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Re „epair of the complete form of persistent 
common atrio ventricular (A-V) canal with 
its severe anatomic derangement is still a 
formidable task for the cardiovascular sur
geon. With the exception of Gerbode and 
SabarV report of only one surgical death in 
13 cases, the surgical mortality has been 63, 
75, and 67 per cent in reported series.2" 
The technique of repair is far from stan
dardized, and the reports of long-term fol
low-up have been too scarce to allow ap
praisal of late results. The whole experience 
of repair of this lesion at the Mayo Clinic 
is reviewed herein.* The technical problems 
of repair are analyzed in the light of new 
anatomic observations on pathologic ma-

From the Mayo Clinic and Mayo Foundation, Rochester, 
Minn. 55901: Section of Pediatrics (Dr. Ongley) and 
of Surgery (Drs. Kirklin and McGoon). Mayo Grad
uate School of Medicine (University of Minnesota), 
Rochester, Minn.: Research Associate (Dr. Rastelli). 

Received for publication May 29, 1967. 
•We appreciate the cooperation of our colleagues, Drs. F. 

Henry Ellis, Jr., and R. B. Wallace, in allowing us to 
include patients operated upon by them. 

terial, and a more appropriate repair, used 
in recent operations, is described. 

Material 
A total of 38 patients were operated 

upon between December, 1955, and Septem
ber, 1967.* There were 21 females and 17 
males; the median age was 6 years (range, 
10 months to 51 years). Most of the pa
tients had severe symptoms, including heart 
failure. Clinically mild cyanosis was present 
in 5 patients; severe cyanosis was present in 
2 who had associated pulmonary stenosis. 
The average preoperative cardiothoracic ra
tio was 0.62 (range, 0.48 to 0.78). The 
electrocardiogram showed a negative mean 
frontal plane QRS axis between -45 degrees 
and -180 degrees (average, -103 degrees) 
and a counterclockwise frontal loop7 in all 
the cases except 2 in which the mean QRS' 
axis was +125 and +130 degrees, respec
tively. In these 2 cases, the initial frontal 

•Eighteen cases have been reported in previous papers.4·6 
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QRS loop was also counterclockwise. In 1 
case, a 12-year-old girl had associated valvu
lar and infundibular pulmonary stenosis; in 
the other, a 1-year-old girl had associated 
coarctation, patent ductus arteriosus, left 
inferior vena cava, and partial anomalous 
pulmonary venous return. 

There were associated cardiovascular 
anomalies in 16 of the 38 surgically treated 
patients (Table I ) . In 18 of the 20 patients 
catheterized preoperatively, pulmonary flow 
exceeded systemic flow by a factor of two 
or more; in the 2 others it was 1.2 and 1.8 
times systemic flow. In the absence of pul
monary stenosis, pulmonary artery systolic 
pressure measured at cardiac catheteriza-
tion or at operation was mildly increased 
( < 45 per cent of systolic systemic pres
sure) in 5 cases, moderately increased (45 
to 75 per cent of systolic systemic pressure) 
in 4 cases, and severely increased ( > 75 
per cent of systolic systemic pressure) in 26 
cases. In 11 patients with severe pulmonary 
hypertension in whom adequate data were 
available, the ratio of pulmonary resistance 

Table I. Associated anomalies in 16 
patients undergoing surgical repair of 
persistent common atrioventricular canal 

Anomaly No. 
Patent foramen ovale 
Ostium secundum 
Common ventricle 
Patent ductus arteriosus 
Left superior vena cava 
Pulmonary stenosis (infundibular and 

valvular) 
Infundibular pulmonary stenosis with 

bicuspid pulmonary valve 
Coronary sinus drained into left atrium 
Common atrium 
Stenosis of orifice of right pulmonary 

veins 
Accessory mitral orifice 
Coarctation of aorta 
Origin of right subclavian artery distal to 

left subclavian artery 
Partial anomalous pulmonary venous 

connection 
Muscular ventricular septal defect 
•Drained into left atrium in 1 ease. 

11 
3 
1 
4 
5* 

2 

1 
1 
2 

1 
2 
2 

2 

2 
1 
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to systemic resistance was 0.31 or less in 
5, and 0.4, 0.43, 0.5, 0.5, 0.5 and 0.6, re
spectively, in the other 6. 

A left ventricular angiogram was made 
in 6 cases. By demonstrating the features 
characteristic of this malformation,8 it con
tributed to the diagnosis of persistent com
mon A-V canal, although it was not useful 
in the differential diagnosis between the 
partial and the complete form of the mal
formation.0 Left A-V valve incompetence 
was judged on the basis of apical systolic 
murmur, size of the left ventricle on tho
racic roentgenograms, and assessment of 
the régurgitant jet by the exploring finger 
of the surgeon while the heart was beating. 
It was considered to be present in 33 of the 
38 cases (mild or moderate in 26 and se
vere in 7) . 

Surgical technique 
Operation was performed through a 

median sternotomy incision, with total car-
diopulmonary bypass utilizing a Mayo-Gib
bon pump oxygenator. The heart was 
quieted by one or more short periods (up 
to 15 minutes each) of aortic cross-clamping 
(with previous cooling) or by electrically 
induced and maintained ventricular fibrilla
tion. Various types of repair were performed 
through a right atriotomy; this was associ
ated with right ventriculotomy in 7 cases. 
In an attempt to relieve mitral incompe
tence, the mitral portions of the anterior and 
posterior common leaflets were usually ap
proximated. 

In 31 operations, the interventricular 
communication was usually obliterated 
by suturing the anterior and posterior 
common leaflets to the crest of the mus
cular septum with interrupted mattress su
tures. The interatrial communication was 
then closed with an Ivalon sponge patch (in 
early cases) or a pericardial or Teflon 
patch (more recently). In 5 cases, an addi
tional Teflon patch was used to repair 
(through a right ventriculotomy) a large 
interventricular communication existing un
der the anterior common A-V leaflet. In 
order to avoid injury to the bundle of His 
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which runs more toward the left side of the 
interventricular septum, the sutures were 
carefully placed a few millimeters away 
from the edge of the septum, toward its 
right side. For the same reason, in general, 
fewer sutures were placed in the area of the 
posterior halves of the A-V valves (which 
are in close proximity to the bundle) and 
stitching in the tricuspid leaflet was done 
without incorporating the septum. It is 
preferable to achieve a less secure repair 
in this area than to risk complete A-V 
block. At this stage of repair, the cardiac 
action was started to allow immediate de
tection of any injury to the conduction 
system and removal of the responsible stitch. 
Since these precautions have been adopted, 
the incidence of heart block has greatly 
diminished. Infundibular resection was car
ried out in 2 cases through a right ventricu-
lotomy; 1 of these 2 patients had a patch 
reconstruction of the right ventricular out
flow tract. 

Fig. 1A. Anterior (A) common Λ-Υ leaflet is 
divided into two portions, one mitral (MV) and 
one tricuspid (TV), attached medially to inter
ventricular septum with long, nonfused chordae 
tendineae. In posterior (P) common A-V leaflet, 
mitral (MV) and tricuspid (TV) portions are not 
separated. RV, right ventricle; RA, right atrium. 

The type of repair used recently in 7 
cases is based on a better understanding 
of the anatomy of the common A-V valve.1" 
Three types of complete A-V canal (Fig. 1) 
can be recognized on the basis of the 
anatomy of the anterior common A-V 
leaflet and the extent and site of interven
tricular communication : 

1. The anterior common A-V leaflet is 
divided into two portions, one mitral and 
one tricuspid,* both attached medially to 
the muscular septum. In this type the mem
branous septum has formed and the inter
ventricular communication does not extend 
to the vicinity of the aortic cusps (Fig. 1A). 
This series had 25 cases of this type. 

2. The anterior common A-V leaflet is 
divided into two portions unattached to the 
septum but both are attached medially to an 
anomalous papillary muscle in the right 

•This portion is in fact analogous to the normal anterior 
leaflet of the tricuspid valve. 

Fig. IB. Anterior common A-V leaflet is divided 
but not attached to septum. Mitral and tricuspid 
components are both attached medially to ab
normal papillary muscle arising in right ventricle 
near septum. Free interventricular communica
tion occurs under anterior common leaflet. 
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Fig. IC. Anterior common A-V leaflet is not di
vided and is not attached to septum (inset) so 
that free interventricular communication, extend
ing to vicinity of aortic cusps, occurs underneath 
this leaflet. (From Rastelli, G. C , Kirklin, J. W., 
and Kincaid, O. W.: Angiocardiography in Per
sistent Common Atrioventricular Canal, Mayo 
Clin. Proc. 42: 200, 1967.) 

ventricle adjacent to the septum (Fig. IB) . 
There were 3 cases of this type. 

3. The anterior common A-V leaflet is 
undivided and unattached to the septum 
but freely floats above it (Fig. 1C). Ten 
cases were of this type. In this and in the 
preceding type, the interventricular com
munication is complete under the common 
anterior leaflet and it extends to the prox
imity of the aortic cusps. 

The posterior common leaflet in all three 
types is usually rudimentary and shows 
various anatomic arrangements similar to 
those described for the anterior common 
leaflet. 

The first type of malformation (Fig. 1A) 
is the most frequent and usually it has been 
an isolated finding; the second and the third 
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types (Figs. IB and 1C) have been associ
ated with other major cardiac anomalies. 

The type of complete A-V canal shown 
in Fig. 1A in 7 patients was repaired re
cently, as shown in Fig. 2. The anterior 
leaflet of the mitral valve was reconstructed 
by approximating its two components at 
their base with a few interrupted stitches 
(Fig. 2, A). A single autogenous pericardi-
al or Teflon patch was then used to repair 
the persistent A-V canal (Fig. 2, B). The 
medial edge of the reconstructed mitral 
leaflet was attached to the patch with inter
rupted sutures (Fig. 2, C) before closure of 
the atrial portion of the defect was com
pleted (Fig. 2, D). In those cases in which 
the posterior common leaflet is attached to 
the interventricular septum by a continuous 
membrane or by fused chordae (inset, Fig. 
2, A), between which only insignificant in
terventricular communication occurs, it 
may be preferable to suture the patch di
rectly over leaflet tissue so as to incorporate 
most of it in the mitral valve (Fig. 2, B). 
This technique avoids suturing in the area 
of the bundle of His. When the posterior 
common leaflet is not attached to the septum 
and a significant interventricular communi
cation exists underneath it (inset, Fig. 2, E), 
it is probably best to split the leaflet from 
the free edge down to the base, slightly to 
the right of the midline (Fig. 2, E), to 
attach the patch to the right side of the 
septum (Fig. 2, F), and to suture the medial 
edges of the newly created mitral and tri-
cuspid portions to the patch in a similar 
fashion as for the anterior common leaflet 
(Fig. 2, G) . 

Results 
There was a total of 19 hospital deaths. 

None of the 8 patients 2 years of age or 
less survived. Hospital mortality prior to 
1964 was 60 per cent (17 deaths). Hospi
tal mortality in the last 4 years was 20 per 
cent (10 operated cases, 7 by means of 
the repair shown in Fig. 2) . Complete heart 
block has occurred in 8 cases (21 per cent), 
7 prior to 1959 and only 1 in the last 26 
cases. All these cases are included among 
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Fig. 2. Method of repair of complete A-V canal of type illustrated in Fig. 1A. A, Mitral 
portions of anterior and posterior common leaflets are approximated; a single patch is used 
and sutures are started midway in muscular septum to right of crest. B, Patch first is sutured 
between chordal attachment of anterior mitral and tricuspid leaflets. In area of posterior 
common leaflet, in absence of interventricular communication below this leaflet (inset), sutures 
are placed, while heart is beating, onto leaflet tissue without incorporating underlying muscu
lar septum, thus avoiding stitches in area of bundle of His. 

the deaths. In addition, 1 surviving patient 
has a 2:1 block. 

There were two late deaths. One occurred 
in a 3-year-old boy with severe pulmonary 
hypertension who had had a transient heart 
block during operation. Residual mitral 
valve incompetence was present at the time 
of dismissal. The boy died 2 months post-
opera tively during an episode of respiratory 
infection. Complete heart block had been 
noted again at that time. The second death 
occurred in a 19-year-old girl who had an 
associated partial anomalous pulmonary 
venous connection which was repaired at 
the same operation. She died 3 years post-
operatively after she had been started on 
an unknown treatment for rapid heart rate. 
Progressive mitral valve incompetence had 
developed since her operation. 

The 17 surviving patients have had relief 
of symptoms for 1 month to 12 years post-
operatively. They are leading normal lives 
with no restriction in activity. The heart has 
become smaller than its preoperative size 
in all 17, but it remains slightly enlarged in 
most of them (Figs. 3, 4, and 5) . In most 
patients the apical systolic murmur noted 
preoperatively persisted after operation, 
with unchanged loudness. Sixteen patients 
are considered to have residual mild or 
moderate mitral incompetence. One patient 
who had no incompetence preoperatively is 
free of incompetence 2 years postopera-
tively. 

Comment 
Analysis of the 11 hospital deaths that 

occurred in the absence of A-V dissociation 



3 0 4 Rastelli et al Journal of 

Thoracic and Cardiovascular 

Surgery 

Fig. 2, Cont'd. C, After lower edge of patch is sutured in place, upper portion is folded back 
into right atrium. Medial edge of reconstructed anterior mitral leaflet is then attached with 
interrupted mattress sutures to patch at height it reaches without tension on underlying chor
dae tendineae. D, Closure of atrial portion of defect is completed with continuous sutures 

Fig. 2, Cont'd. E, When significant interventricular communication is present below posterior 
common leaflet (inset), this structure may be split from free edge down to its base F Patch 
is sutured to right side of septum in this area. G, Medial edges of both newly created mitral 
and tncuspid portions of posterior common leaflet are attached to patch before completion 
or repair of atrial portion of defect. 
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Fig. 3. Thoracic roentgenograms made before (left) and 10 years after (rightj ΐι·ρ«ιιΊ· of com
plete form of persistent common A-V canal. Patient was 9 years of age at time of operation. 

Fig. 4. Thoracic roentgenograms made before (left) and 9 months .iiiei mgliii îcn.iir of com
plete form of persistent common A-V canal. Patient was 3 years of age at the time of opera
tion. 

shows that the cause of death was related 
to low cardiac output. Two cyanotic patients 
had associated severe infundibular pulmo
nary stenosis. One patient had undergone 
repair of a common ventricle. In each of the 
remaining 8 cases, residual mitral incompe
tence was present or was suspected after 
the repair. Preoperatively, mitral incompe
tence was considered to be severe in 3, 
moderate in 4, and mild or absent in 4 of 
these 11 cases. The incompleteness of relief 
of mitral valve incompetence in cases of 

partial A-V canal is well recognized.11 In 
the successfully treated cases of the com
plete form also, mitral incompetence existing 
prior to operation has not been effectively 
relieved by the operation. The same degree 
of incompetence may have a more severe 
effect after the closure of the interatrial 
communication than it had before. The low 
cardiac output observed after operation was 
most likely related to significant residual 
mitral incompetence. Severe pulmonary hy
pertension was present in 9 of these 11 pa-
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Fig. 5. Thoracic roentgenograms made before (left) and 4 years after (right) repair of complete 
form of persistent common A-V canal. Patient was 10 years of age at the time of operation. 

tients (excluded are the 2 patients with 
pulmonary stenosis). Therefore, although 
pulmonary vascular resistance was generally 
not severely increased, right ventricular dys
function probably was a factor in precipi
tating the low cardiac output syndrome. 

An attempt was made to correlate surgi
cal mortality with the three anatomic types 
of complete A-V canal (see Fig. 1). Prior 
to the introduction of the surgical repair 
described herein, hospital mortality has been 
47 per cent for repair of the first type and 
77 per cent for repairs of the second and 
the third types combined. This suggests that 
the latter two types are more difficult to 
repair and the prognosis is worse in these 
cases. This is due to the presence of a 
larger interventricular communication, a 
smaller total surface area of the anterior 
common leaflet, and the association of other 
major cardiac anomalies. 

From the postmortem analysis of the 
available hearts it became apparent that, 
when the common anterior leaflet was su
tured to the interventricular septum to ob
literate the interventricular communication 
in this area, obstruction to left ventricular 
outflow was created in some cases. This is 
explainable by the way the left ventricular 
outflow tract is already characteristically 
narrowed and elongated in this condition.8 

Suturing of the anterior common leaflet to 
the interventricular septum can exaggerate 
this situation to the point of creating sig
nificant obstruction. Also, the attachment of 
the anterior and posterior common leaflets 
to the interventricular septum often resulted 
in loss of mobility of the A-V valves. Mi
tral stenosis was caused in some cases when 
the anterior leaflet of the mitral valve was 
reconstructed by suturing together com
pletely the mitral components of the an
terior and posterior common leaflets in the 
area of the "cleft." In the complete form 
of A-V canal, this resembles more a wide 
gap. Elsewhere10 it has been stressed that 
the tricuspid valve is not cleft in this condi
tion. In fact, the gap existing between the 
tricuspid components of the anterior and 
posterior common leaflets is between an an
terior leaflet of the tricuspid valve (see Fig. 
1A) or its equivalent (see Figs. IB and 1C) 
and a rudimentary tricuspid septal leaflet 
posteriorly. This gap should therefore be 
left alone lest its repair cause tricuspid de
formity or stenosis. 

The type of anatomy illustrated in Fig. 
1A, which is fortunately found in most 
cases, lends itself to the type of repair il
lustrated in Fig. 2. In these cases the an
terior common leaflet has a wider total area 
and it is divided into two portions, attached 
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medially to the septum; thus, the extent of 
the interventricular communication under
neath the leaflet is reduced. The repair il
lustrated in Fig. 2 aims at preserving as 
much as possible the mobility of the A-V 
valves. The reconstruction of the anterior 
leaflet of the mitral valve is carried out by 
approximation of the mitral portions of the 
anterior and posterior common leaflets start
ing at their bases but not carried out for 
the entire length of the "cleft." A better 
reconstruction of the mitral valve with 
avoidance of stenosis is thus achieved. An
other important feature of this repair is that 
the attachment of the medial edge of the 
reconstructed anterior mitral leaflet to the 
patch avoids obstruction to left ventricular 
outflow tract. 

In the types illustrated in Figs. IB and 
1C, a type of repair similar to that illustrated 
in Fig. 2 could be carried out, after the an
terior common leaflet is split, but it is doubt
ful that a satisfactory reconstruction of 
mitral valves may be achieved, because of 
the scarcity of A-V valvular tissue. In these 
cases it may be better to incorporate most 
of the available valvular tissue into the tri-
cuspid valve and to replace the mitral valve 
with a prosthetic valve. In view of the differ
ences in prognosis and the difficulty in 
repairing the various types of complete A-V 
canal, it is important to be able to diagnose 
preoperatively the exact anatomic variety. 
This may prove to be possible by left 
ventricular angiocardiography.9 

The lack of success in repairing the mal
formation in infants suggests that it is not 
advisable to try a complete repair before 
the patient is 3 years of age. Pulmonary 
artery banding may be considered for those 
younger patients with intractable congestive 
failure due to excessive pulmonary flow. 
The 2 such infants with the complete form 
of persistent common A-V canal so treated 
in our experience have received excellent 
palliation. 

Late results of intracardiac repair are 
encouraging, although mitral valve incompe
tence has not been completely relieved by 
the technique used in the past. It is too 

early to know whether or not the pro
posed new surgical technique may result 
in a more complete relief of mitral incom
petence. 

Summary 

Thirty-eight patients with the complete 
form of persistent common atrioventricular 
canal were operated upon at the Mayo 
Clinic between December, 1955, and Sep
tember, 1967. The hospital mortality was 
60 per cent prior to 1964. It was 20 per 
cent in the last 4 years (10 cases, including 
7 cases in which a new surgical repair was 
used). The incidence of heart block was 21 
per cent; only one instance occurred in the 
last 26 patients (after 1959). There were two 
late deaths. The 17 surviving patients have 
been free of symptoms and are leading 
normal lives. In most of them there is evi
dence of persisting mild or moderate mitral 
valve incompetence. The failures early in 
the surgical management were mostly as
sociated with heart block, infant age, and 
associated anomalies. More recently, with 
better selection of the patients, the failures 
were more closely related to mitral incom
petence which was incompletely relieved by 
the operation. 

The recognition of three anatomic types 
of complete atrioventricular canal has given 
a better understanding of the problems in
volved in surgical repair. A more appropri
ate type of repair is described and discussed. 
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