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TuE RrEpAIR of endocardial cushion de-
fects has become an established procedure
in most centers. This analysis will attempt
to establish the effectiveness of operative
intervention, and more specifically to em-
phasize the importance of certain technical
features of the procedure. A study of our
patients who have had repair of the mitral
and tricuspid valves has led to certain con-
clusions regarding the long-term results of
operations.

From von Rokitansky® in 1875 through
Van Mierop et al.” in 1962, several authors
have classified and reclassified congenital
heart defects related to a region known em-
bryologically as the atrioventricular canal.
These classifications for the most part have
been based either on observed anatomical
variations of lesions in what is believed to
be the atrioventricular canal area of the
developed heart or on anatomical varia-
tions plus conjecture as to the embryo-
genesis of the defect.

We use the term conjecture in regard to
embryogenesis for no one to date has ob-
served the maldevelopment of embryo
hearts during the time when fusion and
development of atrioventricular cushions is
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normally taking place. Furthermore, it
must be recognized that the so-called dor-
sal and ventral atrioventricular cushions
are not anatomical landmarks or regions
which are definable throughout embryonic
development, but rather they evolve from
general subendocardial layer of cardiac
jelly and subsequently through a rather
short period of time evolve into connective
tissue structures in the region of the atrio-
ventricular junction. The mode of develop-
ment of the atrioventricular cushions from
subendothelial or subendocardial tissue
seems at first glance adequate support for
the use of the term “endocardial cushion
defect” as a generic term under which a
number of closely related abnormalities
could be grouped. Two significant points,
however, mitigate against its use. First,
from an historical standpoint, the term sub-
endocardial cushion has been used to de-
note not only the prominences of the sub-
endocardial layer in the region of the
atrioventricular canal but also those within
the infundibulum or conus of the develop-
ing heart. Second, there is the inference
that these abnormalities are related pri-
marily to a failure of development within
the subendocardial layer. There is, in our
opinion, no present evidence to support
the view that the abnormalities are related
to faulty development in this layer alone
or even primarily. One might well specu-
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late on the question as to whether or not
so-called “subendocardial cushion defects™
are not the result of faulty muscular de-
velopment. Tt is very clearly seen in carly
cardiac  development  that muscle  tissue
grows down into the cardiac jelly of the
developing septum primum. It can also be
clearly seen in viewing development of the
human heart from age group 11 through
15 that the so-called widening and shift
of the atrioventricular canal is primarily
related to differential growth in the mus-
cular walls of the atrial and ventricular
chambers. Might it not also be possible
that the cleft in the septal leaflet of the
mitral valve is related to growth failure in
the trabecular muscle of the left ventricle
which evolve into the chordae tendinea?
These are but a few examples of increas-
ing knowledge. but persistent uncertain-
ties, regarding embryological events in the
developing heart. Though we attempt to
isolate and discuss the abnormalities at
the junction of the atria and ventricles as
though they were isolated defects, it must
be recognized that the offense to develop-
ing tissue may be more generalized within
the heart. This is most interestingly demon-
strated by the fact that perhaps our most
valuable diagnostic criterion. derived from
angiocardiography, shows an abnormally
Iengthened and narrowed aortic vestibule.
This is found not only in complete atrio-
ventricularis communis but also in the iso-
lated persistent interatrial ostiom primum.
This defect of the aortic vestibule or junc-
tion of infundibulum with left ventricle
bears witness to the fact that the develop-
ment insult incurred by the lower portion
of the atrial septum and atrioventricular
junction was also sustained by the infun-
dibulum or conus in the developing heart.
With this in mind. we have elected to pre-
sent our clinical findings within the frame-
work of anatomical descriptions generally
observable by clinician  and  anatomists
alike. In this manner we hope that they
are not incompatible with studics refer-
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DISTRIBUTION BY SEX
A-V Canal | Male |Female
Partial 23 23
Con;nmeie 8 1477
Total 31 37

Number of Cases

0-5 6-10

1-20 21-30 31-40 41-50 51-55
Age -Years

1. 1. Age and sex distribution of the 68 cases
of endocardial cushion defects.

rable to classifications of Wakai and Ed-
wards ' or the several investigators before
and after.

Clinical Material

The material is made up of 6§ patients
with various forms of endocardial cushion
defects operated upon in the past 10 vears.
There were 31 men and 37 women; ages
ranged from 2 to 54 vears (Fig. 1).

For the purpose of analysis the classifi-
cation of cases has been done on an ana-
tomical basis (Tables 1 and 2). The partial
atrioventricular canal group is made up of
46 cases which include some bizarre and
complex anatomical derangements that did
not fulfill the criteria for complete atrio-
ventricular canal. There were 22 patients
with complete atrioventricular canal who
by definition had primum atrial defect,
ventricular septal defect, cleft mitral and
tricuspid valves in continuity regardless of
which other defects were present. One pa-

Tavre 1. Endocardial Cushion Defects

Partial A Vcanal 39
Partial A -V canal with V'SD 7
Complete. A Veanal 22

Total [
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TABLE 2. Partial A-V Canal

Ostium primum [§}

Ostium primum plus

Partial cleft mitral valve 5
Complete cleft mitral valve 6
Cleft of both mitral and tricuspid valves 20
Cleft mitral valve alone 2

Subtotal 39

Ostium primum and ventricular septal defect

—

Normal valves
Complete cleft mitral 2

Ventricular septal defect

Partial cleft tricuspid 1
Complete cleft tricuspid 2
Cleft mitral, multiple ventricular septal defect
and muscle bar dividing tricuspid 1
Subtotal 7

tient had previously had a pulmonary ar-
tery banding for severe pulmonary hyper-
tension in infancy.

Clinical Features

The clinical features in this larger group
were fairly consistent and in general agree-
ment with previous publications from this
center on this subject.?® Forty-four per
cent of the patients had a history of con-
gestive failure in the past or at the time
of operation. Twenty-four per cent had a
history of cyanosis.

Briefly, the outstanding physical signs
were a systolic murmur over the second
left interspace, a “fixed” split of the second
sound over this area, its intensity depend-
ing on the degree of pulmonary hyperten-
sion. Other murmurs reflected involvement
of the tricuspid and/or mitral valves as
follows.

A sibilant pansystolic murmur with a
short diastolic murmur was present over
the apex in those patients who had a mitral
valve deformity (usually a cleft mitral
valve).

A soft systolic and diastolic murmur Jlo-
calized to the fourth left interspace was
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heard in virtually all patients with relative
tricuspid stenosis, and if there was a cleft
tricuspid valve this murmur was quite
loud.

Finally, if the lesion represented an “in-
complete” atrioventricular canal with an
associated ventricular septal defect, a sys-
tolic thrill and a loud pansystolic murmur
could be heard over the fourth left inter-
space.

Electrocardiograms showed a unique pat-
tern of left axis deviation (superior frontal
plane axis) with incomplete right bundle
branch block and/or right ventricular hy-
pertrophy in 84% of the cases. Those with
an undeterminate or inferior frontal plane
axis had pulmonary hypertension of mod-
erately severe degree.

Roentgenograms showed cardiac enlarge-
ment and pulmonary hypervascularity.
Those with mitral valve involvement
showed left atrial enlargement. Table 3
depicts the degree of pulmonary hyper-
tension in 59 patients.

Technical Considerations in the
Complete Repair

Extracorporeal circulation with mild
hypothermia (31° C.) was employed. In
most instances exposure was through a
right anterolateral thoracotomy incision.
The right thoracotomy gives good visabil-
ity of the anatomy, and competence of
the mitral valve is more accurately tested
after repair. When a large ventricular de-
fect was suspected we used a median ster-
notomy (Fig. 2-5).

TABLE 3. Pressures in Right Veniricle
and/or Pulmonary Artery

Pressure Partial  Complete
Normal 13 9
Elevated
Mild (30-50 mm. Hg) 12 3
Moderate (50-80 mm. Hg) 6 4
Severe (over 80 mm. Hg) 8 4
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Fic. 2. The defect is visualized through the
right atrium. The first step is the accurate ap-
proximation of the tips of the cleft mitral. The
cleft is then closed with interrupted sutures down
to the base. At this stage the valve is tested for
insufficiency and changes made in the sutures if
necessary.

After bypass was established a generous
incision was made in the right atrium. The
mitral valve was repaired first. A suture
was placed in the thickened nodular area
of the leaflets at the tip of the cleft to bring
it precisely together. The cleft was then
closed toward the base with interrupted
silk sutures. When the ventricular defect
was small it was closed with interrupted
sutures, when medium-sized it was closed
in continuity with the patch used to close
the primum defect. In some of the large
atrioventricular canal defects, it was neces-
sary to utilize a separate transverse ven-
triculotomy to identify the limits of the
respective valve areas and to close the ven-
tricular septal defect with a separate patch
from that used for the atrial repair. All
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Fi1c. 3. The pericardial patch to close the pri-
mum defect is sewn along the “safe” edge of the
defect for fixation. The area of the conduction
mechanism is demonstrated.

ventricular defect patches were of Dacron.
In the early operations a Dacron patch
was used to close the atrial defect, how-
ever, we now prefer to use pericardium.

The conduction mechanism in this area
begins between the coronary sinus and the
right inferior rim of the primum defect
(Fig. 2). It then runs parallel to the infe-
rior rim of the defect to the ventricular
septum where it then follows the left ven-
tricular side of the septum. To avoid inter-
rupting the conduction mechanism the su-
tures in this area are carried down onto
the base of the septal leaflet of the tri-
cuspid valve, placing the sutures parallel
to the rim of the defect. The heart is kept
beating throughout the procedure to detect
any change in rhythm. The remainder of
the patch is sewn in the custemary manner
(Fig. 3, 4). The cleft in the septal leaflet
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Fic. 4. The inferior rim of the defect is then
closed by carrying the sutures up onto the base
of the septal leaflet of the tricuspid valve and
placing the sutures parallel to the rim so as not
to engage part of the conduction mechanism.
(Inset) The tricuspid defect is then shown closed
with four interrupted sutures and the remainder
of the patch sewn in the ordinary manner.

of the tricuspid valve is then closed with
interrupted sutures. Usually this is accom-
plished by finding the good free margins
for suture.

Results

There have been seven hospital deaths
in the partial atrioventricular canal group

TABLE 4. Results

Hospital Late
No. Deaths Deaths
Partial A~V canal 39 2 (5%) 3 (7%)
Partial A-V canal with
ventricular septal
- defect 7 5(71%) 1 (14%)
Complete A-V canal 22 4 (18%) 0 (0%)
11 (16%) 4 (6%)

Totals 68

Fic. 5. If the ventricular septal defect is me-
dium-sized a patch is used to close it in continu-
ity with the patch closure of the atrial septal de-
fect. A Dacron patch is used in this case. The
sutures are kept on the right ventricular side of
the ventricular septal defect. The first suture is

shown being layed in the cleft septal leaflet of
the tricuspid valve. Interrupted sutures are then
used to close the defect down to its base.

(Tables 4 and 5). Only two of these have
occurred since 1962. There have been four
(8%) late deaths in this group (Table
4). Two of these occurred at 6 months,
one at 214 years and one at 3 years. Three
of these four patients were operated upon
before 1960. In the complete atrioventricu-
lar canal group there were four (18%)
hospital deaths and no late deaths (Tables
4 and 7).

Four patients required reoperation for
mitral insufficiency. Two of these occurred
3 and 7 years later. Two of these were
adults (ages 55 and 54), one a full-grown
teenager, and one a child. Both the adults
required prosthetic valve replacements at
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V.S.D. Closed
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Repaired C
Mitral Valve

Fic. 6. In the presence of a large ventricular septal defect associated with an A-V communis

two incisions are sometimes preferable—a generous right atriotomy and a transverse ventricu-
lotomy. The first step is to identify and establish the juncture between the mitral and tricuspid
aspects of the valve. The mitral valve cleft is then repaired through the right atrium. This
creates a separate ventricular septal defect which is repaired with a Dacron patch from above,
through the ventriculotomy. The initial sutures in the inferior aspect of the ventricular defect,
close to the conduction mechanism, are taken through the annulus of the repaired mitral valve
and on the right ventricular aspect of the ventricular septum until the insertion of the papillary
muscle of the conus.  For the remainder the sutures can be taken through the full thickness
of the ventricular septum. The atrial septal defect is closed with a pericardial patch, following
the technic describeg in Figure 4.

TagsLe 5. Early Causes of Deall TABLE 6. Late Causes of Deatl
in Partial A=V Canal in Pariial A-V Canal
D. L.—1958 Unrecognized cleft mitral 1. H.—1959 Congestive heart failure. Died pre-
R. B.—1938% Unrecognized cleft mitral cath. Persistent ventricular septal
A. B.—1901 Complete heart block defect
A. D.—1961 Unsuspected fibromuscular subaortic M. H.--1960 Cause unknown. No autopsy
stenosis

S. F.-—1961 Absence of tissue of the aortic leaflet

M. C.—1958 Common atrium. Successfully cor-
rected. Died 6 months post-op.

of the mitral valve Cardiac heart failure
AL A—1964 Multiple defects—valvular, supra-
valvular, and infundibular pul- M. G.—1966 Common atrium, pulmonary stenosis
monary stenosis successfully corrected. Died 6
C. L.-—1966  Tricuspid muscle bar—multiple ven- months post-op. Cardiac heart

tricular defects failure




492 GERBODE AND OTHERS

TABLE 7. Early Causes of Death
in Complete A~V Canal

L. N.—1959 Arrested during induction

S. G.—1963 Hemothorax and septicemia

M. T.—1964 Multiple defects—pulmonary  ste-
nosis, hypoplastic pulmonary ar-
tery, patient ductus arteriosus,
outflow tract gusset

L. C.—1966 Membranous mitral valve

reoperation. These were the only two pa-
tients who had prosthetic valve replace-
ments in the series. The pathology of the
mitral valve in these two instances was
similar. The annuli were dilated, but more
specifically the chordae were stretched and
elongated. Plastic repair was performed
initially in one patient but immediately fol-
lowing operation it was evident that severe
insufficiency was present. In the second
patient, mitral and tricuspid insufficiency
developed slowly over a 7-year period fol-
lowing the closure of a primum defect in
the presence of normal valve cusps with
dilated annuli. No anatomical clefts were
found at the second operation. Both mitral
and tricuspid valve replacements were per-
formed in this patient.

Five patients developed transient atrio-
ventricular dissociation which lasted 24 to
36 hours before reverting to sinus rhythm.
Four patients developed complete atrio-
ventricular block; only one of these has
occurred in the last 49 consecutive cases.
This young girl has not required a perma-

TasBLE 8. Follow-up Finding in 49 Patients
(3 Months to 7 Years)

No. %
Improvement in symptomatology
and exercise tolerance 46 93
Decrease in cardiac size 42 86
Decrease in pulmonary hyper-
vascularity 46 93
Soft systolic murmur present 35 72
No murmurs present 14 28
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nent pacemaker. In four patients it was
felt desirable to place wires for temporary
pacing, although they were used in only
one. This patient, an early one in the series,
was a small child who had a poorly devel-
oped mitral valve. The repair failed and
the child died in heart failure. Heart block
was a contributing factor.

Follow-up findings have been made in
49 patients from 3 months to 7 years fol-
lowing operation. Ninety-three per cent
have shown symptomatic improvement and
a greater exercise tolerance. Roentgeno-
grams of the chest have shown a decrease
in cardiac size in 86% and reduced pul-
monary hypervascularity in 93%. A soft
systolic murmur is present in 72%. No mur-
murs are present in 28% (Table 8).

Discussion

In the analysis of the results, two major
conclusions can be reached. First, that all
but the most complicated forms of endo-
cardial cushion defects can be operated
upon with low risk. That experience has
contributed to the great improvement in
the completeness of the repair and in the
mortality as shown by the results obtained
in the past 5 years of operative experience
as compared with the first 5 years.

Second, the late results have been very
gratifying. Mitral stenosis has not been cre-
ated, nor has it developed in any patient
in this series. The mitral valve has func-
tioned efficiently in all but four patients
and these required reoperation. In three of
these four cases a harsh loud systolic mur-
mur was heard immediately following op-
eration, indication of an inadequate pri-
mary repair. In only one patient, an adult,
has insufficiency developed late, and this
patient was one who did not have a pri-
mary mitral valve abnormality. A large
primum defect had caused dilation of both
mitral and tricuspid valves, with lengthen-
ing of the chordae. It was thought at the
operation for closure of the primum defect



Volume 166
Number 3

that these would regress. However, with
the passage of time they worsened con-
siderably, caused severe heart failure,
and subsequently required double valve
replacement.

That endocardial cushion defects should
not be operated upon because an adequate
and lasting repair cannot be accomplished
is not justifiable. Furthermore, it is our
belief that any policy of deliberately avoid-
ing repair of the mitral valve defect will
lead to higher early mortalities, and a
greater likelihood of increasing mitral in-
competence. * If failure to secure a repair
of the defects, and surgical heart block are
no longer major problems, what then at
this time is the major cause of death in
these patients? If our experience may be
used, two major causes are clear. They are
the failure to appreciate preoperatively an
incorrectable situation of the mitral valve
or ventricular septum, and the presence of
severe associated multiple defects. These
two causes accounted for five of our early
deaths. The recognition of a severe anom-
aly of the mitral valve preoperatively is
not easy. At the present time the precise
visualization with left ventricular angiog-
raphy is the best method. If an uncommon
anomaly of the mitral valve is identified,
suggesting the unsuitability for repair, con-
sideration should be given to waiting until
the patient is older as it is clear that mitral
valve replacement in early childhood is
not acceptable in the long run. It is also
quite evident from our experience that if
a satisfactory mitral valve repair is not ac-
complished, severe circulatory difficulties
will be encountered in the immediate post-
operative period.

The presence of severe pulmonary hyper-
tension or bidirectional shunting has not
been an absolute contraindication to op-
eration.®

The management of the child with se-
vere congestive heart failure in infancy
caused by endocardial cushion defects is
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still a problem. If the child is less than 3
years of age we prefer not to do open-heart
surgery. This is because the mitral valve
leaflets are too friable to hold sutures well.
After the age of 3 or 4, however, the edges
of the cleft have become thickened and
fibrotic from turbulence fibrosis and will
hold sutures well. In the event that com-
plete repair is not elected because of age,
we prefer to do a pulmonary artery band-
ing knowing well we may be increasing
the severity of mitral insufficiency.

Summary

The classification, clinical features, op-
erative technic, causes of death and long-
term results among 68 instances of endo-
cardial cushion defects are reviewed.

There were five early or late deaths in
the past 43 consecutive operated cases.

In the absence of complicating factors
such as severe multiple defects, incorrect-
able lesions of the mitral valve or other
unsuspected lesions the operative risk is
negligible.

Our experience indicates that congenital
cleft mitral valves should be repaired
whenever encountered.

Three patients developed complete heart
block among the first 19 patients operated
upon; only one patient developed complete
heart block in the last 49 consecutive cases.

The operative risk is greatly increased
when there are severe associated cardiac
abnormalities. Whenever possible these
should be identified preoperatively by se-
lective angiography and cardiac catheteri-
zation.

The late results have been so excellent
that the argument for not operating upon
these patients is refuted.

Early and late results depend upon accu-
racy of the surgical correction of the le-
sion. The mitral valve must always be
made competent to avoid early and late
complications.
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DiscussioN

Dr. DwicHT C. McGoox (Rochester, Minn.):
Dr. Creech, Gentlemen: We have long looked to
Dr. Gerbode for his descriptions of technics and
methods which have been valuable to us in adapt-
ing our own methods. In no areas have his results
been more outstanding, in my opinion, than in this
area of endocardial cushion defects.

Although we can compare our results reason-
ably favorably in the partial A-V canal group with
his, so far as operative mortality is concerned, we,
along with others, have noted a high incidence of
residual mitral insufficiency following operation,
using what I believe to be the same technic; so
this is a question I would like to raise—why
should this difference exist?

In the complete A-V canal group we have not
been able to obtain the operative mortality rate
which Dr. Gerbode has recorded. The three other
groups, including our own, who reported results
in this area in 1964 had a mortality rate which
was nearly prohibitive, ranging from 63 to 75%.
At that time Drs. Gerbode and Sabar reported one
death in 13 such operations, if I interpret the data
correctly.

Since 1964 we improved our results with a
mortality rate in this period for the complete A-V
canal of 25%; but still, taking the over-all results,
ours are not really comparable to his, and one
wonders again why this should be. I would ask
him if he would have some trick or some lead to
give us as to why this might be so different.

Since 1964 we have adopted a somewhat dif-
ferent technic for repairing the complete A-V
canal. (Slide) Dr. Rastelli of our group has iden-
tified three different types of complete A-V canal.
Fortunately, the most common is also the most
ideal to repair, and in this situation the mitral
portion of the leaflet is attached to the underlying

septum by means of chordae. We repaired these
defects entirely through the atrium, having aban-
doned the separate ventriculotomy, and placed a
pericardial or Teflon patch along the right aspect
of the ventricular septum below, leaving all of
the mitral tissue, or this common leaflet tissue,
on the mitral side.

In closing, I would again like to ask Dr. Ger-
bode if he has any lead as to why we have re-
sidual mitral insufficiency in a high incidence in
the partial A-V canal group, and why our mor-
tality rates in the complete canal group have not
totally approached his. Thank you. (Applause)

Dr. DExTON A. CoOLEY (Houston): Dr. Ger-
bode’s results with surgical treatment of endo-
cardial cushion defects have been better than ours.
I suspect this may be due to a discrepancy in ana-
tomic classification of the partial and complete
types of A-V canal and to the large number of
patients in our series less than 2 years of age who
had severe or extensive canal defect.

During a 10-year period we operated upon
133 patients with endocardial cushion defects.
Ninety-nine were partial canals (ostium primum
with cleft mitral valve) with a 6% mortality. In
34 patients with a complete canal (atrioventricu-
loris communis), surgical mortality was 56%.
Mortality in patients less than 3 years of age was
91% and in those older than 3, it was 41%.

Because of our dissatisfaction with standard
methods of surgical correction, we recently per-
formed a more radical and definitive type of re-
pair for complete A-V canal. The operation con-
sists of excision of the remnants of mitral valve
following which the atrioventricular septal defect
is repaired with a Dacron patch and the mitral
valve replaced by a low profile discoid prosthesis.
The tricuspid valve is sutured when possible.



