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In 1939 Gross and Hubbard reported the first 
successul surgical ligation of a patent ductus 
arteriosus. In 1945 Blalock and Taussig reported 
the anastomosis of a branch of the aorta to a 
pulmonary artery in cases of congenital pulmonary 
stenosis. During this same year Crafoord and 
Nylin successfully excised the constricted area in 
coarctation of the aorta, and Gross relieved tracheal 
obstruction due to a vascular ring by severing the 
ring at a convenient point. 

All of these operations have been performed 
repeatedly with good results, not only by the 
surgeons who aggro them, but by many other 
surgeons especially trained in the cardiovascular 
field. The number of successful operations already 
has mounted into the thousands, and it is thus 
obvious that the physician must familiarize him- 
self with the diagnostic criteria, so that he may 
be able to select the patients who may profit by 
surgical intervention. 

The diagnosis of uncomplicated patency of the 
ductus arteriosus is usually easy in the typical 
case. The one important sign is the harsh, rum- 
bling murmur, which usually is best heard in the 
first and second left interspaces and is practically 
continuous throughout systole and diastole. A 
thrill is usually palpable over this area. If the 
ductus is of large caliber, the pulse pressure is 
high, the pulse is Corrigan in quality, a femoral 
thud is present, and capillary pulsation can be 
demonstrated. The roentgenogram usually reveals 
some degree of cardiac enlargement, often with 
ag geen in the region of the pulmonary conus 
ue to enlargement of the pulmonary artery. The 

lung fields show increased vascularity, and a hilar 
dance may sometimes be seen on fluoroscopic 
examination. 
Inasmuch as the shunt is from the aorta to the 

pulmonary artery and some of the oxygenated 
blood is carried a second time to the lungs, cyanosis 
is absent. The patient is often underweight and 
may tire somewhat more easily than his fellows, 
but he is usually exceptionally lively and energetic 
up to the limit of his tolerance. 

The operation for patent ductus arteriosus has 
now been done in hundreds of cases, and its value 
has been well established. In the hands of an 
experienced thoracic surgeon, together with expert 
anesthesia, the mortality is low. Because of the 
fact that recanalization has occurred in a small 
percentage of cases following ligation, some sur- 
geons have resorted to cutting the ductus with 
careful suturing of the cut ends. 
Whether all patients who have uncomplicated 

patent ductus arteriosus should undergo operation 
is a debated question. The present trend seems to 
be in this direction. One argument in favor of 
surgery is the decreased danger of subacute 
bacterial endarteritis once the ductus has been 
obliterated. Furthermore, statistics show that 
Sooner or later signs of cardiac insufficiency de- 

SURGERY FOR CONGENITAL CARDIOVASCULAR ANOMALIES 

velop, even though they may be altogther absent 
in childhood. It has been the author’s experience 
that the majority of children with a patent 
ductus — even as early as the third or fourth 
ear — have signs which indicate that the heart 

is working under difficulties, for example, cardiac 
enlargement, ~—_ pulse pressure, failure to gain 
weight or easy fatigability. It would seem logical 
to relieve the heart of its excessive burden as early 
as possible. 

Congenital pulmonic stenosis is a serious mal- 
formation. It rarely exists as an isolated lesion. 
It is usually one feature of the syndrome, known 
as the “tetralogy of Fallot” which includes also 
defect of the interventricular septum, dextroposi- 
tion of the aorta and hypertrophy of the right 
ventricle. In this tetralogy, a portion of the blood 
from the right ventricle is expelled through the 
septal defect into the over-riding aorta. Thus 
there is a constant venous arterial shunt, so that 
some venous blood is constantly coursing through 
the arterial circuit, and because of the pulmonic 
stenosis, the lungs are receiving an inadequate 
amount of blood for aeration. Blalock and Taussig 
believed that patients with tetralogy of Fallot 
could be greatly relieved if the flow of blood to the 
lungs could be increased. This they undertook to 
do by making an end-to-side anastomosis between 
one of the branches of the arch of the aorta, 
————_ the subclavian artery, and the right or 
eft pulmonary artery. In 1946 Potts, Smith and 
Gibson reported a modification of the Blalock oper- 
ation, whereby a direct anastomosis between the 
aorta and a pulmonary artery was effected. This 
was made possible by the development of a clamp 
which allowed blood to flow through the aorta 
while the anastomosis was being performed. 

The diagnosis of tetralogy of Fallot can be 
made with a fair degree of accuracy in the major- 
ity of instances. The clinical picture is that of a 
cyanotic child, usually small and thin for his age, 
with clubbing of the fingers and toes and suffusion 
of the eyes. Auscultation of the heart usually re- 
veals a systolic murmur along the left sternal 
margin which is best heard at about the second 
and third left interspaces near the sternal margin. 
The roentgenogram shows a heart that is normal 
in size or only slightly enlarged. Oftentimes the 
heart lies more or less transversely in the chest, 
and on this account has been described as boot 
shaped. There is a concavity in the region of the 
pulmonary cone, due to the fact that the pul- 
monary artery is narrowed. The pulmonary fields 
are clear. Fluoroscopic examination from the left 
anterior oblique position reveals an abnormally 
clear pulmonary window. The electrocardiogram 
shows axis deviation to the right. The erythrocyte 
count, concentration of hemoglobin and hematocrit 
readings are increased. The oe ane saturation of 
the arterial blood is diminished. 

Inasmuch as about 20 per cent of the children 



with the tetralogy of Fallot have a right aortic 
arch, it is necessary to determine from the roent- 

nogram or from fluoroscopic examination after 
on is swallowed whether the arch descends 
upon the right or the left. In the Blalock opera- 
tion, the chest is entered on the side opposite the 
arch. In the Potts-Smith procedure, the chest is 
entered on the side of the aortic arch. 
Pulmonary stenosis may occur as a part of the 

icture of tricuspid atresia, of truncus arteriosus 
in which the bronchial arteries supply the lungs 
and in conjunction with a single ventricle. In any 
event, the pulmonary artery must be of sufficient 
size to permit the anastomosis to be made. This 
cannot always be determined in advance, and in 
some instances the operation must be regarded as 
exploratory. 

It is too early to assess the final result of the 
operation for pulmonic stenosis. The immediate 
benefit is little short of miraculous. To see these 
children transformed from a state of almost com- 
plete helplessness to one in which they can run 
and play almost as freely as normal children is a 
heart-warming experience. The heart regularly 
enlarges somewhat — operation. In a 
few, the enlargement has n excessive. It is 
probable that some of these children will succumb 
to cardiac failure in the not too distant future. 

Coarctation of the aorta of the infantile type is 
a serious condition, inasmuch as it usually occurs 
in combination with other malformations which are 
in themselves fatal in infancy or early childhood. 
The adult type of coarctation consists of a local- 
ed narrowing of the aorta, usually at a point 

near the entrance of the ductus arteriosus. This 
lesion usually exists alone. The constriction of 
the aorta results in increased blood pressure in 
the vessels supplying the arms and head. The 
blood reaching the lower part of the body is 
carried chiefly by anastomotic vessels, and as a 
result the blood pressure in the vessels of the 
lower portion of the body is low. 
Many of the patients with coarctation of the 

aorta are completely free of symptoms, especially 
during childhood. In others there may com- 
— of dizziness, headache or numbness of the 
ower extremities. Cerebral accidents are not 
infrequent. 

The diagnosis rests on the finding of heightened 
blood pressure in the arms together with lowered 
or absent pressure in the legs. In fact if one would 
merely make it a practee to palpate the femoral 
artery as a part of the routine physical examina- 
tion in children, coarctation of the aorta would be 
missed in few cases. Weakened or absent pulsa- 
tions should immediately arouse suspicion, and then 
the blood pressure in the arms should be checked. 
The degree of hypertension in the arms is variable. 
I have encountered a systolic pressure of 220 mm. 
of mercury in a girl, ten years old. 

In practically all of fifteen cases of coarctation 
of the aorta which I have followed, a systolic 
murmur has been present but it is not character- 
istic in quality or location and is of little aid in 
diagnosis. 
gg yt of the lower margin of the ribs, when 

seen in the roentgenogram, 1S pathognomonic. 
This sign, however, is rarely seen until late child- 
ood. 

The —e seems well justified in cases of 
extreme hypertension, for these patients will surely 
meet with cerebral accidents, rupture of the aorta 
or heart failure. In the milder cases, there is not 
at present any uniformity of opinion as to the 
advisability of surgical intervention. The operation 
is easier and carries less risk for children 
for older individuals. 

Double aortic arch is an anomaly in which the 
ascending aorta divides into two branches; the 
posterior portion passes behind the trachea and 
esophagus, and the anterior portion in front. 
They then unite to form the descending aorta. 
Thus the trachea and esophagus are encircled by 
a vascular ring which may produce symptoms due 
to their compression. The anomaly is doubtless 
much more frequent than is generally realized. 
During the past ten years five examples of double 
aortic arch have been observed at The Children’s 
Memorial Hospital in Chicago. Three of the 
patients died from causes directly attributable to 
the malformation, and the diagnosis was estab- 
lished at necropsy. In a fourth case the vascular 
rr 4 was an incidental post-mortem finding. The 
fifth patient was operated on successfully and is 
now relieved of his symptoms. 

The diagnosis cannot be made by clinical exam- 
ination as there are no signs referable to the 
heart. The history, however, is most important in 
leading one to suspect the presence of a double 
aortic arch. Noisy, stridulous breathing is the rule. 
A metallic cough is frequent. There is often dif- 
ficulty in swallowing. In some instances liquid 
food may be taken readily, whereas solid food 
causes acute distress. Upper respiratory infec- 
tions, usually presenting the a of tracheo- 
bronchitis, are frequent. Indeed these infants seem 
to pass from one severe bout into another with 
short intervals of relative freedom from symptoms. 
Unless early death occurs in one of these attacks, 
bronchiectasis usually supervenes. 

The diagnosis is made by establishing the fact 
that the trachea and esophagus are compressed 
from without at the level of the aortic arch. The 
narrowing of the trachea may be observed by 
direct inspection with the bronchoscope or b 
roentgenograms taken after instillation of lipiodol. 
Compression of the esophagus is established by 
fluoroscopic observation after administration of 
barium. Both the trachea and esophagus should be 
studied laterally as well as anteroposteriorly. 

In most instances the anterior portion of the 
aortic arch is smaller than the posterior portion, 
and the surgeon severs the anterior portion to 
relieve the constriction. In a few instances the 
anterior arch has been the larger and has com- 
pletely hidden the posterior segment. Under such 
circumstances, the aorta must be lifted from its 
bed to detect the smaller posterior trunk. 

It is well to remember that every infant who 
has stridor, especially if it is combined with dys- 
phagia and frequent respiratory infections, is 
entitled to an investigation for the presence of a 
vascular ring unless his symptoms can be ex- 
plained on some other basis. 

Stanley Gibson, M.D. 
Chicago, Illinois 
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We are sorry that Tums was included among the sodium-containing medicines as 
our article entitled “The Role of Administration of Salt and Water in the Treatment o 
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Congestive 

Heart Failure”, which appeared in the October issue of Modern Concepts of Cardiovascular Disease 
(volume 16, number 10). 

As is indicated - the printed formula on the Tums package, no sodium is contained in this 
preparation and therefore this medication ma 
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