with the blood 1n
the night atrium, passmg nto the right ventricle through
the tricuspid valve A variable portion of the venous blood
enters the pulmonary artery durnng the systole of the right
ventricle This pertion will then undergo normal oxygena
tion via the pulmonary ctrculattion The major volume of
blood, due to the obstruction of the pulmonary artery, 15
shunted from the right ventricle, via the interventricular
septal defect to the left ventricle The mixing of the oxy
genated and unoxygenated blood occurs 1n the left ventr
cle and aorta Left ventricular systole forces the mixed
blood mto the aorta and out mto the systemic circulation
Symptoms vary according to the severity of the obstruc
tion to the pulmonary artery The obstruction may be mn
fundibular valvular or due to a primary pulmonary artery
atresta Shight exertron produces an mcrease m the degree
of cyanosis It may be well to recall that at least 5 grams
of reduced hemoglobm per 100 m1 of blood are necessary
to manifest cyanosis Dyspnea and fatigue are the prime
symptoms frequently being precipitated by crymng or eat
mg Periods of unconsciousness result from oxygen depri
43
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vation to the bramn Cerebral thrombosts with resultant
paralysis may occur

Physical diagnosis can never be 100 per cent correct
without laboratory confirmation Typically, the child 1s
retarded physically but not of necessity mentally sluggish
Cyanosis of the lips, tongue conjunctiva and natl beds 1s
present The digits are clubbed There 1s a harsh systolic
murmur heard over the pulmonic valve although the
degree of obstruction to the pulmonary artery produces
marhed vaniations tn the mntensity of the murmur

The child assumes a charactenistic squatting position
after exertion of even a moderate degree Infants unable
or too young to walk flex therr thighs against the abdomen
n a similar manner Generally the heart size 1s normal or
only slightly enlarged

Several laboratory studies are of value m diagnosts and
m evaluation of the severity of the lesion Polycythemia
15 the rule, red counts of seven or eight milhion being not
uncommon

On x ray, the pulmonary vascular markings are diminu
tive In most pitients the main pulmonary artery cannot
be defined The heart 1s as a rule not enlarged The left
border 1s rounded and the apex elevated In the right
anterior oblique view there may be anterior prominence
of the right ventricle In the left antertor oblique view the
aorta frequently 1s more anterior than normal

The electrocardiogram almost invariably shows right
ventricular hypertrophy

Angocardiography d rates simul us opactfi
cation of the right ventricle aorta and a small pulmonary
artery Usmg high speed techmques the location of the
pulmonary obstruction may be outlined

On cardiac catheterization there 15 found to be a gra
dient 1 systolic pressure from the pulmonary artery to the
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TETRALOCY OF FALLOT
CATRETERIZATION DATA
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P 153008
iz 92 Conzuraption 130 ¢c/min

Putmontc Blood Flow 2 4 § /min
Systemic Blood Flow 3 3 1/min
Sunts LioR 1 4 tmin

RtoL 23 tfmin

Overall Shast {R 1o L} 0 8 1/min
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night ventricle Frequently the catheter tip can be manipu
lated through the ventricular septal defect into the aorta
The systolic pressure 1n the right ventricle and the systemic
arcmt 1s as a rule, equal There may, or may not be, an
mncrease 1n the oxygen content 1n the outflow of the night
ventricle As a result of the night to left shunt through the
ventnicular defect arterral oxygen saturation 1s below
normal

The anesthesiologist, in evaluating the patient with the
pediatric cardiologist and the cardiac surgeon knows that
there 1s no chance of long term survival without surgery
if cyanosis 1s present There perhaps 1s no 1deal candidate
but infants as young as one week of age are anesthetized
for this palliative surgery even in heart fatlure The per
fect candidate would be compensated only shghtly cya
notic devoid of an upper respiratory infection, at least
four or five years of age and without other congenital
defects

The type of procedure to be done 1s not routinely a
choice for the anesthestologist to make There1s however,
one exception—that being the very young desperately 1l
mfant markedly cyanotic This type of patient should not
be subjected to a long difficult anastomosis such as a
Blalock or Potts operation Preference ts a Brock operation
that can be accomphished 1n 2 matter of minutes accepting
the possible need for further surgery at a later date

There are three generally accepted operations for pallia
tion The Blaloch Taussig 1s the surgical creation of a
ductus Ordinanly this 1s achieved by the anastomosis of
the subclavian artery to the pulmonary artery Potts mod:t
fication 1s the formation of a ductus by a side to side anasto-
mosis of the aorta and the pulmonary artery Sellors and
Brock recommended the removal of the obstruction either
by resection of the infundibulum in the nght ventncle
or by masing the leaflets of the pulmonary valve
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It 1s agreed that any of the three procedures leaves much
to be desired Open cardsotomy with repur of the nter
ventricular septal defect and obliterition of the hmdrance
to normal pulmonary circulation alone yesults i a cure

The mherent difficulues 1 guning free exchange of
thoughts with an nfant or child 1re complicated by the
pampered or spoiled qualities 1mposed on the patient
by anvious parents The patuent must be visited preoper
tuvely so that at the time of surgery, at lewst one fimiliar
face 15 visible

Mependine (Demerol) one milligram per pound of body
weight and atropine sulfate, 0 1 mg (1/600 gr) to 02 mg
{1/800 gr) are ordered ninety mnutes prior to induction
of anesthesia

IE the patient 1s not recetving oxygen therapy prior to
receving the hypodermic mjection, he should be pliced
under a tent or croupette Two reasons make this essential
the stimulus of the needle prick makes hum cry (further
decreasing the oxygen reserve) and the posstble potential
respiratory depression from the narcotic The patient 1s
then transported to the operating room receiving oxygen
1f the ctuld 15 apprehensive or poorly sedated, we use mtra
muscular pentothal sodiim 1n a 5 per cent solution to
supplement the preliminary medication

A vemn 15 cannulated after we attain first plane, third
stage anesthesia This 15 done after the 1mitial induction

of anesthesia m order to avord pamn and stress to the
patient

Infants, less than stx months of ag
to the admimstration of anesthes:a We believe this to be
a more rapid means of secuning adequate oxygenation 1nd
less harmful m the end The technique of direct \um(
laryngoscopy and endotracheal cathetenization vy ';7"
patient 1s awake 1s not recommended for th e aner
B € novice anes

ge are intubated prior
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night ventricle Frequently the catheter tip can be manipu
lated through the ventricular septal defect into the aorta
The systoltc pressure 1n the night ventricle and the systemic
arcut 15 85 a rule, equal There may, or may not be an
increase 1n the oxygen content n the outflow of the nght
ventricle As a result of the night to left shunt through the
ventricular defect arterial ovygen saturation i1s below
normal

The anesthesiologist, i evaluating the patient with the
pediatric cardiologist and the cardiac surgeon, knows that
there 1s no chance of long term survival without surgery
1f cyanosis 1s present There perhaps 1s no :deal candidate
but infants as young as one week of age, are anesthetized
for this palliatve surgery, even m heart farllure The per
fect candidate would be compensated only slightly cya
notic devoid of an upper respiratory infection, at least
four or five years of age, and without other congenital
defects

The type of procedure to be done 1s not routinely a
choice for the anesthesiologist to make There1s however
one exception—that being the very young desperately 1ll
mfant markedly cyanotic Thus type of patient should not
be subjected to a long difficult anastomosis such as a
Blalock or Potts operation Preference 1s a Brock operation
that can be accomplished 1nt a matter of minutes accepting
the posstble need for further surgery at a later date

There are three generally accepted operations for pallia
uon The Blalock Taussig 1s the surgical creation of a
ductus Ordmanly this 1s achieved by the anastomosis of
the subclavian artery to the pulmonary artery Potts modi
fication 15 the formation of a ductus by a side to side anasto-
mosis of the aorta and the pulmonary artery Sellors and
Brock recommended the removal of the obstruction, esther
by resection of the mfundibulum 1n the right ventricle
or by mcing the leaflets of the pulmonary valve
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Oxygen saturation of less than 80 per cent dictates sup
plementation by hypothermia and either ovygen alone
being mspired and hypnosis provided by diluted, repeated
mtrasenous doses of pentothal sodium or the use of cyclo-
propane and oxygen muxtures to provide the generil anes
thesia The depth of anesthesia need never be greater than
the first plane third stage, 1f respirations are controlled

A dlearcut danger pertod exists from the induction of
anesthesia to the termination of 1ts course We believe the
anesthesiologist should stand so that 1t 1s possible to ob
serve the heart action and the degree of inflation of the
lung whenever the chest 1s open Times of added stress are
durning the opening of the pericardium Too great pressure
on the reservorr bag will force the heart out 1t an acute
angle Ths results not from reflex, but from mechamcal
torsion of the heart on the great vessels which causes poor
ventricular output, and hence asystole

Ventriculotomy 1s attended by hemorrhage of varying
degrees and the introduction of a probe nto either the
pulmonary artery or aorta precipitates hypotension 1nstan
taneously The surgeon must wart until the anesthestolo
gist 15 satisfied with the pulse rate systemic blood pressure,
and ventricular output before attempting further inter
vention

Still another trymng time 1s the period spent closing the
pericardial sac Because more blood reaches the lungs fol
lowing the Brock operation particularly 1f an jmmediate
left to right shunt exists the left ventricle dilates Extreme
cooperation hetween surgeon and anesthesiologist must
be exercised or the heart action will fail because of the
effect of the tamponade The blood pressure pulse rate
and left ventricular output must be closely observed for
signs of madequacy Direct vision of the heart by the sur
geon 1s 1adequate to ascertan the early effects of the

penicardial closure He must rely upon his colleague the
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Cyclopropane and oxygen have proven to be the most
controllable agents for us We prefer to use a non rebreath
mg technique, erther by means of the Leigh Belton valve
or the Fink non breathing valve Respirations are assisted
early in anesthesia and then controlled once a pneumo
thorax 1s present Hypothermia 1s indicated 1n cyanotic
heart lestons, but the temperature need not be teduced
to less than 90° Fahrenheit (33° Centigrade) The mpor
tant safeguard 1s the avordance of heat retention and hyper
pyrexia during the course of anesthesta and :n the immed:
ate (twenty four hours) postanesthettc pertod

Children, six years of age or older, are anesthetized by
slowly mjecting thiopentothal sodium (Pentothal) 100 to
200 mg 1nto a vein while oxygen by gravity and pressure
1s insufflated around the face A muscle relaxant erther
decamethomum bromide 05 mg to 15 mg or sucanyl
choline hydrochloride 5 to 15 mg 1s injected wntrave
nously The larynx 1s visualized and one of three or four
previously selected endotracheal catheters 1s mntroduced
mto the trachea (We place on the anesthesia machine at
least three noncuffed endotracheal tubes—one thought pre
anesthetically to be of the proper diameter then one the
next size smaller and the third the next size larger than the
estimated proper dimenston ) Trauma to the larynx should
be avorded and thus the danger of laryngeal edema can
be mummized Immediately following the nsertion of the
endotracheal tube by means of adaptors oxygen 1s sup-
plied from a reservoir The respirations are supported and
then controlled by compression of the oyxgen reservoir
bag Balanced anesthesia utihizing muxtures of four to five
liters of oxygen and equal amounts of nitrous oxide have
proven satisfactory 1n the older age group if the arterial
oxygen saturation 1s above 80 per cent preoperatively The
preoperative OXygen tenston 1s determined at the time of
cardiac catheterization
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Oxygen saturation of less than 80 per cent dictates sup
plementation by hypothermun nd esther ovygen alone
being insprred and hypnosis prosided by diluted, repeated
wtravenous doses of pentothal sodium or the use of yclo-
propane and oxygen muatures to provide the general anes
thesia The depth of anesthesit need never be greater than
the first plane, third stage, 1f respiritions are controlled

A dearcut danger period exssts from the nduction of
anesthesta to the termnation of 1ts course We believe the
anesthestologist should stand so that it 15 possible to ob-
serve the heart acuon and the degree of mnflation of the
lung wheneter the chest 1s open Times of added stress are
dunng the opening of the pericardium  Too great pressure
on the reservoir bag will force the heart out at an acute
angle Thus results not from reflex, but from mechameal
torsion of the heart on the great vessels which causes poor
ventricular output, and hence asystole

Ventnculotomy 15 attended by hemorrhage of varying
degrees and the ntroduction of a probe mto either the
pulmonary artery or aorta precipitates hypotension mstan
taneously The surgeon must wait untl the anesthesiolo-
gust 15 satisfied with the pulse rate, systemic blood pressure,
and ventricular output before attempting further inter
vention

Still another trying time 1s the pertod spent clostng the
pencardial sac Because more blood reaches the Jungs fol
;:;:l;gr:;;zf;ﬁ :’}:ertam;n p?rtxcularly if an immediate
coopermon o [:s s the left ventricle dilates Extreme
Do exercised o ; hsurgeon and anesthesiologist must
effect of T o the heart action will fail because of the
and et verte. cm{:mnade The blood pressure pulse rate
1z of tmade ular output must be closely observed for

quacy Direct vision of the heart by the sur
i::;;;’;ag‘zsl‘l::e I;o ascertamn the early effects of the
e must rely upon s colleague the
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anesthesiologist for his eritical evaluation Ordinanly the
heart rate will be slow before 1t stops and by constant ob-
servation this 1s noted Small doses of intravenous atropine
sulfate, adequate oxygen intake and cessation of the ma
mpulation of the heart will rapidly restore adequate
function

Blood should be replaced as lost, but care must be exer
ased not to exceed the volume lost Polycythemia and 1n
creased blood volumes are present i most cases prior to
anesthesia

‘We suggest that a catheter be inserted through a nares
mto the stomach and allowed to remain 1n place through
out the course of anesthesia Infants and children normally
have no mhibition of gastric secrettons during anesthesia
This affords the hazard of aspiration of secretions around
the loosely fitting catheter 1n the larynx. Also the liquid
15 apt to loosen the adhesive tape securing the endotracheal
catheter mn place

At times the mouth 1s so mo1st that we suture the endo-
tracheal catheter 1n place rather than have 1t become dis
lodged We realize the unesthetic appearance of this but
the risk of inadvertent extubation or bronchial intubation
far outweigh the disadvantages of a well placed suture 1n
the corner of the mouth

For a complete review of the techmque of hypothermia
the interested reader 1s referred to Hypothermic Anes
thesia by Virtue

Patients with a Tetralogy of Fallot are not ideal risks
but the pleasure of offening a full Iife to an incapacrated
nfant 1s most gratifying for all participants



PULMONARY STLNOSIS

ULMONARY STENOSIS 15 a congemital abnormaliy in
P“luch there 1s an obstrucuon to the blood flow to the
pulmonary artery The malformation may be 1 the valve,
or there may be infundibular stenosis sn the night ven
tricle

Although Taussig once wrote that pure pulmonary
stenosts was rare, cardiac chinies throughout the world have
observed pulmonary stenosis to be one of the common con
genital defects of the heart, Asa single lesion, pure valvu
far stenosis 15 more common than 1s the infundibular ob
struction of the right ventricle In patents with Tetralogy
of Fallot the reverse 15 true namely, the obstruction to the
pulmonary flow 1s nearly always caused by infundibular
obstruction

Cyanosis may or may not be present, st depends upon the
presence of a patent foramen ovale allow ing a night to lefe
shunt The patient usually suffers more from fatigue than
any other complaint Growth dey elopment 15 usually nor
mal and mental retardation practically never occurs

Physical findings associated with pure pulmonary ste
nosis are cardiac enlargement (which 15 progressive) ab
sent pulmonary second sound harsh systolic murmur n
the pulmonic area and a systolic thnill over the obstructed
area

On x ray examination the pulmonary vascular markings
are normal For the majority of patients the main pul
monary artery 1s dilated The heart may be of normal size
or enlarged The 1ight ventyicle 1s prominent
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PULMONARY STENOSIS

CATHETERIZATION DATA

Mormal Vatues
Right Atrium e 4

Bignt ¥ nrict 3230

Putmonary Artery
1530 18
Egt)

Oxygen Ten fons Expr ssed in Volum s per cent
AP e

Expre sed in mam of Mercury

0, Consumption 130 ¢ fmin.
Syst mf Blood Flow 3 1 1/min,
Puimonie Bisod Flow 3 1 1/min
Shunts non
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The electrocardiogram almost insartably shows right
ventricular hypertrophy

Cardiac catheterization demonstrates a gradient 1n sys
tohic pressure from pulmonary astery to mght ventricle
The pressure 1n the chamber my be much ligher than
that 1n the systemic circwit There 15 no evnidence of a left
to right shunt at any level If there 15 a patent foramen
ovale allowing a nght to left shunt, arteral oxygenauon
15 below normal

Angrocardiography 1s not necessary for diagnosis and
may be dangerous 1f the stenosis 1s severe

Surgery 1s indicated when the stenosis ts of significant
severity 1€, a gradient of 50 mm from pulmonary artery
to right ventricle The operation of choice 1s an adaptation
of the Sellors Brock procedure, using a guillotme knife
devised by Nichols The pulmonary valve 1s opened by
valvulotomy and the obstruction alleviated The danger
ous periods during anesthesia are the opening of the nght
ventricle with resultant hemorrhage, the 1mtial probing
mto the pulmonary artery and night ventricle (at which
time the ventricular output will be reduced) the danger
of hemorrhage from a laceration of the pulmonary artery
at the time of the achievement of the valvulotomy and
finally at the closure of the pericardium when the anes
thesiologist must advise the surgeon of the effects of the
closure

Prelmmary medication 15 utihized to retard the basal
metabolic rate to mhibit untoward reflexes during intuba
ton and to reduce the amount of general anesthetic agents
needed Mepenidine 1s preferred as the narcotic for chil
dren and atropme sulfate for the abolition of reflexes

Care must be exercised during intubation to avord
anoxia {even momentary) so that the heart will not be
further belabored The same meticulous attention to de
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PULMONARY STENOSIS

CATHETERIZATION DATA

Normal Val es
Right Ateium 0+ &

15 30
Right Ventricle-g

Pulmonary Artery
15 38 t18)
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Oxygen Tenalons Express d in Volumes per cant
Al Pre ur

Expressed tn ram of M reury
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S tm Blood Flow3 1 1fmin
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PATENT DUCTUS ARTERIOSUS

PATENT DUCTUS ARTERIOSUS 1s the persistence after
birth of the normal open fetal passage between the
pulmonary artery and the aorta Christie reported 65 per
cent of duct1 were patent at two weeks, 12 per cent at exght
weels, and 1 2 per cent after one year of life
Patent ductus arteriosus has been likened to a time
bomb by Burwell Shapiro and Keys stated that 80 per cent
of pattents with this defect will succumb to 1t and that
those who are alive at seventeen years will die at an average
age of thurty five
The symptoms are mimmal when the ductus 1s small
(4 mm or less in diameter) but increase in direct propor
tion to the diameter of the defect Dyspnea and fatigue are
usually the earliest symptoms, bemng mamifestations of
myocardial stramn and pulmonary congestion
Physical signs are usually quute classical The persistence
of a murmur from infancy heard mn the pulmonary area,
both systolic and diastolic 1s typical The murmur has
been described as machinery ike  due to the persistent
hum and as a ‘to and fro murmur because of 1ts per
sistence 1n the cardiac cycle A thmll can usually be pal
pated near the sternum 1n the second or third left mnter
space The thnll can most easily be detected during ven
tricular systole The systemic blood pressure 1s usually
normal However a tendency does exist for the diastolic
pressure to be lower than normal, because of the existence
of a fistula between the aorta and a low pressure chamber
The x rays show the pulmonary vastular markings to be
55
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tatl 1s required to select endotracheal catheters of proper
size preancsthetically as 1s needed during any pedsatnc
anesthesia Mixtures of cyclopropane and oxygen admins
tered by means of to and fro carbon dioxide absorption
technique or non rebreathing valves have proven most
satisfactory Ether s seldom used 1n our clinic for pediatric
anesthesia as we prefer to avoid the increased amount of
tracheobronchial secretions attendant on its use mn light
anesthesia The essential requirements for anesthesia m
pattents with pulmonary stenosis are (1) adequate oxy
genation (2) constant surveillance of the anesthetized
patient (3) a light to moderate depth of anesthesia (first
or second plane third stage) and (4) the use of actively
assisted or controlled resprrations from the time of intuba
tion of the trachea unul the chest wall closure 1s air tight
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PATENT DUCTUS ARTERIOSUS

PATENT DUCTUS ARTERIOSUS

CATHETERIZATION DATA

Oxygen Values expreesed in Volumes per cent
Pressures expresded in mm of mercury

0y Consumption 138 6 cc/min

Systemic Blood Flow 3 § 1/min

Pulmonic Blood Flow 5 4 1/mn
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increased The main pulmonary artery 1s prominent The
heart 15 as a rule of normal size although 1t may be en
larged If enlarged the left ventricle 1s promunent

The clectrocardiogram 15 usually normal Left ventricu
lar hypertrophy pattern appears if the shunt 1s great

On cardrac catheterization a left to right shunt 15 demon
strable at the level of the pulmonary artery Frequently
the tp of the catheter will pass through the ductus and
appear 1n the descending aorta Pulmonary artery pressure
15 normal except 1n those cases in which pulmonary vascu
lar changes have increased resistence to flow These changes
may be so marked that pulmonary pressure equals systemc
and a reversal of flow through the ductus becomes possible

On thoracic aortography the pulmonary artery may be
come opactfied when the contrast substance 1s swept around
the region of the distal transyverse arch

All cardiac anesthesiologists enjoy dealing with patent
ductus artenosus cases The mortality rate 1s roughly 1 to
2 per cent m the large cardiovascular centers Potts and
McQuiston did more than 300 consecutive cases without
a hospital mortality The mortality rate increases with the
age of the patent after fourteen years of life Normally of
all heart cases these are the most 1deal candidates for
anesthesia Only 1n the extremely young two or three week
old infant 15 there need to anesthetize a patient with patent
ductus artertosus when heart failure or other complicating
factors are present.

There 1s almost unrversal agreement that a right to left
shunt through the ductus contraindicates surgery Other
contraindications are bacterial endocarditis and upper re
spiratory mfection

The only added stramn placed on the cardiovascular team
1s the complete cheerfulness of the patient s farmly 1n sub
jecting 2 loved one to surgical therapy They know the
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PATENT DUCTUS ARTERIOSUS
CATHETERIZATIO DATA
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mortality rate 1s low, but 1f a fatality occurs in thetr own
mmmediate famly, to them the rate 1s 100 per cent

There 1s no unusual requirement preoperatively other
than the routine preanesthetic visit by the anesthesiologist
Prelimnary medication 1s directed toward the criteria ad
vocated by Adnam: (1) psychic sedation (2) the reduction
of the metabolic rate for which we prefer meperidine
{Demerol) 1 mg per pound of body weight—not to exceed
100 mgs (3) to abolish secretions from the respiratory
tract and (4) to avord anticipated undesirable effects by
vagal sumulation atropmne sulfate has been our drug of
choice to accomplish these two last mhibitory effects

Children (younger than fourteen years of age) are anes
thetized 1n the operating room and ntubated prior to
domng a venous cannulatton Infants from one month to
six years of age are anesthetized with a cyclopropane oxy
gen muxture Children older than six years, are handled
differently Hypnosis 1s induced by the mntravenous admin
istration of pentothal sodtum facilitation of laryngoscopy
and endotracheal intubation 1s produced by the ntrave
nous adminstrauion of shortacting curare ike  drugs
such as decamethonium bromide or succinylcholine hydro-
chloride Analgesia 1 produced by equal mixtures of oxy
gen and nitrous oxide

All patients should be intubated This will afford an
artficial airway that will allow the chest cavity to be
entered without untoward physiological response from the
existence of a pneumothorax Resprrattons should be exther
controlled or effectively assisted by manual compression
on the breathing bag

Watterman Samson and Bailey acting as a commttee
for the Section on Cardiovascular Surgery of the American
College of Chest Physicrans reported on 4 448 cases of
patent ductus arterrosus that were operated on n the
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United States and abroad Five hundred fifty two cases
were ehrmnated because of mnsufficient daea, leaving 8,896
that fulfilled the ngid entena 1mposed by the commuttee
Two thousand mne hundred twenty mne operations were
performed on children and 967 on adults The results
were a mortality rate of 2 3 per cent 1n the patients younger
than fourteen years of age, and 55 per cent 1n the older
group (above fourteen years of age) Of the survivors, the
chinical results tn the children were 98 3 per cent satis
factory and 95 5 per cent sausfactory for the adults Forty
four deaths were mncluded that occurred n the hospital
Of this number (44), twenty nine were due to hemorrhage
at operation six were listed as cardiac asystole, two from
pulmonary edema two as a result of cerebral hemorrhage
two from hyperpyrexia (probably hypovia) and one each
from ventricular fibrillation embolization (not localized)
and unknown cause

A brief review of this report shows the greatest smgle
danger during the anesthesia and surgery to be hemor
rhage Thus points out very clearly that although the over
all mortality rate 1s low, extreme care must be taken to
have a patent large bore cannula mnserted mto a vemn so
that blood loss can be quickly replaced 1f hemorrhage
should occur duning surgery

A most mmportant chimcal evaluation must be made by
the anesthesiologist when the ductus 1s occluded Normally
the diastolic pressure 15 elevated mmediately following the
occlusion, as the fistula 15 mnterrupted If there are un
toward effects produced by the occlusion, they will be
mamfest within five to ten minutes Myocardial nsuffi
ciency 15 the chief factor in the production of symptoma
tology preoperatively Hypotension pulmonary edema
Cyanosis 1ncreased venous pressure or tachycardia occur
Ting at the time of or immediately after, occlusion of the
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patent ductus arteriosus indicate the need to abandon the
operation The anesthesiologist must be aware of these
responses and 1nform the surgeon if any of the 1l effects
are observed

The salient points for the anesthesiologist to recall are
(1) proper preliminary medication (2) the need to mtu
bate, (3) the adequate control of respiration (4) utilization
of a lugh concentration of oxygen (5) proper evaluatton of
the physiological responses at the time the ductus 1s
clamped and (6) the inherent danger of hemorrhage
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OARCTATION of the aorta 1s a congemital defect 1n
C which there 15 a stricture 1n the 7orta Most fre
quently the narrowing of the aorta occurs just below the
onigin of the left subclavian artery The decrease mn size of
the Jumen prevents an adequate supply of blood from
reaching the lower half of the body The stricture may vary
1 size but sooner or later, stram will be imposed on the
heart

There are seldom early symptoms of coarctation of the
aorta The complamnts of headache dizziness dyspnea and
blurred vision are a result of the associated hypertension
The decreased flow to the lower extremties 15 responsible
for the numbness and coldness of the legs and feet

The average age of death 1n untreated cases has been re
ported by Abbott to be thirty two There can be no ques-
uon about the lesion being malignant 1f untreated

A definite sign of coarctation of the aorta 1s hyperten
sion m the upper extremities with hypotension m the
lower extremities If bilateral femoral artery pulsations
are absent, coarctation of the aorta should always be
suspected

Xray exammations frequently reveal evidence of the
collateral circulation around the defect The mtercostal
arteries become vastly overloaded and erode into the rib
edges producing the so-called notching  of the ribs

Aortography 15 an aid 1n confirming the diagnosis and
gtves an mdex as to the length of the constriction 1 the
aorta
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The optimum age for surgical intervention 1s between
s1x and twelve years of age The mortahty and morbidity
rates are 1ncreased 1 the older patients due to early athero-
sclerosis of the aorta and chromic renal failure Children,
less than six years of age are seldom operated upon because
of the mherent risk of the diameter of the anastomosed
aorta not enlarging as the child s size mncreases Adults
over thirty years of age are poor candidates because of
the calafic changes in the wall of the aorta which pre
disposes to the formation of aneurysms and poor healing
quahity

A general gude as to the 1deal age for surgical mnter
vention may be outlined as (1) age between six and twelve
years with the upper limit of thirty years (2) evadence of
hypertension 1n the upper extremities (3) cardiac enlarge
ment of shight to moderate degree and (4) absence of sub-
acute bactenal infection

One recent development that has increased the beneficial
surgzcal results has been the use of grafts Gross has demon
strated the long term efficiency of preserved homografts
1n the surgical correction of coarctation of the aorta

Preliminary medication 1s directed toward reducing
physical and psychic strain and the lessening of cardiac
imitabihity  Meperidine (Demerol) 1 mg per pound of
body weight 1s ordered sixty to ninety minutes prior to the
scheduled time of anesthesia We never exceed a dose of
100 mg regardless of the weight or age of the patient
Atropine sulfate 15 preferred as the vagal inhibitor, and
the dosage 1s varied according to generally accepted stand
ards of age and body weight

Patients older than ten years of age have two veins
cannulated after recerving the preliminary medication but
prior to the mnduction of anesthesia Two avenues of par
enteral flud admumstration are chosen because of the
blood loss attendant upon the execution of the thora
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cotomy The tremendous proliferation of the collateral
cireulation and the mcrease in the size of all blood vessels
1n the chest makes hemostasis a difficult and time-consum
ing ordeal Whole citrated blood should be admimstered
mtravenousty just prior to the mnduction of anesthesta It
1s easier to stay ahead of blood loss rather than place the
added strain of hemorrhagic shock on a belabored cardio
vascular system

‘The chozce of anesthetic agents 1s usually limited to non
mflammable drugs so that electrocoagulation may be used
by the surgeons to further mnimize blood loss We prefer
to use 50 to 300 mg of pentothal sodium ntravenously,
followed 1n the same route by 20 to 50 mg of succinyl
choline hydrochloride The largest cuffed endotracheal
catheter that can be nserted without tranma 1s introduced
under direct viston The lungs are nflated with oxygen
by manual compression of the rebreathing bag for at least
five minutes The patient 15 then turned onto the right
side 1n the lateral decubitus position Respirations are
controlled, the systemic blood pressure 1s ascertained in
the Jateral position, and 1f normal (or not less than 20 mm
of mercury less than 1n the supine position) nitrous oxide
1s added to the oxygen 1n the reservorr bag We prefer mix
tures of nitrous oxide three liters and oxygen two liters
The concentration of mnspired oxygen should never be less
than 35 volumes per cent in any anesthesia for cardiac
surgery

Intravenous pentothal sodium 15 added as needed to pro
duce hypnosis Analgesta 15 afforded by the mitrous oxide
and oxygen mixture Succinylcholine hydrochloride may be
used m 0 1 per cent or 02 per cent solution 1f needed to
facilitate the control of respirations and asprration of the
tracheobronchial tree

The systemic blood pressure will be elevated at the time
the aorta 15 clamped proximal to the coarctation The
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hypertension will remain exaggerated until after the anas
tomosis has been completed and the clamps removed Im
mediately after the channel has been opened the systemic
blood pressure will be lowered sometmes as much as 100
mm of mercury If 1t remains low for more than five min
utes, a dilute solution of a vasopressor should be used
There are several physical factors that control the systemic
blood pressure They are (1) elasticity of the arterial walls
(2) arculaung blood volume, (3) pumping action of the
heart (4) viscosity of the blood and (5) peripheral re
sistance ‘The hypotension immedrately evidenced after the
surgical correction of the coarcted area of the aorta 1s due
to the tremendous change 1n the lack of peripheral resist
ance Blood simply surges into the lower half of the body
for the first time m the patient s life

As time elapses the hypertension will return for varying
periods of time ordinarily the blood pressure 1s at a nor
mal level two weeks after surgery

It 15 the author s personal belief that hypotensive drugs
have no therapeutic place 1n the course of anesthesia for
patients with heart damage and we further believe 1t to be
a dangerous way to manage a patient with coarctation of
the aorta

Blood should be replaced as need be to maintan a normal
arculating blood volume Blood loss 1s mamifest during
the 1ncision through skin and muscles of the chest Hemor
rhage can occur from intercostal arteries or a laceration of
the wall of the aorta

The mediastinum can best be made free of motion that
1mpedes the surgery by use of controlled respirations

In general the major problems of an anesthesiologist
during the course of anesthesia for coarctation are blood
loss and the establishment and mamtenance of a quiet
chest to facilitate surgery



ATRIAL SEPTAL DETLCTS

TRIAL SEPTAL DEFECTS 3r¢ z the most ¢ n of
A 1solated congenital malformanons of the heart Prob-
ably they are sccond only 1n frequency to ventricular septal
defects

There are two general classificauions of interatrsal septal
defects osuum primum and ostium sccundum Qur senies
of one hundred operated cases rescaled ostium primum 10
hase been present 1n seventeen cases and ostium secundum
m esghty three mstances There was a 3 1 mtio of women
to men Fifteen panents had a partially anomalous pul
monary venous drainage eight had a Lutembacker syn
drome (airial septal defect and mutral stenosis) that was
corrected 1n a single surgcal procedure

An atnal septal defect 35 compatible with a relatnely
normal bfe in some others may die 1n infancy or cluld
hood from congesuse farlure The average hife espectancy
ts thirty to tharty five years

The symptoms vary with the degree of sncreased pul
monic blood flon Typically patients complamn of fiu
gabihty progressive exertional dyspnea parovysmal tachy
cardia chest pamn and congestive heart Ealure

Physical findings are a systolic murmur heard 1n the
second or third tnterspace to the left of the sternum
accentuated pulmonsc second sound and a diastohic mur
‘S‘;;;npt:;:‘—s‘;;\:\elmonlc area or over the apex The systennc

3s usually within normal vaniatons The
a\fxscultatory systemue blood pressure 1s usually 10 to 15 mm
Ot mercury higher than the palpatory determmation
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hypertension will remain exaggerated until after the anas
tomosis has been completed and the clamps removed Im
mediately after the channel has been opened the systermc
blood pressure w1ll be lowered sometimes as much as 100
mm of mercury If it remains low for more than five min
utes a dilute solution of a vasopressor should be used
There are several physical factors that control the systemic
blood pressure They are (1) elasticity of the artersal walls
(2) arculating blood volume, (3) pumping action of the
heart (4) viscosity of the blood and (5) peripheral re
sistance The hypotenston immediately evidenced after the
surgical correction of the coarcted area of the aorta 1s due
to the tremendous change n the lack of peripheral resist
ance Blood simply surges 1nto the lower half of the body
for the first time tn the patient s hife

As time elapses the hypertenston will return for sarying
penods of ume ordinarily the blood pressure 1s at a nor
mal lesel two weeks after surgery

It 15 the author s personal behef that hypotenstve drugs
have no therapeutic place 1n the course of anesthesta for
patients with heart damage and we further believe 1t to be
a dangerous way to manage a patient with coarctation of
the aorta

Blood should be replaced as need be to maintain a normal
arculating blood volume Blood loss 1s mamifest during
the inciston through skin and muscles of the chest Hemor
rhage can occur from intercostal artenies or a laceration of
the wall of the aorta

The mediastinum can best be made free of motion that
impedes the surgery by use of controlled respirations

In general the major problems of an anesthesiologist
during the course of anesthesia for coarctation are blood
Joss and the establishment and maintenance of a quet
chest to facilitate surgery
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The diagnosis of atrial septal defect 1s usually made fol
lowing nght heart cathetenization There are two mamn
guides 1n the cardiac-catheterization laboratory that enable
the diagnosts to be made the passage of the catheter from
the night atrium to the left atrium, and an oxygen tenston
of two volumes per cent or greater 1n the right atrium than
the venous blood samples of infertor and superior vena
cava

Seventy-eight cases of atrial septal defects had preopera
tive rght heart catheterization The data revealed an 1n
crease 1 pulmonic blood flow 1n all cases with vanations
between six to thirty-one Iiters per minute The average
right to left shunt was sixteen hundredths (0 16) of a liter
per mmute Pulmonary hypertension varied from thirty
mm of mercury (30 mm ) to one hundred mm of mercury
(100 mm )

Roentgenograms show charactersstically mcreased pul
monary vascular marhings a large ma:n pulmonary artery
large right and left branches of the pulmonary artery, and
right heart enlargement

The electrocardiogram 1s usually abnormal Normal
smus thythm 1s present but with right ventricular hyper
trophy and night bundle branch block

The anesthestologist 1n evaluating the patient with the
other members of the team uses the following general
guwide for the ideal candidate as (1) age between fifteen
to thirty years (2) ostium secundum atrial defect (3)
moderate cardiac enlargement (4) the shunt from left to
right (without evidence of cyanosts) (5) pulmonary hyper
tension—not to exceed one half of the systemic blood pres
sure and (6) free of cardiac decompensation It 1s obvious
that 1deal requirements can not always be adhered to but
reverse shunts age of fifty five years or greater and mark
edly elevated pulmonary hypertension are contramndica
tions to successful anesthesia



ATRIAL SEPTAL DEFECTS 69

form agent and thiopentothal sodium ntrienously An
endotracheal catheter with inflatable low pressure cuff of
proper dimenston 15 introduced under direct viston The
lungs are inflated with ovygen and the blood pressure and
pulse ascertained following intubation Ordinanly, the
systemic blood pressure will be slightly elevated following
mtubation of the trachea

Surgery 15 performed with the patient in the supine post
tron by means of a right thoracotomy

Equal mrxtures of mitrous oxide and ovygen are used
to allow adequate ovygenation and analgesta Hypnosis
1s provided by repeated intravenous injections of small
amounts of thiopentothal sodium Respirations are con
trolled until after the chest wall approximation 1s airtight
and a pneumothorax no longer exists .

Arrhythmias are prone to develop during the surgical
closure of the septal defect due to suturing of the atrial
walls The wrregulanties are of atnal ongin such as atrial
premature systoles, atrial flutter and atrzal fibrillation We
make no attempt to digutalize the patient during anesthesia
if these irregulanties occur, unless evidence of heart farlure
follows their appearance There are only two ways 1t 15
possible to achieve rapid  digitalization, 1ntravenous qui
mdine hydrochloride and intravenous Deslanoside D
(Cedalanid D) Intravenous quinidine therapy 1s very dan
gerous D1 Palma has reported deaths following this route
of administration with doses as small as 100 mg Quinidine
should not be used ntravenously unless constant electro
cardiographic tracings are being made and nterpreted
The digitalizing dose of Cedilamid 15 1 6 mg

There 15 a charactenstic syndrome following superior
vena caval obstruction and the superior vena cava may be
obstructed during the closure of an atnal septal defect
The obstruction may be extrinsic from pressure of an as
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There are three different anesthettc adjuncts in use at
the present time (1) hypothermia with open cardtotomy
(2) a heart lung apparatus to allow open cardiotomy, and
(3) the closed techmque utilizing normal body tempera
tures We have used all three of these techmques and
prefer the closed techmque at normal temperature The
mortality rate 1s low (12 per cent) 1t requures less time for
anesthesia and all but two 1n one hundred cases were
closed satisfactortly Virtue has published lus work on
Hypothermic Anesthesta, and the anesthesiologists that use
hypothermua are referred to his bool for complete detals
of techmque

The patient 15 visited preoperatively by the anesthestolo-
gist and questtoned as to any untoward effects from the
prelimmary medication used for the cardiac cathetenza
tion Pentobarbitol sodium (Nembutaly gramns 114 (100
mg) 1s ordered to be taken orally at the hour of sleep
Mepenidmne hydrochloride (Demeroly 50 mg to 100 mg
depending on the patient s weight and general stamna 15
ordered to be given with atropine sulfate 0 4 mg (gramns
1/150) by hypodermic injection one hour (sixty minutes)
before the scheduled hour of anesthesia

The patient must have two veins cannulated prior to the
induction of anesthesia Infiltration anesthesia following
the prehmnary sedation 1s adequate The patient s
brought to the operating room and the electrocardiograph
leads are placed n the proper positton The patient should
have continuous electrocardiographs made during the clo
sure of the atnal septal defect so that any higature around
the conduction system can be noted prior to being secured

The systemic blood pressure recordings pulse rate and
respiratory rate are ascertamed and recorded on the anes

thesia chart
Anesthesia 15 induced by utihizing a rapid acting curarn
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form agent and thiopentothal sodium mtruenously An
endotracheal catheter with inflatable low pressure cuft of
proper dimenston 15 introduced under direct vision The
lungs are nflated with oxygen and the blood pressure and
pulse ascertained followmg intubation Ordinanly, the
systemic blood pressure will be shightly elevated following
tntubation of the trachea

Surgery 1s performed with the patient 1n the supine post
uon by means of a nght thoracotomy

Equal muixtures of mitrous oxtde wnd ovygen are used
to allon adequate osygenation and analgesia  Hypnosts
1s prouided by Tepeated intravenous wnjections of small
amounts of thiopenttothal sodium Respirations are con
trolled untl after the chest wall approximation 1s atrtight
and a pneumothorax no longer exists

Arrhythmuas are prone to develop during the surgical
closure of the septal defect due to suturing of the atral
walls The wregulanties are of atrral onmin such as atnal
premature systoles, atrial flutter, and atrial fibrillation We
make no attempt to digitalize the patient during anesthesia
1f these 1rregularities occur unless evidence of heart failure
follows their appearance There are only two ways it 15
possible to achieve rapid  digitalization, 1ntravenous qui
mdme hydrochloride and ntravenous Deslanoside D
(Cedilamd D) Intravenous quinidine therapy 15 very dan
gerous D1 Palma has reported deaths following this route
of admumstration w1th doses as small as 100 mg Quinidine
should not be used Intravenously unless constant electro
cardiographic tracings 2re being made and interpreted
The digitalizing dose of Cedilamud 15 16 mg
‘er’f;hz‘e,d;so:ﬂc:lutﬁztemt: syndrome following superior
obstructed ot £ l:; i‘l‘ the superior vena cava may be
The obsruction f;{n ! osure of an atrial septal defect

y be extrinsic from pressure of an as
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sistant s hand, or gauze retractor or mntrinsic from acute
surgical occlusion The syndrome 1s the same  there 1s first
cyanosis of the head face, and upper extremity followed
by marked venous distension of the upper extremities The
ntravenous infuston rate 1s slowed or stopped, depending
on the degree of occlusion Whatever the cause and effect
of the mechanism, the stasis should be brought immed:
ately to the attention of the surgeon It 1s essential to bear
n mund that drugs and blood administered intravenously
have no effect until after the occluston 1s corrected Blood
loss 1s usually minimal followng the closed technique and
usually uneventful

The actual arrhythmias may continue after surgery for
one or two months but seldom for longer periods of ime
The preoperative symptoms are corrected by surgery as
there 1s a reduction of the pulmonic blood flow and a more
adequate cardiac output



MITRAL STENOSIS

ITRAL STENOsIs 15 usually the result of rheumatic

VI salvulins although rare cases of congenital steno-
sis of the mutral valve may occur and cases have been
reported

Commussurotomy for mutral stenosis 1s the most fre
quently performed operation on patients with acquired
heart lesions and accounts for more than one half of all
heart operations Members of the Department of Anes
thestology of Hahnemann Hospatal 1n Philadelphia Penn
syhania have anesthetized more than 2,000 patsents for
this surgical procedure

The symptoms and physical findings 1n patients with
mitral stenosis are a result of the blockage or damming
effect of the narrowed mutral valve onfice, This results
n a backward type of congestion 1n the left atrtum pulmo
nary capillary bed pulmonary artery and right ventricle

‘We belteve the symptopathology to be so constant that on
ward rounds, with no further information than the per
sonal questioning the diagnosis can more frequently than
not be made The most characteristic symptoms are 1n the
order of occurrence SHORTNESS OF BREATH after
shight physical exertson or emotional stress—(this 1s due to
an increase 1 pulmonary capillary pressure and a decrease
m left ventricular output) DYSPNEA which occurs as the
pathological changes progress and the cardiac output 15
further decreased (a result of elevated pressure n the left
atnum pulmonary capillary bed pulmonary artery and
Tight ventricle) HEMOPTYSIS (blood spitting or flecks

71
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of blood 1n mucus that 1s expectorated) 1s coexastent with
further progression 1n the abnormal hemodynamics fol
lowing a smaller diameter of the obstructed matral salve
with more 1mpedence of the blood from the left atrium to
the left ventricle

The most alarming of the cardio respiratory symptoms
1s pulmonary edema A hstory of a complamnt relatrve to
arter11l embolization 1s present in about one quarter of
all cases surveyed prior to anesthesia The occlusion may
have been to an extremity, to the kidney lung or to the
bramn This 15 very significant since nsufficiency of a valve
does not predispose to arterial embolization

The predomtnant physical findings are a sharp mutral
first sound a mid to late diastolic murmur heard at the
apex of the heart a palpable thrill over the mitral valve,
creased venous pressure hypotension and atnal fibrilla
tion Blood pressure determinations deserve specal atten
tion since there 15 2 most consistent variation of the ac
cepted teaching namely the palpatory systolic recording
1s higher by 10 to 15 mm of mercury than 1s the highest
systolic level heard during auscultatory determinations of
the systemic blood pressure 1n all individuals handicapped
by mutral stenosis

Hypotension as a preanesthetic complication exists 1f
the palpatory systolic pressure 1s 100 mm of mercury or
less We have observed hypotension mn 75 per cent of all
patients during the examnation period before surgery
The blood pressure findings are noted by both palpation
and auscultation on the anesthesia records in the supme
position and m the lateral position (patient turned onto
the right side) Particular attentron should be drawn to the
rare patient with hypertension and mutral stenosts Hyper
tension 15 defined as a systemic systolic blood pressure of
150 mm of mercury or greater or a systemic diastolic
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MITRAL STENOSIS
SIMULTANEOUS PRESSURE DATA

RIGHT AND LEFT HEART

Pulmonary Capillary
Pressure (22)

Cardiac Index 2 3 1/min

Ventricular Filing
Gradient {20}

Mitral Vatve Flow
125 ce

Mitral Valve Arex
8 e

All Pressures Expressed in mm of Mer:
Norma% Pressures hid

Right Atrwe 0 4 Left Atrsum {10}

Bight Ventricle 13 30 Left Ventricle 128
0% 5 ° 10

Pulmonsry Arvtery _X_i‘f%%ﬂb) Aorta 150
0

Pulmonary Capiliary Pressere § 12
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of blood 1n mucus that 1s expectorated) 1s cocxistent with
further progression i the abnormal hemodynamics fol
lowing a smaller diameter of the abstructed mutral valve
with more impedence of the blood from the left atrium to
the left ventricle

The most alarming of the cardio respiratory symptoms
1s pulmonary edema A history of a complaint relative to
arterial embolization 15 present n about one quarter of
all cases surveyed prior to anesthesia The occlusion may
have been to an extremity to the hidney lung or to the
brain This 1s very sigmficant since msufficiency of a alve
does not predispose to arterial embolization

The predominant physical findings are a sharp mutral
first sound a mud to late diastolic murmur heard at the
apex of the heart, a palpable thrill over the mitral valve
increased venous pressure hypotension and atrial fibrilla
tion Blood pressure determmations deserve special atten
tion since there 1s a most consistent varation of the ac
cepted teaching namely the palpatory systolic recording
15 hugher by 10 to 15 mm of mercury than 1s the highest
systolic level heard during auscultatory determinations of
the systemic blood pressure n all individuals handicapped
by mutral stenosis

Hypotension as a preanesthetic complicarzon  exists 1f
the palpatory systolic pressure 15 100 mm of mercury or
less We have observed hypotension m 75 per cent of all
patients duning the examination period before surgery
The blood pressure findings are noted by both palpation
and auscultation on the anesthesia records in the supine
posttion and 1n the lateral position (patient turned onto
the nght side) Particular attention should be drawn to the
rare patient with hypertension and mutral stenosis Hyper
tension 1s defined as a systemic systolic blood pressure of
150 mm of mercury or greater or 2 systemic diastolic
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1n congestise fatlure, and (7) have cardiac enhrgement of
moderate degree only

Atnal fibnillation, artenial embolization, recent conges
tne fnlure, multtvalvular involvement and cardinc en
largement are not contramndications to ancsthesia and sur
gery however, the results are more apt to be pallative,
than curative

Absolute contraindications are septicemua gallop thythm
mtractable faulure marked pulmonary fibrosis and
marked cardiomegaly

The anestheswologist should visit the patient preopera
triely several times This will afford him the opportunity
to judge whether or not the patients medical progress
1s satisfactory Also a more clear-cut mdication of survival
can be obtamed A guwide to the patients psychological
attitude 1s more easily ascertamned 1n three visits than by
one preanesthetic evaluation

Dyspnea 1s a prime symptom of all patients with mutral
stenosts and night time selection 1s essential to provide a
rested patient for the ordeal of anesthesia and surgery We
prefer pentobarbital sodium (Nembutal) gramns 114 (100
mg) orally at the hour of sleep We use this for two or
three consecutive nights prior to anesthesta, this allows in
dividualization of patient s responses

Secobarhutal 15 ordered for oral ingestion one hour prior
to mduction 1n accordance with the effectrve palpatory
systolic blood pressure as outhined mn the chapter on pre
hmmary medicatson If the palpatory systolic pressure 1s
less than 90 mm of mercury no barbsturate 15 ordered for
the day of anesthesia

Atropmne sulfate 065 mg (1/100 gr) 1s ordered 1f the
Ppulse rate 15 60 per minute or less 04 mg (1/150 gr)af the
pulse rate 1s between 60 and 80 per minute 1f more rapid

than 80 per minute 0 3 mg (1/200 gr ) 1s ordered one hour
Pprior to anesthesia
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blood pressure of at least 100 mm of mercury We have
observed hypertension 1n only fifty nine patients to date It
15 noteworthy to report that there were mne deaths n the
fifty mne cases a mortality rate of 15 8 per cent Our own
over all hospital mortality rate has been 7 2 per cent Thus
those with hypertension have 2 doubled mortality rate
The unnatural Jateral position further decreases the car
diac output However 1f the surgery 1s to be achteved with
the patient in this position, the base line, or normal find
1ng 1s determined at least twenty four hours prior to anes
thesia and 15 used as a guide wn selecting prelimnary
medication

Rught heart catheterization reveals an elevation 1n the
pulmonary artery pressure, with a compatible elevation of
the right ventricular pressure and a compensatory eleva
tion of the pulmonary venous capillary pressure There 15
a decrease 1n the cardiac output

Left heart catheterization will show a pressure gradient
from the left atrium to the left ventricle 1f mitral stenosts
15 PTCSCHL

Roentgenographic examtnation will demonstrate an en
largement of the left atrium a fullness of the pulmonary
conus straightening of the left heart border and enlarge
ment of the pulmonary arteries Frequently the calcified
mutral valve 1s visualized Electrocardiographic tracings
reveal atnial fibrillation m 50 per cent of the cases right
ventricular hypertrophy and digitalis effects are nearly
always constant.

The combined conference with the cardiologist surgeon
and anesthestologist should be the time of patient selec
won The ideal candidate for mmtral commssurotomy
should be (1) less than fifty years of age (2) free of acute
sheumatic activity (3) have signs of progressive mutral
stenosis (4) have a palpatory systemic blood pressure of 100
mm of mercury (5) have 2 pure mutral stenosss, (6) not be
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to accomplish atriotomy of the left atrium, we now prefer
the supine position ‘The systolic blood pressure 1s more
eastly maintamned between 80 aind 100 mm of mercury or
tugher Thus 1s further undisputable proof of the decreased
left ventricular output produced by the laterl position and
the additional handicap of exaggerated hypotension from
an abnormal position

A systemic systolic pressure of 80 mm of mercury must
be considered to be the cntical lower acceptable blood
pressure

It occastonally happens that hypotension results in the
supine position In such an instance surgery 1s cancelled
the pauent 15 awalened as rapidly as possible to full con
scrousness, and sent to a recovery room Actually judicious
mterruption of plans 1s advantageous in some mstances
st makes the famlies all the more farmbiar wath the inherent
nisks and proves conclustvely the extreme interest of the
team to provide the best known care for the patient This
has always been welcomed by the relatives and candidates
To the best of the authors knowledge no candidate has
refused to be subjected to the mduction of anesthesia on
a subsequent date The 1mportance of prompt cancellation
when hypotension exists with the resultant depressed
phystological status cannot be over emphasized

It 15 preferable to control hypotension by physiological
means such as allowing cardiac action to be uminhibated by
traction or pressure Sometimes this can not be achieved
and the low pressure must be combatted pharmacology
cally Vartous means are available and a common fault 1s
to use whole citrated blood 1ncorrectly It must be borne
In mund that the blood volume 1s shightly increased nor
mally in pattents with theumatic heart disease Blood
volume 15 1ncreased above normal limts 1f any evidence
of congestive failure 15 present and finally the morbidity
and mortality of patients with elevated total blood volumes
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Two veins should be cannulated under infiltration anes
thesia prior to being brought to the operating room suite
One should be 1 an arm (the dependent one 1f the Jateral
position 1s to be used) and the other cannula 1n a lower
extremity

Decamethonum bromide 2 to 4 mg 1s njected ntra
venously followed by 200 mg to 350 mg of thiopental
sodium by the same route The patient 1s intubated under
direct vision laryngoscopy and the lungs inflated with pure
oxygen If following mntubation and oxygenation of the
patient the systemic systolic blood pressure 15 100 mm of
mercury or greater mitrous oxide 1s added so that a 50 50
muxture of oxygen and nitrous oxide 1s obtained When
ever the pressure of the systemic crculation s less than
100 mm of mercury oxygen alone 1s used for inspiration
The patient 1s hept quiet by manual control of respiration
and small repeated ntravenous mjections of thiopental
sodium Unquestionably a respiratory alkalosis will result
but we think this to be helpful rather than harmful in 1e
quiring smaller amounts of anesthetic agents or hypnotics

Doctor Iran Magill of London has sad that the depth of
anesthesta 15 too great when the anesthenst winks at_the.
patient and the patient does not wink back

Brachual plexus palsies may follow improper positioning
of the patient s arms We prefer to use an arm board for
the arm containing the cannula and to have the other arm
positioned so that 1t 1s flexed at the elbow wath the wrst
at the head but without producing tension on the brachial
plexus If neuropathy does occur judicious neghgence will
allow complete recovery to occur within four to six weehs

The first 1000 cases anesthetized for commuissurotomy
at Hahnemann Hosputal i Philadelphia were operated on
in the lateral decubitus posttion Smnce 1t 1s now known to
be possible to gamn access to the mutral valve with a right
thoracotomy and dissection of the mnter atrial grooves and
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farth 1n hus team wall ware, with varyng degrees of pa
uence, unul 1 more physiological period his been attuned
before attempting further intracardtac mampulation

The brain must be protected during ntracardiac surgery
against embolism Embolization has been a complication
during anesthesia only from the stenotic valves Since
miutral stenosis 1s the leston most [requently encountered
during anesthessa for heart surgery, tlns complication will
be observed most frequently after mitral commissurotomy
The most satisfactory method of preventing this accident
15 to 1solate the momunate artery and the left common
caroud artery, both of which are occluded during the
opeming of the atrium and valvular mampulation if the
left lateral thoracotomy 15 the entrance to the mitral valve
Time again must be called aloud so that the bramn will not
be deprived of oxygenated blood for more than one
minute Again the cerebral arterial blood supply should
not be interrupted for at least twice the pertod of depriva
tion to the brain No protection against cerebral emboliza
tion 15 used of the surgery 1s being accomplished with the
Patient i the supine position

Resprrations are controlled from the moment following
intubation until the chest wall approximation 1s air tight
Tespiratory paralysis, or apnea, has not been a problem to
us Voluntary respiratory activity will return within one
{0 two minutes following the cessation of controlled respira
tions

We endeavor to have the patient awake and responsive
at the completion of surgery

It would be ndiculous and presumptive to state that
the technique outlined 1s the only acceptable way to con
duct anesthesia for the surgery of mitral stenosis, but this
has proven satisfactory in our hands since 1948 We are
certam that ime will bring further necessary advances
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are markedly increased Thus blood parenterally 1s mndi
cated solely as replacement to actual loss during surgical
mtervention OF the numerous vasopressors avatlable to-
day, we prefer methoxamne hydrochloride (Vasoxyl), or
Levarterenol brtartrate (Levophed) Methoxamine hydro-
chlonide 15 used as the pressor agent if the pulse rate 1
greater than minety per minute

Each solution 1s prepared by addmg 2 ml of the stock
solution to a flask contaiming 500 ml of 5 per cent glucose
and distilled water In desperate extremes desperate meas
ures of resuscitation are mdicated If no response 1s elicaited
by the two above named drugs, a solutton of 3 ml of
1/1000 epinephrine 1n 500 ml of 10 per cent dextrose
and distilled water 15 admnistered at a sufficient rate
mtravenously to mamtain an adequate blood pressure

One of the most vital functions of the anesthesiologist
15 to make the surgeon acutely aware of ume It 15 obvious
that during the actual manipulation required to open 2
stenotic valve the mgress of oxygenated blood from the
left atrium to the left ventricle 15 stopped 5o that there 15
no left ventricular output Twenty seconds 1s the upper
safe hmit of complete occlusion The seconds are counted
aloud by the anesthetist 1n increments of five seconds after
the valve has been obstructed for ten seconds The surgeons
have, on rare occastons exceeded the safe time it to
sixty seconds and have been plagued by ventricular fibril
lation as a result of anoxia m the coronary arteries and
ventricles Realzing full well that the heart has no
reservorr for oxygen storage none the less we strongly re
quest that the heart be rested for at least twice the pertod
of ume the valve was occluded

The surgeon and the anesthestologist should not attempt
to keep secrets from one another If hypotension 1s present,
the surgeon should be winformed and the exact blood pres
sure determination announced A reasonable operator with
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farith 1n hus texn will wait, with varymg degrees of pa
tience, until a more physiological period has been attuned
before attempting further intracardiac mampulation

The brain must be protected duning mtricardiac surgery
agamst embolism Embolization has been 1 complication
during anesthesia only from the stenotic valves Smnce
mutral stenosis 1s the lesion most frequently encountered
during anesthesia for heart surgery, thus complhication will
be obsersed most frequently after mitral commissurotomy
The most satisfactory method of preventing this accident
1s to solate the inominate artery and the left common
crotid artery, both of which are occluded during the
opening of the atrium and valvular mamipulation, 1f the
left lateral thoracotomy 1s the entrance to the mutral valve
Time agamn must be called aloud so that the brain will not
be deprived of oxygenated blood for more than one
minute Again the cerebral artenal blood supply should
not be iterrupted for at least twice the pertod of depriva
tion to the brain No protection against cerebral emboliza
tion 15 used 1f the surgery 1s being accomplished with the
Patient 1n the supine position

Respirations are controlled from the moment following
intubation untl the chest wall approximation 1s air tight,
respiratory paralysts or apnea, has not been a problem to
us Voluntary respiratory activity will return withm one
;0 two minutes following the cessation of controlled respira
10ns

We endeavor to have the pattent awake and responsive
at the completion of surgery

It would be ridiculous and presumptive to state that
the technique outhned 15 the only acceptable way to con
duct anesthesia for the surgery of mitral stenosis but this
has proven satisfactory 1 our hands since 1948 We are
certan that time will bring further necessary advances
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are marhedly increased Thus blood parenterally 1s mdi
cated solely as replacement to actual loss during surgical
mtervention Of the numerous vasopressors available to-
day, we prefer methoxamine hydrochloride (Vasoxyl) or
Levarterenol brtartrate (Levophed) Methoxamine hydro-
chloride 1s used as the pressor agent if the pulse rate 15
greater than minety per minute

Each solution 1s prepared by adding 2 ml of the stock
solutton to a flask contaming 500 ml of 5 per cent glucose
and distilled water In desperate extremes desperate meas
ures of resuscitation are mdicated If no response 1s elicsted
by the two above named drugs, a solution of 3 ml of
1/1000 epinephrine 1n 500 ml of 10 per cent dextrose
and distilled water 1s admmstered at a sufficient rate
mtravenously to maintain an adequate blood pressure

One of the most vital functions of the anesthesiologist
15 to make the surgeon acutely aware of ime It 1s obvious
that during the actual manipulation required to open a
stenotic valve the ingress of oxygenated blood from the
left atrium to the left ventricle 15 stopped so that there 15
no left ventricular output Twenty seconds 1s the upper
safe imut of complete occlusion The seconds are counted
aloud by the anesthetist 1 increments of five seconds after
the valve has been obstructed for ten seconds The surgeons
have on rare occasions exceeded the safe time Limt to
sixty seconds and have been plagued by ventricular fibril
lation as a result of anoxia 1n the coronary arteries and
ventricles Realuzing full well that the heart has no
reservoir for oxygen storage none the less we strongly re
quest that the heart be rested for at least twice the period
of time the valve was occluded

The surgeon and the anesthestologist should not attempt
to keep secrets from one another If hypotension 1s present
the surgeon should be informed and the exact blood pres
sure determination announced A reasonable operator with



AORTIC STFAOSIS 81

blood pressure s ordinandy 10 to 15 mm of mercun
Ingher than the auscultantory determination

Laboratory results re quite typical—there 1s 1 pressure
gradient between the left ventricle and the 1ortr Goldberg
believes the pressure gradient 1s significant when 1t 1s 40
mm of mercury or more The electrocardiographic tracings
reveal a left anis deviauon Roentgenograms show two
rather chamctenstic findings—one 1 concentric enlirge
ment of the heart and the other a calafied aoruc vilie
Blood volume determsnitions are mereased 1bove normal
tf any evidence of decompensation exasts

The anesthesiologist 1n evaluating the pauent has the
folloning outhine for an deal candidate (1) age less than
fifty years (2) pure aortic stenoss (8) absence of acute rheu
matie fever (1) cardac enlargement of only moderate de
gree (5) no evidence of hepatomegaly dependent edemr
or pleural effusion (6) Glass 1 11, or I functionl class:
fiation of the Amencan Heart Assoctatton and (7) a
palpatory systolic blood pressure greater than 100 mm of
mercury

There 15 a simple test that has proven very useful to
the author 1n additton to the ideal findings outlined
above~the simple procedure being to ask the patient to
hold his breath as Jong as possible If the pulse rate 1s
markedly increased followmng the voluntary transttory
apnea or angma of moderate to severe nature follows
breath holding of at least thurty seconds the candidate
has poor mypcardual reserve and probably will not tolerate
even a light plane of anesthesia

Two operations are accepted to relieve aortic stenosis
(1} the eatly transventnieular approach advocated by Bailey
0 1952 and (2) and a retvograde admuttance vaa the aorta
distal to the stenotic aortic valve Each operation has cer
tain advantages and disadvantages to the auesthesiolagist
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ORTIC STENOSIS may be congemtal or a result of exther
A arteniosclerosis or rheumatic valvulins The defect
may exist alone as a pure aortic stenosis or with rarying
degrees of aoruc msufficiency It 1s also frequently en
countered with mutral valve disease and as such 1s a com
plicating factor

In aortic stenosis the tricuspid valve of the aorta fails to
open properly during the left ventnicular systole This
produces an obstruction to the outflow tract and results
1n left ventricular hypertrophy

The symptoms are progressive since A0TtiC stenosts 1§
a completely intractable condition and 1s characteristically
unresponsive to medical therapy The lack of response to
medical therapy 1s due to a combmation of factors there
15 a sertous functional interference with the mechames of
coronary artery filling and progressive hypertrophy of the
left ventncle The cardinal symptoms are syncope pro
duced by a narrow pulse pressure angina which 1s a result
of inadequate coronary artery filing fatigue from poor
ventricular output dyspnea upon exertion which results
from poor myocardial tone and dependent edema

Physical signs are quite charactenistic (1) a harsh systolic
murmur heard over the second nterspace to the nght of
the sternum (2) there 1s an absent second sound in the
aortic area 1n 96 per cent of patients (3) the systemic sys
tolic blood pressure 1s low with a high diastolic blood
pressure (4) the pulse 1s usually regular with atnal fibril
Jation almost never encountered (5) the palpatory systolic
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blood pressure 1s ordinanly 10 to 15 mm of mercury
Ingher than the auscultatory determination

Laboratory results re quite typical—there 15 1 pressurce
gradient between the lefe ventnicle and the norta Goldberg
believes the pressure gradient 1s sigmficant when 1t 1s 40
mm of mercury or more The electrocardiographic tracings
reveal a left aus deviation Rocntgenograms show two
rather charactenstic findings—one 1 concentric enlarge
ment of the heart and the other, a clcfied aortic valve
Blood volume determinations are increased above normal
1fany evidence of decompensation exists

The anesthesiologust, 1n evaluating the patient, has the
following outline for an 1deal candidate (1) age less than
fifty years, (2) pure aortic stenoss, (3) absence of acute theu
matic fever, (4) cardiac enlargement of only moderate de
gree (5) no evidence of hepatomegaly dependent edema
or pleural effusion (6) Class 1, II or III functional classt
fication of the American Heart Assocration and, (7) a
Palpatory systolic blood pressure greater than 100 mm of
mercury

There 15 a simple test that has proven very useful to
the author, n addiion to the 1deal findings outlined
above—the simple procedure being to ash the patient to
hold his breath as long as possible If the pulse rate 1s
markedly increased following the voluntary transitory
3pnead or angina of moderate to severe nature follows
:reath holding of at least thirty seconds the candidate

25 poor myocardtal reserve and probably will not tolerate
even alight plane of anesthesia

Two operations are accepted to relieve aortic stenosis
(1) the carly transventricular approach advocated by Bailey
;’:sfl{’i E:Ed (2) and a retrograde admuttance via the aorta
arm adeas tea stenotic aortic valve Each operation has cer

ges and disadvantages to the anesthesiologist
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AORTIC STENOSIS

SIMULTANEQUS PRESSURE DATA
RIGHT AND LEFT HEART
CATHETERIZATION

1 8 1fm/m?

LV-BA Gradient
{by planimetry)
55 mm Hg

Aortic Valve Area
0 4cm?

All Pressures Expressed in mm of Mercury
Normal Pressures
Right Atrium 0+4 Left Atrium {10)

Right Ventricle 15 30 Left Ventricle 120
0+ 5 D10

Pulmonary Artery 15 30 (15 18) Aorta 120
5-1z 0

Pulmonary Capillary Pressure 5-12
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which should be mentioned Transventricular aortic com
missurotomy has the distinct advantage of being rapidly
achieved with 2 resultant decrease 1n total time of anes
thesta The disadvantages are (1) lugh mcidence of ven
tricular fibrillation precipitated by occlusion of the stoma
coronary arteries or by a trigger mechanism nstituted by
probing agamnst the wnterventricular septum, (2) hemor
rhage from the opeming made i the left ventricle and
(3) the hypotension produced by positioning the pattent
m the lateral position The advantages of the supra aortic
valve approach are (1) no hypotension from positioming
of the patient (2) relative freedom from ventricular fibril
lation as a result of mstrumentation of the valve and (3)
resulting 1n a more functional salve

The anesthesiologist should wvisit the patient several
times preoperatively dunng the visits the blood pressure
should be ascertained and any varation in the inadence
or degree of angina noted Thus a more rational approach
to preanesthetic medication can be obtained

Nearly all patients with aortic stenosis have difficulty
sleepmg at might We sedate them with pentobarbital
sodium (Nembutal), grains 114 (100 mg) orally and me
peridine 50 to 75 mg by hypodermic injection at the hour
of sleep Secobarbutal grains 3/ (50 mg) orally and atropine
sulfate gramns 1/150 (04 mg) by hypodermic injection 15
ordered to be given one hour (sixty minutes) before the
time of anesthesia

The patient must have two vemns cannulated prior to
the induction of anesthesia The wrist in which the radial
pulsations are feeblest 1s chosen for the upper extremity
One cannula should be introduced mto an ankle vemn

When the nurses tray 1s set up and the surgical team
properly gloved and gowned, anesthesta 1s mduced It 1s
advisable to place an oxygen mask over the patient s face



82 ANESTHESIA FOR SURGERY OF THE HEART
AORTIC STENOSIS
SIMULTANEOUS PRESSURE DATA
RIGHT AND LEFT HEART

CATHETERIZATION

142 (o8)
80

€ Cardiac Index
18 {/mfm2

LV-BA Gradient
{by planimetry}
55 mm Hg

Aortic Valve Area
0 4 cm2

All Pressures Expresged in mm of Mercury
Normal Pressures

Right Atrfum 0+ 4 Left Atrium  (10)
Right Ventricle 15 30 Left Yentricle 120
0+ 5 0 10
Pulmenary Artery 15 30 (15 18) Aorta 120
1z 0

Pulmonary Capillary Pressure § 12
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The anesthesiologist must wnform the surgeon when the
cardiac action and the wital signs of the pattent will allow
the aortic valve to be mampulated The valve can not be
occluded for more than ten to twenty seconds at one time
The surgeon should wait unul an adequate circulation
exists for several mmutes (two to three minutes) before
mtiating further surgical tervention He must heed
the anesthesiologists advice and the anesthesiologst
should have sufficient command of the anesthetized pa
tient s status so that he can give the desired information
nstantly

The arrhythmas most frequently encountered are pre
mature ventricular systoles ventricular tachycardia and
ventricular fibrillation Adequate oaygenation 1s the single
greatest measure that can be used to overcome or combat
these three cardiac 1rregulanties Procamne amude or pro
came hydrochloride will aid, but we have found methox
amune hydrochlonde the most efficacious drug to control
ventricular tachycardia

Shallow depths of anesthesta, adequate oxygenation, con
stant assays of the physiological status of the patient, and
the ability to combat hemorrhage quickly are the essen
tials for the anesthesiologist during the course of anes
thesia for the surgical correction of aortic stenosis Ex
cellent results can be obtamed by teamwork and many

patients returned to a normal life following aortic com
mlssumtomy
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and admmuster 10 to 12 liters of oxygen per minute as
soon as the patient has been placed on the operating room
table

A muscle relaxant of rapid action, decamethomum bro
mide (Syncurine) 2 to 4 mg 1s mnjected ntravenously,
followed by 200 to 350 mg of thiopental sodium ntra
venously The oxygen face mask 1s then removed A large
bore endotracheal catheter 1s ntroduced into the trachea
under direct vision Oxygen 15 administered to the pattent
and the lungs are 1inflated by rhythmically compressing the
breathing bag

It 15 absolutely essential to have an associate heep track
of the cardiac action durning induction and mtubation
Ventricular fibrillation 1s most prone to occur in patients
with aortic stenosts 1 ventrrcular fibrillation does occur,
the left chest must be entered immediately and the aortic
valve dilated by means of introducing a dilator through the
left ventricle and through the stenotic valve It has not
been possible to overcome this dread arrhythmia if aortic
stenosis 18 dynamically sigmificant prior to doing an aortic
commussurotomy Obviously this techmque 1s not destrable
but 1t can be accomplished rapidly and bloodlessly (due to
inadequate cardiac action) with hemostasis being secured
after bleeding and cardiac action have been restored

Transaortic commussurotomy 1s achieved with the pa
aent 1 the supme posiion ordinanly through a nght
thoracotomy ncision It 1s necessary occastonally, to have
a bilateral thoracotomy with resultant bilateral pneumo
thorax and the attendant abnormal mtracardiac pressure
changes

Hemorrhage can result from a laceration of the aortic
wall at the location of the pouch just distal to the valve
or from mstrumentation through the pericardial pouch
that has been sutured onto the aorta
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less than thirty years of age, frec of cardiac failure, has
cardtac enlargement of only moderate degree, and has 1
palpatory systolic blood pressure of more than 100 mm
of mercury when turned onto the right side

The simple test of ascertumng the true blood pressure
1 the lateral position has been our chref indicator as to
the ability of the heart to tolerate 1nesthesia and surgery

The muluphcity of proposed operations for mitral 1n
sufficiency 1n the past 15 adequate proof that none was
unnersally accepted or successful The mortalty rates dur
g and after surgery are adequate testimony to the validity
of mnadequacy Nichols in August 1955 performed his
first cross polar plication for mural nsufficiency The
sertes to date 1s small—thirty five cases—but the operative
and post operative mortality rate has been only 14 7 per
cent with evidence of complete correction several months
after surgery To the anesthesiologist this 1s most gratifying
because the patient s cardiac output 1s 1mproved 1mmedt
ately after the defimitive surgery has been completed

The anesthesiologist should wvisit the patient several
tumes preoperatively, to ascertain the cardiac reserve and to
make a daily blood pressure curve with the patient turned
onto the night side

Night time sedation 1s ordered for the hour of sleep and
consists of pentobarbital sodium (Nembutal 100 mg)
(8r 114) Secobarbital sodium (Seconal) 1s ordered for oral
ingestion ninety munutes prior to the scheduled hour of
induction if the blood pressure 1s above 110 mm of mer
cury with the candidate 1n the lateral positon We prefer
small doses of not more than 50 mg (gr 34) Atropie
sulfate 15 ordered for hypodermc injection ninety mnutes
prior to mnduction Extreme caution should be observed
with the use of atropine sulfate Normally atropine sulfate
mhibits vagal activity thus the pulse rate wall be acceler






|

‘ MITRAT INSUTFIGITNGY 87

(s than thirty years of age, free of cardiic fulure, hs
fdhac enlrgement of only moderte degree, and s 1
Ipatory systohc blood pressure of more than 100 mm
mercury when turned onto the night side

[The simple test of 1scertuning the true blood pressure

the later] position has been our chief sndicator 1s to
e ability of the heart to tolerite anesthiesta nd surgery
The mulupliaity of proposed operitions for mitral i
fliciency in the past 15 adequate proof that none wis

nersaily 1ccepted or suecessful The mortality rates dur
g and after surgery are ndequate testinony to the vahdity

madequacy  Nichols, in August 19%% performed s
st cross polar phcaton for muni insufliciency The
eries to date 1s small—thirty five cases~but the operitne
nd post-operative mortality rite hs been only 117 per
ent with evidence of complete correction severa] months
fter surgery To the anesthestologist this s most gratifying
ecause the pauent s cardiac output 1s improved immeds
tely after the definitne surgery has been completed

The anesthesiologst should visit the pauent several
1mes preoperatn ely, 1o ascertain the cardiac reserve and to
make a daily blood pressure curve with the patent turned
nto the right side

Night time sedatron 15 ordered for the hour of sleep 1nd
onsists of pentobarbital sodium (Nembutal 100 mg)
|8 114) Secobarbutal sodium (Seconal) 1s ordered for oral
mgestion ninety minutes prior to the scheduled hour of
mnduction 1f the blood pressure 1s 1bove 110 mm of mer
cury with the candidate i the lateral position We prefer
small doses of not more than 50 mg (gr 34) Atropine
sulfate 15 ordered for hypodermic injection ninety minutes
PTIOT to induction Lxtreme caution should be observed
with the use of atropme sulfate Normally, atropine sulfate
nhibits vagal activity, thus the pulse rate will be acceler
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ITRAL INSUFFICIENCY usually 1s a result of rheumatic

\/ I valvulitis, but 1t may be congemtal or follow
trauma to the mitral valve during surgery for mitral ste
nosis Mitral nsufficiency may exist alone or with varying
degrees of mitral stenosis

In mutral msufficiency the bicuspid valve of the left side
of the heart fails to close properly during systole of the
left ventricle The left auricle recemves the regurgitant
stream of blood resulting 1n atrial dilatation

The symptoms are minimal 1 the early stages of the
deformity but since the disease 1s progressive INCTease
rapidly 1n severity Fatigue due to inadequate general
arculation with blood regurgitating nto the left atrum
15 the chief single complaint Dyspnea from mcreased pul
monary capillary pressure pulmonary edema and depend
ent edema are the other consistent symptoms

Physical signs are quite typical a systolic murmur heard
m the mitral area 1s classical the systolic systemic blood
pressure 15 usually within normal lumits atral fibrillation
1s common there 15 a decreased intensity of the matral first
sound the left atrium 15 markedly enlarged the left ven
tricle 15 hypertrophied and dilated the left upper lobe
bronchus 1s usually kinked from pressure made on 1t by
the enlarged left atrium

The anesthesiologist 1n evaluating the patient pre
operatlvely with the cardiologist and the cardiac surgeon
uses the guide of the American Heart Association as to
functional capacity of the patient An 1deal candidate 15
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less than thirty years of age, frec of cardiac failute, has
ardiac enlargement of only moderte degree and has 1
palpatory systohic blood pressure of more than 160 mm
of mercury when turned onto the night side

The simple test of ascertuming the true blood pressurc
m the lateral position has been our chief indicator as to
the ability of the heart to tolerate 1nesthesiz and surgery

The muluplicity of proposed operations for mitrl 1n
suffiency 1n the past 15 adequite prool that none was
unnersally accepted or successful The mortality rtes dur
g and after surgery are adequate testimony to the validity
of mnadequacy Nichols n August 1995, performed his
firt cross polar phicatton for muml msufficiency The
series to date 1s small—thirty five cases—but the opertine
and postoperative mortahty rate has been only 117 per
cent with evidence of complete correction several months
after surgery To the anesthesiologist this 1s most gratfying
because the patient s cardiac output 15 1mproved 1immedi
ately after the definitive surgery has been completed

The anesthesiologist should visit the patient several
times preoperatively, to ascertain the cardinc resenve and to
make a daily blood pressure curve with the pauent turned
onto the night side

Night time sedation 15 ordered for the hour of sleep nd
consists of pentobarbital sodium (Nembutal 100 mg)
(8r 114) Secobarbital sodium (Seconal) 15 ordered for oral
Ingestion ninety minutes prior to the scheduled hour of
mnduction 1f the blood pressure 15 above 110 mm of mer
cury with the candidate 1n the lateral position We prefer
small doses of not more than 50 mg {gr 34) Atropine
sulfate 15 ordered for hypodermic injection mmnety mmutes
s"ll:;lf ;0 induction  Extreme caution should be observed
lnhlb‘n: :lase of atropme sulfate Normally atropine sulfate

gal actvaty thus the pulse rate will be acceler
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TTRAL INSUFFIGUENGY usually 1s a result of thenmatic

l\/ I valvuliis  but 1t may be congenital or follow
trauma to the mitral valve during surgery for mutral ste
nosis Mitral msufficiency may exast alone or with varying
degrees of mitral stenoss

In mstral msuffictency the icuspid vahe of the left side
of the heart fails 10 close properly dunng systole of the
left ventricle The left auncle recenes the regurguant
stream of blood resulung in atrial dilatation

The symptoms are mmumal mn the early stages of the
deformity but smce the disease 15 progressive, mmereast
mapuly m seventy Fangue, due to wadequate general
circufation with blood regurgitating into the left atrum
1s the chief single complam: Dyspnea from increased pul
monary capllary pressure pulmonary edema and depend
ent edema are the other consistent symptoms

Physical signs are quite typscal a systohic murmur heard
t the mutral area 15 classical the systolic systemic bleod
pressure 15 usually within normal Iimats atnal fibnllanon
Is common there 15 a decreased intensity of the mutral first
sound the left atrium 15 markedly enlarged the left ven
tricle 15 hypertrophied and dilated the lefy upper lobe
bronchus 15 usually tanked from pressure made on 1t by
the enlarged left atrium

The anesthesiologtst 1n evaluating the panent pi¢
operatively with the cardiologist and the cardsac surgeo?
uses the guide of the Amencan Heart Association s 10
functional capacity of the panient. An 1deal candidate 15
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ITRAL INSUFFICIENGY usually 1s a result of

l\ll salvulitss, but st may be congenital or
trauma to the mutral valve durnng surgery for
nosts Mitral mnsufficiency may exast alone or with
degrees of mitral stenosis

In mtral insufficiency the bicuspid valse of the left
of the heart fails 1o close properly during systole
left sentricle The left auncle recemes the ipup
stream of blood resulting in atnal dilatation

The symptoms are minumal in the early stages v
deformuty but since the discase 1s progressise,
rapidly 1n seventy Fatigue, due to inadequate p
arculation with blood regurgitating into the Teft
18 the chief single complaint Dyspnea from
monary capillary pressure pulmonary edema and
ent edema are the other consistent symptoms

Physical signs are quite typical a systolic murmur
m the mural area 15 classical the systolic systemic
pressure 1s usually within normal limits atnal fit
1s common there 1s a decreased intensity of the
sound the left atnum 1s marhedly enlarged the
tricle 1s hypertrophied and dilated the left upper
bronchus 15 usually hinked from pressure made on
the enlarged left atrium

The anesthesiologist 1n evaluating the pauent
operatisely with the cardiologist and the cardiac
uses the guide of the Amercan Heart Associatioft
functional capacity of the patient. An 1deal
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less than thurty years of age, free of cardiac failure, has
cardiac enlargement of only moderate degree, and has a
palpatory systolic blood pressure of more than 100 mm
of mercury when turned onto the right side

The simple test of ascertaiming the true blood pressure
m the lateral position has been our chief indicator as to
the abihity of the heart to tolerate anesthesta and surgery

The muluplicity of proposed operations for mutral n
suffictency in the past 1s adequate proof that none was
unnersally accepted or successful The mortality rates dur
g and after surgery are adequate testimony to the validity
of madequacy Nichols in August 1955, performed his
first cross polar phication for mitral insufficiency The
sertes to date 1s small—thirty five cases—but the operative
and post operative mortality rate has been only 147 per
cent with evidence of complete correction several months
after surgery To the anesthesiologist this 1s most granifying
because the patient s cardiac output 1s 1mproved mmed:
ately after the definitive surgery has been completed

The anesthesiologist should visit the patient several
times preoperatively, to ascertain the cardiac reserve and to
make a daily blood pressure curve with the patient turned
onto the night side

Night time sedation 15 ordered for the hour of sleep and
consists of pentobarbital sodium (Nembutal 100 mg)
(8t 114) Secobarbital sodium (Seconal) 1s ordered for oral
ngestion ninety munutes prior to the scheduled hour of
mduction »f the blood pressure 15 above 110 mm of mer
cury with the candidate 1 the lateral position We prefer
small doses of not more than 50 mg (gr %) Atropine
sulfate 15 ordered for hypodermic mjection ninety minutes
prior to induction Extreme caution should be observed
with the use of atropine sulfate Normally atropne sulfate
mhubits vagal activity thus the pulse rate will be acceler
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ITRAL INSUFFICIENGY usually 1s a result of

lv‘ valvuhus  but 1t may be congemital or folic
trauma to the mutral valve duning surgery for matral
nosis Mitral insufficiency may exist alone or with
degrees of mutral stenosis

In mutral msuffictency the bicuspid valve of the left
of the heart fails to close properly dunng systole of
left ventricle The left aurcle recewves the reg
stream of blood resulting in atrral dilatation

The symptoms are mummal 1n the early stages of
deformuty, but since the disease 15 progressive, ruc ve
rapidly 1n severity Fatigue due to snadequate
carrculation with blood regurgitating nto the left atr
1s the chief single complaint Dyspnea from increased
monary capillary pressure pulmonary edema and de
ent edema are the other consistent symptoms

Physical signs are quute typical 2 systolic murmur
m the mtral area 1s classical the systolic systemic
pressure 15 usually within normal limuts atrial ~hri
1s common there 1s a decreased ntensity of the mitral ~
sound the left atrium 1s markedly enlarged the left
tricle 1s hypertrophied and dilated the left upper
bronchus 1s usually kinked from pressure made on 1t
the enlarged left atrium

The anesthesiologist m evaluating the patient
operatively with the cardiologist and the cardiac sus,-+
uses the guide of the American Heart Association as
functional capacity of the patient An ideal candidate
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through the endotracheal tube at a rate of five Iiters per
minute by manual compression on the rebreathing bag
The cuff of the endotracheal catheter 1s inflated to secure
an air tight fit 1n the trachea Dunng induction, 1t 15 most
helpful to have an assistant who heeps a constant check on
the radial pulse and aids m securing the tube to the mouth
bite and the patient s face We believe rapid mtubation to
be the easiest for the patient 1f done without trauma

The patient 1s positioned for surgery, extreme care
bemg talen that the shift of positions be done free of
rapid traction of the body If the systolic systemic blood
pressure remans at the preanesthetic level, surgery can be
msttuted If hypotension follows either anesthesia induc
tion or the change mn position, place the patient immed:
ately 1 the supine position and cancel the contemplated
surgery

Ordinarily oxygen alone 1s admimstered through the
endotracheal tube but 1f the blood pressure remains at
least 100 mm of mercury equal portions of nitrous oxide
and oxygen are adminstered, with a total volume of at
least five liters per minute

Thiopental sodium (Pentothal Sodum) 1s added by
intermittent intravenous injection as needed to provide
constant hypnosis The use of muscle relaxants after intu
bation 15 not encouraged unless there 1s marked resistance
to respiration

The standards of constant evaluation and good anes
thesiological practice must be followed or the operative
mortality will be too high and the surgical procedure
needlessly discarded
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ated following 1ts use Tachycardia shortens the penod
of duastole to such an extent that there 1s inadequate filling
of the chambers of the heart specifically the left ventricle
1s handicapped The use of large doses of atropine sulfate
m patients with dynamic mitral wnsufficiency will then
tesult 1 two most undesirable effects tachycardia and
hypotension We never exceed a dose of 033 mg (1/200
gr) of atropine sulfate preoperatively unless the pulse rate
1s fess than sivty per minute

The patient must have two vemns cannulated prior to
the induction of anesthesia It 1s preferable to have the
one mfusion placed 1n the dependent arm and one 1n the
dependent leg The blood pressure cuff and stethoscope
are placed on the left arm This will not hunder the ad
mmunistration of parenteral fluids when the blood pressure
cuff 15 mflated and will also allow more accurate blood
pressure recordings to be made during anesthesta The
stethoscope 1s of dubious value during the course of anes
thesta when the patient has atnial fibnillation Farst 1t 15
advantageous to recall that the palpatory recording 1§
higher than the auscultatory and second 1t has been almost
mmpossible to obtan consistent diastolic records in the
lateral position if atrial fibnllation 1s present, or occurs
during the anesthesia

A muscle relaxant of short but rapid action deca
methomum bromide (Syncurine) 2 to 4 mg or succinylcho
line hydrochloride 20 to 40 mg 15 rmjected through a
three way cock into the cannula 1n the right arm followed
by 200 to 350 mg of thiopental sodium (Pentothal
Sodium) nto the same vemn A large calibre catheter with
nflatable cuff 1s without trauma quuckly introduced mnto
the larynx and trachea a mouth prop 15 inserted so that
the catheter can not become obstructed by the teeth clamp-
mg on 1t and oxygen 1s administered to the patient
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through the endotracheal tube 1t 2 mte of five Iiters per
minute by manual compression on the rebreathing bag
The cuft of the endotrachenl catheter 1s mnflated to secure
an air tight fit in the trachea During induction, 1t 15 most
helpful to have an assistant who Leeps a constant chech on
the radial pulse and a1ds 1n securing the tube to the mouth
bite and the pauent s face We believe rapid intubation to
be the eastest for the patient, 1f done without trauma

The pauent 1s positioned for surgery, extreme care
bemng taken that the shuft of positions be done free of
rapid traction of the body IE the systolic systemic blood
pressure remains at the preanesthetic level surgery can be
instituted If hypotension follows either anesthesta induc
tion or the change 1n positton place the patient immedt
ately 1n the supine posiion and cancel the contemplated
surgery

Ordinanly oxygen alone 1s admimstered through the
endotracheal tube but if the blood pressure remains at
Jeast 100 mm of mercury, equal portions of nitrous oxide
and oxygen are administered, with a total volume of at
least five liters per minute

Thiopental sodium (Pentothal Sodwum) 1s added by
Intermuttent intravenous njection as needed to provide
constant hypnosis The use of muscle relaxants after intu
bation 15 not encouraged, unless there 1s marked resistance
to respiration

The standards of constant evaluation and good anes
thesiological practice must be followed or the operative
mortality will be too high and the surgical procedure
needlessly discarded



88 ANESTHESIA FOR SURGERY OF THE HEART

ated following 1ts use Tachycardia shortens the perod
of diastole to such an extent that there 1s inadequate filling
of the chambers of the heart specifically the left ventricle
1s handicapped The use of large doses of atropine sulfate
m patents with dynamic mutral insufficiency will then
result m tno most undesirable effects tachycardiz and
hypotension We never exceed a dose of 033 mg (1/200
gr) of atroptne sulfate preoperatively unless the pulse rate
15 less than s1¢ty per minute

The patient must have two vemns cannulated prior to
the induction of anesthesia It 1s preferable to have the
one 1nfusion placed n the dependent arm and one 1n the
dependent leg The blood pressure cuff and stethoscope
are placed on the left arm This will not hinder the ad
minstration of parenteral fluids when the blood pressure
cuff 15 mnflated and will also allow more accurate blood
pressure recordings to be made during anesthesia The
stethoscope 15 of dubious value duning the course of anes
thesta when the patient has atrial fibnillation First 1t 1s
advantageous to recall that the palpatory recording 15
higher than the auscultatory and second 1t has been almost
mmpossible to obtamn consistent diastolic records n the
lateral positton 1if atrial fibrillation 15 present or occurs
duning the anesthesia

A muscle relaxant of short but rapid action deca
methonium bromide (Syncurmne) 2 to 4 mg or succinylcho
Ime hydrochloride 20 to 40 mg 1s injected through a
three way cock 1nto the cannula in the right arm followed
by 200 to 350 mg of thiopental sodium (Pentothal
Sodium) 1nto the same vein A large calibre catheter with
nflatable cuff 1s without trauma quickly introduced into
the larynx and trachea a mouth prop 1s mserted so that
the catheter can not become obstructed by the teeth clamp
g on 1t and oxygen 1s adminmistered to the patient
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all other valvular defects the palputory recording 1s the
ighest The diastolic blood pressure 1s extremely low,
frequently zero These wide vanitions result 1n 1 wide
pulse pressure that 1s pathognomomc of the lesion The
apex of the heart 15 near the ntenor 1allry hing, as 1
result of the compensatory dilatation of the left ventricle
The artenal pulsations are chamcterstically  water
hammer or the so<alled Corngan pulse, this 1s due to
the wide pulse pressure Capillary pulsitions can be ob
served 1 the nml beds if major insufficiency 15 present

In fluoroscopy the aorta shows a marked evpansile
pulsation

Roentgenograms show cardiac enlargement anvolving
prncipally the lelt ventricle with left ventricular hyper
trophy and dilatation

Brachial artery tracings show the dicrotic notch to be
low slurred or absent Typically, there 1s a rapid ascent
to the peak of systole with an equally rapid descent to a
low diastolic pressure

Flectrocardiographic tracings most often reveal sinus
tachycardia with left axis deviation and left ventricular
strain and hypertrophy

The anesthesiologist 1 evaluatng the patient with the
cardiologist and the cardiovascular surgeon, uses the gurde
outlimed by Hufnagel for the 1deal candidate as (1) age
less than fifty years (2) pure aortic insufficiency (3) absence
of acute rheumatic fever (4) signs of progression of aortic
msufficiency despite adequate medical management (5)
cardiac enlargement of only moderate degree, (6) absence
of intractable angina pectoris (7) absence of serious change
mn the ventricular conduction and (8) absence of serious
renal or hepatic disease

There 15 2 simple test that has proven very useful to
the author 1n addition to the 1deal findings outlined above,
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ORTIC INSUFFICIENCY may be a result of rheumatic
A valvulitis, syphilitic heart disease or a congemital
malformation of the aortic valve The defect may exist
alone as 2 pure aortic valvular lesion or with varying
degrees of aortic stenosis

In aortic insufficiency, the tricuspid valve of the aorta
fails to close properly during diastole Ths allows the
blood from the 2orta to regurgitate into the left ventricle
‘The left ventricle recetves blood from the left atrium at
the same ume resulting in left ventricular hypertrophy

‘The symptoms are munimal 1n the early stages of the
deformity but since the disease 1s progressive head shak
g due to the forceful contractions of the over-distended
left ventricle develops Angimna or chest pan 1s produced
from an 1nadequate diastolic pressure restricting the
amount of oxygenated blood flow mnto the coronary arteries
at their onigin distal to the aortic valve Dyspnea upon exer
tion 1s the most distressing symptom to the patient as
this becomes progressively more severe resulting in par
oxysmal nocturnal dyspnea Pulmonary edema ordinanly
1s not manifest until the terminal phases of the disease

Physical signs are quite charactenstic a drastolic mur
mur heard n the aortic area 1s classical The systolic sys
temc pressure 18 elevated above normal limuts of 150 mm
of mercury The auscultatory systemic blood pressure s
elevated to 30 to 50 mm of mercury ABOVE the palpatory
systolic determination THIS IS THE EXCEPTION IN
ALL OF THE ACQUIRED VALVULAR LESIONS In
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hypodermic injection 1s ordered to be given one hour
(s1nty minutes) before the ime of anesthesn

The patient must hive two vems cnnulated prior to
the induction of anesthesia It 1s preferible to e the
infusions n place 1 the night arm (dependent rm) and
night anlle The blood pressure recordings wnd pulse mite
are obtamned and recorded on the anesthesin chart

It 15 ughly dusable to place 1n onygen mask over the
patient s face and admimster ten to twelve liters of oxygen
per minute 1nto the mask as soon as the patient has been
properly placed on the operatng room table This remns
in place during the mduction of anesthesia There 15 no
drug i medicine as prophylactic or therapeutic as ovygen
with which to prevent or treat arrhythmias during endo
tracheal catheterization

A muscle relaxant of rapid and short action deca
methonum bromide (Syncurine) 2 to 4 mg , or succinylcho
e chlonde 30 to 50 mg 1s mnjected intravenously fol
lowed by thiopental barbital sodium (Pentothal) 200 to 350
mg by the same route then the oxygen face mask 15 re
moved A large calibre catheter with inflatible cuff 1s
quickly and without trauma, introduced into the larynx
and trachea a mouth prop s mserted so the tube will not
become obstructed by the teeth clamping on 1t, and oxygen
18 admunistered to the pauent through the endotracheal
tube at a rate of five liters per minute by manual compres
ston on the rebreathing bag The mflatable cuff s filled
with atr unul 1t 1s air tight 1n the trachea and then the
endotracheal catheter 15 secured to the mouth block and
the patient s face During the mduction and mtubation
it 1s essential that an assistant keep track of the pattent s
cardiac output This can satisfactorily be achieved by con
stant palpation of the radial artery and with frequem blood
pressure and pulse rate determimations The total time of
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i ascertaiming whether or not adequate results can be
obtamned and that 1s to ascertain the diastolic level of
the blood pressure then to have the patient take a deep
breath and strain as hard as possible without breathing
Thus 15 the Valsalva experiment or maneuver If the dia
stolic pressure reaches a normal level the patient can be
expected to have an adequate result and if this simple
maneuver does not produce paroxysmal dvspnea the pa
uent has sufficient cardiac reserve to tolerate the anes
thesia and surgical intervention

Bailey and Hufnagel are both in agreement that a per
fect operation for aortic insufficiency has not as yet been
devised However patients will rapidly deteriorate and
die once the disease becomes progressive unless they are
aided surgically

The anesthesiologist must visit the patient several times
preoperatively thus not only aids 1n the estabhishment of
a proper patient physician relationship, but 1t allows a
much better deduction to be made by the anesthesiologist
as to whether the patient can be safely carried through the
anesthetic period Furthermore a gude as to the degree
of sedation that will be required for preliminary medica
tion can more accurately be obtained

Most patients with aortic msufficiency on whom anes
thesta and surgery are contemplated have difficulty sleep
mg at mght due to the forceful contractions of the left
ventricle We sedate them with pentobarbital sodium
(Nembutal) gramns 114 (100 mg) and mependine (Dem
erol) 50 mg to 75 mg at the hour of sleep the mght before
the scheduled anesthesia Secobarbital (Seconal) grains 8/
(50 mg) orally and meperidine (Demerol) 50 mg to 75 mg
by hypodermic 1jection are ordered one hour and thirty
munutes (nnety minutes) prior to the time of induction
of anesthesta Atropine sulfate gramn 1/150 (04 mg) by
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hypodermic mjection 15 ordered to be given one hour
(s1nty minutes) before the time of anesthesia

The patient must hate two vems cannulated pnor to
the induction of anesthesia It 1s preferable to have the
mfusions 1n place in the night arm (dependent arm) and
nght ankle The blood pressure recordings and pulse rate
are obtained and recorded on the anesthesia chart

1t 15 tughly adsisable to place an oxygen mask over the
pattent s face and administer ten to twelve liters of ovygen
per munute 1nto the mask as soon as the patient has been
properly placed on the operating room table Thts remains
m place during the induction of anesthesta There 15 no
drug 1 medicine as prophylactic or therapeutic as onygen
with which to prevent or treat arrhythmias during endo
tracheal catheterization

A muscle relaxant of rapid and short action deca
methonium bromide (Syncurine) 2 to 4 mg, or succinylcho
line chlonide 30 to 50 mg 1s mjected intravenously, fol
lowed by thiopental barbital sodium (Pentothal) 200 to 350
mg by the same route then the oxygen face mask 1s Te
moved A large calibre catheter with inflatable cuff 1s
quickly and without trauma, introduced mto the larynx
and trachea a mouth prop 1s 1nserted so the tube will not
become obstructed by the teeth clamping on 1t and oxygen
1s administered to the patient through the endotracheal
tube at a rate of five liters per minute by manual compres
sion on the rebreathing bag The nflatable cuff 15 filled
with arr until 1t 1s air tight 1n the trachea and then the
endotracheal catheter 1s secured to the mouth block and
the pauents face During the duction and ntubation
1t Is essential that an assistant keep track of the pattents
cardiac output This can satisfactorily be achieved by con
stant palpation of the radial artery and with frequent blood
Pressure and pulse rate determinations The total tme of
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anesthesia to this point should not exceed one minute
(s1xty seconds)

If the Hufnagel valve 1s to be used the patient 1s turned
onto the night side 1mmediately after the posinoning the
blood pressure should agamn be determined and 1f 1t has
dropped more than 30 to 50 mm of mercury (recalling
that the usual preanesthetic recording was 200 to 300 mm
of mercury systolic) the patient should gently but quickly
be turned to the supine position and the contemplated
surgery cancelled

All forms of anesthesia are depressing to the vital func
tions of the body and if such a light plane of anesthesia
m a well oxygenated patient can not be tolerated do not
subject him to the further trauma of surgery Disaster
alone will follow

Annular constriction of the aorta 1s accomphshed with
the patent 1n the supine postion Frequently a hilateral
thoracotomy 15 necessary to visualize and dissect the right
and left coronary arteries Constant evaluation of the
anesthesia and the patient 1s necessary as any obstruction
of the coronary artery will result 1n anoxia to erther ventri
cle and ventncular fibrillation will ensue 1n a matter of
fifteen to thirty seconds The anesthesiologist should stand
so that he can see the heart action as well as feel a periph
eral artery (usually the left radial) the first sign of danger
15 the occurrenice of ventricular extrasystoles followed by
ventricular tachycardia and then ventricular fibrillation
1t 1s not unusual to see one ventricle fibnllating independ
ently of the other ventricle

Oxygen should be utihized the second drug of choice 15
methoxamne hydrochloride (Vasoxyl) 5 to 10 mg Meth
oxamine hydrochloride 1s injected into a vemnr almost 1m

mediately the pulse rate will become slower and the output
of the ventricles will be greater It 15 unwise to renew the
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manipulation of the major coronary artery immedrately
The anesthesiologist must nsist that the operator wait
until the cardiac rate has been regular in force and rhythm
for a ume period of at least five munutes before 1ttempting
the 150lation of the annulus for the sccond time

The anesthesiologist worlang either alone, or 1 con
junction with a clinical physiologist, must tell the operator
when the salve has been sausfactonly corrected Thus 1s
determined by the establishment of an adequate diastolic
pressure a decrease 1n systolic pressure, and the freedom
from conduction defects to the ventricle

The anesthetic problems most frequently encountered
are (1) arrhythmias due prinapally to nadequate ony
genation (2) singultus from phremic nerve or diaphrag
matic rritation which we treat with small doses (25 to
50 mg ) intravenously of meperidine (Demerol) (Thus has
proven more satisfactory than curarization, regardless of
the neuro-muscular bloching agent selected) and (3) hypo-
tension, either precipitated by anesthesia overdosage, or
by a fathng myocardium  this responds well to a mixture
of 40 mg of methonamme hydrochlonde (Vasoxyl) and
levarterenol bitartrate (Levophed) 4 mg n 500 ml of
5 per cent glucose and distilled water and finally (4) ven
tricular fibrllation ot asystole which ts combatted by the
usual standard methods of oxygenation manual compres
sion of the heart and electrical counter shock. Once ven
tricular fibrllatton occurs 1n the ventricles of a patient
with aortic msufficiency the prognosis 1s extremely poor
The ventricles are markedly atonic and hypertrophic and
respond poorly to any therapy

Patients with aortic msufficiency are the least satisfactory

of all candidates for a hopeful outlool. following surgical
ntervention
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anesthesta to this point should not exceed one mmute
(s1xty seconds)

If the Hufnagel valve 1s to be used, the patient 1s turned
onto the night side 1mmedaately after the posiioning the
blood pressure should again be determined and 1f 1t has
dropped more than 30 to 50 mm of mercury (recalling
that the usual preanesthetic recording was 200 to 300 mm
of mercury systohic) the patient should gently but quickly
be turned to the supine position and the contemplated
surgery cancelled

All forms of anesthesta are depressing to the wtal func
tions of the body and 1f such a hight plane of anesthesia
m a well oxygenated patient can not be tolerated do not
subject hum to the further trauma of surgery Disaster
alone will follow

Annular constriction of the aorta 1s accomplished with
the patient 1n the supme position Frequently a bilateral
thoracotomy 1s necessary to visualize and dissect the right
and left coronary arteries Constant evaluation of the
anesthesia and the patient 1s necessary as any obstruction
of the coronary artery will result in anoxia to ether ventri
cle and ventricular fibrillation will ensue 1 a matter of
fifteen to thirty seconds The anesthesiologist should stand
so that he can see the heart action as well as feel a periph
eral artery (usually the left radial) the first sign of danger
15 the occurrence of ventricular extrasystoles followed by
ventricular tachycardia and then ventricular fibnillation
It 15 not unusual to see one ventricle fibnllating independ
ently of the other ventricle

Ovygen should be utiized the second drug of choice 15
methoxamine hydrochloride (Vasoxyl) 5 to 10 mg Meth
oxamne hydrochloride 1s injected into a vein almost 1m

mediately the pulse rate will become slower and the output
of the ventricles will be greater It 1s unwise to renew the
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The sclecuon of patients for any of the vanous opert
tions to improve the arculation of the myocardium 1s 4
difficult task Obviously, the anastomosis of the Beck
Rralick operation 1s a long tedious procedure Since all
forms of anesthesta are depressing to the myocardium, 1
patient must have a reasonable cardiic reserve to survive
the anesthesia and surgery Many post-coronary patients
can not fulfill the criteria suggested by Likoff and Geckler
~namely a patient of fifty years or younger who has not
had a single myocardsil infarcuon for at least s1x months
prior to surgery who possesses a heart of normal size, or
not more than 10 per cent above normal and who 1s free
of decompensation

Major contraindications to surgery are a recent myo
cardial infarction, two infarctions within one year, con
gestive heart farlure hypertension, or older than fifty five
years of age There are other factors that constitute minor
contraindications such as obesity diabetes emphysema
or renal disease

Preoperatively the patient should remain at bed rest
except for bathroom privileges Angina pectoris 1s con
trolled by glyceryl tnmitrate orally supplemented if
needed, by hypodermic injections of 50 to 100 mg of
mepenidine

The mght prior to surgery a restful pain free sleep
should be provided by ordering Nembutal 100 mg (grains
114) and meperidine 75 mg at the hour of sleep The
barbiturate should not be repeated later 1f pam awakens
the candidate but the angina controlled by glyceryl tri
Tutrate and Demerol

Preoperatively, medication should be on the heavier
side of normal as each pattent fears he will be seized with
angma prior to the induction of anesthesia

Once the candidate 1s 1n the operating room, absolute
quiet 1s essential The blood pressure cuff and stethoscope
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HE CAUSE of coronary artery disease 15 not established
It 1s however 2 major cause of mortality and mor

bidity 1 our present day society Probably years of re
search are ahead of us before erther the cause prevention
or treatment can be ascertained Unguestionably the
cardiologists and biochemists will achieve spectacular re
sults with this disease soon The surgeons try to salvage
lives with various operations at the present although no
single procedure 1s unversally accepted by cardiologists
or surgeons The principle of all the various operations 1
to bring about a revascularization of the myocardium

Claude Beck of Cleveland Ohio, has been the pioneer
1n surgery for coronary artery disease 1n the United States
Beck has advocated several operations starting with cardio
omental pexy n which a piece of omentum was sutured to
the myocardrum The original cardio-omental pexy was
done by O Shaughnessy Another procedure advocated
Iater by Beck was to open the pericardium and 1ntroduce
anabrasive such as talcinto the pericardial sac

Beck and his coworkers found that 1t was possible to
make an anastomosts (really an arterial venous fistula) be
tween the coronary sinus and the aorta reversing tem
poranly the circulation of the coronary system

Thompson and Raisbeck use powdered talc in the pert
cardium to stimulate the blood supply to the pericardium
Vineberg implants the left 1nternal mammary artery mnto
the wall of the left ventricle to revasculanze the heart
Murray suggests the actual removal of the thrombus from
the coronary artery
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Undue pressure on the heart by a member of the surgical
team wall result in instantineous hypotension Hypoten
sion precedes cardiac irregulanities and the triction or
pressure must be relesed by the surgeons s quickly as
detected by the anesthesiologist

Anoia will preapitate fibnillation of the diseised ven
tricles 1n a matter of two to three minutes thus even
transitory obstruction to the airnay can not be tolerated

A munture of equal parts of mirous oxide with ovygen
offers sausfactory analgesia The combination of ntra
venous pentothal sodium and succinylcholine affords an
easy achievement of inflation of the lungs Intravenous
procamne has not stood the test of time for coronary artery
disease pauents in assuring freedom from arrhythmuas
Anthythmuas are most easily avoided by adequate oxygena
tion and the avoidance of deep anesthesia
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are placed 1n the proper position quickly and the systemic
blood pressure obtamned Induction of anesthesia should
be rapid We use ether 40 to 50 mg of succinylcholine
hydrochlonide intravenously or 3 to 4 mg of decametho
nium bromide to facilitate intubation The muscle re
laxant 15 followed by 300 to 400 mg of pentothal sodium
by the same route A large bore endotracheal tube with
an 1nflatable cuff 1s 1nserted under direct viston Oxygen
15 then administered by manual compression of the breath
mg bag the pulse 1s carefully checked for irregulanties
and the blood pressure ascertained If no gross abnormalt
ties are noted the patient 1s posttioned for surgery Should
premature ventricular systoles occur, or a blood pressure
level of 20 mm of mercury less than ascertained in the
supine position be found 1n the lateral position the pa
tient should not be subjected to the long anesthesia period
It 1s preferable to judiciously abandon the contemplated
operation than to mvite death Whenever undesired
changes occur a deciston must be made to erther shorten
the procedure such as the nstallation of asbestos or talc
powder onto the surface of the heart or to cancel the
case Words are not strong enough to strengthen this
stand It stmply must be realized that a danger exists for
ventricular fibrillation to follow even momentary anoxia
of the myocardium

Singultus has been an anesthetic complication of fre
quent occurrence durning the Kralich operation The cause
1s due to erther diaphragmatic rmtation or constant pres
sure on the phrenic nerve This complication can best be
avorded by controlled respirations (free of diaphragmatic
motion) with a depth of second or third plane anesthesia
or curarization of the patient with succinylcholine hydro
chlonide Mepenidine 25 to 50 mg intravenously will cor
rect stnguleus 1f 1t does occur
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from resistance and dead space, (6) adaptable to both 1n
fants and adults, (7) contan a means of absorbing carbon
dionide effectively, (8) method of recording inspired ovy
gen tension, (9) be sturdy enough to tolerate abuse and
(10) noiseless 1n eperation

Laboratory equipment w1l also be developed that will
enable the anesthestologst to secure blood pressure record
ings immedately allow arterial oxygen tensions to be
accurately recorded, afford a means of accurately determm
ing the circulating blood volume and blood pH

Heart lung machines of the future wili do much to de
crease the mortality rates of ntracardrac surgery These
machines will have the ability to afford a completely blood
less open heart, and possess an ovygenator that will not
destroy the clotting ability of the blood or produce arteral
embolization It will be capable of being placed 1nto circu
fatton within five to ten munutes after the induction of
anesthesia and finally allow the cardiac action to be
spontaneous, following 1ts use

The same spirit that proneered cardiac anesthesia and
surgery will be triumphant
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NESTHESIA for cardiac surgery has passed through its
A mfancy and 1s making rapid strides toward ma
turity There 1s still much to learn about the selection of
patients anesthetic management, avoidance of complica
tions during anesthesia, and postanesthetic management
and care

It 15 hoped an 1deal anesthetic agent will be discovered m
the future It should have as a mimmum the following
ten requisites

1 Rapid and pleasant induction

2 Odorless and nonirritating

3 Nonexplosive

4 Ability to produce both analges:a and muscular

relaxation

5 Wide margin of safety

6 Excretion from body unaltered

7 Ability to allow adequate oxygenation

8 Minute to minute control

9 Stable properties free of impurities

10 No side effects
A mechanical respirator should be developed that will
meet the rigid requirements needed for cardiovascular
anesthesia It will have the following essentials (1) volume
control from 300 ml to 8 Iiters (2) controllable inspiratory
pressure to 40 mm of mercury (3) a means of controlling
expiratory pressure to a negative pressure as well as mamn
tamning a posttive expiratory phase if desired (4) respra
tory Tate control from ten to sixty per minute (5) freedom
100
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SUMMARY

T IS NOW POSSIBLE to select patients with markedly
I mmpaired heart action who can be aided by cardio
vascular surgery The best means of patient selection has
evolved as a jomt conference with anesthestologist cardi
ologist and cardiovascular surgeon participating

Pattents with cardiac disease tolerate heavy preliminary
medication and deep anesthesta very poorly

Oxygen 1s the one gas that must be adequately adminis
tered to preserve cardiac action and life Endotracheal
catheters are essential to maintain 2 patent airway dunng
anesthesta for cardiac surgery

The most mmportant person 1s the patient and every
member of the team, physictan surgeon anesthestologist
and nursing personnel must never lose sight of this con
cept It 1s as the result of the concerted efforts of closely
tegrated teams that cardiac anesthesia and surgery has
attained 1ts present success
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