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Tue use of pump oxygenators to facilitate re-
pair of cardiac defects has become widespread
throughout the major teaching centers. The
ultimate realization of a smoothly coordinated
team performing open heart surgery with Jow
operative risk is not achieved easily. Elimina-
tion of the metabolic, surgical and anesthetic
problems which occur with cardiopulmonary
bypass must be carefully worked out in the
laboratory. In spite of seemingly adequate
preparation in the laboratory, most centers
have had to endure a- disproportionately high
mortality rate in the early experiences with
cardiopulmonary bypass. The large amount of
blood required to prime and operate most of
the present-day oxygenators has often placed
a burden on blood bank facilities. The prob-
lems of collection and crossmatching up to 15
units of blood for one operation have led some
groups to utilize the blood for two patients of
similar blood grouping.!

Because of the above problems incumbent
on the use of pump oxygenators, it appears un-
likely that their use ide of major medical
centers will be feasible, at least in the imme-
diate future. In the meantime, it is evident
that an ever increasing number of patients with
correctable defects are available for surgery in
areas outside the scope of the larger medical
centers,® who may be denied surgery because
of lack of a simple, safe method for performing
open heart surgery.

This paper explains the management of 30
patients undergoing open heart surgery for the
repair of auricular septal defects and/or pul-
monary valvular stenosis, by employing hypo-
thermia and -coronary perfusion. The opera-
tive technique and detailed cardiac follow-up
have been described elsewhere.?

Received from the Division of Anesthesia and
the Departments of Surgery and Pediatrics, Uni-
versity of Rochester School of Medicine and Den-
istry, Rochester, New York, and accepted for
publication July 17, 1959.

CLINICAL MATERIAL

Paticnts selected for correction under thigd,
technique have had either a simple valvulaf2
pulmonary stenosis, an ostium secundum :luncfv
ular septal defect or one of the less comphmtcd}
varieties of anomalous pulmonary venous dmmn‘
age associated with a hxgh auricular septal deD
fect. Clinical evaluation in the p i stc-m
noses group has been aimed at excluding pad
tients who have infundibular pulmonary stenos
sis and associated abnormalities of the ven
tricular septum. In the auricular septal group
we have eliminated patients having defects of
the ostium primum variety and anomalies o
the pulmonary venous return not readily amens
able to redirection into the left atrium. AIR
patients in this group have been subjected toS
cardiac catheterization before operation, ands
the clinical and catheterization data were care®
fully analyzed to exclude the possibilities menS
tioned, all of which in our opinion are nofy
properly handled with this technique.

In the pulmonic stenosis group, our operad
tive indications have included definite sympS
tomatology, significant and progressive nghfﬂ
ventricular hypertrophy by e]ectromrdmgmm,_\
progressive cardiomegaly and, by cardiac mthm
eterization, a right ventricular pressure of IW
mm. of mercury or over. Operative indicationS
in the auricular level shunting anomalies hast
been significant symptomntology and/or growﬂg
retardation, definite cardiomegaly and, by c.'llh-O
eterization, a left to right shunt exceeding 1‘/0-
liters/minute/meter.?
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With a few exceptions, all patients were preQ
medijcated with from 4 to 5 mg./kg. of sodiumz
pentobarbital and 0.01 mg./kg. of scopolammeg
intramuscularly, one and a half hours prior to3
operation. Patients arrived at the operahnﬁ
room sleeping lightly.

Many methods of inducing anesthesia hnvc
been used, although cyclopropane was used
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most frequently in chl]dren and thiopental
most commonly in adults, Shortly after induc-
tion, electrocardiographic and electroencephalo-

graphic leads were attached to the patient.
Both an esophageal and a rectal thermister
were inserted. During cooling, the electro-
cardiogram has been useful not only for. its
monitoring of heart action but also for the
detection. of occult shivering which retards
cooling and augments acidosis. Tracheal in-
tubation was accomplished in a light plane of
anesthesia with the use of succinylcholine.
Gas oxygen and- ether were then utilized to
maintain anesthesia during the cooling process.
From this point, steadfast hyperventilation was
maintained until the completion of surgery,
wnth the exception of the short period of cir-

y occlusion for cardi

At this point, the patient was llfted from the
operating table and placed in a tub half filled
with cold water. The patient was suspended
in the water on a canvas hammock. Cooling
was accomplished by adding about 100 pounds
of ice cubes. Shivering, when it occurred was
most effectively treated by adding a little
more ether to the system, although relaxants
were of temporary value. As cooling pro-
gressed, the cther was washed out via the semi-
closed circle system. When the desired tem-
perature was reached, usually oxygen alorie
was used in the system or with 50 per cent
nitrous oxide. Hyperventilation’ plays an im-
portant ancillary role in keeping the patient
quiet during surgery.$®

When the desired esophageal temperature
was reached, the paticnt was removed from
the tub and placed on the operating table.
The table had been previously covered with a
rubber mattress containing coils through which
a liquid could be circulated.® This was cov-
ered with a bed sheet and a blanket of cotton,
on which the patient was placed. The blanket
was used to dry the patient thoroughly and
was then removed. Small pieces of foam rub-
ber were placed under both heels and beneath
the sacrum, since it was belicved that these
areas were most subject to bruising from pres-
sure and hypothermia.

Trangfusion of citrated blood was begun
soon after the operation began via one of two

® Therm-o-rite Products Company.
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large bore needles, keeping abreast of blood§
loss, in order to obviate rapid transfusionS
should unexpected blood loss occur laters3
Blood used for coronary perfusion was col]ectedm
by the surgeon from the patient’s aorta-into a—~
heparinized vacuum blood bott]e. This was$
done a few tes before occlusion and car-Z
diotomy. If the patient -had been 1'e<:{:wmgt
nitrous oxide, oxygen alone was used for 5%
minutes prior to collection of the blood, to in-f
sure maximum oxygen saturation. Conncxdent—'
with the withdrawal of the patient’s blood,g
warmed, heparinized, freshly collected donorg
blood was transfused into an arm vein. 'l'hei'
exchange transfusion could be given rapidlyS
under pressure if the blood had been ade-g
quately warmed, and without anticipation of“’
alarming cardiac activity.
Before circulatory occlusion, a small dose of;
a relaxant was given and the patient ventilated
with 100 per cent oxygen. Active ventilations:
was stopped during the occlusion period. The'_:‘
cava were then occluded, the aorta and pul-
monary arteries clamped and the coronary per-o.
fusion needle introduced into the base of theg
aorta. The cardiotomy was then performed®
and coronary perfusion begun. Perfusion was=
manually controlled by the anesthetist with a5
commercially available blood administration sety)
incorporating a pressure unit. Perfusion mtcg
was usually from 2 to 3 ce./kg./min? Pul-o
monary valvulotomies were performed by dlo
rect vision radical incisions along the commls»
sures of fused valve lcaflets to produce bicusp da
or tricuspid valves. The atrial septal defectsy
were closed with a continuous over and overs
stitch of fine silk between 2 stay sutures placedS
in the superior and inferjor ends of the dcfccto
Three patients have had both defects cor-O
rected at the same opcration during sepnmteo
occlusion periods.
Since a lag period of approximately 14 hour<
d before a ch in the esoph 1 temS
perature was observed, we began gmdu-‘lﬁ
warming of the patient about 3 to 1 houS
prior to occlusion. We attempted to achieves;
an esophageal temperature of 30 C. with lhez
temperature on the rise at the time of cxrcuh-r,
tory occlusion. Should ventricular fibrillationy,
occur following occlusion, the salutary effect oﬁ)
warming ®? can be accomplished more quxckly
Warming was begun by perfusion of the blan-
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ket on which the patient lay at a temperature
of 110-120 F. During this time, ventilation
was actively controlled and nitrous oxide usu-
ally was necessary to quiet the patient.

Extubation of the trachea was feasible at
the end of the operation. Some patients, free
of the quiescence produced by hyperventila-
tion, were intolerant of an endotracheal tube
when the esophageal temperature was 31-32C.
Others required assistance of ventilation at
34 C. We have been unable to correlate the
temperature with the optimal time for extuba-
tion. Instead, we relied principally upon spon-
taneous ventilatory ability. Employment of a
ventilation meter to e tidal and mii
volumes has been of great aid in doubtful
cases.

No further warming was done following ex-
tubation. A rubber mattress was placed on
the patient’s bed in anticipation of the rebound
hyperpyrexia of 2-3 degrees C., which occa-
sionally results.

OBSERVATIONS

Figure 1 illustrates that the relationship be-
tween the patient’s weight and the time neces-
sary in the tub to obtain an average tempera-
ture of 32.2 C. (31.5-33.0) approached a
straight line. One adult required 85 minutes
to cool, but postoperatively she developed
signs and symptoms of hyperthyroidism.

Following removal from the tub, the tem-
perature continued to fall over the next 30
minutes to 1 hour. The average drop in this
series was 3.4 C. or, as Swan?® has noticed,
about two-thirds of that occurring during ac-
tive cooling. There was no case of an unusual
downward drift in temperature following re-
moval from the ice bath. In no instance did
a drop in temperature occur which equaled the
drop occurring during active cooling. The
esophageal temperature on removal from the
ice bath varied from 31.5 to 33 C.; the low
point range varied from 28.3 to 30.2 C. with
an average of 28.8 C. It was not necessary
to utilize the blanket beneath the patient either
to lower the patient’s temperature or to check
a downward drop during surgery. The av-
erage esophageal temperature at the time of
occlusion was 30.0 C.

Although rectal temperatures during the
cooling phase have beeén shown to be unre-
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liable,'® we continued to record rectal tempera3
ture as a check on esophageal temperature dur-——
ing surgery and for.convenience in the recovery|
room. At the end of active codling, rectaf
temperatures lagged behind the esophagealR
temperatures by as much as 1.7 C. Consed
quently, decision to remove the patient fmn%
the tub was based upon the esophageal temz
perature, regardless of the rectal tempemturcN
During cooling, the electrocardiogram asg
gilarly evaluated by d “‘lead”shmvcdi
progressive degrees of bradycardia, prolongn\
tion of the P-R interval, prolongation of thE\I
Q-T interval, occasionally the occurrence oE;%
auricular-ventricular dissociation and, on a5
number of occasions, auricular fbrillationS
During the period of occlusion and coronary®
perfusion with warm, oxygenated, heparinized?
blood, we saw regularly a progressive improves
ment in the measured characteristics of theS
electrocardiogram. The rate increased, thcp
P-R and Q-T intervals decreased; if block w:uo
present it has frequently disappeared and cvn-o
dences of ectopic rhythmicity even during vng-o
orous intracardiac manipulation was mfrequcnrc
The electroencephalogram was an aid m:-
maintaining a light plane of anesthesia dunng;
cooling and throughout the operation. Adcm
quacy of cerebral perfusion was evident by’
electroencephalographic monitoring and was”,
particularly helpful when blood pressure bym
Jtation was btainable during hypo‘m
thermia, Review of electroencephalograms>
following total occlusion gave supporting evi%
dence to the safe limit for occlusion at this™

temperature.t+2?  If the period of occlusion
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lasted about 5 minutes or less, the return to
the low amplitude fast activity present just
prior to occlusion occurred in a minute or two.
Eight patients in this series had inflow tract
occlusion varying from 8-11 minutes. These
longer periods of occlusion resulted in a more
gradual restoration of the preocclusive pattern.
An occlusion of 8 minutes might result in an
abnormal electroencephalogram for about 1
hour. All of these patients were awake at the
time of tracheal extubation.

Blood pressure has been obtained by auscul-
tation only, With careful blood replacement
and by monitoring the electroencephalogram,
we have not believed it necessary to monitor
the intra-arterial pressure. In only a third of
our cases has a blood pressure been heard
throughout the procedure. Usually the blood
pressure is abruptly lost to auscultation during
the cooling period when the temperature is be-
tween 33 C. and 34 C., although the range has
extended from .29 C. to 36 C. An audible
blood pressure reappears rather surreptitiously
with a narrow pulse pressure and over a wide
temperature range. Five patients at the time
of tracheal extubation, who were ventilating
adequately and were awake, had inaudible
blood pressures. Return of blood pressure oc-
curred in the recovery room with gradual
rewarming. .

Blood replacement was no problem. The
average amount of citrated blood transfused
during surgery was 600 ml. per patient. Only
3 patients required a third unit of blood. The
amount of blood transfused depended more
upon the ease or difficulty in repairing the
cardiac defect than upon the size of the pa-
tient. There were no unusual bleeding prob-
lems.

COMPLICATIONS

Ventricular fibrillation occurred in two pa-
tients. One patient whose circulation was oc-
cluded for 11 minutes developed ventricular
fibrillation shortly after the occlusive period,
but responded to potassium chloride arrest,
massage to the responsive phase and then 50
per cent glucose intravenously.’® The other
patient, whose circulation was occluded for 13
minutes, developed ventricular fibrillation 2
minutes following occlusion and could not be
converted to normal rhythm. Both of these
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cases occurred carly in the series. At thatg
time, blood for coronary perfusion was venousS
blood obtained from a warmed donor armM3
Samples of blood used in each case were found§
to be only 60 per cent saturated. Because of>
the variability in oxygen saturation by thisg
method, it was abandoned in faver of the pres-~
ent method of using the patient’s own arterialg
blood. Ry
During the occlusive period, the needle uscd'%
for coronary perfusion became impinged ong,
the posterior wall of the aorta in two patients3
Cardiac cyanosis and bradycardia reminiscentS
of the isolated, nonperfused hypothermic hear
followed in ecach instance. Good color and
tone quickly reappeared with manipulatior
of the needle and restitution of coronarg
perfusion, 2
Postoperative complications were predom:
inantly pulmonary and were most likely re;
1ated to the bilateral anterior thoracotomy ane
the difficulty in effecting proper ventilatory.
function. Bronchoscopy was required for tw§
patients because of inability to mobilize mug
cous plugs. Pleural effusion of significant
degree occurred in two patients, but resolv
Blull\-hul i develope@
in two patients. More recently, the use of §
right lateral thoracotomy incision for atrial de&y
fects or a longitudinal sternal splitting incisio§
for pulmonary valvulotomies appeared to 16
duce postoperative difficulties. §
Gastric dilatation developed in two childrefl
in the recovery room, seriously interfering with
proper pulmonary ventilation. It oceurreh
rapidly and there was marked improvement
on decompression. No neurological sequella®
burns or fat necroses occurred in this serieg
One child required 2 weeks of physiotherag
to the elbow b of an ive hematoni
occurring during a blood infusion.
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Two deaths occurred in this serics. An
year old child with a large ostium secunduB
defect occluded for 13 minutes developed ve®
tricular Gbrillation 2 minutes following occlf
sion, and attempts at resuscitation were g
successful. ‘The temperzture at the time X
occlusion was 29.5 C. The other death w8
a 38 year old woman with an atrial septal
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defect.  Operation was uneventful.  Postop-
eratively, she initially did well, but then be-
came agitated, uncooperative and psychotically
depressed. Freidlanders pneumonia followed
by staphylococeal pneumonia, in spite of vig-
orous treatment, resulted in her death 3 weeks
postoperatively.
ResuLts

Of the eleven patients with pulmonary val-
vular “stenosis, who were subjected to post-
operative cardiac catheterization, all showed
a reduction of the systolic gradient across the
pulmonary valve to an absolute level of 20 mm.
of mercury or less. All patients were asymp-
tomatic after operation and showed major
regression of evidences of right ventricular
bypertrophy. One patient showed hemody-
mmic evidence of pulmonic insufficiency, but
was not a clinical problem.

Of the 17 patients with auricular septal
defects, who survived, all have had cardiac
catheterization as well as clinical evidence of
complete closure of their septal defects, with
the exception of one patient. This patient
shows clinical evidence of a continued left to
right shunt, which has been verified by cardiac
catheterization. The shunt has been reduced
by approximately 50 per cent and the patient
has had a significant clinical improvement
since operation.

DiscussioN

It is becoming increasingly evident that hy-
pothermia when limited to 28 C. or above can
be a relatively benign adjunct to anesthesia
and operation.*1%.1*  Although it has been
called an elaborate, time-consuming technique,
requiring 2 specially trained team,'® our ex-
perience has not borne this out. Utilization of
.2 standard technique permits adequate tem-
| perature prediction and control. Children usu-
ally require less than 30 minutes of additional
anesthesia time to be cooled to the desired
temperature.  Although the presence of two
‘anesthesiologists is of value during induction
%of anesthesia and cooling, one can adequately
manage a case thereafter.

Ventricular fibrillation remains the greatest
‘!mgle danger of open heart surgery under
h}'pothcnma. The perfusion of the coronary

HYPOTHERMIA AND CORONARY PERFUSION

815

arterics with warmed, oxygenated, heparinized 9
blood, however, has been demonstrated experi- S
mentally to protect the heart from ventricular g
fibrillation during and after periods of venous g
inflow tract occlusion.!®. 17,18 Experiments ini
our laboratory indicate that perfusion rates ap-§
proximately one-half normal coronary blood 3
flow rates can prevent significant myocardial an-B
oxia. Itsvalue has also been demonstrated clin-3
ically by Maloney, Spencer and Grow.!? .=t R’)

A growing awareness of the need for open 2
heart surgery at the community hospital ]evel"’
is evident.* The anesthetic and operative man- 3
agement of patients with atrial and pulmonnry 8
valvular defects, as described above, imposes S
no undue burden on community hospital facil-
ities. A large “cardiac team” IS not required
and blood req; are

Suarmany AND CoNCLUSION

The of 30 tive cases®
undergoing open heart surgery for auriculard
defects and pulmonary stenosis employing hy-<
pothermia and coronary perfusion has becn*
discussed. Hypothermia has proved to be an O
easily managed and predictable technique. g
Coronary perfusion with the patient’s own ar-A
terial blood during the time of occlusion nnd\l
cardi y maintains or r goodmyo-c,
cardial tone and beat. The feasibility of this S
method of open heart surgery on the com-
munity hospital level has been emphasized.
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