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Objective: We aim to report our heart team's experience in repair of Secundum atrial septal defect (ASD) in adolescent and adult
patients at Jordan University Hospital (JUH).
Methodology: A retrospective observational study of 44 patients who underwent secundum ASD closure by transcatheter closure
(TCC) or Minimally Invasive Cardiac Surgery (MICS) at JUH. Patients who were treated at an age of 14 years or older regardless of
the age of diagnosis were included. SPSS and Microsoft Excel were used to analyze the data.
Results: A total of 44 patients with secundum ASDwere treated during the period of (January 2015 and December 2019). The mean age was
34.1 (±14.3) years. Thirty-four patients underwent TCC, 9 underwent surgical closure and one had a hybrid procedure.We had nomortality and
2 minor morbidities. After a mean follow-up period of 13.2-/+13.6 months, most patients experienced improved symptoms, and there was
a significant reduction of right ventricular dimension from 33.1 (±8.74) to 24 (±4.67) mm (p=0.0001).
Conclusion: ASDclosurewhetherTCCorMICS is a safe procedurewith very lowmorbidity.A heart teamapproach is a necessity in the era of
advances in bothMICS surgery andTCCapproach.Aheart teamprovides the patientswith a variety of safe and cosmetic solutions that allow the
patients to have a fast management and recovery phase in rapid time through providing the merits and avoiding the complications of each
modality, the team allows low volume centers in developing countries to achieve an excellent outcome.
Keywords: atrial septal defect, ASD closure, heart team

Introduction
The incidence of congenital heart disease (CHD) is on the rise globally.1 Atrial Septal defect (ASD) is the second most common
anomaly occurring in approximately 1.64 per 1000 live births (17.5% of all congenital heart diseases).1 Nearly 70% of all Atrial
septal defects are of the secundum subtype. This is a sporadic incidence.2 It is usually asymptomatic during infancy and childhood
and diagnosed incidentally. Most patients are expected to survive into adulthood when they become more symptomatic.3–5

The treatment of Secundum ASD has evolved over the last 2 decades. First, the surgical outcome of ASD repair
through the classical median sternotomy (MS) approach has improved significantly becoming one of the safest
operations,6,7 meanwhile two attractive strategies have been developed: minimally invasive cardiac surgery (MICS),
and transcatheter occlusion devices (TCC). Both offer excellent clinical outcomes, and rapid recovery. This necessitated
the development of a team that treats the patient in the best available manner.

Jordan, a middle income developing country has a high incidence of congenital heart diseases, particularly atrial
septal defects with rates of about 12.3 and 2.5 cases per 1000 live births respectively.8 This puts high pressure on health
care resources, especially in a developing country with limited resources. A new adolescent and adult Secundum ASD
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service was set up at our unit in 2017 to offer patients either MICS or TCC. Before the setup of the heart team service,
the interventional cardiologist used to decide individually the therapeutic procedure of choice and refer the patients who
need surgery for median sternotomy approach. This report describes our early experience in setting up this service using
a heart team approach to facilitate decision making and ensure the best clinical outcome.

Materials and Methods
A retrospective analysis was performed for all the adolescent and adult patients (over 14-year- old) who underwent
secundum ASD repair either TCC or MICS at our institute (JUH) after reforming the ASD services between
(January 2017 to December 2019).

Data collected including preoperative demographics, intraoperative variables, and postoperative outcomes.
The heart team reviewed each case and joint decisions were made regarding the optimal treatment strategy. All patients

underwent trans-esophageal echocardiography. The suitability of TCC of the secundumASDwas based on the following criteria,
maximumdefect size, presence ofmultiple defects, aneurysmal septum, and careful evaluation of the defect rims. Rims evaluated
included superior, aortic, atrioventricular valve, inferior, and posterior rims. Appropriate rims were defined as >5 mm.9 With
exception of deficient or absent aortic rim, transcatheter closure was not done if any other rim was deficient.

Techniques
Transcatheter ASD Closure (TCC)
The technique of ASD closure using double disc devices is extensively described in the literature.10 Device closure was
done using a self-centering device in most cases, or a patent foramen ovale (PFO) occluder in selected cases (such as in
multiple small defects, or presence of aneurysmal septum). The procedure is done with general anesthesia and trans-
esophageal echocardiographic guidance. The selection of the device type and size depended on the anatomical features of
the defect, including the maximum diameter of the defect, length of the rims, and the presence of single or multiple
defects. The size of the self-centering device was selected to be 3–5 mm larger than the maximum diameter of the defect.
The size of the PFO occluder device was selected so that the device would cover all the defects in case of multiple
defects, or be sufficient to cover the dimension of the aneurysm in cases of aneurysmal atrial septum.

In large defects, or defects with deficient aortic rim, a number of techniques were used to assist deployment of
occluder device and avoidance of prolapse of left atrial disc during deployment. In some patients, simple rapid
deployment with counterclockwise tension was successful, in others, left or right upper pulmonary vein technique, or
left atrial appendage techniques, where the left atrial disc is deployed first in the pulmonary vein or the atrial appendage,
followed by rapid deployment of the right atrial disc resulted in successful delivery.

Minimally Invasive Surgical Technique (MICS)
Patients were operated on in a supine position with the right side elevated. A venous cannula (15F) was then inserted
percutaneously through the right internal jugular vein using Seldinger technique. In all cases, cardiopulmonary bypass
was instituted via the femoral vessels. A limited 5-cm skin incision was then made under the right nipple in men and the
right inframammary groove in women. A video assisted working-port was made in the fourth intercostal space and the
thoracic cage was embedded with CO2. The inferior venous cannula was positioned in the right atrium under
transesophageal echocardiography guidance. The arterial cannulation (19–23F) was inserted using the same technique,
both Caval veins were snared. External aortic cross clamp was applied. The right atrium was opened through a
longitudinal incision. All defects were closed using Autologous Pericardium.

Data Analysis
Data were analyzed using SPSS software (version 20, Chicago, USA) and Microsoft Excel (version 365, Microsoft,
California, USA). Continuous data were presented as mean, standard deviation, median and interquartile range (IQR),
and were compared Student's t-test, Categorical data were expressed as percentages.
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Results
Preoperative
During the study period, a total of 44 patients with Secundum ASD were treated by the heart team. The mean age was
34.1 (±14.3) years, range (13–64), 17 (39%) were males and 27 (61%) were females. Table 1 summarizes preoperative
characteristics. Most patients were symptomatic 36 patients (85%) . The commonest symptoms were palpitation in 19
patients (45%), easy fatigability in 18 patients (42%), and chest pain in 11 patients (26%).

Atrial fibrillation was present in 5 patients (12.8%). Mean right ventricular dimension was 33.1 mm (±8.74). The
mean defect size was 20.4 mm (± 9.5). Rim deficiency was present in 14 (33%) patients: Eight with deficient aortic rim,
four posterior rim, and two inferior rim.

Other associated cardiac abnormalities were: coronary artery disease (CAD) in 2 patients (5.1%), interrupted inferior
vena cava (IVC), pulmonary stenosis (PS) in one patient and ventricular septal defect (VSD) in one patient (2.6% each).

Operative
Thirty-four patients (77%) underwent TCC, 9 patients (20%) underwent surgical closure including one with hybrid
surgery, and one patient had emergency surgery.

Trans-esophageal echocardiography guidance was done during the procedure. All patients had left to right shunt
documented by color Doppler. Hemodynamic catheterization was done with measurement of the right ventricular (RV)
pressure. Mean RV pressure was 30.6 (+-8.6). No patient had severe pulmonary hypertension to preclude closure.
Calculations of shunting or Qp:Qs ratio was not routinely done. Devices used were self- centering device in 27 with
a mean device size of 25.3± 9 mm, and PFO occluder in 7. Total devices used were 35 devices (34 TCC, and one Hybrid
device closure using a 33 mm occlutech ASD occluder).

Devices used were Occlutech Figula Flex device (Occlutech, La CoursGata 2, Helsingborg, Sweden) 31, and
Amplatzer septal occluders (Abbott. Abbott Park, Illinois, USA) in 4 Table 2.

In one patient, there was device embolization, the patient was offered surgery from the beginning due to a large defect
with suspicion of a small inferior rim. The Heart Team anticipated the possibility of device dislodgment but upon
patient’s request TCC was performed and the device dislodged, he was operated upon promptly without any complica-
tions, confirmation of deficient inferior rim was done intra-operatively, this case was early in our experience with
minimally invasive cardiovascular surgery therefore he was operated through standard median sternotomy.

Nine patients underwent surgical closure: eight of the patients with deficient inferior or posterior rims underwent
primary surgical closure, and one underwent emergency closure following device embolization as mentioned above,
where the diagnosis of deficient inferior rim was confirmed intra-operatively. In addition, patients who underwent
primary surgical procedure due to deficient rims by echocardiography were confirmed to have deficient rims intra-
operatively.

One patient underwent Hybrid device-closure of the defect due to interrupted inferior vena cava. A per-atrial puncture
was done through a small lateral mini-thoracotomy in the 4th intercostal space. A delivery sheath was then inserted into
the right atrium, then to the left atrium under trans-esophageal echocardiography guidance. Without using the Heart lung
machine, we successfully deployed the occluder device (Bani Hani et al, 2020).

Postoperative
Most of our patients faced a smooth in hospital stay with a fast recovery postoperatively. We faced two minor
morbidities; one of our patients developed a small right groin hematoma and soft palate hematoma due to trans-
oesophageal echo probe that were managed conservatively. Another patient developed atrial fibrillation with rapid
ventricular response after the TCC closure of the defect, controlled via chemical cardioversion. The major morbidity
was to the patient with device embolization and was managed by emergent sternotomy and ASD repair with a pericardial
patch.
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Table 1 Preoperative Patient Characteristics

Characteristics No. of Cases
N=44

Percent

Age (Years)

Mean age ± SD 34.1±14.3

Range 13–64

Sex

Male 17 39

Female 27 61

Age Group

10–19 8 18

20–29 10 23

30–39 12 27

40–49 8 18

50–59 4 9

60–69 2 5

Symptoms Present

Yes 38 86

No 6 14

Symptoms

Chest pain 11 25

Palpitation 19 43

Fatigue exercise tolerance 18 41

ECG

Normal sinus rhythm 30 68

RBBB 6 13

AF 5 11

Right axis deviation (RAD) 3 6

On Beta Blockers Before Procedure

Yes 7 16

No 37 84

Other Cardiac Diagnosis

No 39 88

CAD 2 5

Interrupted IVC 1 2

PS 1 2

VSD 1 2
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Follow Up
The mean follow up period was 13.2-/+13.6 months (range 1–47) till the last follow up. All symptomatic patients
reported subjective improvement of their symptoms, particularly exercise tolerance. No objective measure of exercise
tolerance was done to confirm the finding. Additionally, patients who complained of palpitation before procedure
reported improved symptom. However, of the 5 patients with AF, 4 remained in AF despite closure of defect.

The right ventricular dimension regressed from 33.1 ± 8.6 mm to 24.1 ± 4.5 mm (p=0.0001). A small residual shunt
was present in 2 patients (5.1%) which were treated conservatively Table 3.

Table 3 Follow Up

Duration of Follow Up (Month) Percent

Mean duration ± SD 13.2 ± 13.6

Range 1–47

Median 8.5

Residual Shunt

None 37 94.9

Small 2 5.1

Post Procedure RV Size

Mean ± SD 24.1± 4.5

Range 18–40

Median 24.0

ECG on FU

Normal 38 90.4

AF 4 9.6

Table 2 Defect and Device Characteristics

Maximum Defect Size (mm) Percent

Mean defect size ± SD 20.4 ± 9.5

Range 8–42

Median 18.5

Baseline RV Dimension (mm)

Mean RV dimension ± SD 32.9 ± 8.6

Range 21–52

Rim Deficiency

Yes 14 33.3

No 2 66.6

Device Self Centering

Yes 27 20.6

No 7 79.4
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Discussion
Treatment of secundum ASD has seen significant changes over the past 2 decades MICS was introduced as an alternative
to surgical repair through SMS and showed superior clinical and cosmetic results with earlier hospital discharge, and
lower rates of surgical site infection and return to work.6,7,11,12

The other technical development was success of the TCC devices, first introduced in Japan in 2005. TCC was then
approved for adult patients in 2011, before that it was only available for pediatric patients.13 TCC showed its superiority
over the surgical approach of closing Secundum ASD.10,13

As these new technologies become widely available, few issues have risen; first the treatment decision making; not all
cases could be treated with device closure, and some will still need surgery, second, the adoption of new techniques needs
a learning curve for safe implementation, and third, the organizational arrangements for offering these procedures, for
example, the need for surgical backup cover, provision of the other congenital services, and the case load recommended.

Success of TCC of secundum ASD depends mainly on two factors: Maximum size of the defect not exceeding 38–
40 mm, and the presence of adequate rims (generally >5m)3. However, aortic rim deficiency is the only rim that is not
necessary for successful device placement.

Several studies have compared standard surgical closure with percutaneous closure, they showed that both TCC and
MICS are successful with no mortality,14–16 yet lower rates of complications and shorter hospital stay with transcatheter
approach. Complications are mainly due to the lateral thoracotomy such as (right pleural effusion, right pneumothorax,
and atelectasis of the right lung) in addition higher rates of atrial arrhythmias.13,14 On the other hand, some of the
complications that might arise due to TCC of ASD are reported including cardiac erosion (incidence of 0.1–0.3%),17

device thromboembolism (incidence of 0.55% in the Amplatzer device proctors survey, mostly due to under sizing of the
device and inadequate rims)18 and nickel allergy.13,19

In 2017, we had major reform to the Secundum ASD services at our hospital. Our surgical department covered adult
service only with no congenital services. Pediatric cardiology offered a wide range of diagnostic services and interven-
tional procedures that did not require surgical input. This included some highly selected secundum ASD transcatheter
closure cases. With the service reform, MICS secundum ASD repair was introduced for cases which are not suitable for
catheter intervention, and as surgical backup for more complex device closures. To ensure safety and efficiency of the
new service, a heart team approach was adopted. The team included pediatric cardiologist, interventional pediatric
cardiologist, cardiac anesthesiologist, and a cardiac surgeon specialised in minimally invasive cardiac surgery. The heart
team made joint decisions about treatment options, and cross cover patient care and management.

Team concept is not a new concept in the medical field, it has been implemented in different specialties such as
oncology and organ transplant19 Team based approach in cardiac field has garnered increasing interest after two
achievements in the cardiovascular field, the Syntax score and the transcatheter aortic valve implantation.20

Multidisciplinary heart Team manages complex patient issues and gives complementary approach to patient care by
joint decision of different medical specialties. By reviewing multiple options available and sharing them with patient and
their family we can offer the best shared decision making and recommendations tailored to patient preference. It can
encourage participation and commitment to excellence, and further drive innovation.19,21

This study shows our early experience in ASD service with excellent clinical outcome. There was no mortality,
and low morbidity in both MICS and TCC groups. Medium term follow up showed significant improvement of
symptoms, and reverse remodeling to the right ventricular dimensions. Heart rhythm has also improved. Aortic rim
was the most common rim to be deficient in our cohort (20%). It is reported in other studies to be deficient in up to
40% of cases.9 All patients with deficient aortic rim in our cohort were successfully treated by device closure, the two
discs of device are placed in a way that they hug the aortic root. Defects with deficient posterior or inferior rims are
considered by most operators to be un-suitable for device closure, therefore they are best treated surgically, preferably
using MICS.22

Heart team approach has proven essential in providing best care, and safeguard outcome in complex case. The size of the
atrial septal defect and the rims are major points that decided the way of management, 6 of our patients were offered surgery
from the beginning due to absent rim, one was large defect with suspicion of small inferior rim. Heart Team anticipated the
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possibility of device dislodgment but upon patient’s request transcatheter closure was performed and the device dislodged, he
was taken promptly to surgery and operated without any complications, confirmation of deficient inferior rim was done intra-
operatively, this was in our early experience with MICS therefore he was operated in standard median sternotomy. In another
case for a patient with absent inferior vena cava we performed a hybrid minimally invasive procedure in which through
a small lateral minithoracotomy in the 4th intercostal space we introduced a sheath into the right atrium. Without using the
Heart lung machine, we successfully deployed the occluder device.23

Heart team fills the knowledge gap that might arise between different subspecialties, also it decreases unnecessary
procedures. In general, the team physicians share the burden, and this might potentially minimize medical malpractice
exposure, because there is a shared responsibility of recommending the most optimal therapy to the patient.19

We managed all our cases despite being allow volume center with limited resources in a developing country, we did
not have to refer any case and we were able through the team approach to solve all unusual cases that we do not
frequently encounter such as the absent inferior vena cava case.

Our observational study has a few important limitations including limited sample size, single- center data, and
differences in follow-up duration.

Conclusion
ASD closure whether TCC or MICS is a safe procedure with very low morbidity. Heart Team approach is a necessity in
the era of advances in Both MICS and TCC approach, A Heart team provides the patients with a variety of safe and
cosmetic solutions that allows the patients to have a fast management and recovery phase in rapid time through providing
the merits and avoiding the complications of each modality, the team allows low volume centers in developing countries
to achieve excellent outcome.
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