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KIRKLIN, THE MAYO CLINIC, ROCHESTER

I had learned a great deal at Minneapolis, and most regretfully
had to carry on to my third stop, namely the Mayo Clinic at
Rochester, which I had always wished to see. I had decided to
watch Kirklin and Ellis operate, as they employed a different type
of oxygenator. I have already described two types of oxygenator,
namely the bubble oxygenator used by Lillehei and Varco, and
the revolving disc oxygenator used in conjunction with the bubble
oxygenator as employed by Bailey. At the Mayo Clinic they
u ed the type of oxygenator which had been initially described
and built by Gibbon. It consists essentially of a series of frames
of stainless steel. The blood is allowed to run over these frames
rather like the battery plates in an accumulator, and while the
blood runs over these steel mesh-work frames, a thin layer is
exposed to an atmosphere of oxygen, CO., and ether, so that the
gas content of the blood is altered and made suitable not only
for oxygenation but also for anaesthesia of the patient. The
de Bakey pump is also greatly modified and is of the revolving
type which causes occlusion of a rubber tube without actually
producing a wave similar to that produced by a Sigmamotor.
This wave of the Sigmamotor, it will be remembered, resembles
the pulse pressure wave in a normal person. This whole pump
oxygenator machine is a very beautifully built piece of equipment.
It is calibrated, and there are electronic devices arranged so that
any increase in pressure on one side or one part of the circuit
automatically speeds up or slows down the pump when necessary.
An electronic device on the opposite side will also regulate the
amount of blood being pumped into the patient's circulation.
The blood is kept at a given temperature, and there is an inter
mediate circuit which allows the blood to circulate and be oxygen
ated without actually passing through the patient.

This special pump oxygenator machine is wheeled into the
operating theatre at the commencement of operation, and is
prepared by the technicians. The surgeon connects it up when
the by-pass assistance is required.

The Gibbon pump oxygenator machine has undergone numerous
modifications and the final apparatus is a shining, chromium
plated unit. Many hundreds of thousands of dollars have been
spent in its perfection and construction, and once again we see
how the amazing financial resources of the Mayo Clinic have been
responsible for the development of new medical instruments.
I saw the machine-tool workshops, where all the mechanical
apparatus is prepared in blue prints before the final construction.

The problem of the sterilization of the apparatus must immedi
ately come to the mind of the reader. All the tubing is autoclaved,
and the stainless steel screens in the plastic containers must be
sterilised by immersion in sterilising solutions as well as special
autoclaving. The Bubble Oxygenator of DeWaal has the advan
tage of being sterilizable by autoclaving, whereas the Mayo
machine can only be partly autoclaved. The DeWaal Oxygenator
has the disadvantage of being open to the atmosphere, while the
May machine is relatively closely sealed.

Contaminating. organisms can enter these machines, so that
very great care must be exercised with the sterilizing before the
machines are used. I was informed that Pseudomonas septi
caemias have been e~countered in all centres using pump oxygen
ators, so that the hazard is a very real one.

The urgical technique I saw at the Mayo Clinic was of an
extraordinarily high tandard. The cases were mainly either pure
ventricular septal defects, or ventricular septal defects associated
with Fallot's Tetralogy. I also witnes ed the operations for
several cases of mitral tenosis, and also a few cases of aortic
aneury ID. My main interest, however, was in the repair of septal
defects.

I ~ as impressed by several other things at the Mayo Clinic.
Firstly, an operating theatre s ion was held every day in the
dog laboratory in the Medical Sciences Building, and operations
on dogs were performed. This building housed approximately
200 dogs, as well as numerous cats, rabbits, and other animals
which were u ed for experimental procedures. One would have
anticipated both noise and smell in such a place, but neither were
present owing to the magnificent air-conditioning and sound
proofing of the whole surgical area.

The recording system at the Mayo Clinic is worthy of note.
During all the major heart operations continuou recording is
done, outside the theatre, by technicians who record on moving
photographic film. It is po sible for example to have an immediate
venous pressure, arterial pressure, blood oxygen examination, or
E.C.G. report issued to the surgeon through a two-way inter
communication system. Furthermore there is a two-way inter
communication system between the anaesthetist and the pump
team, so that if any acceleration or deceleration is required, the
surgeon need not be interrupted.

The theatre staff were extremely skilful, one theatre sister doing
all the work at the operating table, threading needles with the
thinnest thread in an almost miraculous fashion, and also collect
ing sterile in truments from a trolley placed in the theatre. These
instruments presumably were placed in the trolley at the beginning
of the day, and removed and replaced throughout the day's work.

I left the Mayo Clinic and travelled through Chicago, where
I saw the experimental plastic oxygenator being made by the
Baxter Laboratories. This curtain or envelope oxygenator is
disposable, and has been used in a few human cases. It has great
possibilities, though at present its use is restricted by the size of
the patient. The use of this apparatus is still in the experimental
stage, and it is only large enough for an average sized dog, so can
only be used for small children.

I was advised to see it as used by Dr. A. Balest in ew York,
but instead was shown Dr. Bakst's experimental work on re
vascularisation of the coronary arteries. This work is based on
Vineburg's original operation, and I am convinced -that in the
future this will have a great effect on the management of cases
with coronary ischaemia. I was greatly impressed with the speci
mens in which good cross-vascularization had occurred after
internal mammary implantation.

I had gone to the States to see open heart surgery, and had
visited three major centres. My visit was not only instructive
but exciting, and I was deeply impressed with the standard of
the surgery that I witnessed and the kindness and ho pitality
that I met everywhere.

The cardiac surgeon has travelled far in his chosen field and
there remain but few fields left for him to conquer in his domain.
It is left to the physiologist to uncover the numerous mysteries of
the circulation under pump oxygenator conditions.

A REVIEW OF NEO ATAL OBSTRUCTIO S OF THE GASTRO-INTESTINAL TRACT·
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The surgery of infancy has made considerable progress during
the pitst two decades. In particular a continuing decline has
taken place in the numher of infants dying from obstructive
lesions. This development has taken place by virtue of (a) earlier
recognition of serious pathological conditions, (b) improved
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supportive therapy, (c) prompt operative treatment and (d) ad
vances in':anaesthesia. Infants tolerate operative treatment re
markably~well when these favourable factors are combined with
careful and gentle operative technique. Infant urgery relating to
obstructions arises from congenital defects. As these are frequently
multiple, the neces ity for careful examination to discover addi
tional defects cannot be overstre ed. Many will have no bearing
on the treatment or its outcome; others may be so serious as to
prevent operative interference.

In this review the sequence of lesions presented wru generally
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follow their po ition in the gastro-intestinal tract. Operative
details and techniques are not included.

THE OESOPHAGUS

Atresia

By definition, the ob truction in atresia is complete. Upwards
of 90% have, in association with the discontinuity, a fistula be
tween the lower segment and the trachea. A variety of arrange
ments occur in the remainder. Immediate recognition of the
obstruction is important. Significant features include ap
parently excessive salivation owing to the blocked swallowing
mechanism, hungry attempts at feeding followed by
regurgitation, and gagging and coughing, possibly with cyanosis,
owing to laryngeal spill-over. The latter, together with tracheal
aspiration of gastric juice via the fistula soon causes serious pneu
monia. Confirmation of the block is obtained by passing through
the nose a fine soft rubber urethral catheter, which will impact
at the level of obstruction. A plain X-ray of the abdomen will
show a gastric air-bubble if a fistula is present. A few c.c. of
lipiodol (not barium) instilled into the oesophagus via the nasal
catheter will demonstrate the block.

Dangers which must be avoided are aspiration pneumonia
from saliva, feeds and gastric juice, and dehydration. The infant
should be propped up and the secretions aspirated via a nasal
catheter. Penicillin should be given to prevent pneumonia. Paren
teral fluid to the amount of 10 c.c. per lb. body-weight twice
daily plus the amount aspirated should be administered. It may
be given subcutaneously with hyalase as half-strength saline
with 5%glucose water in equal amounts, or intravenously without
hyalase.

Examination for other defects is made. Some of these may
require operative relief, e.g. imperforate anns. Thoracotomy is
conducted as soon as the baby is in fit condition. This may re
quire a delay of up to 36 hours after the initial diagnosis is made
and treatment is begun.

Congenital Stenosis

Because of the fluid nature of the diet, this lesion does not
present early in life unless the stenosis approaches complete
occlusion. A proportion of cases will present when the change
over to semi-solid or solid foods takes place. Characteristic
early features are regurgitation at feeding time, a tendency to
choke from tracheal spill-over, and failure to thrive. A thin
barium-mixture swallow will show the stricture with some
degree of dilatation of the oesophagus above. The sheet anchor
of treatment is repeated dilatation of the stricture preceded in
some instances by gastrostomy. In refractory cases resection is
necessary.

LESIONS OF THE CARDIO-OESPHAGEAL AREA

Achalasia, Spasm and Stricture
Peptic oesophagitis causing spasm and symptoms of stricture

sometimes occurs in this age-group. In time, spasm from inflam
matory lesions will gradually merge imperceptibly with fibrous
stricture. Neuromuscular imbalance will show similar features.
Differentiation between congenital stenosis, neuromuscular
imbalance and spasm is not of practical importance, because
unrelieved spasm will require dilatation as well as achalasia and
stenosis.

Cha/asia and Hiatus Hernia
Chalasia refers to a neuromuscular disorder in which the lower

oesophagus and stomach are lacking in normal tone and peristaltic
movement. The pinchcock action at the oesophago-gastric junc
tion is absent. The surgeon may be called to see the case because
of regurgitation and vOIniting of feeds soon after birth. Horizontal
posture will be observed to make the condition worse. If severe,
the baby will not thrive. Oesophagitis and pulmonary com
plications will follow.

Similar features are shown with hiatus hernia. Barium swallow
will show free regurgitation in both instances, with a sliding
element in addition in hiatus hernia. The latter condition may be
associated with spasm and in time may lead to stricture formation.
Conservative measures should include frequent smaller and
perhaps thickened feeds, semi-upright posture, and antacids.

THE STOMACH

Congenital Pyloric Stenosis
About three-quarters of babies with this obstruction are males.

There is a higher incidence in first-born babies and occasionally
a familial incidence. Few show symptoms before the 10th day,
when the child begins to regurgitate feeds, returning more after
each feed until the vomit becomes forceful in character. With
less entering the bowel, the child becomes progressively more
constipated and fails to gain weight or loses weight and becomes
dehydrated. Unless weakened by starvation, hungry attempts
at feeding are made. Diagnosis in the great majority is established
clinically. As the obstruction is pyloric, the vomitus does not
contain bile. The time of onset rules out an atresia. Oesophageal
stenosis will be seen to be unlikely because the child accommodates
a good volume of the feed before returning it, and there is no
coughing and gagging. The triad of the typical history, visible
gastric peristalsis, and the palpation of the pyloric tumour in the
right upper abdomen; establishes the diagnosis. In doubtful
cases, pylorospasm, bad feeding regime, incomplete rotation of
the gut, annular pancreas, and intracranial injury have to be
considered. In cases which have not progressed to starvation,
dehydration and electrolyte imbalance, operation is probably
safe without pre-operative parenteral fluids; pre-operative oral
glucose water and glucose saline will suffice. In worse cases
parenteral fluids should be given. Nasogastric deflation is adopted
in all cases before operation.

THE SMALL INTESTINE

Atresia and Stenosis
Atresias, as opposed to stenoses, are frequently multiple. In

both cases, upwards of 95 %occur in the small gut as opposed to
the large gut. About half of the stenoses of the gut and a quarter
of the atresias occur in the duodenum. Both are almost invariably
below the level of the ampulla of Vater and the vomitus there
fore contains bile. Obstructive signs are apparent soon after
birth in all atresias. The majority of stenoses show up in the
first month of life. The remainder present at the time of dietary
change and a few during childhood-the latter often with a history
of abdominal pains. Vomiting, at first of biliary material and
later of brownish fluid when the obstruction is in the jejunoileal,
area, is the first symptom. Distension, not present ill high ob
struction, is usually well marked, with 'Iaddering' from successive
loops in lower lesions. The anus should be inspected and gentle
digital rectal examination conducted with a well lubricated little
finger. Farber's test-the microscopic examination of stained
meconium for cornified epithelial cells-is useful. If negative,
an atresia is present. If positive, stenosis or some other obstruc
tion (excluding atresia) exists. Radiology mayor may not show
distended loops or fluid levels if the obstruction is high. The
speckled appearance of meconium ileus is absent. In isolated
cases, spotty calcification from healed pre-natal perforation and
sterile peritonitis may be seen. Laparotomy must be undertaken
whenever possible. Important pre-operative measures include
examination for other deformities, parenteral fluid, nasogastric
decompression, vitamin K, and antibiotic cover-the latter to
avert chest complications.

Meconium Ileus

This generalized disease first manifests itself by intestinal
obstruction caused by thick, tarry, tenacious meconium. There
is widespread disturbance of the mucus-secreting glands of the
respiratory and gastro-intestinal tracts, with reduction of pan
creatic secretions. Relief of obstruction is followed by disturbances
of nutrition and proclivity to respiratory infection. Intestinal
obstruction is apparent soon after birth. There may have been
one or two stools or complete constipation. The well-marked
distension indicates a low bowel obstruction. Factors which
favour a diagnosis of meconium ileus are: (a) A history 'Of ob
struction in anotb,er member of the family---occasionally more
than one member is affected, (b) the palpation of pultaceous
masses in the lower abdomen, and (c) wide variation on X-ray
in the size of the intestinal loops and granular appearance of the
putty-like masses of meconium. At times the stippling of calcifica
tion referred to above is present. Important measures in therapy
include antibiotic cover, the correction of fluid and electrolyte
deficit, naso-gastric suction, and the administration of vitamin K.
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Blood should be available at operation as well as pancreatic
enzymes for post-operative use.

Anomalies of Rotation of the Gut

The majority of cases requiring operation for malrotation
present during the first month of life. Well-marked obstructive
features are shown by this group and those occurring during
babyhood. The smaller number presenting during childhood
do so with an intermittent history.

These obstructions arise as follows: (a) Duodenal obstruction
caused either by an incompletely rotated caecum exerting pressure
on the descending duodenum or by a peritoneal fold extending
across this portion of the duodenum from caecum and ascending
colon to the postero-Iateral abdominal wall. (b) Incomplete
rotation is associated with varying degrees of lack of fixation
of the normally fixed portions of the gut, including the second
and third parts of the duodenum, duodeno-jejunal flexure, terminal
ileum, and ascending colon. This laxity together with the abnor
mally mobile mesentery encourages rotation (which is usually
clock-wise as one faces the patient) of portions or the whole of
the mid-gut. This duodenal obstruction and mid-gut volvulus
may occur independently or, in a high proportion of cases, may
co-exist. Volvulus may produce closed-loop obstruction only,
or may progress to strangulation. The area affected may vary
from a small sector to the whole of the mid-gut.

Clinically, there is usually a history of normal or relatively
normal bowel activity at first. There is evidence of high obstruc
tion, with bile in the vomitus. Distension may be absent until
gas accumulates in the initially collapsed loops. The baby's
condition deteriorates rapidly with the onset of strangulation.
In cases presenting in the first few days the picture is usually
indistinguishable from atresia, well-marked stenosis, or meconium
ileus. Distinction is not important; pre-operative measures are
the same as for these conditions.

Annular Pancreas

This abnormality is important because of the obstruction it
may produce and because of the commonly associated pancreatitis.
A minority of these cases (where the lumen is markedly narrowed)
present in the neonatal period. The pancreatic tissue may partly
or, more frequently, wholly encircle the descending duodenum.
The vomitus mayor may not contain bile, depending on the
relationship of the constriction to the ampulla of Vater. The
symptoms may be intermittent or may be those of complete
obstruction. Stenosis, atresia and volvulus enter into the difter
ential diagnosis. A plain X-ray film may show distension of the
duodenum and stomach or may not be helpful. Electrolyte and
fluid imbalance should be corrected, nasogastric suction instituted,
and a search made for other abnormalities before a laparotomy is
undertaken.

CONGENITAL D1APHRAGMATlC HERNtAS

Because of the complicated sectional development of the dia
phragm, sites of incomplete development or of non-fusion allow
of herniation. Such herniae usually do not have a sac and always
extend from below upwards.

The ccmmonest site is the left postero-Iateral area of the dia
phragm, where an aperture of varying size may occur. Other
sites of herniation include the right postero-lateral and retro
sternal areas of the diaphragm, and the oesophageal hiatus.
Hernias of the oesophageal hiatus produce symptoms when
reflux is marked. The oesophageal type may be of the sliding
variety or, in rare cases, it may be associated with a congenitally
short oesophagus (intrathoracic stomach).

Postero-Iateral hernias produce circulatory and respiratory
symptoms from compression of the lungs and mediastinum.
Cyanosis and dyspnoea may be present from birth in severe
cases or may appear during nursing or crying. Relief may result
when the infant is placed on the affected side, allowing greater
expansion of the opposite lung. Gastro-intestinal symptoms
may be minimal, ranging from failure to thrive, with occasional
regurgitation or vomiting, to severe vomiting with complete
obstruction and even strangulation. Examination of the chest
may show reduced movement on the affected side, mediastinal

displacement and a tympanitic note on percu ion, depending
on the extent of the herniation. Bowel sounds may be heard in
the chest. Confirmation is obtained on plain X-ray. Hiatus
herniae do not exhibit physical signs.

In some hiatus herniae, and in all po tero-lateral herniae,
operation is indicated. Pre"Operative gastric decompres ion is
important td facilitate reduction of the viscera and clo ure of
the diaphragm and abdomen. Cognizance hould be taken of
other abnormalities and fluid losses corrected. Blood should
be a ailable.

OTHER LESIO S

Internal and External Herniae, etc.

On rare occasions internal herniae-paraduodenal, retrocoecal
and fenestrations of the mesentery-may obstruct. Congenital
bands, such as Meckel's, or unusual peritoneal folds, may also
cause obstruction and strangulation. An inguinal hernia may
occasionally incarcerate in the neonatal period and when not
reducible by taxis operation is proceeded with forthwith.

Atresia and Stenosis of the Colon

The colon is uncommonly involved in atresia or stenosis and
when these lesions in the small bowel are multiple, the colon is
spared. Distension is a well-pronounced feature. Radiological
signs of obstruction are well shown. Anal inspection and rectal
examination are mandatory.

Ana-Rectal Malformations

These abnormalities may be classified into the following clinical
and practical groups: (1) The anus is perforate. Stenosis is present
in the lower rectum or anus. The anatomv is otherwise normal
but for an occasionally associated fistula. . (2) Imperforate anus
is present owing to a diaphragm obstruction only. This represents
the least degree of imperforate anus. As with the stenosis group,
fistula is only occasionally associated. (3) Imperforate anus,
the rectum ending blindly at a variable distance away from the
anal skin. The great majority of fistulae are associated with this
group. Usually the anal musculature is present and a dimple
represents the anal site. The majority of ano-rectal malformations
fall into this group. (4) The lower rectum and the anus are normal,
the upper bl.ind rectal pouch ending at a variable distance above.
Fistulae do not occur with this group, or very rarely.

About 70 % of these disorders are associated with fistulae of
one type or another. In males, fistulae communicate with the
trigonal area of the bladder (recto-vesical), with the membrano
prostatic urethra (recto-urethral), or with the perineum anterior
to the anal area. In females they communicate with the vagina
(recto-vaginal), with the fossa navicularis posterior to the hymen,
or with the perineal skin between anus and vagina.

Only about half the fistul.ae seen are wide enough to allow
evacuation of the rectum. When they are large the defects may
remain unrecognized for some time. The great majority of fistulae
are associated with an imperforate anus with the rectum ending
at a variable distance above. Careful examination of the peri
neum is conducted and, in males, urine examination for faeca
luria is carried out. External and approachable vaginal fistulae
are probed in order to determine the lower limit of the rectum,
and palpated externally with a finger. Where an open anu exists,
digital examination to determine a possible rectal block (group 4)
or a bulging anal diaphragm (group 2) is carried out. Other
abnormalities are searched for.

In imperforate cases a plain X-ray is of great value. By the end
of the first day of life, gas reaches the farthest extent of the rectum
and at this rage an X-ray (preferabl.y I.ateral view) is taken, with
the baby inverted and with a marker at the anal dimple. The
distance from the blind pouch to skin can thu be gauged. This
information (helped by that obtained by probe where possible)
is of great practical assistance in determining the approach to
be used in group-3 cases. Immediate operation i essential in
the obstructive I ions. The type of surgery conducted is dependent
on a number of factors, including the group into which the lesion
fall, the presence of a fi tula and its type, the degree of obstruc
tion, the distance of the blind pouch from skin, the co-existence
of other abnormalitie , and the skill of the urgeon and the anaes
thetist in handling this type of case.


