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Amaç: Büyük arter transpozisyonu (TGA) tanısı ile ameli-
yat edilen bebek hastalarda Senning işleminin orta dönem 
cerrahi sonuçları değerlendirildi.

Çalışma planı: Büyük arter d-transpozisyonu (d-TGA) 
tanısı ile ameliyat edilen yedi hasta (ort. yaş 23.6±32.5 
ay; dağılım 6-96 ay ve ort. ağırlık 9.6±4.6 kg; dağılım 
7-20 kg) çalışmaya dahil edildi. Yedi hastanın üçünde basit 
TGA ve atriyal septal defekt gözlendi, kalan dört hastada 
ise kompleks TGA (ventriküler septal defekt ve pulmoner 
stenozlu) vardı. Senning ameliyatı öncesi dört hastada 
(%57) balon atriyal septostomi yapılmış idi. Ortalama 
ameliyat öncesi pulmoner arter basıncı 34.6±27.5 mmHg 
idi. Ameliyat öncesi ortalama sistemik arteriyel oksijen 
satürasyonu yüzde 76.3±9.2 idi. Ameliyat öncesi New York 
Heart Association (NYHA) sınıflandırması altı hastada 
(%86) fonksiyonel sınıf II ve bir hastada (%14) sınıf III idi. 
Retrospektif olarak analiz edilen parametreler kardiyo-
pulmoner bypass zamanını, aortik kros klemp zamanını, 
mekanik ventilasyonu süresini ve yoğun bakımda kalma 
süresini içermekteydi.

Bul gu lar: Bir hasta (%14) ameliyat sonrasında hastanede 
kaybedildi. Ortalama kardiyopulmoner bypass zamanı 
155.9±23.6 dakika ve aortik kros klemp zamanı 99.9±23.5 
dakika idi. Ameliyat sonrasında komplet atrioventriküler 
blok gelişen ve kalıcı pacemaker yerleştirilen bir hasta 
dışında tüm hastalar normal sinus ritminde kaldı. Bir has-
tada hafif süperiyor vena kava baffle obstrüksiyonu gelişti 
ve ortalama gradyan 2 mmHg olarak ölçüldü. Ortalama 
takip süresi 20.4±18.3 ay idi. Beş hasta (%84) NYHA 
fonksiyonel sınıflandırmasına göre sınıf I olarak değer-
lendirildi.

Sonuç: İnfant döneminde d-TGA’lı hastalarda gerçek-
leştirilen Senning işlemi düşük mortalite ve morbidite 
oranları ile orta dönemde izlem sürecinde güvenli bir 
ameliyattır.
Anah tar söz cük ler: Morbidite; mortalite; Senning işlemi; büyük 
arter transpozisyonu.

Background: This study aims to evaluate the mid-term 
surgical results of Senning procedure in infant patients 
with transposition of great arteries (TGA).

Methods: Seven patients (mean age 23.6±32.5 months; 
range 6 to 96 months and mean weight 9.6±4.6 kg; range 
7 to 20 kg) who underwent operation with the diagnosis 
of d-transposition of great arteries (d-TGA) were included 
in the study. Simple TGA with atrial septal defect was 
observed in three of the seven patients and in the remain 
four patients complex TGA (ventricular septal defect and 
pulmonary stenosis) was present. Before Senning operation, 
four (57%) patients had undergone balloon atrial septos-
tomy. Mean preoperative pulmonary arterial pressure was 
34.6±27.5 mmHg. Mean preoperative systemic arterial oxy-
gen saturation was 76.3±9.2 percent. Preoperatively, New 
York Heart Association (NYHA) functional class II was 
observed in six (86%) patients and class III in one (14%) 
patient. The retrospectively analyzed parameters included 
cardiopulmonary bypass time, aortic cross-clamp time, 
mechanical ventilation duration, and intensive care unit stay.

Results: One (14%) patient died in the hospital after 
the operation. Mean cardiopulmonary bypass time was 
155.9±23.6 minutes and aortic cross-clamp time was 
99.9±23.5 minutes. Postoperatively all patients remained in 
normal sinus rhythm, except for one patient who developed 
complete atrioventricular block and this patient required  
a permanent pacemaker. Mild superior vena cava baffle 
obstruction developed in one patient with a mean gradient 
of 2 mmHg. The mean follow-up was 20.4±18.3 months. 
Five (84%) patients were classified as class I according to 
the NYHA functional classification.

Conclusion: Senning procedure performed in patients 
with d-TGA during infancy period is a safe operation 
with low mortality and morbidity rates in the mid-term 
follow-up.
Key words: Morbidity; mortality; Senning procedure; transposi-
tion of great arteries.
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Transposition of the great arteries (d-TGA) is observed 
in approximately 1:2100 to 1:4500 of all live births and 
constitute about 10% of all congenital heart diseases 
observed in childhood.[1] Transposition of the great 
arteries is characterised by atrioventricular (AV) con-
cordance and ventriculo-arterial discordance. The cir-
culatory mixing occurs via a patent ductus, ventricular 
septal defect (VSD) or atrial septal defect (ASD). If ASD 
or VSD is not present, the physiological closure of the 
ductus causes abrupt cyanosis. Cyanotic babies may be 
treated percutaneously with a Rashkind[2] atrial balloon 
septostomy. Creating an atrial septal defect in patients 
with d-TGA dramatically improves their oxygenation. 
Advances in the pediatric echocardiographic exam in 
the neonatal period provide early diagnosis of d-TGA. 
A definitive surgical procedure in these babies is the 
arterial switch operation. The aim of the arterial switch 
operation is to achieve complete physiological and ana-
tomical repair. Recently, in many centers, this procedure 
is usually performed with success and the mortality 
rates have improved considerably.[3] The necessity of 
performing Senning operations has diminished and it is 
less frequently done compared to arterial switch opera-
tions.

The first atrial switch procedure was performed by 
Senning in 1958 and involves the creation of an atrial 
baffle from autologous tissue to direct the venous return 
to the contralateral AV valve and ventricle. As a result, 
oxygenated blood from the pulmonary venous return 
is directed into the morphological right ventricle (RV) 
and deoxygenated blood from the vena cava is directed 
to the mitral valve. Operative mortality of the Senning 
procedure ranges from 0% to 15.7%.[4]

Our goal in this study was to evaluate the factors that 
are involved in the development of systemic ventricu-
lar dysfunction and to investigate the most commonly 
observed postoperative parameters that are important 
in the follow-up after the Senning procedure. The 

investigated postoperative parameters include; tricuspid 
regurgitation, rhythm disturbances and atrial baffle 
obstruction or leaks.

PATIENTS AND METHODS
Patients

Between January 2005 and October 2009, seven patients 
(6 boys, 1 girl; mean age 23.6±32.5 months; range 6 to 
96 months) underwent the Senning procedure and a ret-
rospective analysis of their data was performed through 
the evaluation of their charts. The study design includes 
retrospective chart investigation, prospective phone calls 
and clinical follow-ups. Patient consent was obtained 
during admission to the hospital for all procedures and 
research purposes and the study was conducted after 
approval of the Institutional Ethical Committee.

The preoperative diagnosis was simple TGA with 
ASD in three patients and complex TGA (VSD, PS) in 
four patients. Before the Senning operation, four (57%) 
patients required balloon atrial septostomy (Table 1). A 
total of six survivors (86%) out of seven patients had fol-
low-up visits every six months at our institution. During 
this visit, all patients had history, physical examination, 
electrocardiogram (ECG), radiography and echocar-
diography and valve-related complications, arrhythmias 
and NYHA (New York Heart Association) classification 
were also evaluated.

Transthoracic echocardiography was performed 
in follow-up visits using a Vivid three System (GE, 
Vingmed Ultrasound, Horten, Norway). The severity of 
baffle obstructions, valve competences, ventricular end-
diastolic and end-systolic dimensions, atrial diameters 
and systolic pulmonary artery pressures were evaluated.

Surgical Procedure

 All repairs were performed through a median ster-
notomy and under cardiopulmonary bypass (CPB) with 

Table 1. Demographic characteristics
 Case Age Weight BSA Echocardiographic Surgery Follow-up NYHA Outcome
 no (months/gender) (kg)  findings  (month) class

 1 96/M 20 0.98 TGA, ASD (BAS) SP 69 II Well
 2 24/M 8.3 0.41 TGA, ASD (BAS) SP 22 II Well
 3 11/M 8 0.42 TGA, ASD (BAS), VSD SP – – Died
 4 9/M 7.3 0.43 TGA, ASD, VSD, PS SP 14 I Well
     VSD closure
 5 6/F 7 0.37 TGA, ASD, VSD, PS SP 16 II Well
     VSD closure
 6 10/M 7.5 0.44 TGA, ASD (BAS) SP 18 I Well
 7 9/M 9.3 TGA, ASD, VSD TGA, ASD, VSD SP 4 II Well
      VSD closure
BSA: Basal surface area; NYHA: New York Heart Association classification; TGA: Transpositon of great arteries; ASD: Atrial septal defect; BAS: Balloon atrial 
septostomy; PS: Pulmoner stenosis; SP: Senning procedure; VSD: Ventricular septal defect.
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moderate hemodilution and hypothermia (28 °C). After 
pericardiotomy, the right atrium was marked with two 
stitches (A and B) indicating the site of the planned right 
atriotomy. Another line (B and D) was planned for left 
atriotomy at the level of the crista terminalis. A small 
nick incision was performed on the right pulmonary 
vein (E) (Fig. 1). The preferred cannulation technique 
requires that it is performed at a distance as far as pos-
sible outside of the right atrium. Standard techniques 
were performed during CPB. After cross-clamping, 

cardioplegia was administered. A right atriotomy was 
performed through A and B lines and an incision was 
made into the interatrial septum around the limits of 
the fossa ovalis. Coronary sinus cutback was done to 
augment the venous baffle pathways. A posteriorly 
based flap was created with a small pericardial patch 
and lowered into the left atrium. A suture was placed 
above the orifices of the left pulmonary veins (Fig. 2). 
The systemic venous tunnel was completed by suturing 
the free edge of the right atriotomy around both caval 
orifices. The systemic venous pathway was directed 
into the mitral valve. Pulmonary venous rerouting was 
accomplished after a horizontal incision was made into 
the left atrium, parallel to the interatrial groove. Also a 
nick was done to expand the orifice area of pulmonary 
venous return through the tricuspid valve into the right 
ventricle. If there was a suspicion of pulmonary venous 
pathway obstruction, than a small pericardial patch 
could be placed over the right superior pulmonary vein 
(Fig. 3). In patients with VSD, a continous 5/0 prolene 
suture was used for closure. In all these three patients 
pulmonary stenosis was mild therefore no additional 
procedure was done (Table 1). The free edge of the right 
atrium was brought down to the left atriotomy incision. 
A shallow bite should be taken over the entrance of the 
superior vena cava to the right atrium or the suture line 
could be placed over the superior vena cava (Fig. 4).

RESULTS
The mean weight of the patients was 9.6±4.6 kg (range 
7 to 20). The mean basal surface area (BSA) was 
0.49±0.22. Preoperative New York Heart Association 
(NYHA) functional class II was observed in six (86%) 
of the patients and class III was seen in one (14%) 

Fig. 1. (a, b) Right and (c, d) left atrial incisions. (e) A nick over 
the right pulmonary vein.

Fig. 2. Coronary sinus cutback, a posteriorly based flap were 
shown. A suture was placed above the orifices of the left pulmo-
nary veins.

Left Pulmonary vein

Coronary sinus
cutback

Predicted line of
anostomosis

Fig. 3. Creation of pulmonary venous pathway.
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patient. Mean preoperative pulmonary arterial pressure 
was 34.6±27.5 mmHg. Mean preoperative systemic 
arterial oxygen saturation was 76.3±9.2%.

Surgery was done with moderate hypothermia 
(25.4±1.6). Mean CPB was 155.9±23.6 minutes and 
aortic cross-clamp time was 99.9±23.5 minutes. The 
average duration of follow-up was 20.4±18.3 months 
(range 5 to 96).

Postoperatively, six patients remained in normal 
sinus rhythm and only one patient (17%) developed 
complete atrioventricular block. This patient required a 
permanent pacemaker. Mild superior vena cava baffle 
obstruction developed in another patient and a mean 
gradient of 2 mmHg was observed. One patient (14%) 
died due to sepsis in the early postoperative period. 
Postoperatively, the NYHA functional class of six late 
survivors was class I to II in five (84%) and class III in 
only one.

DISCUSSION
In d-TGA, the normal position of the arteries is reversed 
with ventriculoarterial discordance. In this pathology, 
early surgery is essential for the survival of the patient. 
The arterial switch operation restores the morphologic 
left ventricle and mitral valve to the systemic circula-
tion. Recently, many authorities on this topic agree that 
the arterial switch operation is the optimal treatment for 
transposition of the great arteries in the neonatal period 
showing good results in the follow-up period.[5]

After the neonatal period of life, in approximately 
half of the infants with d-TGA and an intact ventricular 

septum the left ventricle functions deteriorates.[6] In this 
situation, the Senning procedure could be an alterna-
tive surgical procedure to arterial switch operation in 
the early infancy period. The Senning operation was 
first performed by Ake Senning in 1959. This opera-
tion was considered as a complex surgical procedure 
that requires technical experience. One of the most 
significant complications after the Senning procedure 
for physiologic repair of transposition is dysfunction of 
the systemic (morphologically right) ventricle and/or 
atrioventricular valve.[7]

In 1964, Mustard[8] started to use a new technique 
involving the use of a large pericardial patch to redirect 
the venous return. This technique is considered less 
complicated and easier to perform but it is associated 
with serious complications such as obstruction in the 
caval and pulmonary venous pathways, increased inci-
dence of arrhythmias and development of right ventricu-
lar dysfunctions.[9,10]

The Senning operation is an alternative to the 
two-stage arterial switch operation after the neonatal 
period.[11] The atrial switch operation has been evalu-
ated extensively in the literature and the findings of the 
studies determine that it is associated with low risk of 
postoperative complications and favorable long-term 
results in infants with d-TGA.[11-13] Another indication 
for the Senning procedure is palliation of patients with 
pulmonary vascular disease from an associated ven-
tricular septal defect. The Senning procedure improves 
the arterial oxygen saturation in patients who would 
not tolerate a combined procedure of ventricular septal 
defect closure and arterial switch. The atrial switch 
operation is also required in patients with congenitally 
corrected transposition and this operation includes both 
a venous and an arterial switch (double switch) proce-
dure.[11] Furthermore, the Senning procedure could be a 
surgical option in isolated ventricular inversion and in 
this pathology there is AV discordance with ventriculo-
arterial concordance as well.[12]

In our study, nine months after the operation, one 
patient (8 years-old) developed complete AV block 
and this rhythm disturbance was treated by implanta-
tion of permanent pacemaker. Sinus node dysfunction 
is common in older ages, and the reason is related to 
the damage of the sinus node and atrial conduction tis-
sue. Development of both atrial bradyarrhythmias and 
tachyarrhythmias are late complications of atrial baffle 
surgery and these are likely to occur in the late-term 
period.[13] In the series of Gelatt et al.,[14] sinus rhythm 
was present in 77% of the patients at five years and in 
only 40% of the patients at 20 years. Atrial arrhythmias 
can precipitate a significant deterioration in systemic 
ventricular function, and in general, sinus rhythm should 

Fig. 4. Completion of pulmonary venous pathway by a shallow 
bite over the entrance of the superior vena cava to the right atrium 
or the suture line can be placed over the superior vena cava.
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be restored when possible. Antiarrhythmic drugs should 
be used in caution and precipitation of heart blocks 
should be prevented.

In our study, the echocardiographic examinations 
in the follow-up periods showed that none of the late 
survivors developed right ventricular dysfunction or 
tricuspid regurgitation. After the Senning procedure, 
the RV is the systemic ventricle. Right ventricle dys-
function and tricuspid regurgitation may be seen in the 
late-term follow-up period. Mild to moderate tricuspid 
regurgitation is frequent in adult survivors and tends 
to worsen progressively. Both RV dysfunction and tri-
cuspid regurgitation increase the propensity for atrial 
arrhythmias.[15]

One of our patients had mild superior vena cava 
obstruction. Narrowing of the intra-atrial buffle is a 
rare late complication but should always be assessed by 
transthoracic Doppler echocardiography.[16] The superior 
vena cava is more commonly involved than the inferior 
vena cava and this may produce superior vena cava syn-
drome (SVC syndrome). Inferior vena cava obstruction 
may cause hepatic congestion or cirrhosis. In a meta-
analysis by Graham et al.,[17] it is reported that both caval 
obstruction and pulmonary venous stenosis are more 
frequent after a Mustard operation than after a Senning 
operation.

In our study, mean pulmonary artery pressures in 
most of the patients were above 35 mmHg, however, 
pulmonary stenosis was observed in only two patients. 
Pulmonary hypertension is a serious complication of 
the Senning procedure that survives to adulthood. The 
exact cause is not completely clear, but patients appear 
more likely to develop pulmonary vascular disease if an 
operation is performed after the infancy period.[18]

Diminution of early left ventricular filling has been 
reported after both Mustard and Senning operations in 
several publications and was also assessed by Doppler 
ultrasound.[19] In the study by Reich et al.,[20] it was 
reported that in patients who underwent atrial correction 
of transposition of the great arteries, there was reduced 
exercise tolerance and inability to increase cardiac 
output on exercise. These findings suggest that there is 
inability to increase the flow over the intra-atrial baffle. 
Impaired left ventricular filling may be a major factor 
influencing performance of patients after intra-atrial 
correction of transposition.

After atrial switch operations arrythmias, baffle 
leak, systemic or pulmonary return obstructions, RV and 
tricuspid valve insufficiencies can be observed as late 
period complications. The short- and mid-term results of 
follow-ups of arterial switch operations provide data that 
it has better clinical outcomes in the short and mid-term 

periods in comparison with the atrial switch operations. 
For this reason, in recent studies it is reported that the 
arterial switch operation (also called the Jatene proce-
dure) is a more commonly preferred method.[21-25] The 
most important advantage of performing an arterial 
switch operation is that the left ventricle (LV) becomes 
the systemic ventricle after the operation. The structural 
characteristics of RV prohibits its use as a systemic ven-
tricle and its work is restricted against a highly pres-
surized systemic flow. The right angle between the 
RV entrance and exit pathways provides a comma like 
figure to the RV cavity. For this reason, when the ven-
tricle contracts, a peristaltic flow occurs from inflow 
to outflow tract. The ellipsoid configuration of the LV 
causes a spiral shaped flow. This causes a strong and 
rapid blood flow. In the RV cavity, the connection parts 
of the papillary muscles to the tricuspid valve are shaped 
in triangular form. The muscle spindle that connects to 
the septal part of the valve are in opposite direction to 
the muscle spindles that connect to the free wall. In this 
way, the dilatation in the RV cavity increases the dis-
tance between these connection parts. Finally, closure of 
the tricuspid valve leaflets are prevented that eventually 
causes development of tricuspid valve insufficiency.[26]

Nowadays, the arterial switch operation is the first 
surgical option in the treatment of TGA in many cen-
ters. After the neonatal period other surgical treatment 
modalities can be done depending on the surgical team 
experience and patient characteristics. In our clinic, 
the Senning procedure is the surgical treatment in 
patients with late referral and inadequate left ventricul 
functions. 

In our series, the mortality rate was 14%. Operative 
mortality of the Senning procedure ranges from 0 to 
15.7%. This depends on the slower learning curve and 
experience of the team. Most patients showed physi-
cal growth and an active childhood period after the 
surgery.

In conclusion, after the newborn period, in certain 
situations, the Senning procedure can be performed 
safely and our mid-term follow-up results demonstrate 
low morbidity and mortality in patients with d-TGA.

Study limitation

This study has a relatively small sample size. The 
strength of our study is that our single center experience 
provides uniformity of surgical techniques and periop-
erative care.
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