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Abstract

Background. Unroofed coronary sinus syndrome (UCSS) is rare and often associated with Left superior vena cava (LSVC).
We report our experience in 159 patients with UCSS during a 20-year period in terms of clinical features, diagnosis, associated
anomalies, surgical procedures and late outcomes. Methods. Between May 1998 and May 2019, 159 patients with UCSS were
treated surgically and followed up. UCSS was confirmed by preoperative echocardiography or CT scan in 97 patients and by
the surgeons during surgery in 62. LSVC directly drained into the left atrium (LA) was found in 100 cases. In these patients, 8
cases of LSVC were ligated, 59 cases were reconstructed the intracardiac tunnel to drain LSVC to right atrium (RA), and the
extracardiac procedure was constructed to lead the LSVC draining to RA in 2. The associated cardiac lesions were corrected
concomitantly. Results There were 5 hospital deaths. We followed up 143 early survivors, and there was no death. Except for one
case of avulsion of the patch in which LSVC was drained by internal tunnel, there were no serious complications in other follow-
up patients. Conclusion. UCSS is often misdiagnosed in the preoperative evaluation of congenital heart diseases. Preoperative
transthoracic echocardiography (TTE) is still the most important method in the diagnosis of UCSS. When associated with
LSVC, UCSS should be considered as a possible additional finding.We performed different surgical approaches to deal with the
different types of UCSS with LSVC with a good result.
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(Abstract ]

Background . Unroofed coronary sinus syndrome (UCSS) is rare and often associated with Left superior
vena cava (LSVC). We report our experience in 159 patients with UCSS during a 20-year period in terms of
clinical features, diagnosis, associated anomalies, surgical procedures and late outcomes.

Methods. Between May 1998 and May 2019, 159 patients with UCSS were treated surgically and followed
up. UCSS was confirmed by preoperative echocardiography or CT scan in 97 patients and by the surgeons
during surgery in 62. LSVC directly drained into the left atrium (LA) was found in 100 cases. In these
patients, 8 cases of LSVC were ligated, 59 cases were reconstructed the intracardiac tunnel to drain LSVC



to right atrium (RA), and the extracardiac procedure was constructed to lead the LSVC draining to RA in
2. The associated cardiac lesions were corrected concomitantly.

Results There were 5 hospital deaths. We followed up 143 early survivors, and there was no death. Except
for one case of avulsion of the patch in which LSVC was drained by internal tunnel, there were no serious
complications in other follow-up patients.

Conclusion. UCSS is often misdiagnosed in the preoperative evaluation of congenital heart diseases. Preop-
erative transthoracic echocardiography (TTE) is still the most important method in the diagnosis of UCSS.
When associated with LSVC, UCSS should be considered as a possible additional finding.We performed
different surgical approaches to deal with the different types of UCSS with LSVC with a good result.

(Key words ] Unroofed coronary sinus; Cardiac surgical procedures; Left superior vena cava; Echocar-
diography; Congenital heart disease

Introduction

UCSS is a group of rare, complex cardiac malformations caused by the absence of left atrial venous plica
during the development of the embryo, that is, the partial or complete defect of coronary sinus (CS) septum,
which lead to direct communication between CS and the LA. UCSS is often associated with LSVC (80% to
90%), whose overall incidence is about 0.3% to 0.5%, and incidence in congenital heart diseases is about 3%
to 10%][1]. Preoperative diagnosis used to be difficult because of the lack of specific clinical manifestations
and examination methods of UCSS. From May 1998 to May 2019, we treated 68740 cases of congenital heart
diseases, including 159 cases of UCSS (0.23%), which treated by different methods of operation and achieved
good effects. This paper is to summarize the clinical characteristics and surgical treatment experience, and
to provide reference for the preoperative diagnosis and treatment of such diseases in the operation, in order
to improve the curative effect

Methods
Patient Profiles

There were 67 males and 92 females. Their mean age was 15.7+17.2(range 0.3-59) years and median body
weight was 31.5+25.1 (range 3.4-85) kg. According to the morphologic type of UCSS classified as Kirklin and
Barratt-Boyes reported[2]: type I (completely unroofed with LSVC, Fig 1A ) 76 cases; type II (completely
unroofed without LSVC) 24 cases; type III (partially unroofed midportion) 34 cases; type IV (partially
unroofed terminal portion) 25 cases. Preoperative transthoracic echocardiography (TTE) were performed in
all cases, and 91 cases of all patients were confirmed by TTE preoperatively, while the remaining 6 patients
diagnosed before operation were found by CT scan. Among the 97 cases, 46 cases were type I, 16 were type
II, 21 were type III, 14 were type IV. The remaining 62 cases were diagnosed by intraoperative exploration.
Preoperative TTE confirmed 71 cases of LSVC (53 cases of type I, 14 cases of type III, 4 cases of type IV),
and 29 cases of LSVC were found by intraoperative exploration. The clinical classification and associated
cardiac malformations in 159 patients with UCSS are shown in Table 1.

Operative Technique

The operations were performed under general anesthesia and hypothermic cardiopulmonary bypass. 145
cases underwent thoracotomy through the median incision of the chest, 10 cases were admitted to the chest
through the right incisions, and 4 cases were admitted into the chest through infrasternal small incisions. If
LSVC exists, we would compare the diameter of bilateral superior vena cava and block LSVC. If the LSVC
pressure is greater than 16 mmHg or the left side of the neck appears cyanosis or venous engorgement,
it is positive result showing that there is no communication between LSVC and right superior vena cava
(RSVC), and LSVC can’t be ligated. LSVC drainage is necessary for surgeons to establish extracorporeal
circulation. If the block test result is negative, the LSVC can be ligated. UCSS and LSVC and other
associated intracardiac malformations will be treated simultaneously during the surgery.



Type 1 76 cases: 58 cases constructed the inner tunnel(Fig 1B~ C) along the posterior wall of the LA, and
LSVC was drained to the CS, and the atrial septum was closed with patch around the new ostium of the CS.
Four cases had no significant pressure increase of central veins or edema of head and face after obstructing
the LSVC, so their LSVCs were directly ligated, and the CS was separated into the LA by the atrial septal
patch. Nine cases underwent atrial septal resection, and then the large autologous pericardium (or polyester
patch) were slantwise arranged in the opened left and right atrium to create a baffle, separating the LSVC to
the right atrial side and the left atrial appendage, mitral valve and all pulmonary veins to the left atrial side.
Three cases of direct CS reroof by pericardium. One case used bovine pericardium to make extracardiac
conduit and connected LSVC and right atrial appendage and another extracardiac case underwent Glenn
procedure.

Type II 24 cases: 5 cases of atrial septal patch separated the CS into the LA and 13 cases into RA. Six cases
of direct CS reroof by pericardium.

Type III 34 cases: 16 cases were combined with LSVC, 1 of which was directly ligated. One case took
extracardiac method to connect LSVC to the right atrium. Three cases of LSVC were treated by intracardiac
tunnel or baffle and the rest were treated under the reroof procedures.

Type IV 25 cases: 8 cases were combined with LSVC (6 cases were drained to the CS, 2 cases to the LA),
among which 3 cases were directly ligated, 2 cases were reroofed the CS, and 3 separated the CS opening to
the right atrium by the atrial septal patch.

In 159 cases associated with other intracardiac malformations, 2 cases underwent palliative surgery due to
complex malformations, 157 cases underwent simultaneous correction of associated malformations. All 159
patients with LSVC and intraoperative treatment are shown in Table 2.

Results

The mean cardiopulmonary bypass time was 1284+73.9 min(347563 min). The mean aortic occlusion time
was 86.5446.3 min (187255 min). There were 5 cases of operative death, 4 cases of type I, 1 cases of type
IV, all of which were combined with LSVC.

Severe postoperative complications mainly included severe lung infection, perfusion lung, diaphragmatic
paralysis and anuria in 4 cases. In addition, 1 case of type I UCSS with RSVC deficiency and transitional
endocardial cushion defect was treated with pericardial piece to establish an internal tunnel to drain LSVC.
The avulsion of pericardial piece and narrow opening of internal tunnel were found by ultrasound after
operation, and the opening of RSVC was found by ultrasound 3 months after operation.

The other 149 cases recovered smoothly in early postoperative period, with a mean mechanical ventilation
time for 13.8 £ 11.7 h (2 7 63 h). Their mean postoperative hospital stay was 9.3+5.4 days (5736 days).
There was no arrhythmia after operations, and TTE examination before discharge showed no tunnel stenosis,
marginal residual shunt and pulmonary venous obstruction except the case above.

Among the survivors, 143 cases were followed up for 2 months to 18 years. One case had postoperative
residual ASD shunt, and 2 cases were newly diagnosed with discrete subaortic membranes 3 years after the
operation, 1 of which underwent surgical treatment. All cases received intracardiac treatment with LSVC
occurred no death and complications after operations.

Discuss

UCSS is rare and often associated with LSVC. There are 62.9% (100/159) patients with LSVC in our
series. The hemodynamic changes of UCSS depend on: (1) the presence of LSVC; (2) whether the CS
opening is expanded, constricted or occluded; (3) whether there is a communication between the CS and
the LA; (4) whether there are associated malformations such as the blood flow obstruction in the left or
right atrioventricular system[3]. In our series, only 18 cases were sole UCSS, the remaining 141 cases were
associated with other intracardiac malformations, the most common ones were associated ECD (40.9%,



65/159). Most clinical manifestations of UCSS should be analyzed comprehensively in combination with
other associated cardiac malformations.

Preoperative diagnosis

The clinical manifestation of UCSS is lack of specificity, which makes it difficult to diagnose before and during
the operation. In our series, 91 patients (57.2%) were diagnosed by TTE before operation, and 6 patients
(3.77%) were diagnosed by CT. Before 2008, only 14 of the 46 cases were preoperative diagnosed as UCSS
(30.4%), and after 2008, 81 of 113 (71.7%) cases were diagnosed before operation. It was precisely because of
the increased understanding of the pathological anatomy and pathophysiological features of UCSS, the rate
of preoperative diagnosis of UCSS in our hospital has improved significantly in recent years. It was reported
that the accuracy of UCSS diagnosis by preoperative TTE and acoustic angiography was 65% [4], and the
diagnosis rate of this series was quite similar after 2008.

TTE examination was easy to detect CS expansion, and suprasternal fossae scanning was easy to make it
clear the presence of LSVC and the communication via LIV and RSVC, while 80%~90% LSVC patients
without communications [5]. If the ultrasound didn’t detect the CS, it suggested completely unroofed type I
or type II. Therefore, careful attention should be paid to TTE or intraoperative exploration to avoid missed
diagnosis. Cardiac catheterization examination via the left upper limb venous catheterization was easy to
find LSVC; if catheterization via the right upper limb vein and catheter tip through the right atrium and
then appeared in the left superior mediastinum, it also suggested the presence of LSVC. It was reported
that it was more likely to diagnose UCSS using transesophageal echocardiography (TEE), real-time three-
dimensional echocardiography, or magnetic resonance imaging (MRI)[6-8]. In recent years, several cases of
TTE diagnosis errors have been reported, which have been diagnosed as UCSS by TEE, MDCT or MRI
[9-11].

Although preoperative diagnostic rates have improved markedly in recent years, careful intraoperative in-
tracardiac and extracardiac inspection remains critical. In our series, 62 cases (37.1%) were diagnosed by
intraoperative inspection. If it is found in intraoperative extracardiac inspection that LSVC does not con-
verge to the CS but directly into the LA, the malformation should be considered. If the expansion of CS is
detected in the right atrium, or red blood flows out of it, or the CS opening can’t be found, we should think
more of the presence of this malformation. When necessary, open the atrial septum and inspect the left and
right atrium together to diagnose [12].

Operative treatment of LSVC

The surgical treatment of UCSS depend on the type of the CS septal defect, but depend more on the presence
of LSVC and the communication between RSVC and LSVC, that is, more likely based on whether LSVC can
be ligated. The ligation criteria in this series of patients was that when obstructing the LSVC, the clamped
pressure was not higher than 16 mmHg, and no cyanosis and venous engorgement occurred in the left side
of the neck, then LSVC can be ligated. There were reports of the ligation when central venous pressure was
less than 30mmHg, although right upper limbs and fontanelle edema occurred in early postoperative period.
The patients recovered in a few weeks, and had no neurological complications [13].For those who have UCSS
without LSVC or with LSVC that can be ligated, it only need to repair ASD and close the CS opening, or
separate the CS opening to the LA when repairing the ASD by the patch, which resulted in a small amount
of right-to-left shunt that had no conspicuous physiological effects. The right-to-left shunt caused by pure
UCSS only accounted for 4% to 5% of the total blood flow. The impact was very small, and no symptoms
or cyanosis occurred. In our series, 8 cases (type I 4 cases, type III 1 case, type IV 3 cases) underwent direct
ligation of LSVC, the method is simple and effective, and no complications occurred after operation.

When associated with LSVC that can’t be ligated, the LSVC is rerouted to the right atrium, and different
types of CS septal defect require should be treated differently: (1) Intracardiac treatment: baffling or tun-
neling in the LA to drain the LSVC to the right atrium, and repair the septal defect [Fig 2]; (2) Extracardiac
treatment: there are several ways: LSVC-right atrium connection, LSVC-RSVC connection, LSVC-left pul-
monary artery connection[14-16]. The intracardiac treatment is the most classic method. Of the series 59



cases with UCSS underwent the left atrial tunnel, 22 intracardiac baffle repair, 4 of which died after the
operations, all associated with complex cardiac abnormalities and severe pulmonary hypertension and died
of postoperative pulmonary infection. Sixty-five cases were followed up after the operation, no death and
complications occurred. In the case of LSVC returning directly to the LA, LSVC often joins the LA anterior
to the left atrial appendage and the left pulmonary vein. The left pulmonary vein opening should be noted
during the operation so as to avoid obstruction of the left pulmonary vein. Intracardiac treatment required
a long operation time, with long duration of myocardial ischemia and postoperative complications such as
baffle residual shunt, patch damage, LSVC reflux obstruction, pulmonary venous obstruction, left ventricular
inflow tract obstruction and so on. In addition, the disadvantages of intracardiac approach are more obvious
for complex congenital heart disease or younger children with small LA. At this point, some authors believe
that an extracardiac approach might be better for correcting LSVC ectopic drainage [14]. When LSVC is
fully dissociated, connect it to the right atrium or RSVC through the anterior or posterior aorta. Gore -Tex
artificial blood vessels have also been reported to successfully connect the LSVC to the right atrium [15].
However, this method is not commonly used, because it may cause obstruction of the superior vena cava
or obstruction of the artificial blood vessel after operation which result from the compression of the large
vessels or the sternum.

The surgical indication of LSVC connection with the left pulmonary artery is the same as bidirectional Glenn
shunt, and for cases associated with pulmonary hypertension, this procedure is not appropriate. Therefore,
to deal with cases of LSVC directly drained to the LA, we would highly recommend the choice of intracardiac
method of rerouting LSVC, if the surgery is found difficult or ineffective, then the extracardiac treatment
would be an alternative method.

The operative effect of intracardiac tunnel in our series is good. The key lies in careful design and operative
techniques, and it is still the mainstream treatment, while the external cardiac method is suitable for few
cases, so we should choose carefully.

Conclusion

Congenital heart disease with LSVC should be aware of the presence of UCSS. Preoperative TTE is still
the main method to diagnose UCSS, and it can improve the diagnostic rate of TTE to strengthen the un-
derstanding of the pathologic anatomy and pathophysiological characteristics of this cardiac malformations.
According to the location of LSVC into the LA, different surgical methods were selected, and satisfactory
results were achieved. The mortality rate of this series of patients was 3.1% (5/159), the cause of death
mainly depends on the complexity and severity of the associated cardiac malformations.

Limitations

There were several limitations to this study. Firstly, because all the death occurred in associated complex
anomalies, and the short-term and long-term results of the surviving patients were good, no statistical
correlation study was conducted in this study. Secondly, all follow-up medical examinations were mainly
echocardiography. We did not carry out CT or MRI examination for patients with intracardiac tunnel or
extracardiac method, which can show the operation effects more clearly.
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Figure legends

Fig 1 Treatment of type I UCSS by constructing internal tunnel: A. Preoperative TTE showed that LSVC
drained into LA and CS was totally unroofed, associated with single atrium. B. Postoperative TEE showed
drainage of LSVC to CS by establishing intracardiac tunnel. C. During the operation, a straight drainage
tube was inserted into LSVC directly and the internal tunnel(arrow) was anastomosed along the tube.

Fig 2 Intracardiac treatment of LSVC drained into LA. A. Intracardiac baffle. B. Intracardiac tunnel.
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