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Abstract
Left-sided partial anomalous pulmonary venous connection to the coronary sinus is a rare congenital cardiac defect. Surgical 
repair is indicated to prevent cardiopulmonary morbidities that may occur in later age. Although the conventional median 
sternotomy or thoracotomy incisions are used during surgical repair, robotic surgery can be a feasible alternative approach to 
this pathology. In this case, we report a 14-year-old child, who was diagnosed with left partial anomalous pulmonary venous 
connection to the coronary sinus. A total endoscopic robotic repair was successfully done via right atriotomy approach. After 
routing of the pulmonary venous return from the left lung to the left atrium, the interatrial septum was reconstructed with 
a pericardial patch. We report a successful use of totally endoscopic robotic approach in a patient diagnosed with left-sided 
partial anomalous pulmonary venous connection.
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Introduction

Left-sided partial anomalous pulmonary venous connection 
(PAPVC) is a rare congenital cardiac defect in childhood 
[1–3]. This condition mostly presents with drainage of the 
left upper pulmonary veins to the left brachiocephalic vein 
by way of an anomalous vertical vein [1, 2]. The left pul-
monary veins are rarely directly connected to the coronary 
sinus (CS) or to the right atrium. Left-sided PAPVC may 
be associated with a partial or complete defect in the roof 
of CS, atrial septal defect and a left persistent superior vena 
cava [1]. In such cases, traditional incisions are mostly used, 

but minimally invasive or totally endoscopic approaches can 
be preferred as an alternative approach.

Case report

A 14-year-old male was presented to our centre with dysp-
nea on exertion that has been prolonging for 6 months. The 
patient weighted 66 kg with a height of 170 cm and a body 
mass index of 22.8 kg/m2. Physical examination was found 
to be normal. There was no cyanosis or abnormality of car-
diopulmonary system. However, transthoracic echocardiog-
raphy revealed anomalous drainage of the left pulmonary 
veins to the CS and to the right atrium with left ventricular 
ejection fraction of 65% and mean pulmonary artery pres-
sure of 15 mmHg. Transesophageal echocardiography (TEE) 
showed an enlarged CS and dilated right cardiac chambers 
with an atrial septal defect of 7 mm in diameter which was 
located at the orifice of the CS. The right pulmonary veins 
drained to the left atrium. Thorax computed tomography 
confirmed the left-sided PAPVC to the CS (Fig. 1) without 
anomalous systemic venous return.

During operation, the da Vinci SI robotic surgery system 
(Intuitive Surgical, Inc, Sunnyvale, CA, USA) was used. 
Following systemic heparinization, venous cannulation was 
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done through right internal jugular vein with right femo-
ral vein and arterial cannulation was done through femoral 
artery under TEE guidance. Right anterolateral minithora-
cotomy of 3–4 cm used as the working port was done. A 30° 
endoscope was inserted into the pleural space through the 
fourth intercostal space anteriorly to scan the thorax. Two 
additional instrumental ports were inserted through the third 
and fifth intercostal space. Atrial retractor was introduced 

through the fifth intercostal space anteriorly. Carbon dioxide 
(2 l/min) was insufflated through the trocar in the fifth inter-
costal space that was used to insert atrial retractor.

After initiation of cardiopulmonary bypass, the robotic 
right and left instruments, surgical endoscope, and atrial 
retractor were inserted into the right hemithorax. Ventilation 
of the lungs was terminated and a pericardiotomy incision 
was done 2 cm above and parallel to the right phrenic nerve 
to expose the aorta, vena cava inferior/superior, and the 
right atrium. Then, a long-shafted cardioplegia cannula was 
placed at the right anterolateral side of ascending aorta. This 
cannula was inserted through the working port, snared, and 
fixated. A transthoracic aortic cross-clamp was introduced 
into the right hemithorax through the fourth intercostal space 
in the mid-axillary line. After clamping the ascending aorta, 
cardiac arrest was achieved using antegrade blood cardiople-
gia solution. Both vena cava were occluded using atraumatic 
vascular bulldog clamps. An oblique right atriotomy incision 
was done away from the sinus node to avoid iatrogenic injury 
of the sinus node and its feeding artery. We observed an 
enlarged orifice of the CS and mild pulmonary venous blood 
draining the left lung (Fig. 2a) in the right atrium cham-
ber. A small atrial septal defect was located at the terminal 
portion of the CS. Our plan was to re-route the pulmonary 
venous blood from the left lung to the left atrium (Fig. 3). 
First, atrial septostomy was done to create a large commu-
nication between the right and left atria, and the roof of the 
coronary sinus was exposed (Fig. 2b). Then, a “cut back” 

Fig. 1  Image shows anomalous drainage of left pulmonary veins to 
the coronary sinus. CS coronary sinus, LA left atrium, LPV left pul-
monary vein, RA right atrium

Fig. 2  After right atriotomy and septostomy a, b, the coronary sinus 
is unroofed (b) resecting a V-shaped tissue piece (dotted line). Septal 
defect was closed c, d with a bovine pericardial patch (asterisk). AS 

atrial septum, CS coronary sinus, LA left atrium, MV mitral valve, TV 
tricuspid valve
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incision was made to resect a V-shaped tissue along the roof 
of the CS (Fig. 2b, c). The unroofing of the CS enabled us to 
create an unrestricted communication between the left pul-
monary venous return and the left atrium. Finally, the large 
interatrial communication was closed using bovine pericar-
dial patch leaving the orifice of the CS and left pulmonary 
venous return to the left atrium (Fig. 2d). After closure of 
right atriotomy, the aortic cross-clamp was released, and the 
heart started beating spontaneously on sinus rhythm. The 
patient was weaned from cardiopulmonary bypass unevent-
fully. A 32-F chest tube was placed in the right hemithorax. 
The robotic instruments and trocars were removed, and the 
incisions were sutured. Cardiopulmonary bypass and aortic 
clamping times were 68 and 35 min, respectively.

Postoperative transesophageal echocardiography dem-
onstrated no residual shunt. The patient was discharged on 
postoperative day 3 and was clinically well after 6 month 
follow-up period.

Discussion

The repair of PAPVC is traditionally made using median 
sternotomy and, in some cases, thoracotomy incisions. 
Robotic surgery is mostly used as an alternative to these 
incisions in patients with mitral valve pathologies, ischemic 
heart disease, intracardiac tumors, and atrial septal defects 
[4–6]. However, it can also be a feasible approach in some 

types of PAPVC of the left and right upper pulmonary veins 
[2, 3]. In the literature, there are still limited data on the 
feasibility and safety of minimally invasive robotic repair of 
this pathology. Recently, total endoscopic robotic repairs of 
partial left upper PAPVC to the innominate vein and right 
PAPVC to the right atrium have been reported [2, 3]. In 
the first case, Pirelli et al. [2] showed minimally invasive, 
robotically assisted, off-pump technique for correction of left 
upper PAPVC. The authors used Da Vinci robot for medi-
astinal dissection and isolation of the distal segment of the 
left superior anomalous pulmonary vein from the brachio-
cephalic vein. In this case, anastomosis of the pulmonary 
vein to the left atrial appendage was performed under direct 
vision through left thoracotomy incision. In the other case, 
Onan et al. [3] showed the feasibility of robot-assisted repair 
of right PAPVC to the right atrium. The authors made a large 
atrial septectomy and then re-routing of the right anomalous 
pulmonary venous return to the left atrium using pericardial 
patch. To the best of our knowledge, this is the only case of 
robotically assisted repair of a left PAPVC to the CS to have 
been reported.

Technically, surgical management of left PAPVC to the 
CS includes re-routing of the left pulmonary venous blood 
flow to the left atrium. This prevents left-to-right shunting, 
increased pulmonary blood flow, and systemic desaturation 
[1]. Following atrial septostomy, a large communication 
should be created between the roof of the CS and the left 
atrium (unroofing), which allows an unrestricted return of 

Fig. 3  Illustration of surgical technique after right atriotomy (a) and 
septostomy (b), the coronary sinus is unroofed and left pulmonary 
venous drainage was directed to the left atrium (c). Interatrial com-

munication was closed with a patch (d). CS coronary sinus, IVC infe-
rior vena cava, MV mitral valve, SVC superior vena cava, TV tricuspid 
valve
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pulmonary blood flow to the left atrium. A restrictive com-
munication may cause increased pulmonary venous pres-
sure in the left lung and desaturation. The use of a larger 
patch for closure of interatrial septum also decreases the 
risk of restricted blood flow from the pulmonary veins. The 
repair technique is feasible with robotic approach, but the 
surgeons should exclude additional cardiac pathologies pre-
operatively to prevent unexpected complications during pro-
cedure. Specifically, in adolescents, the thoracic cage should 
be well developed to make a proper docking and feasibility 
of robotic procedure.

Chest wall size is an important predictor of the feasibility 
of robotic cardiac procedures, especially in small patients 
[7]. The docking procedure or placement of the robotic arms 
of DaVinci Si endoscopic system needs a relatively large 
area on the anterolateral chest wall. If all robotic instruments 
are positioned in a narrow area, the arms of the patient-side 
unit may collide and affect the feasibility of procedures. 
Besides, if the intercostal spaces are relatively narrow and 
the height of the thoracic cage is limited, the placement of 
the robotic instruments can be difficult or impossible for 
a cardiac procedure. Moreover, the thickness and size of 
trocars that are used to insert robotic instruments, endo-
scope, and retractor into the chest cavity is another issue for 
robotic set-up in small patients. These are main limitations 
for the use of robotic system in small patients. In our 5-year 
experience, the youngest case was 13-year-old female with 
a weight of 40 kg and a height of 140 cm. In this case, the 
width of intercostal space was almost 1 cm. In addition, no 
patient less than 13 year of age was operated robotically due 
to limitations of set-up procedure in small patients. How-
ever, this problem can be eliminated in DaVinci Xi system 
due to very thin robotic arms and endoscope as well as due 
to different set-up of the robotic system. However, we still 
need more specific and advanced robotic systems in the 
future to be able to perform robotic cardiac procedures in 
small patients.

In addition, a pediatric robotic surgery program is neces-
sary for cardiac surgeons to address the initial education and 
training requirements [7]. It has been recommended that the 
practitioners should have preclinical and clinical education 
and training programs before application of robotic skills 
on small patients. With an increasing experience in adults, 
robotic surgery teams may perform totally endoscopic car-
diac operations in small patients. It has been speculated 
that a satisfactory learning curve needs an initial 20 cases. 
We have proved this hypothesis in our experience, because 
all team members including anesthesiologist, perfusionist, 
technicians, intensivists, and surgeons do a totally different 
surgical procedure. In each step of operations, each mem-
ber of the robotic surgery team has a different set-up and 
approach. In the early period of our experience, operative 
times for atrial septal defect closure were slightly longer 

than the conventional procedures. After the learning curve 
period, cardiopulmonary bypass, aortic clamping, and opera-
tion times became comparable to the conventional case, as 
done in the current case. Hospital stay of a robotic case is 
also comparable to the conventional cases [3–6, 8]. In our 
experience, almost 200 cases of atrial septal defect closure 
have been performed during the last 5 years. In addition, we 
perform two or three robotic cases in a week, and therefore, 
we are ready for repair of suitable cardiac pathologies. We 
may conclude that the feasibility and surgical strategy of 
robotic repair should be considered preoperatively, and asso-
ciated anomalies should be excluded to prevent unexpected 
complications during operation.

In robotic surgery, skin incisions are very limited, bleed-
ing is minimal and postoperative return to daily life is 
quicker [3]. The dynamic robotic atrial retractor and endo-
scopic three-dimensional view greatly enhance the exposure 
of intracardiac structures such as tricuspid and mitral valve, 
coronary sinus, pulmonary veins, and cardiac chambers. 
Despite the advantages of robotic surgery, the lack of tactile 
feedback is a major disadvantage during manipulations on 
atrial wall, pericardial patch, and suture needles. The tra-
ditional incisions should be preferred in more complicated 
cases of PAPVC and associated anomalies.

In conclusion, we present a unique application of totally 
endoscopic robotic surgery in a case of left PAPVC with 
a favorable outcome. This procedure requires training and 
maintenance of skills in robotic cardiac surgery.
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