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Abstract

Background: To compare the clinical outcomes of three
surgical approaches for treating adult atrial septal defects
(ASD): Thoracoscopic-assisted right vertical infra-axillary
thoracotomy (TARVIAT) under central cardiopulmonary
bypass (CPB), totally thoracoscopic (TT), and median ster-
notomy (MS) approaches, and to assess the feasibility and
safety of the TARIAVT approach. Methods: This study re-
viewed 62 cases patients of repairing atrial septal defects
via a TARVIAT and central extracorporeal circulation from
2019 to 2023. The patients included 22 males, aged be-
tween 18 and 59 years, with a mean age of 33.35 ± 10.97
years. The surgical indications were adult patients with
moderate to severe tricuspid regurgitation and who were
unsuitable for interventional closure of atrial septal defects.
Exclusion criteria included patients diagnosed with severe
pulmonary hypertension or Eisenmenger syndrome. Ad-
ditionally, 67 patients who underwent TT approach repair
of ASD and 72 patients who underwent MS approach re-
pair of ASD were selected as the control groups. Operative
time, CPB time, aortic clamping time, postoperative Inten-
sive care unit (ICU) stay, postoperative mechanical venti-
lation time, 24-hour postoperative chest drainage, incision
length, postoperative hospital stay, hospital costs, and post-
operative complications were compared to assess statisti-
cal differences. Results: There were no deaths or major
complications observed in any of the three groups. Statis-
tically significant differences were found among the three
groups in terms of extracorporeal circulation time, aortic
clamping time, surgical time, 24-hour postoperative chest
drainage, postoperative mechanical ventilation time, post-
operative ICU stay, incision length, and postoperative hos-
pital stay (p < 0.05). The TT group exhibited longer CPB
and aortic clamping times compared to the TARVIAT and
MS groups, while demonstrating lower 24-hour postoper-
ative chest drainage volumes compared to the TARIAVT
andMS groups. Both the TARVIAT and TT groups showed
shorter surgical times, postoperative mechanical ventilation
times, postoperative ICU stay, incision lengths, and postop-

erative hospital. However, there were no statistically sig-
nificant differences among the three groups regarding hos-
pital costs, postoperative left ventricular ejection fraction
(LVEF) values, and the incidence of postoperative compli-
cations (p > 0.05). Conclusions: TARVIAT under central
CPB is feasible and safe for adult patients. This approach
presents lower invasiveness, shorter operative duration, and
faster recovery compared to other methods. In conclusion,
the TARVIAT approach for repairing adult ASD is both safe
and effective, offering a viable surgical option for this con-
dition.
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Introduction

Atrial septal defects (ASD) are considered one of the
most common congenital heart defects (CHD) found in the
adult. The estimated preva-lence of ASD in adults is 0.88
per 1000 patients [1]. A fenestrated device is often consid-
ered in these cases to ensure that an adequate “pop-off” is
present so that if right Atrial pressure rises above the light
Atrial pressure, cardiac output is conserved. Relative con-
traindications to closure typically are regarded for percuta-
neous cases and include: defects larger than 36 mm, inade-
quate margins and rims to safely anchor the device, and/or
interference of the device with the atrio-ventricular valves
or venous drainage. Median sternotomy (MS) remains the
gold standard for treating ASD and ventricular septal de-
fects (VSD) due to its high success rate. Despite excel-
lent surgical outcomes, patients often hesitate to undergo
the procedure because it inevitably leads to a long midline
chest scar, extended postoperative hospital stays, and po-
tential chest deformities [2,3]. With the development of
thoracoscopic-assisted surgery, robot-assisted surgery, and
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various surgical approaches such as lower sternotomy, right
submammary incision, right axillary incision, and right pos-
terolateral incision, better cosmetic outcomes have been
achieved [4]. Due to its concealed nature and quick post-
operative recovery, the right vertical infra-axillary thoraco-
tomy (RVIAT) is favored by both patients’ families and doc-
tors, and is now routinely used for simple CHD like atrial
and VSD in infants and young children. Previous studies
[5,6] have primarily focused on the efficacy of peripheral
extracorporeal circulation-assisted or non-assisted thoraco-
scopic RVIAT for treating adult congenital heart disease,
while reports of RVIAT performed under central extracor-
poreal circulation for adult congenital heart disease are lim-
ited. However, for adult CHD, the use of the RVIAT is less
common due to higher body mass, deeper surgical fields,
difficulty in deep instrument manipulation, and challenges
in managing intraoperative complications. However, we
combined the RVIAT with totally thoracoscopic (TT) re-
pair using central extracorporeal circulation. This approach
broadens the surgical field, saves operative time, and avoids
the use of peripheral extracorporeal circulation via the neck
and groin vessels, reducing the risk of peripheral nerve or
vascular injury, such as femoral artery and vein stenosis, ar-
teriovenous fistula, femoral nerve injury, and jugular arteri-
ovenous fistula [7]. In this study, we explored the feasibil-
ity, indications, and limitations of treating adult ASD using
thoracoscopic-assisted right vertical infra-axillary thoraco-
tomy (TARVIAT) under central extracorporeal circulation,
TT, and MS approaches.

Methods

A retrospective study was carried out on 201 patients
who had their atrial septal defect (ASD) surgically repaired
at our facility between January 2019 and June 2023. Based
on the surgical approach, the patients were retrospectively
categorized into three groups: the TARVIAT group (n = 62)
underwent a right axillary vertical small incision approach
with trans-centered paracardiac extracorporeal circulation
assistance; the TT group (n = 67) underwent a full thora-
coscopic assisted approach under peripheral extracorporeal
circulation; and the MS group (n = 72) underwent a me-
dian sternotomy approach. Transesophageal echocardio-
gram was used for preoperative diagnosis, ASD size esti-
mation, and pulmonary artery pressure measurement. Age
≥18 years, pulmonary artery systolic pressure<60mmHg,
or absence of right-to-left shunting on echocardiography,
no history of lung disease or prior right thoracic surgery, ab-
sence of other cardiovascular or chronic diseases, catheter
closure failure, or preference for surgical repair by the pa-
tient and family were the inclusion criteria for selective
ASD repair. Age greater than eighteen years, patients with
pulmonary artery pressure greater than moderate as deter-
mined by right cardiac catheterization and pulmonary resis-

tance greater than eighteen wood, and echocardiographic
evidence of right-to-left shunting at the level of the atrial
septum were the exclusion criteria. All 201 patients gave
their informed consent and fulfilled the requirements for
surgery.

Anesthesia

After induction of general anesthesia, a double-lumen
endotracheal tube was placed to allow for single-lung ven-
tilation in the TT and TARVIAT groups, and a single-lumen
endotracheal tube was placed in the MS group. The respi-
ration rate was set at 18 to 30 breaths/min, and the arterial
oxygen saturation rate was maintained at >97%.

Operative Technique

TARVIAT group: The patient is positioned in the
left lateral decubitus position with an incision length of 4–6
cm, extending from the third to the fifth intercostal space
(Fig. 1). The right side is elevated by 50° to 70°. The right
arm is suspended over the head and secured to a frame.
Standard disinfection procedures are followed, and intra-
venous antibiotics are administered 30 minutes prior to skin
incision to prevent infection. A right axillary incision is
made at the 4th intercostal space. The patient’s breathing
is temporarily interrupted to allow the right lung to retract
posteriorly, exposing the pericardium. The pericardium is
incised parallel to the phrenic nerve, 2–3 cm anterior to it,
and suspended. A wet gauze is placed to protect the right
lung tissue during pericardial suspension. Three traction
sutures are placed: one approximately 1 cm cranial to the
superior vena cava-right atrium junction, one in the mid-
dle of the right atrium, and one at the inferior vena cava-
right atrium junction. The pericardium is further incised
cranially to about 1 cm from the pericardial reflection on
the aorta, with two traction sutures placed laterally to fully
expose the aorta and right side of the heart. A thoracoscope
is inserted through a port created in the 6th intercostal space
between the anterior and mid-axillary lines. After complete
heparinization, cannulation of the ascending aorta, supe-
rior, and inferior vena cava is performed, and cardiopul-
monary bypass (CPB) is established (Fig. 2). The ascending
aorta is clamped, and cold crystalloid cardioplegia (Baxter,
S2310104, Shanghai, China) is administered to achieve car-
diac arrest. The right atrium is incised for intracardiac ex-
ploration, and a bovine pericardial patch of appropriate size
is used for continuous suturing to close the atrial septal de-
fect (Fig. 3). In cases of moderate to severe tricuspid regur-
gitation without structural abnormalities, a tricuspid annu-
loplasty ring is placed. If a patent foramen ovale is present,
it is closed with continuous sutures. Venting of the left heart
continued through the aortic root vent. The ascending aorta
was opened, and the heart spontaneously restarted with
sinus rhythm. Transesophageal echocardiography (TEE)
confirmed the disappearance of atrial level shunt and the
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Fig. 1. Thoracoscopic-assisted right vertical infra-axillary thoracotomy (TARVIAT) preoperative position and incision location:
midaxillary line between the third and fifth ribs.

absence of tricuspid regurgitation. The right atrial incision
was closed. Rewarming was performed, and cardiopul-
monary bypass was successfully discontinued. Protamine
(Qianhong Bio-pharma, 1524080894, Changzhou, China)
was administered to neutralize heparin (Shanghai Pharma,
2312202, Shanghai, China). A right chest drainage tube
was placed through the thoracoscope incision. Hemostasis
was carefully achieved, and the chest was closed (Fig. 4).
The patient was then transferred to the intensive care unit
(ICU).

TT group: The patient was placed in the supine posi-
tion under general anesthesia with a double-lumen endotra-
cheal tube. Standard monitoring was established, including
electrocardiogram (ECG), invasive venous pressure, and in-
vasive arterial pressure, with a right jugular vein catheter in
place. Make three incisions, each measuring 1 to 3 cen-
timeters, at the second intercostal space on the right side
of the sternum, the fourth intercostal space on the ante-
rior axillary line of the right side, and the third intercostal
space on the midaxillary line of the right side (Fig. 5). The
pericardium was opened and suspended. The right femoral
artery and vein were isolated, and systemic heparinization
was performed. CPBwas established via the femoral artery,
jugular vein, and femoral vein, with a left heart vent in-
serted through the pulmonary vein. Cooling was initiated,
and the ascending aorta was clamped. Antegrade cardio-
plegia was administered through the aortic root, achieving

satisfactory cardiac arrest. The atrial septal defect was ex-
posed and repaired with a bovine pericardial patch. TEE
confirmed the absence of atrial-level shunt and tricuspid
regurgitation. The right atrium was closed, and the left
heart was thoroughly vented. Rewarming was initiated, and
the aortic clamp was removed. The heart spontaneously
restarted with sinus rhythm. After achieving adequate cir-
culation, cardiopulmonary bypass was gradually weaned,
and the cannulas were removed. Heparin was neutralized.
Hemostasis was achieved, a right chest drainage tube was
placed, and the chest was closed in layers. The patient was
then transferred to the ICU.

MS group: The patient was placed in a supine po-
sition with a median sternotomy performed. The thymus
was removed, and the pericardium was opened to expose
the heart. Aortic and venous cannulation was done to estab-
lish CPB. The ascending aorta was clamped, and cold crys-
talloid cardioplegia was administered, resulting in cardiac
arrest. The right atrium was opened, and an intracardiac
examination was conducted. The ASD was repaired using
a bovine pericardial patch with continuous sutures. Aortic
root venting was maintained, and the ascending aorta was
unclamped, allowing the heart to resume beating in sinus
rhythm. TEE confirmed the absence of atrial-level shunt-
ing and tricuspid regurgitation. The right atrial incision was
closed. Rewarming was initiated, and CPB was weaned
off smoothly, with heparin neutralized by protamine. One
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Fig. 2. Cardiopulmonary bypass was established by cannulation of the aorta and superior and inferior venae cavae.

Fig. 3. Patch the atrial septal defects (ASD).

mediastinal and one pericardial drain were placed, metic-
ulous hemostasis was achieved, and the chest was closed
routinely. The patient was then transferred to the ICU. Any
associated cardiac anomalies were corrected concurrently.

Postoperative Management

Postoperatively, the patient was transferred to the ICU
and was administered inotropic and diuretic therapy. Bed-
side chest X-rays and echocardiography were performed

to monitor for pulmonary infections and related complica-
tions. Once the patient’s hemodynamic status stabilized,
mechanical ventilation was discontinued, the endotracheal
tube was removed, and the patient was transferred to the
general ward.

Statistical Analysis

Statistical analysis was done by SPSS 26.0 version
software (USA, Chicago, IL, USA). Data were defined as
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Fig. 4. The length of the incision was approximately 5 cm at
the end of the procedure.

Fig. 5. Thoracoscopic incision.

continuous and categorical variables. Continuous variables
were expressed as mean ± standard and categorical vari-
ables were expressed as the χ2 or Fisher’s test. Independent
sample t-test was used for comparison between groups. p
value < 0.05 were defined as statistical significance.

Results

Demographic and Clinical Characteristics

There were 62 patients in the TARVIAT group, and
22 of them (35.48%) were men, Table 1. The weight was
65.41 ± 11.54 kg, the defect diameter was 34.62 ± 5.31
mm, and the average age was 33.35 ± 10.97 years. Of the
67 patients in the TT group, 27 (40.30%)weremen. The av-
erage age, weight, and defect diameter were 34.69 ± 10.59
years, 61.74 ± 11.03 kg, and 31.91 ± 5.22 mm, respec-
tively. Out of the 72 patients in the MS group, 26 (36.11%)
were male. The weight was 57.59 ± 10.60 kg, the defect
diameter was 31.92 ± 8.34 mm, and the average age was

Fig. 6. TARVIAT Postoperative incision recovery of patients.

37.40 ± 11.58 years. The TARVIAT group, TT group, and
MS group did not differ significantly in terms of gender or
concurrent cardiac abnormalities (p > 0.05). Weight, age,
and defect size showed statistically significant differences
between the TARVIAT and MS groups (p < 0.05). The TT
group had a higher weight than the MS group (p < 0.05),
while the tarviat group had a defect diameter greater than
the TT group (p < 0.05).

Perioperative Profile

Three cohorts totaling 201 patients all had successful
surgical results and no deaths. No conversion to a median
sternotomy was necessary in the TT and RVIAT cohorts,
and all patients were routinely moved to the intensive care
unit (ICU) and given powerful cardiac support, diuretics,
dopamine, and other vasoactive drugs. Table 2 shows that
there were no statistically significant differences in hospital
expenses between the three cohorts, but there were signif-
icant differences in CPB time, aortic occlusion time, sur-
gical duration, postoperative 24-hour chest drainage vol-
ume, postoperative mechanical ventilation duration, post-
operative ICU stay duration, incision length, and postop-
erative hospital stay (p < 0.05). In the comparison of
the cohorts, the TARVIAT cohort showed a higher 24-hour
chest drainage volume than the TT cohort (p< 0.05), but it
also showed considerably lower CPB time, aortic occlusion
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Table 1. Preoperative patient data.

Variable
TARVIAT group TT group MS group

p value
(n = 62) (n = 67) (n = 72)

Gender (female) 22 (35.48%) 27 (40.30%) 26 (36.11%) 0.823
Weight (kg)†,‡ 65.41 ± 11.54 61.74 ± 11.03 57.59 ± 10.60 0.000
Age (y)† 33.35 ± 10.97 34.69 ± 10.59 37.40 ± 11.58 0.097
Defect size (mm)∗,† 34.62 ± 5.31 31.91 ± 5.22 31.92 ± 8.34 0.027
LVEF (%) 61.39 ± 3.70 60.37 ± 2.62 60.51 ± 2.39 0.107
Concomitant other cardiac anomalies

TR moderate or severe 5 (8.06%) 2 (2.99%) 6 (8.33%) 0.368
PFO 16 (25.81%) 18 (26.87%) 21 (29.17%) 0.904
RVOT 0 0 1 (1.39%) 0.406

TARVIAT, thoracoscopic-assisted right vertical infra-axillary thoracotomy; LVEF, left ventricular ejection frac-
tion; TT, totally thoracoscopic; MS, median sternotomy; TR, tricuspid regurgitation; PFO, patent foramen ovale;
RVOT, right ventricular outflow tract. Statistically significant difference between groups are as follows: noted in
superscript mark-up: *Significant difference between the TARVIAT group and TT group. †Significant difference
between TARVIAT group and MS group. ‡Significant difference between TT group and MS group and neither
the chi-square test nor Fisher’s exact probability method revealed statistically significant differences between the
groups (p > 0.05).

Fig. 7. On the left is a 20# superior vena cava catheter, in the
middle is a 20# inferior vena cava catheter, and on the right is
a 19# aortic catheter.

time, and surgical length. The length of the incision, the du-
ration of the postoperative mechanical breathing, the post-
operative ICU stay, the postoperative hospital stay, and the
hospital charges did not significantly differ between these
two groups (p > 0.05). In comparison to the TARVIAT

group (p < 0.05) and the TT group (p < 0.05), the MS co-
hort exhibited a significantly longer surgical duration, along
with increased postoperative 24-hour chest drainage vol-
ume, mechanical ventilation duration, ICU stay duration,
incision length, and hospital stay. Furthermore, the TT
group’s CPB and aortic occlusion times were substantially
greater than those of the MS group (p < 0.05).

Post-operative Complications Comparison

There were no hospital deaths throughout the three
successful procedures. After ASD repair, all patients had
echocardiograms, which showed no neurological sequelae
or hypoperfusion syndrome, full closure of the ASD, little
regurgitation of the tricuspid valve, lack of residual shunts,
conduction block, or recurrent thoracotomy. Two patients
experienced pneumothorax: one in the MS group (1.39%)
and one in the TARVIAT group (1.61%), with no statisti-
cally significant difference (p > 0.05). For more informa-
tion, see Table 3. This might have happened when the chest
drain was removed and gas entered the chest. Three patients
in the MS group (4.17%), one in the TT group (1.49%),
and one in the TARVIAT group (1.61%), all had wound in-
fections or poor healing. Between the groups, there was
no statistically significant difference (p > 0.05). Longer
incisions, more stress, a slower rate of patient recovery,
and more sutures that result in suture response could all
be contributing factors to the higher rate of wound infec-
tion or poor healing in the MS group. While in the inten-
sive care unit, one patient from each of the TARVIAT group
(1.61%) and the TT group (1.49%) experienced transitory
atrial tachycardia. This was treated with medicine, and the
patients’ sinus rhythm returned. There was no statistically
significant difference between the groups.
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Table 2. Peri-operative and post-operative data comparison among three groups of patients.

Variable
TARVIAT group TT group MS group

p value
(n = 62) (n = 67) (n = 72)

CPB time (min)∗,‡ 69.95 ± 15.86 98.51 ± 11.33 69.53 ± 16.22 0.000
Crossclamp time (min)∗,‡ 38.73 ± 12.16 50.76 ± 11.62 37.03 ± 10.85 0.000
Total operative time (min)∗,† 123.08 ± 17.41 195.52 ± 18.01 191.04 ± 21.39 0.000
Postoperative 24 hours drainage (mL/24 h)∗,‡ 326.7 3± 33.57 261.42 ± 52.53 499.51 ± 62.80 0.000
Postoperative intubation time (h)∗,†,‡ 6.13 ± 1.54 7.54 ± 1.47 9.85 ± 1.94 0.000
Postoperative ICU stay (h)†,‡ 22.75 ± 4.16 23.83 ± 4.53 39.72 ± 7.10 0.000
Incision length (cm)†,‡ 5.74 ± 0.35 5.80 ± 0.33 18.39 ± 1.04 0.000
Postoperative hospital stay (d)†,‡ 6.61 ± 1.11 6.93 ± 1.50 9.81 ± 1.11 0.000
Hospital costs (1000 CNY) 76.05 ±10.62 78.00 ± 6.88 78.65 ± 10.37 0.371
CPB, cardiopulmonary bypass; ICU, intensive care unit. Statistically significant difference between groups are
as follows: noted in superscript mark-up: *Significant difference between the TARVIAT group and TT group.
†Significant difference between TARVIAT group and MS group. ‡Significant difference between TT group and MS
group.

Table 3. Post-operative complications comparison between two group of patients.

Variable
TARVIAT group TT group MS group

p value
(n = 62) (n = 67) (n = 72)

Complications (n)
Residual shunt 0 0 0
Atrioventricular block 0 0 0
Incision infection/bad healing 1 (1.61%) 1 (1.49%) 3 (4.17%) 0.625
Rethoracotomy for bleeding 0 0 0
Neurological complication 0 0 0
Pneumothorax 1 (1.61%) 0 1 (1.39%) 0.760
Low cardiac output syndrome 0 0 0
Transient arrhythmia 1 (1.61%) 1 (1.49%) 0 0.538

Outcomes of Postoperative Follow-up

Following a one-month, six-month, and one-year
follow-up of the patients’ left ventricular ejection fraction
(LVEF) values to evaluate any possible differences in post-
operative cardiac function between the three groups, Ta-
ble 4 clearly shows that there are no statistically signifi-
cant differences in LVEF values between the three groups
at these time points (p > 0.05). This implies that there is
no appreciable difference in the three surgical techniques’
immediate postoperative cardiac performance; yet, longer
follow-up is necessary to assess the long-term cardiac func-
tion.

Discussion

While the traditional mid-sternotomy provides excel-
lent exposure and serves as the classical approach for car-
diovascular surgeries, meeting the requirements of various
cardiac procedures, it is associated with significant trauma,
substantial bleeding, prolonged hospitalization, and a high
risk of wound infection, along with noticeable scarring that
can adversely affect patients psychologically [8,9]. In the

past two decades, various minimally invasive techniques
have been applied in congenital heart surgeries, includ-
ing right lateral thoracotomy, right anterolateral (submam-
mary) thoracotomy, partial sternotomy, and transaxillary
incision [10–14]. In most medical centers, the right an-
terolateral minimally invasive incision involves dissecting
breast tissue, affecting breast growth and sensation, partic-
ularly in female patients. The RVIAT is located along the
axillary midline, away from breast and chest muscle tissue,
accessing the chest cavity through the space between the
serratus anterior muscles, requiring only intercostal mus-
cle dissection. A retrospective analysis [15] of 1672 pa-
tients with congenital heart disease who underwent treat-
ment via the RVIAT at Fuwai Hospital between 2015 and
2019 was conducted. The study concluded that for vari-
ous congenital heart defects, the RVIAT can be safely per-
formed, being distant from breast tissue, facilitating nor-
mal breast development, and yielding excellent cosmetic
results. It can serve as a favorable alternative to mid-
sternotomy, especially for young female patients. Initially,
the RVIAT was primarily used in children and adolescents
for repairing ASD and perimembranous VSD through the
right atrium. However, due to the deep thoracic cavity
and limited rib elasticity, exposure of the operative field in
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Table 4. Reassessment of cardiac function in postoperative patients.

Variable
TARVIAT group TT group MS group

p value
(n = 62) (n = 67) (n = 72)

LVEF at one month post-operation 59.42 ± 3.51 59.30 ± 3.68 60.19 ± 3.04 0.219
LVEF at six month post-operation 59.39 ± 3.67 60.10 ± 2.58 59.44 ± 3.00 0.278
LVEF at one year post-operation 59.94 ± 2.72 60.78 ± 2.47 60.50 ± 2.95 0.188
LVEF, left ventricular ejection fraction.

adults is more challenging compared to children. Conse-
quently, it was previously believed that individuals weigh-
ing over 30 kg were not suitable candidates for this ap-
proach [16]. Nevertheless, with accumulated experience, a
higher body weight is no longer considered a limiting factor
for surgical indications. This study demonstrates this fact
by including a patient with the highest weight of 99.3 kg in
the TARVIAT group. Furthermore, advancements in tech-
nology have made full thoracoscopic heart surgery possible
without relying on the Da Vinci system. The full thoraco-
scopic technique only requires three small incisions rang-
ing from 1.0–2.5 cm [17]. The main advantage of thoraco-
scopic surgery is that it causes minimal pain and trauma,
avoids the need for a large incision in the chest and the
use of wires, reduces postoperative bleeding, and results
in smaller drainage from chest tubes [18]. However, be-
cause it provides a two-dimensional visual image without
depth perception and requires more time to learn, it typi-
cally takes longer to perform compared to other methods.
Based on our data, we can see that the TT group requires
more surgical time, CPB time, and aorta occlusion time
than the TARVIAT group. However, there is no significant
difference between the two groups in terms of postopera-
tive ICU stay, hospital stay, mechanical ventilation time or
hospital expenses. It’s worth noting that within 24 hours
after surgery, the TT group had less drainage from chest
tubes compared to the TARVIAT group. This may be due
to its smaller incision and less damage to small blood ves-
sels. Compared to the mini-incision in the right armpit,
a full thoracoscopic operation often takes longer and re-
quires extensive experience with thoracoscopic procedures.
It also necessitates the use of peripheral extracorporeal cir-
culation. However, most cardiac surgeons are used to in-
serting a cannula into the ascending aorta. Currently, com-
mon complications associated with peripheral extracorpo-
real circulation include bleeding, thrombosis, and hemol-
ysis [19]. There have also been reports of limb ischemia
when using femoral artery cannulation without preventive
measures, which can negatively impact survival or long-
term functional outcomes [20]. In their follow-up study
on 62 patients who underwent atrial septal defect closure
through full thoracoscopic surgery at their hospital, Xu et
al. [21] found that two patients were unhappy with the scar
length in the groin area caused by the peripheral extracor-
poreal circulation cannula. Our TARVIAT technology mit-
igates the complications associated with scarring, vein oc-

clusion, and blood vessel narrowing or ischemia induced by
femoral and venous catheters. The TARVIAT approach is a
surgical technique for treating CHD in adults that combines
a mini-incision on the right side of the armpit with a thora-
coscopic approach. It uses special instruments and central
CPB to repair defects while the surgeon can see everything
clearly. However, sometimes the mini-incision doesn’t pro-
vide a good view due to the deep chest cavity in adults.
To solve this problem, an endoscope lens is placed through
the 6th rib space to fully expose the field of view and as-
sist the surgeon during surgery. With this technique, the
surgeon can perform operations directly through the mini-
incision while also viewing a monitor, making it easier to
operate on a larger area. Compared to total thoracoscopic
techniques, this method significantly reduces surgical time,
extracorporeal circulation time, and aortic occlusion time.
This means less time for cardiac arrest and better protection
for the heart. The TARVIAT approach has some great ben-
efits, like causing less damage to the tissues and leaving a
more attractive incision. It doesn’t involve cutting anymus-
cles outside of the intercostal ones andmaintains the natural
space between the ribs and thoracic nerve. The incision is
made in the axillary midline, which can be easily hidden
by a drooping arm, making it look like a regular scar rather
than one caused by heart surgery (Fig. 6). During the sur-
gical process for adult congenital heart disease using this
approach with extracorporeal circulation, there are a few
important details to consider. Firstly, before applying the
chest retractor, a protective ring is placed on the incision
site and then divided into thirds to protect the skin edge.
Secondly, a blunter aortic cannula, a 19# aortic catheter is
typically selected, along with a 20# superior vena cava and
inferior vena cava catheter (Fig. 7), the goal is to minimize
the risk of piercing the posterior wall of the aorta during
surgery. Lastly, carbon dioxide is injected into the chest
cavity during operation to prevent air embolism since all
air in the left atrium gets absorbed easily as carbon dioxide.
Additionally, transesophageal echocardiography is used to
check for any remaining air in either atria or ventricles. It is
noteworthy that the TARVIAT treatment of adult congenital
heart disease atrial septal defect under cardiopulmonary by-
pass necessitates a certain level of expertise. Prior to gain-
ing this skill, the surgeon should be proficient in the RVIAT
method for treating children’s atrial septal defect and simple
ventricular septal defect.
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Limitations

This retrospective studywas conducted at a single cen-
ter with a sample size of 201 patients, which is relatively
small. Future studies on a larger scale are necessary to vali-
date the reliability of the results. Clearly, a longer follow-up
period is required to assess the effectiveness of ASD clo-
sure.

Conclusions

In conclusion, both the TARVIAT approach and TT
approach for repairing adult ASD with extracardiac circu-
lation through the centrosome demonstrate favorable cos-
metic outcomes and acceptable clinical results without any
instances of surgical mortality or major complications.
These approaches can serve as viable alternatives to the
MS approach, with the noteworthy observation that the
TARVIAT group may necessitate reduced surgical time,
CPB time, and aortic occlusion time. Further investigation
into this matter is warranted.
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