
Anesthetic management 
of neonates undergoing 
palliative operations for 
congenital heart defects 

Considerable progress has been made in the treat-
ment of congenital heart defects in patients of all 
ages during the past 2 decades. Further advances 

John F. Schweiss, M.D. have been made in neonates and infants in the past 
D. Glenn Pennington, M.D. decade. The application of open heart surgical 

, , , techniques in this group has been enhanced by the 
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use of deep hypothermic circulatory arrest. Pallia-
tive or partial corrections have been used in neo-
nates for either of two reasons: (1) mortality asso-
ciated with complete repair was too high, or (2) 
definitive repair for many types of defects was not 
possible. Although these principles are applicable 
in some cases today, definitive corrective operations 
have been successfully accomplished for most car-
diac defects. Improved techniques and success of 
deep hypothermic cardiopulmonary bypass in neo-
nates and infants have led many to challenge the 
traditional concepts of palliative closed heart op-
erations.1-4 Since the risks of operations in these 
patients are related largely to intraoperative events, 
their anesthetic management is of considerable im-
portance.5 Accordingly, we have analyzed our ex-
perience with palliative closed heart operations in 
neonates and infants during the past 20 years. 

Patients 
From January 1, 1960, to December 31, 1979, 

675 patients underwent closed palliative surgical 
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procedures at the Cardinal Glennon 
Memorial Hospital for Children* ( Table 
1). Of these, 378 (56%) were younger 
than one year old at the time of opera-
tion and 297 (44%) were older. About 
one fourth of the total number (169 
patients) were neonates younger than 
one month). We have compared post-
operative survival in neonates with that 
of infants from one to 6 months old and 
also from 6 months to one year old in 
order to examine the influence of age on 
mortality. We have included coarcta-
tion repair and pulmonary valvotomy 
in Table 1 for reasons we will discuss 
later. 

During 20 years' experience, there has 
been considerable change in the philos-
ophy regarding timing and choice of 
operation. Figures 1-3 show the fluctua-
tions from year to year in the number of 
patients undergoing palliative closed 
heart procedures, in neonates younger 
than 30 days old, infants from one to 6 
months, and from 6 months to one year. 
For the entire group (newborn to one 
year old) (Fig. 4) the largest number of 
operations were performed in the late 
1960s. Mortality was considerably 
higher in children younger than one 
year. Moreover, there was a striking dif-
ference in mortality among the three 
age groups younger than one year, 
42.6% mortality in neonates, 23% mor-
tality in those between one month and 
6 months old, and no deaths in those 
between 6 months and one year old. 

Anesthetic management 

Just as indications, timing, and choice 
of operations have changed, a variety of 
anesthetic techniques have been used 
during the 20-year period. Many anes-

* Saint Louis University Medical Center Children's Hos-
pital. 
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Table 1. Clesed palliative* cardiac 
surgery; 1960-1979 

Patients Deaths Mortality 
Age groups No. No. % 

> 1 yr 297 8 2.7 
< 1 yr 378 110 29.1 

6 mo-1 yr 44 0 0 
> l - < 6 mo 165 38 23.0 
< 1 mo 169 72 42.6 

* No pa ten t ductus . 

thetic agents were administered includ-
ing cyclopropane, ether, methoxyflu-
rane, halothane (Fluothane), nitrous ox-
ide, muscle relaxants, intravenous nar-
cotics, and in recent years ketamine. 
The choice of anesthetic has been influ-
enced by the infant's condition upon 
arrival in the operating room. Many 
infants were critically ill with low car-
diac output, hypoxemia, and severe aci-
dosis, having arrived in the operating 
room moribund, or having sustained a 
cardiac arrest before anesthesia. Inap-
propriate anesthesia under these cir-
cumstances may precipitate cardiovas-
cular collapse because of adverse effects 
on the systemic or pulmonary circula-
tions. Vigorous efforts are necessary to 
prevent cardiovascular collapse. Suc-
cessful resuscitation is unlikely if ven-
tricular fibrillation occurs in compro-
mised critically ill infants. 

These infants are premedicated with 
atropine, 0.05 to 0.1 mg, and are taken 
to the operating room with full support, 
including oxygen, intermittent positive 
pressure ventilation, and frequently ino-
tropic drugs. 

A femoral venous catheter is usually 
left in place at the conclusion of cardiac 
catherization. A plastic percutaneous 
peripheral cannula is placed if a femoral 
venous access is not in place when the 
infant arrives in the operating room. A 
19-gauge catheter is frequently intro-
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Fig. 1. C losed pal l iat ive (no coarctat ion or patent ductus) cardiac surgery, 1960-1979 . 

Y E A R 

Fig. 2. Closed pal l iat ive (no coarctat ion or patent ductus) cardiac surgery, 1960-1979; infants , 1 to 6 
m o n t h s old. 

duced into the internal or external jug-
ular vein over a 0.018-inch flexible guide 
wire into the superior vena cava for 
moni tor ing central venous pressure. 

If an endotracheal tube is not already 
in place, pancuron ium, 0.1 mg/kg , is 
given intravenously, and nasotracheal 
in tubat ion is performed. Since only 
three of the 169 neonates in our series 
weighed less than 2.25 kg (5 pounds), a 
3.0- or 3.5-mm endotracheal tube was 

almost always introduced. T h e endotra-
cheal t ube is initially placed orally to 
test for ease of insertion and magn i tude 
of any air leak a round the tube, and 
then the correct size is introduced na-
sotracheally. A small amoun t of topical 
2% lidocaine is sprayed onto the larynx 
before in tubat ion. T h e electrocardi-
ogram is moni tored with an oscilloscope. 
A nasograstric tube, esophageal stetho-
scope, a n d nasopharyngeal thermistor 
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Fig. 3. Closed pal l iat ive (no coarctat ion or patent ductus) cardiac surgery, 1960-1979; infants , 6 months 
to 1 year old. 
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Fig. 4. C losed pal l iat ive (no coarctat ion or patent ductus) cardiac surgery, 1960-1979; newborn to 1 year 
old. 

are appropr ia te ly positioned. T e m p e r a -
ture control is main ta ined with a warm-
ing mattress and infrared lamps. 

Al though arterial vascular access of-
ten presents a challenge in these neo-
nates, arterial moni tor ing is manda to ry . 
Percutaneous 22-gauge catheter inser-
tion into the radial or dorsalis pedis 
artery has been accomplished in 70% of 
the neonates, and the remainder have 
required cutdowns. In past years we 
have cannula ted the internal m a m m a r y 

ar tery following thoracotomy. ' More re-
cently we have cannula ted the superfi-
cial tempora l artery. Femoral and 
brachia l ar tery cannula t ions are consid-
ered as a last resort. 

If an intravenous line is not funct ional 
when the pat ient is brought to the op-
era t ing room, ketamine is frequently in-
jected intramuscular ly in a dose of 3 to 
5 m g / p o u n d of body weight to facilitate 
induct ion of anesthesia and venous ac-
cess. 
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Currently, our management of an-
esthesia combines intravenous analgesia 
with either morphine, 1 mg/kg, or fen-
tanyl, 25 jug/kg, as a maximum total 
dose. The infant is immobilized by the 
intravenous administration of pancu-
ronium, 0.1 mg/kg. We prefer to use 
100% oxygen for patients with systemic 
arterial unsaturation (cyanosis) or poor 
preoperative status. If high oxygen con-
centrations are not considered essential, 
50% nitrous oxide is usually employed. 
Although halothane is not specifically 
contraindicated in the good risk neo-
nate, it should be given cautiously and 
in low concentrations (probably less 
than 0.5%) to avoid its known myocar-
dial depressant effects in neonates. It 
should be avoided particularly in situa-
tions where the need for inotropic stim-
ulation with a catecholamine is antici-
pated.8 

Ventilation during operation is an 
important aspect of management, and 
can be performed manually or with a 
ventilator, although we prefer rapid 
manual ventilation. It is our impression 
from clinical evidence that tachypnea, 
usually present before anesthesia, is the 
preferred pattern of ventilation. Hypo-
capnia induced before interruption of 
the blood flow to one lung during shunt 
procedures may be beneficial by delay-
ing the onset of acidosis. Intracardiac 
shunting and diminished pulmonary 
perfusion may be further accentuated 
by hypoxia and hypercarbia. Respira-
tory acidosis may be present even when 
ventilation appears adequate, due to the 
reduction of pulmonary perfusion or in-
tracardiac shunting or both. Frequent 
intraoperative arterial blood gas deter-
minations are essential in guiding ther-
apy. 

Cardiovascular collapse is usually 
preceded by bradycardia and cardiac 
dilation, followed by asystole or ventric-
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ular fibrillation. The anesthesiologist 
must be prepared to reverse these events 
by inotropic myocardial stimulants and 
adjustments in ventilatory dynamics. 
Since surgical maneuvers to increase 
pulmonary blood flow immediately may 
not be possible, initial bolus injections 
of calcium chloride, 10 to 20 mg/kg; 
isoproterenol, 0.01 to 0.1 ¡xg/kg; atro-
pine, 0.1 mg; or sodium bicarbonate, 1 
to 2 mEq/kg may reverse the undesira-
ble processes. If this regimen does not 
improve cardiac rate and contractility, 
1 ml of a 1:10 dilution of 2% lidocaine 
with 1:100,000 epinephrine is given in-
travenously. These drugs may have to 
be repeated if bradycardia recurs. 

All drugs must be prepared in ad-
vance and the intravenous administra-
tion system arranged so that drug injec-
tion results in immediate introduction 
into the venous circulation. We use a 
Tee connector with an extension (Ab-
bott Laboratories, Inc, North Chicago, 
Illinois) attached to the plastic intrave-
nous cannula. Ten-milliliter syringes of 
the appropriate drugs are connected to 
scalp vein sets (Butterfly, Abbott Labo-
ratories, Inc) and introduced into the 
Tee. As many as four different scalp 
vein needles can be introduced into the 
Tee. Multiple stopcock manifolds are 
also available but are somewhat more 
cumbersome. The necessity of washing 
the drug into the patient from the man-
ifold and its connecting link to the in-
travenous cannula delays the onset of 
drug effect. Intravenous lidocaine in 
boluses of 1 mg/kg before cardiac in-
strumentation may prevent or reduce 
the incidence of ventricular fibrillation. 
For prolonged inotropic support post-
operatively, we prefer to use continuous 
intravenous infusions of isoproterenol or 
dopamine, frequently in combination 
with the peripheral dilator, nitroprus-
side. 
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Care must be taken in administering 
intravenous fluids and blood to avoid 
inadvertent circulatory overload and 
the resultant interstitial pulmonary 
edema, which further impairs oxygen 
transfer across alveolar membranes. 
This can be avoided by the use of vol-
ume infusors, which facilitates pro-
grammed administration of fluids. We 
replace blood loss in excess of 10% with 
5% albumin in lactated Ringer's solu-
tion. In infants with polycythemia we 
use 5% albumin in lactated Ringer's 
solution as long as the hematocrit value 
is above 45%. 

Respiratory support before, during, 
and after surgery may determine its suc-
cess or failure. If respiratory insuffi-
ciency is present preoperatively, it usu-
ally persists postoperatively. Postopera-
tive respiratory support is required for 
most neonates. Continuous positive air-
way pressure and intermittent manda-
tory ventilation are frequently used dur-
ing weaning from controlled mechanical 
ventilation. Extubation is accomplished 
when there is evidence of satisfactory 
ventilatory dynamics, no evidence of ex-
cessive work, and satisfactory arterial 
blood gases on 3 cm H2O continuous 
positive airway pressure. 

Since the type of defect and operation 
performed may alter the anesthetic tech-
nique, specific comments regarding an-
esthetic management for the various 
palliative procedures will be discussed 
for each entity. Although a variety of 
cardiac anomalies were present in our 
675 patients, the palliative procedures 
were designed to (1) increase pulmonary 
blood flow, (2) decrease pulmonary 
blood flow, (3) promote mixing between 
the pulmonary and systemic circuits, (4) 
decrease the afterload on a specific car-
diac chamber, or (5) correct the lesions 
that were correctable in infants with 
multiple defects. 

Increasing pulmonary blood flow 

Shunt procedures to increase pulmo-
nary blood flow were performed in 50 
neonates with an overall mortality of 
40% (Table 2). Since 60% of those who 
had a Waterston shunt died, it has not 
been used in recent years. The infants 
who died had excessive shunting, pul-
monary congestion, and frank tracheal 
bleeding because of difficulty in con-
trolling orifice size. More recently, the 
use of magnification and microsurgical 
techniques have made performance of 
the Blalock-Taussig shunt possible in 
neonates.10 The use of polytetrafluoro-
ethylene (Impra, Inc, Tempe, Arizona) 
grafts allow control of the orifice size 
and provide an alternative to the Bla-
lock-Taussig shunt when the subclavian 
anatomy is not suitable1 ,11 or when a 
short-term shunt is required for pallia-
tion before definitive correction. 

The intravenous infusion of prosta-
glandin Ei before and during shunt pro-
cedures may increase flow through a 
closing ductus arteriosus and allow 
survival until a shunt can be estab-
lished.12, 13 In a few cases we have used 
temporary intraluminal silastic shunts 
to reduce afterload during coarctation 
repair or to increase pulmonary flow 
during systemic to pulmonary artery 
anastomosis. We routinely administer 
heparin, 1 mg/kg, intravenously before 
occlusion of the pulmonary artery to 
prevent thrombus formation and shunt 
occlusion. 

Although the Glenn shunt has been 
useful in our overall experience, it 
proved fatal in neonates and infants 
younger than 6 months.14 Although no 
patients died during operation, five of 
six neonates died during the immediate 
postoperative period. Mortality was re-
lated to the high pulmonary vascular 
resistance in the neonates producing 
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Table 2. Closed palliative cardiac surgery; 1960-1979 (systemic to pulmonary 
artery shunt; mortali ty by procedure and age) 

Age 

< 1 mo > 1 - 6 mo > 6 m o - 1 yr Tota l 

Patients Deaths Patients Deaths Patients Deaths Patients Deaths 
Type of procedure No. No. No. No. No. No. No. No. 

Blalock-Taussig 18 3 18 4 13 0 49 7 
16% 22% 0% 14% 

Waterston 15 9 2 0 17 9 
57% 0% 0 53% 

Systemic PA 11 3 2 0 13 3 
(Impragraft) 27% 0% 0 23% 

Glenn 6 5 22 6 3 0 31 11 
83% 27% 0% 35% 

Total 50 20 44 10 16 0 110 30 
40% 23% 0% 27% 

% = percent mortality, PA = pulmonary artery. 

cerebral edema and central nervous sys-
tem damage, and the frequent occur-
rence of chylothorax. 4 Accordingly, 
Glenn shunts are no longer used in in-
fants younger than 6 months. Continu-
ous superior vena caval pressure moni-
toring and the administrat ion of nitro-
prusside into the superior vena cava to 
reduce pulmonary vascular resistance 
have decreased morbidity in older in-
fants. 

Decreasing pulmonary blood flow 

During the early years of this experi-
ence, pulmonary artery banding was the 
mainstay of therapy for infants with 
severe pulmonary congestion due to left-
to-right shunting.1 5 Of 110 patients who 
underwent pulmonary artery banding, 
18 were neonates (Fig. 5). In 11 of these 
18, pulmonary artery banding was the 
only surgical procedure performed. 
Mortal i ty in the entire group of 110 was 
only 18%, but in the neonates it was 
82%, which has led us to avoid banding 
in this age group whenever possible. In 
a recent review of pulmonary artery 

Only Coarctation 

CARDIAC DEFECT 
Fig. 5. Closed palliative cardiac surgery, 1960-
1979; pulmonary artery banding (infants <30 
days old). VSD = ventricular septal defect, T G V 
= transposition of great vessels, misc = miscella-
neous. 

banding for a variety of indications, 
mortality for those without simple ven-
tricular septal defect was high and the 
band often led to outlet reconstruction 
problems at the time of later definitive 
repa i r . 1 6 1 ' Diagnoses and mortality in 
the 18 neonates who were banded are 
shown in Figure 5. Presently, we prefer 
to perform complete repair dur ing car-
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diopulmonary bypass for ventricular 
septal defect alone, atrioventricular 
canal, and transposition with ventricu-
lar septal defect. Complete repair or 
other palliative techniques are used for 
truncus arteriosus. 

Early in our experience, the combined 
lesion of ventricular septal defect and 
coarctation was treated by a combina-
tion of coarctation repair and pulmo-
nary artery banding. Because six of 
eight infants died, we abandoned this 
combined approach. Only one of seven 
infants with ventricular septal defect 
and coarctation died after repair of 
coarctation alone. Patients with the 
combination of coarctation and ventric-
ular septal defect, with or without a 
patent ductus arteriosus, are now 
treated by initial coarctation repair and 
patent ductus ligation.18 If severe heart 
failure persists, ventricular septal defect 
closure during cardiopulmonary bypass 
is performed. Presently, our indications 
for pulmonary artery banding in a ne-
onate are multiple ventricular septal de-
fects, some cases of univentricular heart, 
or double outlet right ventricle. 

During pulmonary artery banding, 
the anesthesiologist must carefully co-
ordinate his activities with those of the 
surgeon. We monitor pressure in a sys-
temic artery, either radial or mammary, 
in the pulmonary artery distal to the 
band; and in the pulmonary or "com-
mon" ventricle. This technique has been 
previously reported.15 An increase in sys-
temic pressure of 20% with a decrease in 
pulmonary artery pressure of 30% to 
40% is usually considered a sufficient 
amount of constriction. Distal pulmo-
nary arterial pressure should not be low-
ered to less than 30 mm Hg. Arterial 
blood gases must be checked immedi-
ately thereafter and at intervals to de-
termine whether excessive right-to-left 

shunting has been produced. We obtain 
at least one determination of PaC>2 at 
an F1O2 of 0.4 or less. Ventricular irri-
tability may occur during the pericar-
diotomy, and surgical retraction is nec-
essary to isolate the pulmonary artery 
before surgical constriction. Lidocaine, 
1 mg/kg, intravenously will reduce ven-
tricular irritability. 

Procedures to promote mixing 
between the systemic and pulmonary 
circulation 

The Blalock-Hanlon atrial septec-
tomy was performed in 57 neonates, 
with an overall mortality of 32% ( Table 
3). The mortality in neonates with sim-
ple transposition was 31%. In those with 
complex transposition or other complex 
cardiac lesions the mortality was 35%. 
In the early years of this review, before 
the introduction of the Rashkind atrial 
septostomy, the Blalock-Hanlon septec-
tomy was the procedure of choice. Pres-
ently, it is considered only when Rash-
kind atrial septostomy is not successful. 
In our past experience, the Blalock-Han-
lon procedure prolonged palliation and 
allowed us to delay the Mustard opera-
tion1 until 9 months to one year of age 
to avoid the higher risk of late vena 
caval obstruction, which has been com-
mon when surgical correction is per-
formed in infancy.20 However, we and 
those at other centers have successfully 
performed Mustard's operation1 or the 
modified Senning operation 1 in infants 
for whom the Rashkind atrial septos-
tomy did not provide palliation. As 
open heart surgical techniques improve, 
the Hanlon-Blalock procedure may soon 
become unnecessary in most patients 
with transposition of the great arteries. 

The critical period in the anesthetic 
management of neonates undergoing 
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Table 3. Closed palliative cardiac surgery; 1960-1979 (mortality by procedure and 
age) 

T y p e of procedure 

Age 

< 1 mo > 1 - 6 mo > 6 mo-1 yr Total 

Patients Deaths Patients Deaths Patients Deaths Pat ients Deaths 
No. No. No. No. No. No. No. No. 

Blalock-Hanlon 

Blalock-Taussig 

Waterston 

Systemic PA 
(Impragraft) 

Glenn 

PA banding 

Coarctat ion 

Pulmonary 
valvulotomy 

Total 

57 20 
32% 

18 3 
16% 

15 9 
60% 

11 3 

27% 
6 5 

83% 
11 9 

82% 
21 12 

57% 
20 10 

50% 

27 

18 

22 

63 

15 

30% 

22% 

0% 

0% 

27% 

13% 

53% 

13% 

13 

13 

0% 

0% 
0 

0 

0% 

0% 

0% 

159 71 
45% 

157 35 
27% 

40 

87 28 
31% 

49 7 
14% 

17 9 
53% 

13 3 

23% 
31 11 

35% 
87 17 

20% 
41 20 

49% 
31 11 

35% 

356 106 
30% 

Hanlon-Blalock atrial septectomy oc-
curs when the right pulmonary artery 
and vein are occluded as the transatrial 
clamp is applied. However, as soon as 
an adequate septectomy is accom-
plished, the clamp can be reapplied to 
the atrial edges, allowing blood to flow 
through the created defect. The pul-
monary vascular occlusive tapes can 
then be released restoring perfusion to 
the right lung. Inotropic drugs, calcium 
chloride, atropine, and sodium bicar-
bonate are frequently required during 
this critical period. Three of the neo-
nates who died during operation expe-
rienced cardiovascular collapse during 
clamping or shortly after atrial septec-
tomy. 

Procedures that relieve obstruction 
and decrease ventricular afterload 

Coarctation repair may be considered 
"curative" rather than palliative when 
performed in patients with no other con-
genital cardiac defect. We noted no dif-
ference in surgical mortality associated 
with correction of coarctation in neo-
nates as compared with infants from one 
to 6 months of age. In our series of 36 
infants younger than 6 months, only 
two had an isolated coarctation (patent 
ductus as the only other associated 
anomaly) (Fig. 6). These two patients 
and four others who had associated 
atrial septal defects survived. Of 15 in-
fants younger than 6 months with coarc-
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Fig . 6. C losed pal l iat ive cardiac surgery, 1 9 6 0 - 1 9 7 9 ; coarctat ion of aorta (mortal ity related to associated 
defec ts in infants < 6 m o n t h s old). P D A = patent duc tus arteriosus, A S D = atrial septal defect , V S D = 
ventricular septal defect , PA = p u l m o n a r y artery, T G V = transposit ion of great vessels. 

ta t ion and a ventricular septal defect, 
seven died. As noted, six of these had a 
concomitant pu lmonary artery band-
ing. All six neonates with coarctat ion 
and aort ic hypoplasia died. Four of five 
neonates with other complex associated 
anomalies failed to survive. T h e intra-
operat ive managemen t of these pat ients 
with coarctat ion is greatly influenced by 
their associated defects22 and their con-
di t ion upon arrival in the opera t ing 
room. Since congestive heart failure re-
fractory to medical therapy is the indi-
cat ion for coarctat ion repair in most 
neonates, pu lmonary congestion and 
respiratory insufficiency should be an-
t icipated. M a n y have low cardiac out-
put with metabol ic acidosis and im-
paired renal funct ion. 

Arterial pressure should be measured 
in the right radial artery to avoid errors 

due to " s t reaming" in the left subcla-
vian artery and to allow per formance of 
left subclavian aortoplasty. We fre-
quent ly place a Doppler on a dorsalis 
pedis artery to determine leg blood pres-
sures intraoperatively and to measure 
the radial-dorsalis pedis ar tery pressure 
gradient af ter repair. If dorsalis pedis 
Doppler sounds are completely abol-
ished by aortic cross-clamping, an intra-
luminal silastic shunt is placed dur ing 
subclavian aortoplasty. Al though para-
plegia rarely occurs, the risk may be 
increased in neonates with low cardiac 
ou tpu t or cyanosis or both due to asso-
ciated defects. Addit ionally, some ad-
vantage may be gained f rom the shunt 
by allowing decompression of the prox-
imal aorta, thereby reducing afterload. 
It may be expected that increased left 
ventr icular af ter load resulting from aor-
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tic cross-clamping will decrease left ven-
tricular funct ion in pat ients without 
ventr icular septal defect and increase 
left-to-right shunt ing in those with ven-
tricular septal defect. T w o patients in 
our series died dur ing the operat ion 
(Fig. 7). O n e died af ter division of the 
patent ductus before coarctectomy, and 
the other death occurred in a 21-day 
old, 1757 g (3 pounds, 14 ounces), pre-
m a t u r e infant with a hypoplastic aortic 
arch. If the aor ta is c lamped and a shunt 
is not used, nitroprusside infusion may 
reduce proximal aortic hypertension. 
Hepar in , 1 mg/kg , is given before 
c lamping or shunt insertion. Sodium bi-
carbonate , 1 m E q / k g , is f requent ly 
given at the t ime of reperfusion of the 
lower half of the body, if indicated by 
blood gas analysis. 

Al though closed pu lmonary valvulo-
tomy may be considered "corrective", 
we believe that it is an imprecise, incom-
plete correction, and that some neonates 
(if they survive closed valvulotomy) may 
require a second operat ion later in life. 

Closed pu lmonary valvulotomy was 
performed in 20 neonates; ten died. This 
is to be compared with a mortal i ty of 
9.1% in 11 infants between one m o n t h 
and one year of age. Moreover, five of 
the ten died in the operat ing room dur-
ing or shortly af ter valvulotomy (Fig. 
7). Several factors may have contrib-
uted to this high mortal i ty. Closed pul-
monary valvulotomy provides inade-
qua te relief of right ventricular obstruc-
tion if there is an associated in fundibu-
lar stenosis or severe valvular dysplasia. 
Pu lmonary outf low tract patch or com-
plete valvular resection is not possible 
with the closed approach . Ventr icular 
fibrillation dur ing the manipula t ions 
necessary to perform closed valvulotomy 
was the most common precipi ta t ing 
cause of in t raoperat ive death. Postop-
erative deaths were most commonly due 
to severe in fund ibu la r obstruction or 
spasm, the "suicidal right ventricle" 
phenomenon . In view of the high mor-
tality associated with closed pu lmonary 
valvulotomy in neonates, we no longer 
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Fig. 7. C losed pal l iat ive cardiac surgery, 1960-1979; early a n d operat ive deaths in infants < 3 0 days old. 
Misc = miscel laneous . 
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perform this procedure. All neonates 
and infants younger than 6 months with 
pulmonary valvular stenosis undergo re-
pair utilizing cardiopulmonary bypass 
and deep hypothermic circulatory ar-
rest. 

The importance of the intraoperative 
management of neonates during closed 
palliative cardiac surgery is accentuated 
by the fact that 16 of 65 died in the 
operating room and all 16 were neonates 
( Fig. 7). Although infants who are mor-
ibund preoperatively may not survive, 
there are specific, critical periods during 
the operation when the risk is highest. 
In our series the time of highest risk of 
intraoperative death was during pul-
monary artery occlusion for systemic-
pulmonary shunts, atrial clamping and 
pulmonary vascular occlusion for Bla-
lock-Hanlon procedures, maximal 
banding of the pulmonary artery, dur-
ing or shortly after pulmonary valvulo-
tomy, and during aortic cross-clamping 
for coarctation. These critical periods 
should be anticipated by both surgeon 
and anesthesiologist. The surgeon must 
complete all preparatory steps in order 
to work expeditiously during these pe-
riods. The anesthesiologist must have all 
bolus drugs prepared and assure that 
conditions are optimal prior to occlu-
sion. Immediately after release of the 
clamps and restoration of normal blood 
flow, there may be washout acidosis, 
which requires administration of so-
dium bicarbonate. Vigorous ventilation 
of the lungs may increase oxygen avail-
ability and restore paCC>2 to normal 
levels. 

Summary 

We have noted a higher mortality 
associated with palliative cardiac sur-
gery in neonates compared with the 
mortality in older infants. The differ-
entiation of neonates from infants at 30 

days is an arbitrary dividing point. Most 
deaths in infants one month to 6 months 
of age occurred in infants older than 
one month but younger than 3 months. 
Operating room deaths occurred exclu-
sively in neonates, most of whom were 
moribund preoperatively. The neonatal 
mortality associated with pulmonary 
banding, closed pulmonary valvul-
otomy, and the Glenn procedure ap-
pears to be prohibitive. The advances in 
surgical techniques and the increased 
survival in corrective operations have 
led us to abandon closed palliative op-
erations for many entities. However, 
we prefer systemic-pulmonary artery 
shunts and later total correction for pal-
liation of infants with tetralogy of Fal-
lot. Palliative operations will continue 
to be the only hope for survival for 
infants with lesions that are noncorrect-
able in infancy, such as univentricular 
heart, double outlet right ventricle, and 
tricuspid atresia. 
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