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Abstract: Objective: Summarise the analysis of experience and effect of surgical treatment of total anomalous
pulmonary venous connection (TAPVC) on neonates. Method: there were 54 patients of neonates TAPVC selected
from March, 2011 to March, 2015, among the surgical treatments in our department, including 33 males and 21 fe-
males. Operation age is 6 days -28 days (15+4.6) days, weight is 2.6-4.5 kg (3.7+£0.96) kg. Among them, 33 patients
are supracardiac type (28 patients’ vertical veins were located on the left, and 5 patients’ were located on the right),
3 patients are infracardiac type, 16 patients re inner-acardiac type, and 1 patient is mixed type. Supracardiac type
and parts of the infracardiac type of TAPVC in which the veins meet in the middle of the chest, so that the pulmonary
vein can be routed through the diaphragm as side-to-side anastomosis, and another part of infracardiac type TAPVC
adopts the treatment of left atrial anastomosis, ligature or cutting transfixion of the vertical vein. Inner-acardiac type
and mixed type TAPVC adopt right axillary incision, which can fully cut down the top of coronary vein and left atrium
and atrial septum, so that the pulmonary vein and left atrium can be connected smoothly, meanwhile, the top of the
coronary vein shall be separated from the top of the left atrium. Extracorporeal circulation time is 39-143 min, with
average time (78.76+£27.17) min; aorta blocking time is 21-73 min, with average time (37.71+£10.51) min. Result:
Routine placement of cardiac pacemakers was in operation. Operate 19 cases. There were 4 cases of early death
after the operation (7.4%). There were 8 cases of low cardiac output syndrome, 4 cases of arrhythmia, and 7 cases
of pneumonia. 51 cases of child patients were followed up for periods ranging from 1 month to 3 years. No deaths
and child patients for the anastomose operation again due to stenostomia, cardiac ultrasound examination shows
that the blood speed of anastomose is lower than 1.4 m/s. Conclusion: During the neonates period, TAPVC patients
were satisfied with the clinical effect of surgical treatment.
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Introduction

The types of total anomalous pulmonary venous
connection (TAPVC), are diversified, and com-
prise 1.5% to 3% of heart diseases as well as
having a 20% death rate by earlier surgery [1].
Approximately 75% of children patients without
surgical treatment are dead within 1 year. As
diagnosis and surgical technics improve and
develop [2], operative mortality rate has still
reached 10%, and surgical treatment has also
faced large challenges. Application of Supra-
cardiac anastomose in the treatment of supra-
cardiac type TAPVC, heart-up, right atrium or
whole atrium pathway in the treatment of infra-
cardiac type, child patients’ death rate and inci-
dence of pulmonary vein after the operation [3,
4] shall be reduced by the seamless suture

technique [5, 6]. However, the methods men-
tioned above have experienced difficulties,
such as difficulty in exposure and operation [7].
How to improve the prognosis and reduce pul-
monary vein obstruction rate in child patients
after surgical treatment has been the key point
of the research until now [8, 9]. The paper
researched TAPVC treatment in the neonatal
period from the aspects of operational opportu-
nity selection and operation method to sum-
marise the experience of operation treatment
in the neonatal period.

Materials and methods
Clinical data

From March, 2011 to March, 2015, among the
various types of the TAPVC child patients,
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Figure 1. Heart of infracardiac type TAPVC [GTA].

among the surgical treatments in our depart-
ment, 54 patients of neonates TAPVC, includes
33 males and 21 females, with operation age
of 6 days -28 days (15+4.6) days, and weight of
2.6-4.5 kg (3.7£0.96) kg. According to the
Darling type, 33 patients are supracardiac type
(28 patients’ vertical veins are located on the
left, and 5 patients’ are located on the right), 4
cases are infracardiac type, 16 cases are inner-
acardiac type, and 1 case is mixed type (upper-
right pulmonary vein entering into the precava
individually near the right atrium, the rest 3
lines of pulmonary vein were induced into the
top of coronary vein). 54 cases in the child
patients combined with ASD or Botallo’s fora-
men closing size are 3.1-6.8 mm (5.4+2.9) mm,
and 12 cases where the artery catheter was
not closed (PDA), 6 cases are tricuspid valve
backflow with preoperative pneumonia, 7
cases re ventilator assisted therapy for respira-
tory failure (All emergency operations were per-
formed). 54 cases are lung artery high pressure
of different degrees.

The child patients in this group have difficulty in
cultivation due to different degree of cyanosis,
without increase in weight, shortness of breath
and weak crying. After respiratory tract infec-
tion, they came to our hospital for treatment on
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the shortness of breath and other symptoms or
120 emergency access to the hospital.
Preoperatively cardiac ultrasound was carried
out. Chest X-ray, electrocardiogram and blood
oxygen saturation (SPO,) were determined for
diagnosis, among them, 15 cases examined
showed enhanced cardiovascular 64-CT check:
1 case was mixed type TAPVC, 12 cases were
supracardiac type TAPVC, and 2 cases were
infracardiac type TAPVC (Figure 1). X-ray Chest
radiography is right atrium, with enlargement.
The ratio of heart and chest ranged between
0.60-0.75, with more lung blood. Lung artery is
prominent. Preoperative SPO, is in the range
0.65-0.91.

Treatment method

54 cases are TAPVC children patients were
diagnosed definitively, and treated by opera-
tion. 15 cases were conducted by emergency
operation due to no significant improvement in
respiratory function or unstable circulation of
combined pneumonia, under the condition of
ineffective treatment administered by the
department of internal medicine.

All child patients underwent operation under
the medium and low temperature of extracor-
poreal circulation. 12 cases of combined pat-
ent ductus arteriosus (PDA) became free under
the cooling phase after the contribution of
extracorporeal circulation and the application
of No. 7 silk thread to ligature; one of them is
uncompleted ligature, then cut the pulmonary
artery with a pledgetted mattress of 5-0
Prolene after cardiac arrest and remaining
artery catheter transfixion, 6-0 Prolene sutures
dissected pulmonary artery, both supracardiac
type and infracardiac type (TAPVC) adopt the
location in the middle of the chest, and resis-
tance of the ascending aorta, cold retrograde
crystalloid cardioplegia, and after cardiac
arrest, cut along the rear wall of the left root of
the left atrium which is parallel to the direction
of the rest of the veins, then cut the main pul-
monary vein along the long axis, and part of
infracardiac type TAPVC2 case adopt anasto-
mose inside the left atrium to correct and cure,
with supplemented heart up in 1 case and right
posterior of right atrium free exposure in 2
cases, in order to expend incision and cut off
part of the tissue around the incision, and use
6/0 Prolene to suture continuously and put the
rear wall of the left atrium and pulmonary vein
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into complete anastomose. If the entire pulmo-
nary vein is relatively narrow, it can be attempt-
ed to extend the confluence of anastomose to
the left, the upper and lower branches of the
pulmonary veins, one case is that the left
branch of the pulmonary vein was narrow and
adapted to non-endometrial contact suture
technique. (the “sutureless” neoatrium tech-
nique), which adopts autologous pericardial
patch to repair ASD and extend the volume of
the left atrium as well as direct suture with
Botallo’s foramen, with ligature vertical vein
after the stable of cardiac resuscitation. The
operation on inner-acardiac type TAPVC adopts
the method of: from left lateral position, right
axillary incision and the fourth intercostal into
chest, from incision of right atrium, cut off top
of coronary vein, left atrium and atrial septum
completely, to form new ASD, and make com-
pletely clear the pulmonary vein and left atrium,
in order to use appropriate autologous pericar-
dial patch and 5/0 Prolene to suture continu-
ously and repair the new forming incision of
ADS, and put the coronary vein sinus to be iso-
lated with left atrium at the same time. 1 case
of the mixed type of TAPVC adopts the sole
open incision of right precava at upper right of
pulmonary vein, and other 3 pulmonary veins
shall be opened at coronary vein sinus. Since
the distance between the upper right incision
of the pulmonary vein and ASD is large, we
adopt the method to cut along the long axis
inclined left to the top of right atrium (avoid
injury the sinoatrial node), and cut off the top of
the coronary vein, left atrium and atrial septum,
then expand ASD to the left roof part, then use
autologous pericardial patch (1 patch, guaran-
tee the size of pericardial patch can be enough)
and inner tunnel form to drain the upper right
pulmonary vein to ASD, and make sure there
are no impediments between upper right pul-
monary vein and left atrium. And use pericardi-
um fragments to repair ASD, in order to avoid
the narrowing of the precava, use the precava
while dilated and cut the bovine pericardium in
the position of the top right atrium close to the
auricle, open superior and inferior vena cava
and then give the normal application of dopa-
mine and dobutamine, nitroglycerin, milrinone
and epinephrine. In general, install the tempo-
rary pacing lead on epicardial, the child patients
with heart rate of cardiac resuscitation less
than 140 beats/minutes showing no obvious
affect after giving isoproterenol shall use a
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temporary pacemaker to do the heart pacing,
maintain heart rate at around 160 beats/min-
ute. The situation of deformity correction can
be understood by the routine TEE (transesoph-
ageal echocardiography) examination before
shutdown of operation, in order to continue
therapy with antibiotics to prevent infection
post operation.

Result

Extracorporeal circulation time is 39-143 min,
with average (78.76+27.17) min, aorta blocking
time is 21-73 min, with average (37.71+10.51)
min, no delayed sternal closures. Postoperative
mechanical ventilation time is 2-21 days, with
average (3.01+2.87) days. 4 cases died after
operation, including 3 cases of supracardiac
type, one case is 9 days for preoperative child
patients because pneumonia is complicated
with respiratory failure, given by endotracheal
intubations treatment for 3 days, with wors-
ened condition and unstable circulation, under
the emergency surgical treatment, the lowest
open-chest systolic pressure is 30 mmHg, it
died for heart failure 2 days later, the other 3
cases are the child patients could not take off
the breathing machine because of postopera-
tive intensive pneumonia, family gave up treat-
ment. 1 case is infracardiac type of TAPVC died
because of irregular heartbeat and it couldn’t
be rectified after that extracorporeal circula-
tion, considering the time is long enough for
aorta blocking time (80 min), intraoperative
heart is turned over of time slightly long, related
to the heart pulling, myocardial ischemia,
hypoxia and other poor myocardial protection.
Among the rest 50 cases of children patients, 8
cases are low cardiac output syndrome recov-
ered satisfactorily after active heart strength-
ening, diuresis, anti-infection and rehydration
treatment of enough nutrition. 4 cases are
arrhythmia (including 2 cases of supraventricu-
lar tachycardia, 1 case of frequent ventricular
premature beat, 1 case of nodal heart rate),
and 7 cases of pneumonia. 19 cases of postop-
eratively adopted heart failure symptoms, tem-
porary pacemaker. 51 cases of child patients
followed up for 3 years and 1 month. No death
and anastomose stenostomia reoperation in
the child patients. The anastomose speed of
mitral blood flow checked by cardiac ultrasound
for both blow was 1.4 m/s.
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Figure 2. Treatment of supracardiac path, supracar-
diac type TAPVC.

Common
pulmonary
venous sinus

Figure 3. Treatment of anastomosing in left atrium,
infracardiac type TAPVC.

Discussion

Summary of experience on treatment of the
neonates TAPVC surgical

Time to choose for the surgery; TAPVC is one of
the few heart diseases that requires surgical
treatment during the neonatal period. If it is left
without surgery, about 75% shall die within 1
year. For the child patients that have pulmonary
vein backflow obstruction, the death rate could
be up to 50% within 3 months [10]. Because
the child patients’ pulmonary vein blood flow
and venous blood flow are returned to the right
atrium, it can easily lead to early pulmonary
hypertension [11]. The left heart only relies on
the defected atrial septal or unclosed Botallo’s
foramen to backflow the blood, resulting in
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reduced blood volume of the left ventricular
system, and hypoplastic left heart. If the ASD is
small or the pulmonary vein is narrow, circula-
tory failure syndromes such as pulmonary
oedema, pulmonary artery hypertension and
systemic hypoperfusion etc. can occur in chil-
dren after birth. Therefore, each type of TAPVC
child upon diagnosis, surgical treatment shall
be performed, for the child patients with pneu-
monia accompanying respiratory failure that
have poor effect after conservative treatment
or getting worse, emergency surgery shall be
performed. The correction on the heart defor-
mity is conducive to the pneumonia treatment.

Surgery types to choose for the TAPVC opera-
tion; the long-term effects are closely related to
the size of anastomose for the supracardiac
type and infracardiac type of TAPVC children
patients 33 [12]. For the cases of supracardiac
type of TAPVC, children patients all use the
heart path, as the earliest “upturning method”
operation exposure and the myocardial protec-
tion is poor, and the anastomose can be easily
distorted and deformed, etc. leading to a high
mortality rate. For the “Left and right atrium
combined incision”, the incidence rate of post-
operative atrial arrhythmia is up to 20-50%,
which is related to the operation inside the atri-
um [13]. The “heart path method” (Figure 2)
adopted is to perform side-to-side anastomosis
in the exposed back wall of the left atrium
among the ascending aorta, superior precava
and the combined pulmonary vein. In order to
reduce the narrow size of anastomose narrow-
ing, the main points to be noted are as follows:
1) after extracorporeal circulation is estab-
lished, the combined pulmonary vein shall be
fully dissociated, and both sides are free to the
pulmonary vein bypass. 2) incise the back wall
of the left atrium parallel to the direction of the
summary vein, and incise longitudinally in the
combined pulmonary vein, cut off part of the
organization to expand the incision around, 3)
for the narrow combined pulmonary vein, the
anastomose can be extended to perform an up
and down bypass of the left and right pulmo-
nary vein, for the narrow pulmonary vein
bypass, the “sutureless” neoatrium technique
[14] shall be adopted to conduct the anasto-
mose. The suturing at the pulmonary vein ostia
can be avoided by this technology, to prevent
the intimal hyperplasia, and replace the com-
mon pericardial vein wall with the cardiac vesi-
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Figure 4. Infracardiac type TAPVC [CTA] after opera-
tion.

Figure 5. Treatment of cutting beneath right oxter,
inner-acardiac type TAPVC.

cle, resulting in the reduction on its physical
distance to the left atrial posterior wall, and
avoid uneven tension pull, reduce anastomose
tension, lower the “pouch ring shrinkage”
effect, ensure the smooth flow at the anasto-
mose, effectively reduce the pulmonary vein
and prevent the occurrence of the early pulmo-
nary vein obstruction after surgery. 6-0 or PDS
5-0 absorbable suture can be used for the
suturing. During the process, pay attention to
shallow suture the pericardial tissue around
the pulmonary vein and left atrial incision edge
tissues to avoid damage to the diaphragm
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Figure 6. Postoperation of cutting beneath right ox-
ter, children patients, inner-acardiac type TAPVC.

nerve. When pulling the suture, it shall avoid
excessive force to prevent suture breakage or
tissue tearing. For this type of TAPVC, whether
ligature is needed for the vertical vein, it has
been still controversial [15], we adopt ligature
for the supracardiac type, and cut off and trans-
fixion for the infracardiac type.

The proportion of infracardiac type TAPVC was
low, there were only 5 cases of child patients,
the therapeutic method of an early sample
operation was desired to turn the heart upward,
then made left atrium and summary vein anas-
tomose, however we found it is hard to expose
and protect the heart and the myocardia, it can
also take too much time to assist extracorpo-
real circulation, so this treatment couldn’t
ensure that the anastomosing junction is large
enough to offer good protection from myocar-
dia. The left atrium and summary vein anasto-
mose of second sample later in the operation
can be exposed by the right side of the heart. In
this sample, it adopted a therapy of two anasto-
mose in the left atrium (Figures 3 and 4). The
effect of this therapy was better than turning
the heart upward. There were also some clini-
cal reports about such aspects [16].

In the case of inner-acardiac type TAPVC, we all
chose the clinostatism on the left side, cut
down the gap of the fourth or fifth costal
beneath and the right oxter into the thorax
(Figure 5), chose the cutting section of right
atrium, wiped out the ethmoid roof of the coro-
nary vein sufficiently, to form a new ASD with
left atrium and atrial septum, then circulate the
pulmonary vein and left atrium smoothly, with-
proper size of autologous pericardial patch, 5/0

Int J Clin Exp Med 2016;9(2):1368-1374



Total anomalous pulmonary venous connection and treatment

Prolene sutures to suture and repair the newly
formed ASD. Simultaneously, select the sinus-
es of coronary vein at the side of left atrium.
Pay attention to X-ray chest radiography when
choosing the cut beneath of the right oxter, and
know the relationship between heart and gap
of costals before entering the gaps. Don't
choose the gap of the forth costal to enter the
chest blindly, otherwise for position of heart of
child patients is higher or lower, choosing a gap
blindly shall lead to hard explosion to the heart,
and increase the difficulty of the operation. The
length of the straight cut under right oxter was
only about 4 centimetres, the cut to avoid saw-
ing the sternum is covert, minimally invasive
and decent. Follow-up visiting showed no
abnormal thoracic wall (Figure 6).

In sample 1 of mixed type TAPVC, the upper
right pulmonary vein was cut at the vein in the
upper right antrum, the other three pulmonary
veins were cut at the opening of the ethmoid
roof of the coronary vein. Since the cutting of
the upper right pulmonary vein was extensive,
we removed the ethmoid roof of the coronary
vein and left atrium, atrial septum, expanded
the ASD to the position of left roof, then applied
autologous pericardial patch (just one pitch,
make sure the pericardial patch is large enough)
to move the upper right pulmonary vein to the
site of ASD by inner track form, and made upper
right pulmonary vein as well as left atrium
unobstructed. Use the bottom of the pericardi-
al patch to repair ASD, secluded the sinus of
coronary vein at the side of left atrium at the
same time. In order to prevent the vein of the
top antrum to become too narrow, we cut it
along with the left side of the long axis of top
antrum vein (without harming the atrionector),
then broadened it with a bovine pericardial
patch.

Postoperative treatment; During operation we
set up a routine to lead the heart table tempo-
rary pacemaker, because of the influence on
extracorporeal circulation and intracardiac
operation, parts of child patients’ heart rate
were between 110 and 140 times per minute
after their hearts are recovered. For heart rate
of child patients changed inconspicuously after
taking vascular active medicine, we used heart
table temporary pacemaker, set heart rate of
the pacemaker at about 160/min. During the
postoperative treatment in the intensive care
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unit, we set up a proper pace-making heart rate
by referring to the changes of respiratory and
circulatory system and the recovery of self-
heart rate. Since child patients were young,
their tracheae and bronchi were slender and
thin, only a little secreta can cause a clogging
of the respiratory tract, the management was
relatively difficult, therefore, 1) enhance the
management of the respiratory tract. 2) clear
the sputum in tracheae and bronchi, apply fibre
bronchoscope to clean tracheae when it is nec-
essary. 3) execute aseptic technique strictly in
the process of respiratory tract management.
4) for such children patients’ recovery and prog-
nosis, it’s crucial to choose the proper antibiot-
ics in the light of sputum culture and drug sen-
sitive test.

Curative effect analysis of neonates TAPVC

With the improving of myocardial protecting
technology and operation technology, clinical
application of various treating instrument of
neonates, the mortality of TAPVC children
patients has significantly decreased [17]. There
were 54 samples in this group, 4 died after
operation, (7.4%). During follow-up visiting, all
kinds of examinations indicated that 51 sam-
ples of child patients’ heart functions were well,
occurrence of respiratory tract infection obvi-
ously reduced. Their active stamina also
increased gradually. By analysing the curative
effect of operative treatment of 54 samples of
neonates TAPVC, we can conclude that once
the diagnosis of TAPVC in child patients is
apparent, the operation therapy shall be exe-
cuted immediately. Recent curative effect of
this therapy is satisfactory, and long-term prog-
nosis needs further observation.
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