ADULT: ATRIOVENTRICULAR SEPTAL DEFECTS

Robotic repair of atrial septal defect: Pre-groove vertical

right atriotomy approach
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ABSTRACT

Objective: Minimally invasive repair using robotic systems has been accepted as an
attractive alternative in the surgical repair of atrial septal defects (ASDs). Clear
exposure of the entire rim of the ASD is often hindered during a robotic approach.
Here, we describe an approach using vertical right atriotomy along the interatrial
groove that may enhance the exposure of the ASD.

Methods: Patients who underwent ASD closure using the da Vinci Si surgical ystem
(Intuitive Surgical) from 2007 to 2021 were included. During ASD closure proced-
ures, right atriotomy was performed either conventionally in an oblique manner or
parallel to the interatrial groove. A comparative analysis was performed in terms of
all-cause mortality, complications, and durations of cardiopulmonary bypass, aortic
crossclamp, intensive care unit stay, and hospital stay. The inverse probability of
treatment weighting was utilized to balance baseline characteristics across
different surgical approaches.

Results: A total of 114 consecutive patients (mean age, 38.7 & 12.8 years) consti-
tuted the study cohort. There were no cases of mortality or surgical complications
in either group. After adjusting for potential covariates, the cardiopulmonary
bypass (92.8 £ 315 minutes vs 143.1 = 40.7 minutes) and aortic crossclamp
(30.7 = 21.3 minutes vs 60.8 £ 23.5 minutes) times were significantly shorter in
the group using vertical right atriotomy than in the group using conventional
approach (P < .oo1 for both).

Conclusions: Performing vertical right atriotomy adjacent to the interatrial groove
optimized ASD exposure compared with the conventional approach during robotic
ASD repair, leading to reduced cardiopulmonary bypass and aortic crossclamp
times. (JTCVS Techniques 2024;28:73-81)

Atrial septal defect (ASD) is a common form of congenital
heart defect, accounting for approximately 7.5% to 15% of
all cases of congenital cardiac diseases.' ™ ASDs diagnosed
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Surgical view and CPB/ACC time according to right
atrium incision in the setting of ASD closure.
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During the robotic repair of ASD,
performing VRA adjacent to the
interatrial groove improved
exposure of the ASD compared
with the conventional approach,
resulting in reduced CPB and
ACC times.

PERSPECTIVE

Robotic-assisted minimally invasive repair is an
appealing option for ASD surgery; however, ob-
taining clear exposure of the entire ASD rim can
be challenging with a totally endoscopic
approach. The present study may offer insights
into assessing the necessity of vertical right atriot-
omy by evaluating its effectiveness in the context
of robotic ASD repair.

in infancy or early adulthood with small diameters tend to
close spontaneously. However, if moderate or large ASDs
are left uncorrected, they can lead to left-to-right shunting,
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Abbreviations and Acronyms

ACC = aortic crossclamp
ASD = atrial septal defect
CON = conventional

CPB = cardiopulmonary bypass
ePTFE = expanded polytetrafluoroethylene
IPTW = inverse probability of treatment weighting

IVC = inferior vena cava
SMD = standardized mean difference
SVC = superior vena cava

TEE = transesophageal echocardiography

TR = tricuspid regurgitation
VRA = vertical right atriotomy
resulting in volume overload, heart failure, atrial

arrhythmia, and pulmonary hypertension, typically between
the third and fourth decades of life.”

Minimally invasive repair using a robotic system has
been accepted as an attractive alternative for the surgical
repair of ASD.”” It can minimize the incision size and
overall operative trauma, leading to better postoperative
recovery and an improved quality of life compared to the
mini-thoracotomy and median sternotomy approach.’

Nevertheless, achieving clear exposure of the entire rim of
the ASD under a totally endoscopic robotic approach might
be challenging. During robotic ASD closure, we utilize
both a 30° and a 0° scope to assess the ASD (Figure 1). How-
ever, the standard oblique right atriotomy may impede the
view of the ASD due to the free wall of the right atrium
(Figures 2 and 3). We hypothesized that performing vertical
right atriotomy (VRA) parallel to the interatrial groove
would provide better exposure of the entire interatrial septum
compared with performing a conventional oblique incision in
the right atrium (CON). In the current study, we evaluated the
postoperative outcomes of a novel approach using robotic-
assisted VRA parallel to the interatrial groove for ASD.

METHODS
Study Design and Population

With approval from the Institutional Review Board of Asan Medical
Center (Study No: 2022-0220; February 18, 2022), we retrospectively
reviewed patients’ medical records. Informed consent was waived due to
retrospective nature using anonymous data. We identified all patients at
Asan Medical Center who underwent ASD closure using the da Vinci Si
surgical system (Intuitive Surgical) from 2007 to 2021 (N = 156),
excluding patients who underwent concomitant mitral valve surgery
(n = 22), from electronic medical records to focus on evaluating the effec-
tiveness of the right atriotomy incision. Patients were categorized into
either the CON group or the VRA group based on the technique of right
atriotomy.

Data Acquisition and End Points

We compared all-cause mortality, postoperative complications, duration
of cardiopulmonary bypass (CPB) and aortic crossclamping (ACC),
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intensive care unit stay, and hospital stay between the CON (n = 54) and
VRA (n = 80) groups. Postoperative complications included reoperation
for bleeding, complete atrioventricular block, cerebrovascular accident,
wound infection, pneumonia, and remnant interatrial shunt.

Echocardiographic Evaluations

All patients underwent a transthoracic method to measure Doppler color
flow and intra-cardiac 2-dimensional images within 2 months before the
surgery. The addition of transesophageal echocardiography (TEE) was
decided by the attending physicians. The degree of tricuspid regurgitation
(TR) was classified as mild, moderate, or severe based on the distal jet area,
vena contracta width, proximal convergence analysis, and volumetric
quantitation following the American Society of Echocardiography guide-
lines."”"” The TR velocity and amounts were measured using the
continuous-wave Doppler method in the apical 4-chamber view, and the
TR peak pressure gradient was calculated using the simplified Bernoulli
equation (4 X [velocity®]). Postoperative echocardiography was typically
performed 3 days after surgery. Follow-up echocardiography was typically
conducted at 6 months postoperatively; thereafter, echocardiographic tests
were performed annually or biennially. Qp/Qs was calculated in patients
with significant pulmonary hypertension before surgery using cardiac
flow assessment.

Surgical Indication

Surgical indication is based on the 2018 the American College of Car-
diology and the American Heart Association Guideline for the Manage-
ment of Adults with Congenital Heart Disease.'> An ASD observed on
echocardiography with a left-to-right shunt requires surgical or interven-
tional procedures. In cases of right ventricle volume overflow or paradox-
ical embolism, aggressive surgical or interventional procedures are
planned. Furthermore, Qp/Qs is calculated by cardiac flow evaluation in
cases of significant pulmonary hypertension to ascertain whether the
degree of shunt causes physiological consequences.

Available percutaneously deployed ASD closure devices have been
authorized for the closure of secundum type defects. Primum, sinus veno-
sus, and coronary sinus ASDs should be closed surgically due to the lack of
sufficient rims for percutaneous device implantation and the proximity to
the atrioventricular valves and conduction system to the closure device.
If concurrent surgical ablation or valve surgery is required due to accompa-
nying diseases, or if the defect is numerous or has an aneurysmal change,
surgery assumes priority over procedures in secundum type of ASD.

If a preoperative assessment indicates pulmonary vascular hypertension
more than one-third of systemic vascular resistance and/or pulmonary
artery systolic pressure >50% of systemic pressure, a consultation with
arespiratory physician is sought to decide the treatment approach. If Eisen-
menger syndrome has been identified, medical treatment is preferred over

surgery.

Surgical Procedures

We have previously outlined the standard operative procedure for robotic-
assisted cardiac surgery in our previous studies.'*'® During general
anesthesia, patients are intubated with a double-lumen endotracheal tube
to facilitate left-sided single-lung ventilation. External defibrillator patches
(Quik-Combo; Physio-Control Co) were used for defibrillation. A TEE
probe, a radial arterial pressure monitoring line, and a central venous catheter
were inserted. A 17 to 21 Fr DLP femoral arterial cannula (Medtronic) was
percutaneously inserted into the right internal jugular vein after hepariniza-
tion (30 IU/kg). Patients were positioned in the left semilateral decubitus
posture with the right arm secured to the table. Before 2016, femoral artery
and vein cannulation were performed through a 3- to 4-cm infrainguinal
groin incision. Since 2016, we have utilized the percutaneous Seldinger
approach with the Perclose ProGlide suture-mediated closure device for
femoral vessel cannulation (Abbott Vascular).
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FIGURE 1. Comparison between the da Vinci 30° scope (Intuitive Surgical) (A) and 0° scope (B).

The thoracoscopic port incision was made in the fourth intercostal
space, anterior to the anterior axillary line. Two additional port incisions
were made in the third intercostal space (just anterior to the anterior axil-
lary line) and in the sixth intercostal space (posterior to the anterior axillary
line) for the left and right robotic arms, respectively. A working port was
placed in the fourth intercostal space at the anterior axillary line, near
the center of the triangle formed by the 3 ports for the left and right robotic
arms and scope. The fifth port for the atrial retractor was positioned in the
fourth or fifth intercostal space at the midclavicular line. After docking the
da Vinci Si surgical system, a 0° scope was inserted through the thoraco-
scopic port. A Chitwood clamp (Scanlan International Inc) was inserted
through the third intercostal space as posterior as possible to the midaxil-
lary line to prevent interference between instruments. After initiating
CPB, a pericardiotomy was performed, and pericardial stay sutures were
placed. A root cannula was inserted after applying 4-0 double-armed pledg-
eted sutures to the ascending aorta. During the reduction of perfusion pres-
sure, aortic crossclamping was performed. In some cases, the Glauber
aortic clamp (Sorin Group) was applied without additional incisions.'* Car-
dioplegic solution (2000 mL custodiol histidine-tryptophan-ketoglutarate
solution; Odyssey Pharmaceuticals) was administered through the aortic
root cannula,'*

The superior vena cava (SVC) was clamped using a bulldog clamp. In
the CON group (n = 54), the right atrium was opened obliquely toward
the inferior vena cava (IVC) (Figure 2, A, Figure 3, A, and Figure E1). In
the VRA approach group (n = 80), the fat tissue over the interatrial groove
was dissected, and the right atrium was opened along the interatrial groove
from the IVC side to the SVC side (Figure 2, B, Figure 3, B, and Figure E1).
To protect the sinoarterial node, a careful incision is performed around the

lower part of the SVC where it meets the right atrium after properly
elevating the right atrium. To avoid SVC stenosis, the incision is often
limited to the junction of the SVC and the right atrium. Negative pressure
(—50 to —60 mm Hg) was applied to the IVC to drain venous blood. The
ASD was repaired using either the primary suture technique (4-0 expanded
polytetrafluoroethylene [ePTFE] suture) or the patch technique (0.5 mm
ePTFE patch with 4-0 ePTFE running suture) after elevating the right
atrium-free wall with a retractor. When patch repair was needed, the patch
was anchored to the anteroinferior rim of the ASD (2 o’clock from the
surgeon’s view) using double-arm 4-0 ePTFE, and a continuous running su-
ture then proceeded to the anterior and superior rim first with an arm of the
4-0 ePTFE. Then, using the other arm of the 4-0 ePTFE, continuous
running sutures were placed along the inferior and posterior rim. The left
atrium was de-aired by inflating the left lung, the suture was tied, and
the aorta was unclamped. The right atriotomy was closed using a double-
layer 4-0 polypropylene running suture, and the patient was successfully
weaned off CPB. The repaired interatrial septum was reviewed using
TEE, and protamine was administered. Concurrent tricuspid valve repair
techniques were primarily selected based on the surgeon’s preference.

Statistical Analysis

Continuous variables are presented as mean £+ SD, and nonnormally
distributed variables, as determined by the Shapiro-Wilk normality test,
are presented as medians with interquartile range (IQR). Categorical vari-
ables are presented as frequencies and percentages. Continuous variables
were compared using Student # test or Mann-Whitney U test, whereas cat-
egorical variables were compared using x* and Fisher exact tests.

FIGURE 2. Surgical view with conventional oblique atriotomy (A) and vertical right atriotomy (B).
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FIGURE 3. Intraoperative image with conventional oblique atriotomy (A) and vertical right atriotomy (B). The white circle represents the position of the
tricuspid valve, and the yellow circle represents the location of the atrial septal defect.

A propensity score methodology with inverse probability of treatment
weighting (IPTW) was performed to minimize selection bias and balance
baseline characteristics.'” The propensity score was defined as the proba-
bility of a patient undergoing ASD closure using the da Vinci Si surgical
system conditional on baseline and operative profiles, and it was estimated
using multiple logistic regression analysis. Covariates for adjustment
included age, sex, body mass index, hemoglobin level, albumin level,
diabetes mellitus, hypertension, cerebrovascular accident, estimated
glomerular filtration rate, chronic kidney disease, preoperative atrial fibril-
lation, Hallor index, left atrium size, ejection fraction, tricuspid regurgita-
tion grade, tricuspid regurgitation pressure gradient, sinus venosus ASD,
multiple ASD, patch closure, tricuspid ring annuloplasty, tricuspid valvu-
loplasty using De Vega technique, and operation period. The Haller index
was calculated by dividing the transverse diameter of the chest by the
anterior-posterior distance on computed tomography of the chest on the
axial slice that had the smallest distance between the anterior surface of
the vertebral body and the posterior surface of the sternum.'®'”

After conducting IPTW-based trimming to stabilize weights, the bal-
ance of all covariates was assessed using the standardized mean difference
(SMD), with SMDs <20% deemed indicative of adequate balance.””
Violin plots were utilized to provide a detailed understanding of CPB
and ACC times. All analyses were performed using R software, version
4.2.1 (R Foundation for Statistical Computing).

RESULTS
Baseline Characteristics and Surgical Procedures

A total of 134 patients were analyzed in this study. Based
on the technique of right atriotomy, 54 (40.3%) patients
were classified as the CON group, and 80 (59.7%) patients
were classified as the VRA group. The clinical characteris-
tics of both groups before and after IPTW weighting are
presented in Table 1. The characteristics of the two groups
were well balanced after [IPTW weighting. All covariates
used in the IPTW model yielded acceptable balance after
adjustment (SMD < 0.2).

Clinical Outcomes According to Right Atriotomy
Incision

During a median follow-up of 2.75 years (IQR, 1.05-
5.99 years); 2.81 years (IQR, 1.21-5.40 years) in the VRA
group and 2.14 (IQR, 0.87-7.15 years) in the CON group,
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there were no adverse events, including all-cause death
and complications (eg, reoperation for bleeding, complete
atrioventricular block, cerebrovascular accident, wound
infection, and pneumonia), except for postoperative
remnant ASD (Table 2). Postoperative remnant interatrial
shunt, which was assessed after a median of 3 days (range,
2-10 days), was significantly lower in the VRA group
(2.0% vs 11.2%; P = .017) although the amount of shunt
flow was trivial. On the final echocardiography, at a median
of 454 days (IQR, 183-826 days), only 1 patient had
remnant interatrial shunt with trivial flow in CON group
(0.0% vs 1.4%; P = .23) and there was no patient with sig-
nificant interatrial shunt (Table 2). There were no cases of
SVC constriction observed in the VRA group.

Before and after IPTW adjustment, the CPB and ACC
times were considerably shorter in the VRA group
(Figure 4). In contrast, there were no significant differences
in the durations of intensive care unit or hospital stay before
or after IPTW adjustment (Table 2).

DISCUSSION

The present study compared the surgical outcomes of the
conventional oblique and VR A approaches for robotic repair
of ASD. Although both surgical approaches demonstrated
excellent clinical outcomes without any complications or
deaths, the VRA approach was superior in terms of the
reduction in CPB and ACC times compared with the conven-
tional oblique right atriotomy approach (Figure 5).

Robotic surgical techniques allow surgeons to close
ASDs in a completely endoscopic manner with a high
success rate and low complication rate.”' This approach
has increased patient satisfaction due to minimal incisions
and enhanced quality of life.® In addition, the use of a
3-dimensional endoscopic camera during robotic surgery
provides precise depth perception and optimal visibility
of intracardiac structures, leading to reduced operation
time and improved surgical outcomes.”””>* However,
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TABLE 1. Baseline characteristics of patients according to right atriotomy incision

Before adjustment

After adjustment

CON group VRA group CON group VRA group
Variable (n=54) (n = 80) P value SMD (n=154) (n = 80) P value SMD
Baseline profiles
Age (y) 36.3 £ 13.5 404 +12.2 .074 0.314 37.1 £ 143 39.1 £11.9 496 0.156
Female sex 40 (74.1) 63 (78.8) .674 0.11 40.5 (74.9) 61.1 (76.4) .88 0.033
BMI 2245 4+3.30  22.88 £3.75 494 0.122 22.60 + 3.41 22.58 +3.61 979 0.005
Hb (g/dL) 13.58 £ 1.29 13.16 £+ 1.82 .148 0.265 13.41 + 1.39 13.33 £ 1.78 817 0.05
Albumin (g/dL) 4.17 £ 0.30 4.06 + 0.28 .032 0.38 4.09 £ 0.27 4.09 + 0.28 925 0.018
DM 1(1.9) 2 (2.5) >.99 0.044 1.5 2.7) 2.0 (2.5) 953 0.012
HTN 2 (3.7) 4 (5.0 >.99 0.064 3.0 (5.6) 4.0 (5.0) .892 0.029
CVA 0(0) 0 (0) >.99 <0.001 0(0) 0(0) >.99 <0.001
eGFR 86.19 + 6.78 83.92 + 8.86 115 0.286 85.08 £ 7.74 84.95 + 8.20 .94 0.016
CKD 0 (0) 0 (0) >.99 <0.001 0(0) 0(0) >.99 <0.001
Preoperative AF 0 (0) 0 (0) >.99 <0.001 0(0) 0(0) >.99 <0.001
Haller index 2.52 +£043 2.51 £0.39 .804 0.043 2.55+£0.41 2.52 +0.39 .691 0.079
Echocardiographic data
LA (mean (SD)), mm 36.04 £+ 6.25 35.90 £ 4.23 0.026 35.72 £5.70 35.83 £+ 4.05 905 0.022
EF (%) 61.96 £ 5.81 62.76 + 3.82 338 0.163 62.21 +£5.53 62.66 £ 3.85 .642 0.094
TR grade 312 0.342 996 0.05
None to trivial 8 (14.8) 22 (27.5) 12.3 (22.8) 18.6 (23.2)
Mild 26 (48.1) 37 (46.2) 25.6 (47.3) 39.3 (49.1)
Moderate 19 (35.2) 20 (25.0) 15.2 (28.2) 20.8 (26.1)
TR pressure gradient 1(1.9) 1(1.2) 0.9 (1.7) 1.3 (1.6)
Significant pulmonary HTN 7 (13.0) 8 (10.0) 799 0.093 5.6 (10.4) 6.6 (8.2) .662 0.075
Systemic flow ratio (Qp/Qs)* 2.56 (0.38) 2.44 (0.40) .559 0.311 2.58 (0.36) 2.43 (0.37) 394 0.408
ASD diameterf 26.28 (12.69) 27.02 (9.71) 0.066  27.61 (15.48) 26.30 (9.64) .672 0.102
Operative profiles
Sinus venous ASD 3 (5.6) 2 (2.5) .652 0.156 2.0 (3.6) 2.12.7) 74 0.055
Multiple ASD 10 (18.5) 17 (21.2) .867 0.068 13.6 (25.2) 16.3 (20.4) .614 0.114
Patch closure 45 (83.3) 72 (90.0) 383 0.197 46.0 (85.2) 66.6 (83.3) 817 0.052
Tricuspid valvuloplasty
Ring annuloplasty 1(1.9) 3 (3.8) 1908 0.115 3.2(5.8) 2.7 (34) .637 0.115
De Vega technique 8 (14.8) 8 (10.0) .568 0.146 6.1 (11.3) 8.6 (10.7) 922 0.018
Operation period <.001 0.933 951 0.014
2008-2015 45 (83.3) 34 (42.5) 31.9 (59.1) 46.7 (58.4)
2016-2021 9 (16.7) 46 (57.5) 22.1 (41.0) 33.3 (41.7)

Values are presented as n (%) or mean £ SD. CON, Conventional approach; VRA, vertical right atriotomy; SMD, standardized mean difference; BMI, body mass index; Hb,
hemoglobin; DM, diabetes mellitus; HTN, hypertension; CVA, cerebrovascular accident; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; AF, atrial fibril-
lation; LA, left atrium; EF, ejection fraction; TR, tricuspid regurgitation; ASD, atrial septal defect. *Qp/Qs was calculated in patients with significant pulmonary hypertension
before surgery (n = 15). {The ASD diameter of the patient with multiple ASDs was calculated as the sum of the diameters.

achieving optimal exposure of the ASD under a completely
endoscopic robotic approach may present challenges.
Conventionally, a 30° downward scope was used to
maximize ASD visualization, but it can be obstructed by
the anterior chest wall, especially in patients with small
thoracic cages (Figure 1, A). In those cases, a 0° scope
can be used to avoid colliding with the anterior chest
wall; however, it has a limitation in visualizing the posterior
rim of the ASD (Figure 1, B, Figure 2, A, and Figure 3, A).
To overcome this issue, the VRA along the interatrial
groove was performed (Figure 2, B and Figure 3, B), which
can be applied to all types of ASD to optimize defect
exposure. For instance, the sinus venosus type of ASD

can be exposed by extending the incision to the SVC or
IVC side, as needed.

In this study, the VRA approach was associated with a
shorter surgery time. Specifically, good visualization facil-
itated beating heart surgery in 13 patients from the VRA
group, contributing to a reduction in surgical time. In previ-
ous studies, beating heart surgery has shown faster recovery,
myocardial protection, and shorter CPB and total operation
times in robotic ASD closure surgery.””” However, we did
not find significant differences in all-cause mortality, post-
operative complications, and intensive care unit or hospital
stay between the CON group and VRA group, likely due to
the excellent outcomes of robotic ASD repair surgery.”’~

JTCVS Techniques * Volume 28, Number C 77
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TABLE 2. Comparison of clinical outcomes according to right atriotomy incision in patients using inverse probability of treatment weighting

Before adjustment

After adjustment

Variable CON group (n =54) VRA group (n =80) P value CON group (n =54) VRA group (n =80) P value

Cardiopulmonary bypass time 145.5 £47.4 91.5 £31.8 <.001 143.1 £ 40.7 92.8 £ 31.5 <.001

(min)
Aortic crossclamp time (min) 63.5 £ 27.1 31.5+21.5 <.001 60.8 + 23.5 30.7 £ 21.3 <.001
ICU stay (d) 1.02 £ 0.14 1.05 £ 0.45 .617 1.02 £0.13 1.06 £ 0.50 485
Hospital stay (d) 4.78 £ 2.13 491 £+ 1.88 701 4.96 + 2.02 4.77 £ 1.93 .594
Early mortality 0 (0) 0 (0) >.99 0(0) 0 (0) >.99
Late mortality per year 0(0) 0 (0) >.99 0(0) 0 (0) >.99
Early complication 0 (0) 0 (0) >.99 0(0) 0 (0) >.99
Late complication per year 00 0 (0) >.99 0(0) 0 (0) >.99
Remnant shunt*

Postoperative shunt 7 (13.0) 2 (2.5) .043 6.0 (11.2) 1.6 (2.0) .017

Last follow-up shunt 1(1.9) 0(0.0) .843 0.8 (1.4) 0.0 (0.0) 232

Values are presented as n (%) or mean & SD unless indicated otherwise. CON, Conventional approach; VRA, vertical right-atriotomy approach; I/CU, intensive care unit.

*Remnant shunt was observed in 9 patients with trivial shunt flow.

TR is a common pathophysiologic condition in adult pa-
tients with ASD due to tricuspid annulus dilation and right
ventricle remodeling secondary to long-standing right heart
volume overload and left-to-right shunting.”®*’ Approxi-
mately 30% of patients in this study demonstrated signifi-
cant TR, which is consistent with a prior study conducted
in Korea.”® In the group of 20 patients who underwent
both ASD repair surgery and tricuspid valvuloplasty, the
VRA incision also resulted in a shorter ACC time
(58.6 + 29.2 minutes vs 82.6 4+ 27.0 minutes) and CPB
time (135.4 + 35.6 minutes vs 161.9 + 35.3 minutes)
than the CON incision, although the difference was margin-
ally significant (P = .11 and P = .07, respectively) due to
the small sample size. With the rise of device closure,

Matched cohort using IPTW

400
300

200 A

CPB time

100 A

A CON group VRA group

surgery for adult ASD is decreasing in volume; however,
the number of significant TR cases is increasing.”” The
VRA incision may be beneficial for concomitant tricuspid
valve intervention by providing optimal exposure of both
ASD and the tricuspid valve.

This study has several limitations. First, because this
study was conducted retrospectively at a single tertiary
center, potential selection bias might have influenced
our results. The results might also have been influenced
by interobserver variation in the determination of ASD
and the degree of TR severity, as is always the case in
this field. In addition, as this study focused on patients
who received surgical treatment from a single surgeon
over a 14-year period, unmeasured confounders such as

150 A

ACC time
o )
o o

B CON group VRA group

FIGURE 4. Violin plot comparing the cardiopulmonary bypass (CPB) and aortic crossclamp (ACC) times between the oblique right atriotomy group
(CON) and the vertical right atriotomy group (VRA). IPTW, Inverse probability of treatment weighting.

78 JTCVS Techniques « December 2024



Kim et al

Adult: Atrioventricular Septal Defects

o
IS
N\ /4

¥ | TECHNIQUES

@AATSHQ

30° scope 0° scope

Conventional Right-Atriotomy
N =54

Vertical Right-Atriotomy
N =80

Adult patient who underwent ASD closure
using the Da Vinci Si® surgical system
(Jan/2007-Dec/2021)

N =134
Matched cohort using IPTW
400 A
150
300 A
o o 1001
£ 200 £
m )
o o
o < 50 4
100 A
0 4
O 4
A CON group VRA group B CON group VRA group

VRA adjacent the interatrial groove optimized ASD exposure compared to the conventional approach during the robotic

repair of ASD, resulting in reduced CPB and ACC time.

FIGURE 5. Overview of the study on robotic repair of atrial septal defect: pre-groove vertical right-atriotomy approach.

surgical expertise, learning curves, and advancements in
medical devices may not have been fully considered.
Particularly, although we weighted VRA group and
CON group using IPTW, there was also a learning curve
or accumulation of experience, which may have an influ-
ence on ACC and CPB times. Notably, the potential risk
associated with VRA incision, such as overly deep cuts
extending into the left atrium or risk of sinoarterial node
injury, could have been minimized in this study with the
expertise of the surgeon. Moreover, the number of
patients included in this study was not sufficiently large
to provide a robust conclusion; therefore, the results
should be interpreted as hypothesis-generating.

CONCLUSIONS

Performing VRA adjacent to the interatrial groove opti-
mized ASD exposure compared with the conventional
approach during robotic repair of ASD, resulting in reduced
CPB and ACC times.
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FIGURE El. Intraoperative image with right atriotomy incision lines.
The white dashed line represents the conventional oblique incision, and
the yellow dashed line represents the vertical right atriotomy group inci-
sion. RA, Right atrium; /VC, inferior vena cava; SVC, superior vena cava.
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