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SUMMARY. An infant girl is described who had cor triatriatum and partial anomalous pulmo- 
nary venous connection of  the left pulmonary veins to the coronary sinus, the first report of  this 
combination of lesions. The infant also had a Dandy-Walker malformation and multiple facial 
and intrathoracic hemangiomas.  The cardiac diagnosis was made by two-dimensional echocar- 
diography. Cardiac catheterization and angiography confirmed the findings and also demon- 
strated a persistent left superior vena cava draining to the coronary sinus. The infant underwent 
successful surgical repair. Partial anomalous pulmonary venous connection and left superior 
vena cava not infrequently are associated with cor triatriatum. Although two-dimensional echo- 
cardiography is sensitive for the detection of  cor triatriatum, preoperative cardiac catheteriza- 
tion is necessary to identify unequivocally systemic and pulmonary venous connections.  

KEY WORDS: Cor triatriatum - -  Partial anomalous pulmonary venous connection - -  Doppler 
echocardiography - -  Two-dimensional echocardiography - -  Dandy-Walker malformation 

Cor triatriatum is a rare defect, initially, described in 
1868 comprising 0.1%-0.4% of congenital heart dis- 
ease [7, 8, 10]. In its usual form, an oblique fibro- 
muscular membrane containing a single orifice di- 
vides the left atrium into a proximal chamber (also 
termed accessory chamber) which receives the pul- 
monary veins and a distal chamber which contains 
the left atrial appendage and mitral valve [8, 16]. An 
atrial communication or patent foramen ovale join- 
ing the right atrium and distal chamber is often 
present. Patients typically have symptoms of pul- 
monary venous obstruction. 

Many variations of cor triatriatum have been 
described including those with no or multiple open- 
ings in the membrane [8, 15], an atrial communica- 
tion joining the right atrium and proximal chamber 
[7-9, 15, 16], drainage of some pulmonary veins to 
the distal left atrial chamber [7, 15] or anomalously 

Address reprint requests to: Dr. Robert L. Geggel, New England 
Medical Center, Division of Pediatric Cardiology, 750 Washing- 
ton Street, Boston, MA 02111, USA. 

to the right side of the circulation, or associated 
with other complex cardiac defects [6, 9, 15, I6].  
Symptoms can vary and include those caused by 
excessive pulmonary blood flow [9] and those 
caused by associated defects [7, 15]. There may be 
no symptoms if the opening in the membrane is 
large or multiple [8, 15]. 

Partial anomalous pulmonary venous connec- 
tion (PAPVC) is present in 9%-25% of patients with 
cor triatriatum [1, 2, 9]. Previous reports have de- 
scribed direct anastomosis of pulmonary veins to 
the right atrium [7, 15] or drainage to the superior 
vena cava either directly [7, 17] or via the vertical 
and innominate veins [2, 7, 9, 16]. The diagnosis of 
PAPVC associated with cor triatriatum can be diffi- 
cult and even missed at surgery [17] and has not 
been made previously by echocardiography. In this 
report, we describe a patient with cor triatriatum 
and a new associated variety of PAPVC, namely, 
drainage of the left pulmonary veins to the coronary 
sinus. The diagnosis was made by echocardi- 
ography, confirmed by cardiac catheterization and 
angiography which facilitated surgical repair. 



280 Pediatric Cardiology Vol. 8, No. 4, 1987 

Fig. 1. (A) Subxiphoid long-axis echocardiogram demonstrating the intraatrial membrane containing a single orifice (arrow) that 
subdivides the left atrium into a proximal accessory chamber (AC) receiving the fight pulmonary veins (RPV) and a distal left atrial 
chamber (LA). LV, left ventricle; and RA, right atrium. (11) Levophase of fight lower pulmonary artery angiogram demonstrating 
drainage of fight pulmonary vein (RPV) to accessory chamber (AC) and subsequent filling of distal left atrial chamber (LA) via stenotic 
opening in intraatrial membrane (arrow). 
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Fig. 2. (A) Subxiphoid long-axis echocardiogram with more posterior angulation than used in Fig. I A demonstrating a greatly enlarged 
coronary sinus (CS) draining into the right atrium (RA). AC, accessory chamber. (B) With additional posterior angulation, a left 
pulmonary vein (arrow) draining into the dilated coronary sinus (CS) is visualized. LV, left ventricle. 

Case Report 

A full-term infant girl was considered normal at birth except for a 
small red facial nevus. By two months of age, she was hypotonic 
and had extensive right-sided hemifacial orbital capillary heman- 
giomas with occlusion amblyopia and exophthalmos. At four 

months of age, computed tomographic scans of the head and 
chest demonstrated this lesion with extension into the orbital 
space and cavernous sinus, a Dandy-Walker malformation with 
mild hydrocephalus, small cerebellar hemispheres (fight more 
hypoplastic than the left), a retropharyngeal hemangioma with 
extension toward the mediastinum, and two separate intratho- 
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Fig. 3. Anterior-posterior angiogram with catheter positioned in left pulmonary vein (LPV) demonstrating drainage into the dilated 
coronary sinus (CS). RA, right atrium. (B) Anterior-posterior angiogram with catheter positioned in left superior vena cava (LSVC) 
demonstrating drainage of this structure into the coronary sinus (CS). Entry site of unopacified left pulmonary venous return can be 
seen (arrow). RA, right atrium. 

racic hemangiomas. At four months of age, she developed tachy- 
pnea considered secondary to the vascular malformation. She 
received systemic prednisone and aminocaproic acid with no 
improvement. Nasogastric tube feedings were initiated and 
maintained to provide adequate caloric intake. 

At seven months of age, the family relocated to Boston. On 
initial evaluation, the infant was acyanotic with weight 7.2 kg 
(25th percentile), length 66 cm (25th percentile), respirations 100/ 
min, and pulse 130/min. Extensive hemifacial hemangiomas were 
present. There were diffuse bilateral rhonchi. SI and $2 were 
single. There was no $3, $4, or ejection click. There was a grade 
u harsh systolic murmur along the left sternal border. Diastole 
was clear. The liver was palpable 2 cm below the right costal 
margin. 

A chest radiograph demonstrated situs solitus, cardio- 
megaly (cardiothoracic ratio 0.62), increased pulmonary vascular 
markings and mild interstitial edema slightly more prominent in 
the right hemithorax, hyperinfiation, and a widened superior me- 
diastinum, in addition, a right upper lobe posterior density and a 
paravertebral mass in the lower thoracic spine consistent with 
hemangiomas detected on previous computed tomographic stud- 
ies were present. An electrocardiogram showed normal sinus 
rhythm, right axis deviation, right atrial enlargement, and right 
ventricular hypertrophy. The hemoglobin was 12.5 gm/dl and 
hematocrit 38%. 

A two-dimensional echocardiogram (ATL Ultramark 8) in 
the subxiphoid long-axis view (Fig. IA) demonstrated a mem- 
brane in the left atrium containing a single orifice and which 
subdivided this chamber into a proximal portion receiving the 
right pulmonary veins and a distal chamber containing the left 
atrial appendage and mitral valve. With posterior angulation in 
the subxiphoid long-axis view (Fig. 2A and B), a greatly enlarged 
coronary sinus was visualized into which the left pulmonary 
veins drained. There was normal drainage of the hepatic veins to 
the right atrium and no coronary sinus septal defect. Doppler 

interrogation of the left atrial membrane estimated a 7 mmHg 
gradient between the proximal and distal chambers. 

Cardiac catheterization (Table 1) and angiography (Figs. I B 
and 3A and B) confirmed the echocardiographic findings. Right- 
sided oxygen saturations were elevated because of anomalous 
drainage of the left pulmonary veins into the coronary sinus; no 
pulmonary vein connected to the right superior vena cava or 
right atrium. The mean pulmonary arterial wedge pressure was 
normal in the left lung and elevated in the right. The distal left 
atrial chamber was entered from the right atrium via an anatomi- 
cally patent foramen ovale. A persistent left superior vena cava 
(LSVC), but no left innominate vein, was detected (Fig. 3B). The 
LSVC was identified on retrospective interpretation of the echo- 
cardiogram. 

At surgery, the patient was placed on cardiopulmonary by- 
pass and the LSVC was cannulated and occluded. The right 
atrium was incised and the atrial septum and left atrial mem- 
brane, which contained a single orifice, excised. The coronary 
sinus was incised longitudinally so that it emptied into the left 
atrium. An atrial septal patch was placed that occluded the right 
atrial orifice of the coronary sinus. The mean pressure in the 
LSVC was initially 14 mmHg, rose to 30 mmHg immediately 
after occlusion, and was 15 mmHg after intracardiac repair was 
complete, a pressure identical to that of the right SVC. The 
LSVC was ligated. A hypoplastic left innominate vein was 
present. In the postoperative period, the patient did not develop 
a SVC syndrome. Cranial computed tomographic studies per- 
formed four weeks later demonstrated no cerebral edema and no 
change in the degree of hydrocephalus. 

Discuss ion 

T w o - d i m e n s i o n a l  e c h o c a r d i o g r a p h y  is c o n s i d e r e d  

t h e  m o s t  s e n s i t i v e  m e t h o d  f o r  d i a g n o s i s  o f  c o t  t r i -  
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Table l .  Cardiac catheterizat ion data:' 

Source  Oxygen  saturat ion (%) Pressure  (mmHg) 

IVC 81 - -  
RSVC 86 h 
LSVC 77 7, 23 r 
CS 87 - -  
RA 85 
RV 84 55/8 
RPA 85 45/15 28 
LPA 84 55/20 32 
RPA wedge - -  17 
LPA wedge - -  
I~A proximal - -  Not  entered 
LA distal 94 
LV 95 110/10 

" CS, coronary sinus;  IVC, inferior vena  cava;  RA, right atr ium; 
RPA, right pulmonary  artery; RSVC, right superior  vena cava;  
RV, right ventricle; LA, left a tr ium; LPA,  left pu lmonary  artery; 
LSVC,  left superior  vena cava;  and LV, left ventricle. 
h Angiography demons t ra ted  reflux of  blood from the RA to the 
RSVC; there was no pulmonary  v e i n - R S V C  connect ion.  

Pressure  recorded after 15 s o f  occlusion by balloon-tipped end- 
hole catheter  positioned superior  to the left pu lmonary  veins  
entry sites. 

atriatum [10]. M-mode echocardiographic features 
are nonspecific and subtle [12, 14]; angiography 
may fail to demonstrate the membrane [I, 9, 101. 
Previous reports have outlined the two-dimensional 
echocardiographic features utilizing standard [101 
and transesophageal [12] views. The present report 
describes a case of cor triatriatum illustrating for 
the first time the echocardiographic detection of 
PAPVC associated with cor triatriatum, the associ- 
ation of PAPVC to the coronary sinus with cor tri- 
atriatum, and the Doppler estimation of severity of 
stenosis of the obstructing membrane. The catheter- 
ization and angiographic information complimented 
the echocardiographic findings, documented the 
suspected unilateral pulmonary venous obstruction, 
and demonstrated the persistent LSVC draining to 
the coronary sinus. 

Several development theories for cor triatri- 
atum have been proposed [4, 7, 8, 15, 16]. Of 
these, the entrapment theory [16] is consistent with 
most anatomic observations. This view contends 
that cor triatriatum is produced by an abnormality 
of the endothelium of the right horn of sinus veno- 
sus leading to incomplete incorporation of the left 
atrial ostium of the common pulmonary vein to the 
posterior portion of the primitive atrium. The ob- 
structing membrane is composed of left atrial and 
common pulmonary vein tissue [16]. When PAPVC 
is associated with cor triatriatum, the obstructing 
membrane is usually very stenotic. The elevated 

pressure in the proximal left atrial chamber contrib- 
utes to retention of some primitive channels arising 
from the cardinal or umbilicovitelline systems [15]. 
In patients with cor triatriatum who have PAPVC, 
involvement of the left pulmonary veins is more 
common [17], which contrasts with the usual pat- 
tern of isolated PAPVC in which the right pulmo- 
nary veins are involved ten times more frequently 
than the left [13]. The coexistence of PAPVC with 
cot triatriatum is suggested by detecting lobar or 
unilateral variation in pulmonary congestion on a 
chest radiograph [2] or pulmonary wedge pressures 
at catheterization [2], features present in our pa- 
tient. These findings are not specific and could be 
present in other conditions such as unilateral pul- 
monary vein stenosis, obstructive left atrial tumor 
or thrombosis, or extrinsic compression of the pul- 
monary veins. 

Coronary sinus anomalies associated with cor 
triatriatum have been previously described, includ- 
ing total anomalous pulmonary venous connection 
[9], atresia of the right atrial ostium of the coronary 
sinus [15, 16], coronary sinus septal defect [6], and 
persistent LSVC draining to the coronary sinus. A 
persistent LSVC occurs in 0.5% of the general pop- 
ulation [14], 3%-10% of patients with congenital 
heart disease [14], and 9%-32% of patients with cor 
triatriatum [I, 9, 16]. 

The preoperative detection of a persistent 
LSVC is helfpul in planning cardiopulmonary by- 
pass techniques. Approximately three-quarters of 
patients with LSVC have agenesis or hypoplasia of 
the left innominate vein [3]. Ligation of a LSVC 
without adequate collateral drainage may result in 
central nervous system injury or the SVC syndrome 
[3]. Preoperative balloon occlusion of the LSVC 
with an end-hole catheter has been proposed to 
evaluate the capacity of the collateral venous sys- 
tem. A mean pressure rise greater than I0 mmHg 
after 15-20 min of occlusion has been considered a 
contraindication to ligation [3, 6]; in such cases, a 
baffle can be placed to direct the LSVC solely to the 
right atrium or the LSVC can be directly reim- 
planted into the right atrium. The duration of bal- 
loon occlusion at catheterization seems to be impor- 
tant. The high LSVC pressure observed during 
acute occlusion during cardiac catheterization may 
have decreased if balloon inflation was maintained 
for a longer period. Since the pressures in the left 
and right SVC were identical after the patient was 
weaned from cardiopulmonary bypass, the LSVC 
was ligated. No deleterious effects were detected. 
Because the right atrial ostium of the coronary sinus 
was occluded and a coronary sinus-left atrial com- 
munication made for repair of the anomalously 
draining left pulmonary veins, persistent drainage 
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of  the LSVC into the coronary sinus would have 
been associated with cyanosis  and risk of  emboliza- 
tion and brain abscess [11]. 

The Dandy-Walker malformation is associated 
with a 10% incidence of facial angiomas and 5% 
incidence of  congenital heart disease [5]. Cardiac 
conditions include ventricular septal defect, patent 
ductus arteriosus, tetralogy of Fallot, aortic coarc- 
tation, and dextrocardia [5]. There are no previous 
associations with cor triatriatum. 

The preoperative diagnosis of  cor triatriatum 
and associated anomalies is important for success-  
ful surgical outcome [1]. In patients with cor tri- 
atriatum, PAPVC and persistent LSVC are rela- 
tively frequent and the possible presence of  these 
defects needs to be investigated. While some pa- 
tients have been referred to surgery directly after 
echocardiographic studies [10, 12], we feel that car- 
diac catheterization is necessary if systemic and 
pulmonary venous  connect ions  are not clearly iden- 
tified. 
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