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INTRODUCTION
SINCE THE FIRST valvotomies were performed for
severe congenital pulmonary stenosis with normal
aortic root,1 2 large numbers of patients with this
malformation have undergone surgical treatment.

Initially the valve was attacked indirectly
through the right ventricular wall. With incision
and fracture of the dome stenosis, a severe valvu-
lar obstruction was converted to a moderate one

with corresponding reduction in right ventricular
pressure postoperatively. Mortality was low and
results were consistently good in Brock's hands.3
Other surgeons obtained less uniform success.4 In
some cases an inadequate reduction in right
ventricular pressure postoperatively was found to
be due to the presence of an unsuspected associ-
ated infundibular obstruction,5 but in many cases

it became obvious that the reason the right ventri-
cular pressure was not reduced enough was inade-
quate division of valve tissue.

In younger children and infants the ease with
which the rubbery dome of the severely stenosed
pulmonary valve admitted knives and large dila-
tors without influencing the degree of stenosis was

demonstrated by Keith.6 This type of result led
Swan4 to attempt excision of the valve stenosis by
an approach through the pulmonary artery utiliz-
ing hypothermic techniques. The first report of
five cases was encouraging, since normal right
ventricular pressures and abolition of the pressure
gradient across the valve resulted, but concern was
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expressed at the production of pulmonary valve
incompetence.7
Poor results in younger patients at the Hospital

for Sick Children, Toronto, led us to abandon the
transventricular approach in favour of a modified
Swan technique in January 1956. This paper pre-
sents the immediate results of the newer method
of treatment in 21 cases of severe valvular pulmon-
ary stenosis with normal aortic root operated on
between January 1956 and August 1957. In this
period 24 patients underwent operation with one
death. Twenty-one of the 23 surviving patients
have been studied by preoperative and postoper-
ative cardiac catheterization.

MATERIAL AND METHODS
1. The Patients
The average age of the 21 patients is 61/e years

and the range, 8 months to 16 years. Four are under
2 years of age, 7 are between 2 and 5 years of age,
5 are between 6 and 10 years of age and 5 are more
than 10 years old. There are 11 males and 10 fe-
males in the series.
The diagnosis was made on clinical grounds in

all cases. Electrocardiography was performed with
standard techniques using direct writing equip-
ment. The severity of pulmonary stenosis was
confirmed preoperatively by cardiac catheteriza-
tion. In 15 cases this study was done two days
before operation while in 6 others the catheteriza-
tion was performed at varying intervals up to two
years previously. Cardiac catheterization was re-
peated on the 9th postoperative day on the average
(range, 7th to 15th day).
Three of the 21 patients had had previous Brock

operations without relief as judged by cardiac
catheterization. These were Cases 5, 8 and 18,
operated upon at 2 years, 4 years, and 4 years re-
spectively.

2. Surgical Technique
The preoperative sedation is by meperidine

(Demerol) and atropine in routine doses. Thiopen-
tone (Pentothal) induction is followed by a relax-
ant (usually succinylcholine), endotracheal nitrous
oxide with controlled respiration being employed
throughout the remainder of the procedure. Infants
are placed in a water bath at 40: C. and the
temperature is lowered to 340 C. by addition of
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Fig. 1.--The electrocardiogram in 20 patients with severe v
monic stenosis with normal aortic root. The height in mm. of R
and after operation.

ice. The infant is then placed on a refrigerating
blanket and after a drift to about 310 C. rewarming
is commenced. With older children blanket cooling
is used with ice cubes covered in cellophane bags
placed under the blanket till the temperature
reaches 330 C. Drift to 310 is then permitted, at
which level rewarming is started. Infants cool and
drift much faster than the older children and have
required close watching. Cardiac irregularities are

very rare above the level of 300 C. and we feel
this to be a perfectly safe level of hypothermia.
A midline sternal splitting incision is employed,

care being taken to reflect the pleura from the
under surface of the sternum and not enter either
pleural cavity. The thymus gland is dissected back,
the pericardial sac -is opened and the dilated pul-
monary artery palpated for the presence of a jet
and the cone of the pulmonary valve. The infun-
dibulum is examined for the possibility of infundib-
ular stenosis. Tapes are placed around both
superior and inferior vena cava within the peri-
cardium and these tapes are passed through
rubber tourniquets. No attempt is made to dissect
the pulmonary artery free of the aorta. The peri-
cardium is simply cleared down some distance to
allow the placing of a curved Potts' clamp across the
pulmonary artery from the left side, avoiding the
tip of the atrial appendage. Two stay sutures are
inserted a distance of about 3 cm. apart in the
pulmonary artery about 1 cm. from the valve ring.
These stay sutures are then picked up and a curved
Potts' clamp is placed beneath them to include a
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portion of the pulmonary artery
which is divided with the clamp on.
A suture is then put in the end of this
incision, tied and left on the needle
driver for closure later; two other stay
sutures are used to retract.
The superior and inferior vena cava

are then occluded in turn, the heart
is allowed to empty, the clamp is
placed across the pulmonary artery
and the clamp removed from the in-
cised area in the artery. The valve is
readily visualized and grasped with
forceps and delivered into the incised
portion of the pulmonary artery. The
central orifice is usually of a size
allowing the tip of the scissors to be
inserted. If it is not, the cone is
snipped off to make the opening large
enough. Whether to make two or
three cuts is a decision that varies
with the individual surgeon. Our
preference is for two cuts only be-
cause of the danger of regurgitation.

.II 12 2 These cuts are made riglht through
the valve to the ring. At this time the

alvular pul- heart is almost completely empty and
in Vi before the tape on the superior vena cava is

loosened to allow blood to flow in
and flood the right atrium, closing off the foramen
ovale and preventing any possibility of air embol-
ism. Just before the clamp is replaced on the in-
cisional area of the pulmonary artery, the tape
on the superior vena cava is completely released
and the blood is allowed to well up and fill the
right ventricle and the pulmonary artery down
to the clamp and then the clamp is applied over
the incised area. The pulmonary artery clamp is
removed and the inferior vena cava tape is re-
moved. The usual length of circulatory occlusion
varies between 1'/2 and 3 minutes. The patient is
then re-warmed with the warming blanket to 340
C. before returning to the recovery room.

RESULIS
1. Physical Signs
(a) Cyanosis.-Six of the 21 patients were cyan-

osed preoperatively (Cases 2, 7, 8, 10, 14 and 18).
This ranged from gross cyanosis with clubbing to
slight cyanosis on exercise. In all cases cyanosis
was abolished postoperatively.

(b) The second heart sound in the pulmonary
area.-At preoperative auscultation that part of the
second heart sound due to aortic valve closure was
obscured by the systolic murmur in 20 patients; in
these, pulmonary valve closure was either absent
(8 cases) or extremely faint (12 cases). In one
case (Case 12) a widely split sbund was audible
preoperatively. Postoperatively, detailed analysis of
the second sound was available in only 10 patients.
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In these aortic valve closure was I
Pressure In

audible in all except one case (Case rightventrid4
5). Pulmonary valve closure was 250'9
audible and thus a distinct split was
heard in 5 patients (Cases 8, 11, 12, 225 .
18 and 21) while in the other 5 (Cases
1, 4, 5, 9 and 20) there was no change 200
in the pulmonary valve component of
the sound. Only 2 of those patients
whose second heart sound in the 175
pulmonary area was unchanged had
right ventricular pressures of 60 mm. 150
Hg or below in systole, wlhereas all of
those who developed a split sound 125
had right ventricular systolic pressures
of 60 mm. Hg or less postoperatively.
Recent phonocardiographic studies 100

have related more precisely the width
of splitting to right ventricular systolic 75
pressures,'2 and there is no doubt that
routine use of high-frequency phono- 50.
cardiography will provide more uni-
form and objective information in the 25
assessment of these cases before and
after operation.

(c) Mturmultrs.-A very lharsh, sten- Case no 5c 5
otic, systolic murmur of Grade V
(Levine) intensity with thrill was Fig. 2.-
audible in 19 of the cases. In 2 cases before and
the murmur was of Grade II-III in-
tensity (Case 7 with gross obesity and Case 19
with a minute orifice in the pulmonary valve at
operation). Postoperatively the systolic murmur
was usually reduced by two intensity grades and
a thrill disappeared. In one case there was no
change in mturmur or thrill (Case 15).
No patient had a diastolic murmur of pulmonary

incompetence preoperatively. Immediately post-
operatively only one case (Case 8) had this type of
murmur and it was of Grade III intensity. At eight-
month follow-up, two further patients (Cases 3 and
6) had a pulmonary diastolic murmur, while two
(Cases 8 and 1), seen 3 and 9 months postopera-
tively respectively, did not have pulmonary in-
competence. The remainder have not yet been
examined.

2. Radiological Signs
In 17 of the 21 chest roentgenograms taken pre-

operatively, the cardiothoracic ratio exceeded 0.50
in 12 cases and 0.55 in 5 cases (Cases 1, 3, 8, 13
and 18). Postoperatively there was no immediate
change in heart size.

3. Electrocardiography
Severe right ventricular hypertrophy, frequently

with right atrial hypertrophy preoperatively, was
converted to a more moderate degree of right
ventricular hypertrophy by the operation. Particu-
lar attention was paid to a decrease in voltage of
R in lead V, as a measure of this electrocardio-
graphic improvement. The voltage of R in V1 was
reduced immediatelv postoperatively in about two-

5 9 16 7 18 8 3 10 4 6 19 17 20 2 14 13 11 12 21
0 Pre operotive * Post operative

-Cardiac catheterizationi in sesvere pulmoni' valvular stenosis
I aortic root. The systolic right ventricular pressure in mm. Hg
after opeiation.

thirds of the patients. In the remaining one-third
there was no change (Fig. 1).

4. Cardiac Catheteri.ation
In right atrial pressure tracings of the 21 patients

the "a" wave exceeded "v" by more than 3 mm. in
12 cases preoperatively (Cases 1, 2, 5, 6, 7, 8, 9, 10,
16, 18, 19 and 20) and four postoperatively (Cases
2, 5, 10 and 18).
The right ventricular systolic pressure level pre-

operatively exceeded 70 mm. Hg in all cases and
109 mm. Hg in 19 patients. The highest value was
240 mm. Hg (Case 3). Postoperatively a reduction
occurred in all patients, the systolic level being
below 75 mm. in 17 patients (Fig. 2).

Preoperatively the right ventricular pressure
pulse was classically that of valvular obstruction,
having a symmetrical and rounded form in 17
patients (Table I). In the remaining four the pulse
was of a similar type but a deflection of the up-
stroke suggested the presence of an associated
infundibular obstruction. Postoperatively the ap-
pearance of the right vehtricular pressure pulse
was characteristic of valvular obstruction in five
patients and of infundibular obstruction in three.
In the other 13 the pressure pulse was of normal
appearance in that there was a short isometric
contraction, an ejection plateau and a short period
of isometric relaxation.
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TABLE I. DATA FROM CARDIAC CATHETERIZATION IN 21 PATIENTS REGARDING THE SITE OF OBS TRUCTION TO
PtTLMONARY BLOOD FLOW.

Site of obstruction Preoperative Postoperative

Valvular................

Infundibular.............

Pulmonary artery not entered.....

Normal form of right ventricular
pressure pulse...............

Withdrawal from Character of Withdrawal from Character of
pulmonary artery pressure pulse pulmonary artery pressure pulse

11 17 7 5
(Cases 2, 4, 5, 7, 8, (Cases 1, 2, 3, 5, 6, (Cases 2, 3, 8, 9, 11, (Cases 7, 9, 12, 14,
9, 11, 12, 13, 14, 15) 8, 9, 10, 11, 12, 13, 12, 20) 19)

14, 15, 16, 19, 20, 21)
0 4 4 3

(Cases 4, 7, 17, 18) (Cases 5, 16, 18, 21) (Cases 5, 15, 18)

10 10
(Cases 1, 3, 6, 10, 16, 17, 18, 19, 20, 21) (Cases 1, 4, 6, 7, 10, 13, 14, 15, 17, 19)

0 13
(Cases 1, 2, 3, 4, 6, 8, 10, 11, 13, 16, 23, 21)

These appearances, coupled with infonnation
obtained from pressure records during withdrawal
of the catheter from pulmonary artery to right
ventricle, led us to conclude that only twvo of 21
patients (9.5%o) had even suggestive evidence of
an associated infundibular stenosis preoperatively.
In contrast, after valvotomy, infundibular obstruc-
tion became evident in five of 15 patients (33%),
being of severe degree in three of this number.

5. Operative Mortality and Postoperative Course
In the 24 operations there was one death. This

was in a four-year-old girl with a systolic right
ventricular pressure of 260 mm. Hg who died from
coronary air embolism. There was one case of
wound infection and one of respiratory infection,
but the postoperative course was usually smooth.
One patient (Case 10) had dramatic and immedi-
ate postoperative relief from preoperative gross
congestive heart failure, and another (Case 19)
with extreme hypoxia (arterial oxygen saturation
at rest, 31%) improved her arterial oxygen satura-
tion to 91%/c at rest postoperatively.

DISCUSSION
Examination of this small series of 24 cases of

valvular pulmonary stenosis with normal aortic root
treated by open operation indicates that the tech-
nique is effective and the mortality risk low. Com-
parison with a similar group of 38 cases treated by
the Brock method prior to January 1956 shows
that the results are considerably better with the
newer technique (Table II). The mortality and
percentage of cases not helped have been reduced
by at least one-half, while the proportion with
moderate improvement or a good result has been
almost doubled. A similar trend has been observed
by others.8, 9 It should be pointed out that neither
the over-all immediate reduction in right ventricu-
lar pressure nor the mortality rate is significantly
different in our group operated on by the direct
method from those treated by the indirect method
by Brock himself. Nevertheless, the results of the
indirect operation as performed by most surgeons
would suggest that the direct procedure is a more

satisfactory method of treatment.

Though all of our recent group of cases have had
a significant fall in right ventricular pressure,

TABLE II.-COMNPARI9MN OF RESULTS OF INDIREqr VERSUSJ
DIRECT VALVOTOMIY FOR SEVERE PULMONIC VALVULAR

STENOSIS WITH NORMAL AORTIC RoOr.

Number of patients............
Age range.....................

Results:
Operative death.............
Unrelieved or slight relief....
Moderate improvement......
Good result................

No follow-up...............

Trans-
ventricular
valvotomy

32
6 mos. to
16 years

4 12.5
10 32.0
6 18.5
7 21.5

Trans-
arterial

valvotomy

24
8 mos. to
16 years

1 4.0
4 17.0
8 33.0
9 38.0

5 15.5 2 8.0

100.0 100.0
Slight= Right ventricular systolic pressure > 75 mm. Hg
Moderate= Right ventricular systolic pressure above 50

mm. Hg
Good = Right ventricular systolic pressure < 51 mm. Hg

measured immediately postoperatively, the degree
of fall was not uniform. If one accepts an immedi-
ate lowering of right ventricular systolic pressure
to 40 mm. Hg or less as a good result, then in our
cases a good result was achieved in only 43%.
Relating the results to age at operation, it will be
seen that three-quarters of those operated on up
to the age of five years had good results, whereas
only 10% of those over five years had a good result
(Fig. 3). A poor result was defined as any case in
which right ventricular pressure exceeded 75 mm.
Hg immediately after operation. This occurred
in 19% of our group. Correlation of these results
with age at operation shows that there were no
poor results up to five years of age but 40% of
those over five had this type of result (Fig. 4).
Further analysis of these four cases revealed a
known incomplete division of the valve in one
(Case 9) and postoperative catheterization evi-
dence of infundibular obstruction in three (Cases
5, 15 and 16).



Caniad. M. A. J.
AMar. 1, 1958, 0ol. 78 ROWE AND OTHERS: PULMIONARY S1TENOSIS 315

Percentage-
with RV syst

pressure
40mmHg.or

less-after
vol votomy

100 +

0 -

2/4 6/7

under
Age 2 yrs. 2-5yrs.

20

more than
6- lOyrs. IOyrs

Fig. 3.-The relationship between- good result fromii open
valvotomyv and age. The percentage of patients with a good
restult, i.e. a right ventricular systolic presstsre of 40 mnm.
Hg or less, is represented by the shaded area in each age
period.

There is some basis for the concept that after
adequate valvotomy any residual infundibular
stenosis is due to a hypertrophy of the boundary
of the outflow tract and particularly of the crista
supraventricularis secondary to long-standing ob-
struction of the valve. This is seen in the anatomi-
cal examination of the outflov tract at autopsies of
older cases, a feature which has not been noted in
infants. Further, three of our five patients with
residltual infundibular stenosis were over 12 years
anid all were more than five years old. Finally, after
relief of the valve obstruction the right ventricular
pressure level, though occasionally high immedi-
ately postoperatively, can fall to normal values by
the end of one year."

These observations wottld therefore suggest
that early and adequate division of the valve can
avoi(d postoperative elevation of right ventricular
pressure due to secondary infundibular stenosis.
In older children the chances appear good that
after aldequate valvotomy any residual elevation of
right ventrictular pressure may be expected to sub-
side over a period of months or years. Whether a
degree of infundibular stenosis constituting a
permnanienit obstruction may be reached in older
patients is at present uncertain.
The immediate result of direct operationi pro-

vides little useful information on the important
qtuestion of the production of pulmonary valve in-
competence by the newer operation. Only time
will settle this question definitely. We suspect that
valve iincompetence may prove to be more com-
moni with the newer technique while the surgeon
is developing a nice balance in regard to the ex-
tent of valve division. But, provided the incompe-
teince is inot gross, there need be no cause for con-
cern. It is certainly not a valid argument against
openi technique.
The physical signs allowing a diagnosis of ptul-

mtonarv stenosis with normal aortic root are nlow

well known, having been emphasized by numerous
authors since the classical paper of Abrahams and
Wood.11 The physician is interested in twvo key
points about any individual with this malformation.
The first is the degree and the other is the site of
pulmonary stenosis.

Physical signs each pointing to a severe obstruc-
tion are cyanosis, giant a waves in the jugular
venous pulse, a long harsh ejection systolic murmur,
inaudible aortic valve closuire and inauidible or
reduced aind markedly delayed ptulmonary valve
closure oni atiscultation in the pulmonary area.
Radiographic signs of cardiac enlargement are
always seriotus but by Ino means an invariable
accompanimeint of severe stenosis. The electro-
cardiogram is undoubtedly very helpful; signs of
marked right ventricular hypertrophy are the rule.
Data from the present cases suggest that if R in
V1 exceeds 25 mm. in amplitude, the pressure in
the right ventricle will exceed 100 mm. Hg andI
that tle converse of this is usually true. One case
(Case 9) of the present group W.as a trtue exception
to this rule in that the R in V1 was 16 mm. and the
systolic right ventricular pressure was 150 mm.
Hg. Three other cases with a voltage of R in V,
of less thani 25 mm. but high systolic right ventricu-
lar presstures were explained respectively by the
presence of cotigestive failuire with ecdema and(
effusioni (Case 10), extreme hypoxia (Case 19) an(1
extreme obesity (Case 7). Thus a fairly accurate
prediction of the systolic level of right ventricular
pressure which will be found at cardiac catheteriza-
tion is possible.
The site of obstruction is less easilv determiined.

At the ouitset one may concltude that isolated in-
funidibular stenosis or stenosis of the pulmonary
artery distal to its valve of severe degree is uncom-
mon; probably they together represent less than
10% of the total cases. A loNw positioni of the site
of maximal inteinsity of the murmur is unfortun-

centooe

2/5 2A

H0 ]4

0 under mclorethanunder- =
Age 2yrs. 2 5yrs. 6- l Oyrs lOyrs

Fig. 4.-The relationship betweeni pooir restult fromii openi
valvotonmy anid age. The percentage of patienits with a pooI'
resuilt, i.e. a right ventrictular systolic pressture of 75 mmll.
Hg or miiore, is repr-esen-ted lb the shaded area ill each age
per odl.
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ately not a reliable guide to the site of stenosis.
The second sound in the pulmonary area has the
same characteristics in either severe infundibular
or severe valvular stenosis.11 A loud, normal or
closelv split second heart sound in the pulmonary
area occurs in supravalvular stenosis. Clinically
the only helpful sign differentiating infundibular
from valvular stenosis is radiographic; an infundi-
bular chamber is visible and marked post-stenotic
dilatation of the main pulmonary artery is usually
absent in the former type. Catheterization and
selective angiocardiography are essential confirma-
tory procedures in doubtful cases.
The more common valve obstruction is suggested

by both the systolic murmur and the character of
the second heart sound in the pulmonary area.
Radiologically post-stenotic dilatation of the pul-
monary artery is invariable. The site of obstruction
may be confirmed by cardiac catheterization or
selective angiocardiography.
The most difficult problem is to decide preoper-

atively, when valvular stenosis exists, whether there
is a significant associated infundibtular obstruction.
Clinically it is not possible to separate this group
from the cases of isolated valvular stenosis. At
cardiac catheterization it is seldom possible to do
so. A rounded, symmetrical right ventricular pres-
suire pulse characteristic of valvular stenosis is
frequently present in combined stenosis preopera-
tively.

If the right ventricular pressure is lowered by
suirgical treatment and the symm-etrical pressure
pulse remains, valvular stenosis alone may be
assumed. A slope on the pressure pulse preopera-
tivelv may mean infuindibular obstrtuction but just
as often does not, though this sigIn uisually has
significance postoperatively. Aui abrupt pressure
change on eintering the right ventricle from the
puilmonary trunk preoperatively may be obtained
in either valvular or combined stenosis. A normal
right veintricular pressure pulse contour is never
seen in either type of obstructioni with hiah right
venitricular pressures preoperatively, buit after val-
votomy may be encountered in both valvular or
infundibular stenosis. In other words, cardiac
catheterization is most helpful in pointing to val-
vular stenosis preoperativelv and completely un-
helpful in relation to any associated infutidibular
obstruction, whereas postoperatively it is often
lossible to assess the situation more accturately.

Selective angiocardiography using cine-tech-
niques may provide the answer to this preoperative
problem. In Case 21, a preoperative cin'e-angio-
cardiogram demonstrated very convincingly the
presence of a dome valve stenosis with jet, but
examination of the outflow tract also indicated
severe systolic constriction. Postoperative anigiocar-
diography revealed a normal degree of oufflow
tract systolic contraction, but withdrawal pressures
from the pulmonary artery to right ventricular
inldicated a definlite though mild gradlient at the
inlfundibular level.

Immediate postoperative assessment of the cases
of pulmonary valvular stenosis with normal aortic
root after either operative approach has shown
that certain clinical features allow prediction of
anI adequate fall in right ventricular pressure.
These are a very soft residual systolic murmur, ab-
sence of thrill, audible aortic valve closure and nor-
mal or near normal splitting of the second heart
sound in the pulmonary area. Usually there is, in
addition, a marked reduction in the height of R in
V1 in the electrocardiogram or a change to right
btundle branch block. In our cases, if R in V1 is
decrease(d in voltage, the right ventricular pressure
has been significantly lowered. The converse is not
alwIays trtue, for, despite a good pressure drop, the
R voltage in V1 on occasion may remain high. By
conitrast an unchanged systolic murmtur and thrill,
inautdible aortic valve with faint or absent pulmon-
ary valve closure, or an unchanged electrocardio-
gram indicated inadequiate relief of the stenosis.
Three of our 24 cases treated by direct operation
had the latter clinical signs associated with uin-
changed right ventricular pressuire after a previouis
Brock o)eration.

SUNINIARY

Direct visioni tracnisarterial valvotomy for severe ptil-
niona-rv valvular steniosis with normal aortic root lhas
been emiiployed in 24 children with oine operative
death. In 21 of the 23 survivors full assessment in
the postoperiative period wvas performed. All were im-
proved as jtudged by the immediate decrease in right
ventricular pressure, the result being classified ats good
in nine cases, fair in eight aind poor in fouir cases.
Reasons alre advanced indicating that some patients
at presenit in the "poor" category have secondary in-
fundibtulair stenosis and may enter the "good" cate-
gory dutriiig the first or seconcd postoperative year.
The best restults obtain in pattients operated uipoIn

before the sixth year of life.
A comparison of results obtaiined in a similar group

of childreni treated by indirect valvotomy shows that in
our hanids the mortality is lower aniid the relief greater
with the niewer techniiqute.

Correlation of the preoperative anid postoperattive
clinical examination with the level of right ventricular
pr-essuire obtained at cardiac catheterization has allowed
the uise of clinical signs to assess the postoperative im-
provemleii t of inidividuial cases.
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RE'suME
On a eu recours a la valvulotomie transarterielle sous

vision directe pour stenose grave de la valvule pulmonaire
chez 24 enfants, avec une mort operatoire. Chez 21 des 23
survivants on dressa un bilan hemodynamique complet dans
la periode post-operatoire. Tous accuserent une ameliora-
tion comme le temoigne un abaissement de la pression in-
transventriculaire droite. Les resultats furent juges bons danr
9 cas, passables dans 8 et mediocres dans 4. On a raison
de croire que certains malades aux resultats passables pre-
sentent uine stenose secondaire dui cone arteriel, et attein-

dront peut-etre le niveau des bons re'sultats au cours de la
premiere ou de la deuxieme annee apres l'operation. Les
meilleurs resultats sont obtenus chez les enfants opere's
avant I'age de six ans. Une comparaison dressee entre nos
resultats et ceuix qui suivent la valvulotomie indirecte in-
dique que la nouvelle technique entre nos mains donne une
moindre mortalite et une meilleure correction de I'anomalie.
La correlation entre les faits cliniques pre- et post-
operatoires d'une part, et d'autre part les nivc>aux de pres-
sion ventriculaire droite fournis par le cathe'terisme cardia-
que, nous a permis de suivre 1'evolution post-op&eratoire
de nos malades d'apres les signes cliniques.

EXPERIENCE WITH OUTPATIENT
ANTICOAGULANT THERAPY*

WILLIAM G. GRANT, M.D). t and
ROBERT L. MACMILLAN, M.)., Toronto

THE OCCURRENCE of thrombotic episodes is one of
the major problems in clinical medicine. The prob-
lem is intensified when thrombosis recurs. There
is insufficient knowledge at present to preclict when
a patient may suffer from thrombo-embolism
althouigh these complications are more common
under certain conditions, e.g. in the postoperative
state, in coingestive heart failure and in mitral
stenosis with atrial fibrillation. Most of these do
not warrant any special therapy, bnt continued
anticoagulaint therapy must be considered when
thrombotic lesions are recurrent. With this end in
view a trial of anticoagulant therapy has been con-
ducted for several years on patients with recurrent
venious thrombosis. Recently the series has been ex-
tended to include patients with recurrent coronary
thrombosis and patients with peripheral embolism
complicating heart disease. Anticoagulaint therapy
has also been tried in patients who had had re-
peated attacks of carotid and cerebral arteiv insuffi-
ciency and who were likely to develop complete
obstruiction of these arteries by thrombosis.

PERSONAL SERIES
Fifty-inine patients have received an anticoagu-

lant drug while attending the Cardiovascular Unit
of the Toronto General Hospital as outpatients.
The dcuratioin of treatment ranged from three
months to five years, with an average time of 11
months on anticoaggulants. In Table I the patients
are listed according to diagnosis.

TABLr,I I.---549 OUTPATIENTS ON ANricOAGULANT IHERA PY

ReeurIring venous thrombosis . ....................... 14
Car(otid and cerebral arterial stenosis .................. 6
Repeated myocardial infarction ........ .............. 28
Rheumiatic heart disease and embolism ............... 5
Peripheral arterial (lisease ........................... 6
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Fourteen patients had recurrinig episodes of
venous thrombosis. There were 12 men and two
women, all between the ages of 30 and 45. In the
men the original attack did not follow an injury
or operation and no other associated disease could
be demonstrated. The two women had their first
attack of venous thrombosis in the postpartum
period. Six patients with carotid and cerebral artery
stenosis had transient attacks, e.g. weakness and
numbness of one side of the body, disturbances
of vision, facial weakness, or difficulty in swallow-
ing. The recovery from the attacks before antico-
agulant therapy was started was either complete
or nearly complete. If cerebral softening was sus-
pected the drug was withheld. Twenty-eight pa-
tients had two or more episodes of myocardial
infarction within the space of two years. These
patients were under the age of 60 years and it
appeared that their outlook was poor. Five patients
had embolism complicating chronic rheumatic
heart disease, and six patients had occluLsive arterial
disease of the lower extremities; other methods of
therapy including vasodilator drugs had been tried
before dicoumarol administration was begun.'

Dicoumarol, the drug employed, reduces the
prothrombin level less rapi(lly than some of the
newer agents, for example coumadin2 and phen-
ylindane(lioine. The depression of prothrombin,
however, is not as long and delayed as it is with
cyclocumarol.3 Thus it provides a happy medium
between too rapid .an effect on the one hand and
too slow an effect on the other. This is a desirable
property for ani anticoagulant which is to be used
on outpatienits, where prothrombin times cain be
determinied less frequently thani with patients
treated in hospital. Most fluictuationi in prothrombin
times occurred during the first month. After this
it w7as usuially possible to regulate the dose by-
determining prothrombin times once every two
weeks. An attempt was made to keep the prothrom-
bin time between 20 and 28 seconds (normal one-
stage prothrombin time 14-15 seconds). The usual
dose of (licoumarol necessary for this was 50 mg.
a day. This was increased or decreased slightlv
accor(liig to the prothrombin time. For example,
if the prothrombin time was less than 20 seconds,
the dose could be increased by giving 75 mg.
every secon(l or third day. If the prothrombin time
was higher than 28 seconds, the dose could be


