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Subvalvular aortic stenosis is a
very rare type of congenital heart
disease, first described by Chevers in
1842. According to John D. Keith et al.
(1958) only 45 reports of cases have
appeared in the literature. In their
series, this type of lesion is 6 times less
common than the valvular kind as
found at necropsy and s probably
about 88 times less so in clinical prac-
tice. Valvular aortic stenosis itself

forms only about 3% of all congenital

heart diseases according to Campbell

and Kauntze (1953), but as much as 6%

in the series of Reinhold et al.. Subval-
vular aortic stenosis forms only a small

group of the 95% of all cases of congenital
cardiac malformations, which are a
direct result of imperfect involution of

the faetal bulbus cordis. The latter is
a_separate constituent of the heart; it

mainly forms the infundibulum of the

.right ventricle and also a small subval-
vular. part of the left ventricle where a
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upon. There was a

Absiract Kitiydkara, Kalyanakit :
A report on surgical treatment
of a case of congenital subvalvular
aortic stenosis with aid of a heart
lung  machine and  profound
hy pothermic cardiac arrest. Siriraj
Hosp. Gaz. 1961, 18:673-684.

A short review of a rare
congenital heart diseass of subval-
vular aortic stenosis is made,
Preceding - a  full report of a
surgical treatment of one case. ..
A young man of 17 with typical
history, physical findings and
distressing sympioms, was operated
complete
relief of ihe obstruction and a
very satisfactory immediate post-
opewatwe progress; but the patient
had a

- sudden’ cawdw vascular:. .|
collapse and dved _about 17 hours o
: after opew'atzon
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“mere trace of it extends across the latter
above the interventricular septum, This

part of the incorporated bulbus cordis -

forms the immediate subvalvular aortic

s
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related to
the aortic cusp of the mitral valve.
This can be clearly seen in Keith's
diagram- as reproduced here (Fig.1).

aréa and becomes closely
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DIAGRAMMATIC SECTION OF THE FOETAL HEART AT THE THIRD MONTH
(After Sir Arthur Keith's Human Embryology and Morphology)

Figure 1

An obstruction at the subvalvular
aortic area 1is usually formed by a
fibrous ring, situated usually between
0.1 to 1 cm. - but has been reported to ber
as low as 2to 2.5 cm. - below the valve.
Marked - histological
reactions for fibrous, hyalinised or
elastic tissue have been obtained from
examination of the excised lesion.

Symptoms and signs of both con-
‘genital valvular and subvalvular stenoses
depend on degree of obstruction to the
left outflow tract. Gupta and Wiggers
- {(1955) showed thst it required a reduc-

and chemical

‘no- symptoms whatever

50% of lumen of the
ascending aorta before left ventricular
pressure would begin to rise. Such a
reduction is rare in subvalvular stenosis
and left strain has been
reported only once by Greenberg Simon
(1949). The cases of subvalvular aortic

tion of about

ventricular

stenosis with left ventricular strain
found at necropsy, usually exhibited
other concommitant lesions such as

PDA, pulmonary stenosis, etc.. In 80%
of patients over | year old, there are
and only 5%
with fatigue and 15% with both dyspnoea
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on exertion and fatigue (Keith). Marquis
and Logan (1955) found nearly one-half
of number of cases with much under-
weight. Pure subvalvular stenosis
appears té cause little interference with
aortic output, according to reviews of
post mortem in the literature; but Kjell-
berg et al. (1955) have found some

notable exceptions.

Prognosis is poor especially in cases
with syncopal attacks and angina of
effort, where sudden death may o¢cur
Keith et al. reported the
case of a boy of 13 with no symptoms

on exertion.

whatever and with normal chest x-rays,
who dropped dead suddenly during a
rugger game. According to Dr. Paul
Wood (1956), a
be advised when serious
severe cases. On

symptoms
bezin to develop in

his lucid and most instructive rounds

at Guy’s Hospital, which the writer
used to attend as a member of his
surgical team, Sir Russell C. Brock

repeatedly warned of the grave danger
of such an obstruction to the tleft outflow
tract and urged an early treatment.

CASE REPORT
Mr. S. Sai T.,, a 17-year old Thai

youth of Chinese extraction, was refer-
red by Dr. Vikit Viranuvatti, the
Consultant Physician on May 5th 1961.
He was admitted at once into the Male
Surgical Ward 3 with' a diagnosis of
congenital aortic

stenosis of severe

degree, as judged by the distressing

symptoms and clinical signs.
He was the 4th child with 8 sib-

lings, 2 of whom, an older brother and
a younger sister, died within a few
minutes of birth, both being premature.
The patient was a full-term baby with
normal and spontaneous birth. Other

surgical relief should -
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surviving brothers snd sisters were "all
alive and well. There was no maternal
the first 3 months of
pregnancy and apparently no history of
heart disease in _ either
maternal family.

" The patient was apparently a heal-
thy child although with rather slew
milestones. There was definitely no
cyanosis at birth or at any time after-
wards, and he had never squatted. There

illness during

paternal or

were no tendency to head cold, recurrent
chest infections, nor swelling of the
ankles. ‘

The patient
definitely more breathless
children of the same age. Even as a
small child, remembered
“abdominal angina” while at play and

had however been
than other

he - clearly

these attacks were completely relieved
by a short rest. During the past 3 or
4 years, he had been getting syncopal
attacks, all occuring during exertion and
the last one was about 5 months before
admission. There had been infrequent
but definite episodes of orthopnoea and.
slight haemoptyses.

" He well knew his exercise limitation,
set by onset of palpitation, breathless-
ness and the more serious symptoms
of fainting and anginal pain, so that he
learned to regulate his life accordingly.
Although he still attended a normal
school, he only just managed this. In
recent' months he had to move down

and sleep on the ground floor.

There were no other contributory
past illnesses.

On examination, he was found to be
a thin and frail looking -young man
with average height for his age. There

.were no cyanosis, clubbing of nails nor

clinical evidence of either right or left
heart failure. No visible pulsation was-

noticed in the neck or in the supra-
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sternal notch and all peripheral pulses
were -present and equal on both sides.

Pulse rate was 85/min., regular in
time and force but of small volume and
rather slow rising. BP 95/65 (right arm).

Chest was symmetrical but apex
beats were clearly visible and powerful
left ventricular heaves were palpable.
On auscultation a pansystolic murmur
was heard all the -praecordium,
transmitted into the neck but was
maximal over the aortic area where
a thrill was easily felt. No aortic
diastolic murmur nor a systolic ejection
click was heard and other heart sounds

over

were apparently normal. Lungs were
clear -on auscultation and liver and
spleen were not palpable.

Other systems were normal.

Investigations.

Plain chest X-rays as well as a
barium swallow showed a heart shadow
with substantial left ventricular hyper-
.trophy and some enlargement of the left
atrium. There was apparently no post-
stenoticdilataition of ascending aorta and
both lung fields were clear. A cardio-
thoracic ratio of 12.5:25 cms.
obtained.

was

Tomograms. of aortic valve and of
ascending aorta showed no calcificafion.

Venous angiograms showed a
massive thick walled left ventricle with
cavity pointing directly towards the
right shoulder. Because of superim-
position of various shadows no opinion
could be formed as to the precise site

of " obstruction, whether valvular or
subvalvular.
Phonocardiograms  exhibited a

diamond shaped murmur, ‘compatibie
with aortic stenosis with
second sound discernible nor-a systolic
ejection click. No other abnormality

" cubital fossa for

no aortic

AN
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was detected.

- E.CG. was reported . as
marked left ventricular
and definite strain. -

showing
hypértrophy

Full blood picture and coagulation
studies gave normal findings.

Blood chemistry as well as
function test were normal.

liver

Urine and faeces were normal.

Left wventricular puncture and a
withdrawal record were to be done in
the operating theatre,
valvotomy.

The patient was prepared for
operation and kept in the ward with
minimal physical exertion. He was given
breathing ‘dental

just prior to

exercise, care and

_ general oral hygiene, antibiotics, digitalis

and intermittent diuretic therapy.

The operation This was performed on

August 8th 1961, ‘

The patient was anaesthetised and
recording leads were connected up whil’e
a cut the right
monitoring of both
arterial and venous blood pressiures.
Median sternotomy was performed and
excellent exposure of the heart: and
great vessels was obtained after pleural
reflections and anterior mediastinal
tissues had been cleared away.

down was made in

The pericardium was opened longi-
tudinally and the flaps were sutured to
edges of the divided sternum to form a
“cradle” tor the heart. The latter was
then given a caretul inspection and it
was tound that.the lett ventricle had
become markedly hypertrophied. Myo-
cardium was unhealthy looking generaily
and had pale discoloured areas.in parts.
Coronary arteries appeared normal
although they were obviously inadequaté
for the great muscle mass. The heart
was extremely - irritable and even a
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gentle palpation would immediately cause
it to go into transient auricular fibrilla-
tion. Aorta gave an
having a gradual “post-sténotic” dilata-
tion, where the diameter was 3.3 cm.,
as compared to 2.7 of the pulmonary
trunk. There was a coarse systolic
thrill, maximal over the sinus of Valsal-
va, which could also be easily palpable
over the outflow tract of left ventricle
as well as along the entire ascending

appearance of

aorta. There were no other abnor-
malities.
Both venae <cavae were then

encircled with umbilical tapes in readi-

. Pressure in Suby4d

Pressure:
Cin :
Aorta

250mm . Hg .

s
lvular :

677

ness for cannulation. Another tape was
passed around the aorta after it had
been separated from the pulmonary
trunk. Attention was next turned to the
left groin where the femoral artery was
exposed.

A withdrawal arterial pressure was
then taken through a small incision at
the apex. Some difficulty was met with
while  passing the tip of the special
needle through the obstructive site and
the aortic valve. The clear record
obtained showed beyond doubt the
presence of a subvalvular stenosis of:
substantial degree (Fig. 2).

)

Pre'ss'u1
) in

WITHDRAWAL PRESSURE RECORD PRIOR TO EXCISION OF
THE SUBVALVULAR AORTIC STENOSIS (NAI.S. SAI-T )

Figure 2

Cannulation of the venae cavae
and of the left femoral .artery was
carried out and while the patient was

on a partial cardio-pulmonary bypass,
a left atrial sucker was put in.
After a stabilization run, the patient
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was put on a complete bypass and
everything was found to be satisfactory
with BP maintained at about 90 mm.
Hg. and venous pressure at 4 to 6 mm.
water. Preparation for cardiac arrest
by a local profound hypothermia was
made by packing sterile ice chips into
the pericardial sac around the heart,
burying it The ice had
been previously prepared from sterile
“transfusion”

completely.
~ normal saline
with added penicillin in sterile con-
tainers which had been left overnight
in deep freeze.

Aortic cross clamp was then applicd
and within about 2 minutes the heart
went into a standstill without first going
into ventricular fibrillation. It had also
been our Intention to supply a simul-
taneous internal cooling by injecting
about 50 cc. or so of chilled blood
into proximal to the
cross clamp, along the proposed line of
aortomy. The coronary system would
then be perfused with cold blood

simultaneously with external

the aorta just

cooling.
This step was however forgotten until
the heart had already stopped.

Aortomy was made in the middle
of the anterior part of aorta proximal
and the incision
towards the sinus of
Valsalva with extreme care and all the
time under direct vision. The lower end
of .the prevented from
accidental downward tear by means of
an atraumatic 4—0 black silk suture
which was tied and left long as a stay
suture. A similar suture was put in at
the upper end of the incision.

By means of a special powerful
lighting from the head end of the table,
the valve could be very clearly seen.
At first glance, the aortic wvalve
appeared to be bicuspid but on a more

to ‘the clamp, was

carried down

incision was

solution .

‘no obstruction whatever,

[
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careful inspection, it was seen to be
anatomically tricuspid with a thin band
of fibrous tissue representing a fused
commissure, running between the cor-
responding aortic wall and the middle
of the posterior leaflet of the ‘bicuspid®
valve. As the latter was not much
deformed by the fibrous band and as it
was obvious that the whole structure
must have had functioned as a bicuspid
valve and also that the valve itself was
not the site of obstruction, it was deemed
wise to leave this fibrous band alone.
It was obvious that the actual site
of obstruction was about | cm, below the
valve, where a ‘diaphragm’ of thin but
tough fibrous tissue stretched tightly
across the outflow tract.
small hole of about | cm.

There was a
in diameter
eccentrically situated, being more under
the posterior leaflet of the valve than
in the centre. Thus this accounted for
the difficulty in passing the withdrawal
needle as described above

(Fig. 3, page 679).

The ‘diaphragm’ was picked up with
a pair of fine forceps and almost com-
pletely excised, safe for a very narrow

“strip where it was closely related to the

aortic leaf of the mitral valve. The
obstruction appeared to have been com-.
pletely abolished and especially after a
Brock retrograde aortic dilator had been
introduced and opened gently but firmly
in 4 directions. My right index finger
could then be inserted into the left ven-
tricular cavity with ease, encountering
whereas no
more than the tip of the finger had been
admitted before.

Preparations were then made for
aortomy wound after

trapped air bubbles in the left heart
were got rid of by the following pro-

closure of the
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STERNUM

}

”,
‘Single® posterior aortic cuep,
with fused 'commissure' between the 'left!'

and the '‘nmon-coronary bearing' cusp.(see text)

Figure 3

cedures. The left atrial sucker was
clamped while the anaesthetist gently
squeezed the bag to expel blood from
the lungs into the left atrium, and a
gentle massage of the heart was made
to dislodge any air which might have
been present in the ventricular cavity.
Also about 50 cc. of oxygenated blood
was slowly injected into the cavity by
means of a long laryngeal syringe, in-
troduced through the aortomy wound
and the valve from above. '

The aortomy wound was closed with
a continous 4—0 mattress suture and a
separate continous over-and-over suture,
both of which were then tied to the stay
sutures. = Before complete closure was

~aortic

\ _.Tough fibrous diaphragm

A" of the subvalvulax stenosis
seen through leaflets of valve.
Situated about 1 cm.below
the valve.

/... An eparture of about 1 cm. n

[/ diameter in the'diaphragm’,

#/ througk which all blood from LV

must be squeezad past.

the

aortic

made,
momentarily opened to flush away any

cross clamp was
air bubbles which might have been
present underneath the clamp.

Aortic cross clamp was then opened
and taken away, after a total occlusion
time of 36 minutes. A Satinsky clamp
had to be applied to partially occlude
incision which displayed some
leaks tilrough the needle holes. Much
time, up to about 10 minutes, was taken
in repairing these while the heart was
in a coarse ventricular fibrillation which

"had commenced almost directly after the

aortic clamp had been removed.
lce was removed from the pericar-
dial sac and warm saline of about 54
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degrees centrigrade-then used to irrigate

the heart. The heart was defibrillated
without difficulty but it proved to ‘be
extremely irritable and even a gentle
use of suction around it was enough to
cause immediate arrhythmia which at
least on 4 occasions led to ventricular
fibrillation.

The patient was next put on a par-
tial cardiopulmonary bypass by releasing

both caval snares and after about 10

‘minutes when the heart appeared to be
beating satisfactorily, bypass was ter-
minated. Thus the patient had been on
cardiopulmonary bypass both partial
and complete for | hour and 4 minutes.

The heart resumed its duty adequately
as BP was maintained at between 90 to
105 mm. Hg over 70, while venous pres-
between 0 to 3 mm. water.
During a period of observation, BP
became slightly lowered and as it was
thought to ~be due to'a slight negative
blood balance, an intra—arterial trans-

sure . was

fusion was given through the femoral
cannula with oxygenated blood from the
machine. This_ manouvre unfortunately
caused a sudden and probably violent
increase in peripheral resistance as well
as a substantial increase in blood volume,
so that the heart immediately went into
ventricular fibrillation. This was con-
verted into a normal rhythm after a
short massage and

shock. o

a single electric

The heart continued to show marked -

irritation and the. cardiologist at this
moment reported a
on ECG. PronesLyl was given in 2 doses
of 100 mgm. each and this resulted in
much reduction in irritability and the
heart thereafter gave no more trouble.

A right chest drain and a medias-
tinal one in front of thc heart were put
in and the chest was closed after peni-

" while

‘current ®f injury”

QA9
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cillin and streptomycin powder had been
sprinkled in the mediastinum.

Post — operative period. The patient

immediately
after removal of endotracheal tube and
appeared to have a normal cerebration.

regained consciousness

His general appearance was satisfactory

his BP was almost constantly

.maintained at 110/80, with a regular pulse

of 100/min. His respiration was however
noisy due to much bronchial secretion.
Tracheostomy was thus performed before
the patient was put into an oxygen tent.

During the following night and the
mid-morning of the next day, there was
little changes in conditions which had
remained satisfactory. Consciousness was
good and the patient was either sleeping
peacefully or awake and talking nor-
mally. Blood pressure was maintained
at between 90 to 105 over 70, without
the aid of any vasopressor drug. Pulse
rate was 100 to 110/min., regular in time
and force. Respiration was between 20
to 25/min., being smooth and effortless.
There had never been any signs of heart

failure, either right — or left'- sided and

heart sounds apart from the superficial

" pericardial rub were normal with no

remnant of the previous loud systolic
and thrill

wes not

aortic whatever.

Chest

repeated haematocrits were normal.
About | hour 'b‘e_fore death,- when
everything “was satisfactory and with
good progress maintained, the patient
stated that ‘he was feeling reasonably

murmur

drain excessive and

"well with only tightness along the ster-

notomy wound. He repeatedly asked to
be allowed out of the oxygen”tent which
rather disturbed him thh 1ts noise and
confined space.

He was taken out of the tent and
appeared to be doing well?:apart from



Plain P.A. film showing left ventricular hy-
‘pertrophy and apparently no post-stenotic dila-
- tation of the ascending aorta.

Left Anterior Oblique showing some left atrial{»
enlargement,



A tomogram of a series taken to exclude  cal-
cification of the aortic valveand of 'the ascend-
: ing aorta, "

A vénous- angiogram showing grosslyvthickened
left ventricular wall:. The left outflow tract
is not clearly shown,
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his pulse which quickly started to show
some arrhythmia, probably extrasystoles.
Tachycardia was soon followed by pulsus
alternans and a fall in BP from 100 to
about 70 mm. Hg. systolic. The patient
was at once put back into the tent and
measures taken to raise BP with in-
creased blood transfusion rate and -alter-
administration of levophed and
To reduce irritability

nate
hydrocortisone. .
of the heart, pronestyl was slowly given
intravenously and 100 mgm. of this drug
brought down pulse rate from 165 to
about 115 to 120/min. This, however, was
accompanied by only slight improvement
in the shocked state ~and the patient
suddenly developed cardiac arrest.

All efforts at resuscitation were
made, including opening of the chest
for cardiac massage, defibrillation and
forced oxygen through the newly insti-
futed endotracheal tube. There was no'
difficulty in initiating heart beats but
the extreme cardiac irritability caused
it to go into ventricular fibrillation and
arrest at the slightest provocation. As
a last resort, an electric pace maker
was connected up to the heart ina for-
lorn hope that it would stimulate and
regulate the heart action. This manouvre,
however, appeared to have no desired
effect whatever and all attempt at resus- "
citation was discontinued " after about |
hour and a half following the emergency
thoracotomy.

DISCUSSION

A presumptive diagnosis
operation was that of a congenital aortic
stenosis, most probably of a subval-
vular variety,” based upon absence of -
post—stenotic. dilatation on angiograms
and of systolic aortic ejection click on’
phonocardiograms. That the degree of
obstruction was severe could be surmis-

before
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ed form the distressing symptoms and
clinical signs as well as from X—ray
appearances of the heart and ECG tra-
cing in which left ventricular hyper-
trophy and strain were evident.

[t was explained to the patient’s
father that the situation wasﬂ grave and
there was a possible danger of sudden
death on exertion. It was put to him
quite clearly also that the operation
required, would be a dangerous one, as
we would be dealing with heart muscle
which had been damaged and already
‘complaining’. The operation, however
would offer the only hope of survival,
and it was not only necessary but
unavoidable, if the patient was to go
through adolescent stage into manhoodT

A careful preoperative period and
treatment were planned. The most.im-
portant consideration was a protection
for the ‘bad’ myocardium from further
damage during the period of cross clamp-
ing when the coronary flow would be
completely . cut off. As we were not in
possession of a separate pump Iunit and
assessories for a coronary perfusion
which would have been ideal, it was
deemed best as an alternative to produce
cardiac arrest and to reduce metabolism
of the heart by a local profound hypo-
thermia.

Although ECG during period of ap-
plication of ice showed a complete ces-
sation of cardiac activities, duration of
actual ,éross clamping of aorta was
rather too long. After,l restoration of
coronary ' flow with commencement 'of
cardiac activities, a ‘current of injury®
on ECG was reported by the cardiologist.
This was reflected in the markedly
irritable state of the heart especially
during the immediate post—bypass per-
iod. The duration of aortic cross clam-
ping could have been  substantially
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shortened by the use of a Satinsky side
clamp while suturing of aortomy wound
was being done, and coronary system
would have been flushed with oxygena-
ted blood from the machine at the ear-
liest possible moment.

The total bypass time of about |
hour was longer than was absolutely
necessary because it was hoped that with
circulation supported by the machine,
the heart would be made to take on the
load gradually and would have time to
adjust itself.

A withdrawa!l record done prior to
cannulations of the heart, showed clearly
the presence of a subvalvular stenosis.
(See tracing.) While in the ascending
aorta arterial pressure was at an average
of 85/55, that in the left
about 250/25. In the intermediate zone
representing the subaortic chamber bet-
ween the aortic valve above and the
obstructing lesion below, the pressure
was at an average of 145/25 mm. Hg.;
such a chamber is not present in a
normal heart. Thus two markedly dif-
ferent gradients existed in the left outflow
tract when none should be present. It
must be remembered that the intraven-
tricular pressure of 250/25 had been
recorded when the patient was under
full anaesthesia and a much higher and
more dangerous figure must have prevail-
ed during exertion.

Although a postoperative withdraw-
al record had not been done on account
of irritability of the heart, a complete
relief of the stenosis

ventricle was

must have been
achieved. On direct examination of the
heart and aorta, all the coarse murmur
thrill had disappeared completely while
the heart seemed to empty itself without
the previous ‘straining’ effort. Also there
was a sudden increase in peripheral BP
from 85/55 to about 110/70, directly after
the excision.

In this case, the obstruction was
found about | ¢cm. below the valve, as
in most reported cases in world litera-
ture, and appeared to be composed of
tough fibrous tissue. This fact was
however not substantiated by histolozi-
cal studies as the excised lesion was
unfortunately lost during the operation.

Undoubtedly,

factors

there were several
responsible for the patient’s
death; among the most prominent was
the state of the heart muscle which had
already been much damaged and which
in the recent past had probably gone
into occasional failure as judged from
the history. Another important factor
was probably the cessation of high con-
centration of oxygen in the inspired air,
when the patient was taken out of the
tent and given oxygen only through the
tracheostomy tube. It was only after
this that the patient, who had had a
long and susiained period of satisfactory
post—operative progress after a severe
cardiac surgery, started having an al-
most immediate downhill course, which
terminated shortly afterwards in a sud-
den collapse and death.

SUMMARY

A young man of 17 with congenital
subvalvular aortic stenosis was operated
upon with the aid of a cardio—pulmonary
bypass and of a local, profound hypo-
thermic cardiac arrest. Satisfactory ex-
cision of the obstructing fibrous rin
gsituated about | cm. below the bicuspid
aortic valve was made, resulting in com-
plete disappearance of the thrill and
murmur as well as a rise in BP from
the preoperative value.

The patient maintained good pro-
gress for 17 hours after the operation but
suffered a sudden collapse and death
within a short time after having been
taken out of the oxygen tent.
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