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BACKGROUND: Current guidelines recommend at least 6 months of antithrombotic therapy and antibiotic prophylaxis after septal- 
occluding device deployment in transcatheter closure of atrial septal defect. It has been estimated that it takes ≈6 months for 
complete neo- endothelialization; however, neo- endothelialization has not previously been assessed in vivo in humans.

METHODS AND RESULTS: The neointimal coverage of septal occluder devices was evaluated 6 months after implantation in 15 
patients by angioscopy from the right atrium. Each occluder surface was divided into 9 areas; the levels of endothelialization 
in each area were semiquantitatively assessed by 4- point grades. Device neo- endothelialization was sufficient in two thirds of 
patients, but insufficient in one third. In the comparison between patients with sufficiently endothelialized devices of average 
grade score ≥2 (good endothelialization group, n=10) and those with poorly endothelialized devices of average grade score <2 
(poor endothelialization group, n=5), those in the poor endothelialization group had larger devices deployed (27.0 mm [25.0– 
31.5 mm] versus 17.0 mm [15.6– 22.5 mm], respectively) and progressive right heart dilatation. The endothelialization was 
poorer around the central areas. Moreover, the prevalence of thrombus formation on the devices was higher in the poorly en-
dothelialized areas than in the sufficiently endothelialized areas (Grade 0, 94.1%; Grade 1, 63.2%; Grade 2, 0%; Grade 3, 1.6%).

CONCLUSIONS: Neo- endothelialization on the closure devices varied 6 months after implantation. Notably, poor endothelializa-
tion and thrombus attachment were observed around the central areas and on the larger devices.
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An atrial septal defect (ASD) is one of the most 
common congenital cardiovascular defects. 
These defects often trigger heart failure caused 

by left to right shunt or paradoxical embolic stroke 
and require procedural intervention. Transcatheter 
closure for ASD was first performed in 1974.1 
Because of remarkable advances in device develop-
ment, this treatment method using a catheter is now 
widely used because it is less invasive than surgical 
treatment. However, thrombus formation, thrombo-
embolism,2– 12 and endocarditis13– 17 are some of the 

severe complications related to ASD closure devices. 
These complications were thought to be mainly 
caused by insufficient device neo- endothelialization. 
Therefore, antithrombotic therapy is required to 
prevent thrombus formation, whereas antibiotic 
prophylaxis is also required to prevent endocardi-
tis during procedures possibly causing bacteremia 
such as tooth extraction. The European Society of 
Cardiology guidelines recommend at least 6 months 
of antiplatelet therapy and up to 6 months of antibi-
otic prophylaxis after device implantation, using the 
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phrase “until endothelialization.”18,19 The American 
Heart Association/American College of Cardiology 
guidelines also recommend antibiotic prophylaxis for 
6 months following implantation of prosthetic mate-
rial. However, it is notable that the American Heart 
Association/American College of Cardiology guide-
lines make no mention of the recommended duration 
of antiplatelet therapy.20 The minimum 6- month du-
ration of antithrombotic therapy has been validated in 
clinical practice and major trials.3,21,22 The regimens 
for antithrombotic therapy in these trials were as 
follows: warfarin or warfarin in addition to aspirin or 
thienopyridine for 6 months, or 1 to 6 months of aspi-
rin plus clopidogrel followed by aspirin monotherapy. 
Notably, antithrombotic therapy beyond 6 months is 
entirely at each clinician’s discretion.

The 6- month duration was decided on the basis 
of the results of a small population of animal experi-
ments that showed that the devices were sufficiently 
neo- endothelialized after 3 to 6 months.23– 25 To date, 
neo- endothelialization has not been assessed in vivo in 
humans, and the evidence to support the appropriate 
treatment duration is inadequate. Only limited numbers 
of autopsy cases and device extraction cases demon-
strated the extent of neo- endothelialization of closure 
devices in humans.7,13– 17,26– 30 Of these, only one report 
described sufficient endothelialization of the device, 
whereas the remaining reports demonstrated insuf-
ficient endothelialization in the chronic phase, which 
might cause endocarditis, thrombotic events, and de-
vice dislodgement.

Angioscopy is the only method available for ob-
serving the vascular surface and fully evaluating 
neo- endothelialization and thrombus attachment 
on coronary stents. Large structures, such as the 
aorta, can be evaluated using a nonoccluding an-
gioscopic system.31,32 We have successfully eval-
uated neo- endothelialization on an ASD closure 
device in a previous case.33 The present study 
aimed to assess neo- endothelialization on the oc-
cluder surfaces 6  months after implantation using 
angioscopy, to consider whether the current 6- 
month antithrombotic therapy and antibiotic prophy-
laxis are appropriate, and to identify which patients 
need extended- term therapy because of insufficient 
neo- endothelialization.

METHODS
The authors declare that all supporting data are avail-
able within the article and its online supplementary 
files. The present study was performed in accordance 
with the ethical principles set forth in the Declaration 
of Helsinki. The study protocol was reviewed and 
approved by the institutional review board of the St. 
Marianna University School of Medicine (Kawasaki- 
city, Kanagawa, Japan, Ethics Committee Approval 
No. 4036). All patients gave their written informed con-
sent before participating in this study.

Patients
Twenty- three consecutive patients were treated 
with transcatheter ASD closure at the St. Marianna 
University School of Medicine Hospital between 
July 2017 and September 2019. Of these, 4 patients 
aged <18  years were excluded. Nineteen adult pa-
tients were asked to participate in this study, but 4 
refused. Thus, the 15 patients who gave informed 
consent were included in this study prospectively. 
Angioscopy, echocardiography, and right heart 
catheterization were performed 180±30  days after 
implantation.

Angioscopy
Neo- endothelialization of the closure devices was 
examined by angioscopy (Visible; Fiber Tech, Tokyo, 
Japan) from the right atrium. Observations were 
made using a previously published method.33 Each 
device was divided into 9 areas, and the extent of 
endothelialization of each area was semiquanti-
tatively assessed with a 4- point scoring method, 
as used for coronary stent evaluation: Grade 0, 
complete exposure of device struts (Figure  1A 
and 1B, Videos S1 and S2); Grade 1, sparse en-
dothelialization (Figure  1C, Video S3); Grade 2, 

CLINICAL PERSPECTIVE

What Is New?
• This is the first study to evaluate in vivo neo- 

endothelialization of atrial septal defect closure 
devices using angioscopy 6  months after im-
plantation in humans.

• Neo- endothelialization of the atrial septal de-
fect closure devices varied among the study 
patients; device neo- endothelialization was suf-
ficient in two thirds of patients, but insufficient in 
one third of patients.

• The poor endothelialization and thrombus at-
tachment were observed around the central 
areas and on larger atrial septal defect devices.

What Are the Clinical Implications?
• Based on these findings, antithrombotic ther-

apy and antibiotic prophylaxis beyond 6 months 
may be selectively considered in patients who 
were implanted with larger atrial septal defect 
devices.
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moderate endothelialization with visible device 
struts (Figure  1D, Video S4); and Grade 3, com-
plete endothelialization with nonvisible device struts 
(Figure 1E, Video S5). The lower grade was adopted 
when a different grade score was assigned in the 
same area. Thrombus formation was also assessed 
in each area. Thrombus was defined as a red struc-
ture not removed by low- molecular- weight dextran 
flushing (Figure 1A, Video S1).

Angioscopic findings were assessed by 3 experi-
enced cardiologists who were familiar with angioscopy 
and blind to the implanted devices. If their opinions dif-
fered, the final findings were determined by majority 
decision.

Echocardiography
All patients underwent comprehensive 2- dimensional 
and Doppler transthoracic echocardiography using 
a commercially available ultrasound system within 
1  month of the procedure for angioscopy accord-
ing to the American Society of Echocardiography 

guidelines.34 Left ventricular end- diastolic volume, left 
ventricular end- systolic volume, ejection fraction, and 
left atrial maximal volume were measured using the 
Simpson disk method. Right ventricular end- diastolic 
area and right ventricular end- systolic area were 
measured from the apical 4- chamber view, focus-
ing on the right ventricle, according to the American 
Society of Echocardiography guideline for right 
heart assessment.35 Right ventricular fractional area 
change was calculated using the following formula: 
([right ventricular end- diastolic area−right ventricu-
lar end- systolic area]/right ventricular end- diastolic 
area)×100. Tricuspid annular plane systolic excursion 
was determined by the distance of tricuspid lateral 
annulus systolic movement using M- mode methods 
from the apical 4- chamber view. The right ventricular 
systolic pressure was estimated using the tricuspid 
regurgitant pressure gradient and calculated on the 
basis of the modified Bernoulli equation. The right 
atrial pressure was estimated on the basis of the 
most recent American Society of Echocardiography 

Figure 1. Definition of the endothelialization score.
A, Grade 0, complete exposure of device struts. Thrombus attached to the exposed struts (Video S1). B, Around the central hub, 
the surface of the device is exposed, defined as Grade 0 (Video S2). *Central hub. **Guidewire. C, Grade 1, sparse endothelialization 
(Video S3). D, Grade 2, moderate endothelialization with visible device struts (Video S4). E, Grade 3, complete endothelialization with 
nonvisible device struts (Video S5).
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recommendation.35 The diameter of the inferior vena 
cave during expiration was assessed by epigastric 
longitudinal scanning.

Right Heart Catheterization
Right atrial pressure, right ventricular pressure, pul-
monary arterial pressure, pulmonary capillary wedge 
pressure, cardiac output, and the cardiac index ob-
tained by Fick’s method were evaluated during the 
same procedure for angioscopy.

Statistical Analysis
Data are expressed as median and interquartile range 
for continuous variables and number and percentage for 
categorical variables. The statistical comparisons were 
not performed because of the small size of the analy-
sis sample. The weighted κ was calculated to quan-
tify reproducibility of the angioscopic assessments. All 
analyses were conducted using a standard statistical 
software program (SPSS version 24; IBM, Armonk, NY).

RESULTS
Patients’ Characteristics
The patients’ baseline characteristics are shown in 
Table 1. The patients were 6 men and 9 women, with a 
median age of 67 years. The implanted devices were 9 
Amplatzer Septal Occluders and 6 Figulla Flex II. The me-
dian size of the devices was 22 mm. The ECGs showed 
sinus rhythm in 10 patients, paroxysmal atrial fibrillation 
in 3 patients, and chronic atrial fibrillation in 2 patients. 
Three patients with paroxysmal atrial fibrillation main-
tained sinus rhythm at the assessments. For antithrom-
botic treatment, 9 patients received dual antiplatelet 

therapy, and 6 patients received oral anticoagulants in 
addition to single antiplatelet therapy. All patients had an-
gioscopy assessment under antithrombotic medication. 
No patients had symptomatic thromboembolic diseases 
and endocarditis 6 months after implantation.

Quality of Angioscopic Evaluation
The quality of angioscopic evaluation was assessed. 
For interobserver reproducibility for endothelialization 
grade assessment, the weighted κ coefficient was 
0.87 (95% CI, 0.81– 0.93) between observer A and ob-
server B, 0.85 (95% CI, 0.78– 0.91) between observer 
B and observer C, and 0.91 (95% CI, 0.87– 0.97) be-
tween observer A and observer C. For interobserver 
reproducibility for thrombus formation assessment, the 
κ coefficient was 0.78 (95% CI, 0.65– 0.92) between 
observer A and observer B, 0.79 (95% CI, 0.66– 0.92) 
between observer B and observer C, and 0.90 (95% 
CI, 0.81– 0.98) between observer A and observer C. 
With respect to intraobserver reproducibility for en-
dothelialization grade assessment, the weighted κ 
coefficients of observer A, observer B, and observer 
C were 0.92 (95% CI, 0.87– 0.97), 0.88 (95% CI, 0.82– 
0.94), and 0.89 (95% CI, 0.83– 0.95), respectively. For 
intraobserver reproducibility for thrombus formation, 
the κ coefficients of observer A, observer B, and ob-
server C were 0.76 (95% CI, 0.63– 0.90), 0.70 (95% CI, 
0.53– 0.85), and 0.89 (95% CI, 0.79– 0.98), respectively.

Device Neo- Endothelialization and 
Thrombus Formation 6 Months After 
Implantation
Neo- endothelialization and thrombus formation 
in each area of all patients are shown in Figure  2. 

Table 1. Patients’ Characteristics

Case No. Age, y Sex BMI, kg/m2 Closure Device Size, mm Antithrombotic Therapy Rhythm

1 79 Male 21.8 Amplatzer 26 Aspirin+rivaroxaban CAF

2 78 Female 28.2 Amplatzer 22 Aspirin+clopidogrel SR

3 76 Male 26 Amplatzer 17 Clopidogrel+edoxaban PAF

4 26 Female 25.2 Figulla Flex II 16.5 Clopidogrel+edoxaban SR

5 67 Male 26.1 Figulla Flex II 24 Aspirin+clopidogrel SR

6 74 Female 21.9 Figulla Flex II 24 Clopidogrel+edoxaban SR

7 49 Female 23.2 Figulla Flex II 12 Aspirin+clopidogrel PAF

8 60 Female 28.2 Amplatzer 22 Aspirin+clopidogrel SR

9 27 Female 23.2 Figulla Flex II 27 Aspirin+clopidogrel SR

10 75 Female 19.9 Amplatzer 17 Aspirin+clopidogrel SR

11 72 Male 22.8 Amplatzer 17 Ticlopidine+apixaban PAF

12 54 Male 27.2 Figulla Flex II 27 Aspirin+clopidogrel SR

13 70 Male 27 Amplatzer 36 Clopidogrel+edoxaban CAF

14 67 Female 19.4 Amplatzer 13 Aspirin+clopidogrel SR

15 42 Female 26.7 Amplatzer 26 Aspirin+clopidogrel SR

BMI indicates body mass index; CAF, chronic atrial fibrillation; PAF, paroxysmal atrial fibrillation; and SR, sinus rhythm.
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Figure 2. Neo- endothelialization and thrombus attachment 6 months after implantation.
Neo- endothelialization and thrombus attachment in each area of all patients are shown. Thrombus attachment as 
in Figure 1A is seen in the area marked “Th.” Neo- endothelialization of the devices differs among the patients. ASO 
indicates Amplatzer Septal Occluder; FFX, Figulla Flex II; and Th, thrombus.
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Table 2. Factors Affecting Device Neo- Endothelialization

All, N=15
Poor Endothelialization 

Group, n=5
Good Endothelialization 

Group, n=10

Patients’ characteristics

Age, y 67 (49– 75) 67 (40.5– 74.5) 69.5 (47.3– 75.3)

Sex, men/women 6/9 4/1 2/8

BMI, kg/m2 25.2 (21.9– 27.0) 26.1 (22.5– 27.1) 24.2 (21.4– 27.0)

Rhythm, SR/PAF/CAF 10/3/2 3/0/2 7/3/0

Closure device, ASO/FFX 9/6 2/3 7/3

Device size, mm 22.0 (17.0– 26.0) 27.0 (25.0– 31.5) 17.0 (15.6– 22.5)

Antithrombotic therapy, DAPT/SAPT+OAC 9/6 3/2 6/4

CHA2DS2- VASc score 3.0 (2.0– 4.0) 2.0 (0.5– 3.5) 3.0 (3.0– 5.25)

Blood examination

WBC, ×103/μL 5.40 (4.30– 5.90) 5.90 (5.35– 6.45) 5.20 (4.08– 5.75)

Hb, g/dL 12.7 (11.7– 14.0) 14.0 (12.2– 15.8) 12.1 (11.0– 13.1)

Plt, ×103/μL 214 (187– 276) 195 (163– 325) 223 (194– 286)

D- dimer, μg/mL 0.60 (0.30– 1.15) 0.50 (0.30– 1.00) 0.60 (0.35– 1.40)

Cr, mg/dL 0.76 (0.61– 1.02) 0.92 (0.68– 1.04) 0.68 (0.60– 0.92)

eGFR, mL/min 69.3 (55.0– 75.6) 67.3 (55.2– 85.5) 71.5 (54.5– 75.8)

HbA1c, % 5.5 (5.3– 5.6) 5.5 (5.1– 6.9) 5.5 (5.3– 5.6)

LDL- C, mg/dL 116 (96– 121) 103 (92– 128) 116 (82– 120)

CRP, mg/dL 0.04 (0.03– 0.05) 0.04 (0.03– 0.07) 0.04 (0.03– 0.07)

NT- proBNP, pg/mL 109 (78– 251) 82 (74– 1554) 114.5 (80.4– 130.8)

Hemodynamics

SBP, mm Hg 128 (121– 142) 132 (113– 139) 128 (120– 148)

DBP, mm Hg 70 (61– 80) 77 (63– 86) 66 (60– 76)

HR, per min 65 (61– 68) 65 (63– 68) 66 (60– 71)

SPAP, mm Hg 28 (25– 35) 33 (23– 41) 28 (26– 32)

DPAP, mm Hg 11 (10– 15) 13 (10– 20) 11 (9– 14)

MPAP, mm Hg 17 (15– 23) 21 (15– 28) 17 (15– 22)

RA, mm Hg 6 (5– 8) 7 (5– 7) 6 (5– 8)

PCWP, mm Hg 11 (9– 16) 16 (11– 22) 11 (8– 14)

CO, L/min 5.6 (3.3– 6.1) 5.8 (3.9– 6.3) 5.0 (3.2– 6.2)

CI, L/min per m2 2.9 (2.0– 3.7) 2.9 (2.2– 3.6) 3.1 (2.0– 3.8)

Echocardiography findings

LVEDV, mL 91 (75– 100) 100 (71– 107) 85 (76– 93)

LVESV, mL 30 (23– 36) 34 (25– 38) 30 (22– 37)

EF (%) 65 (61– 71) 66 (60– 71) 65 (61– 71)

LAVI, mL/m2 44 (34– 55) 49 (35– 65) 37 (31– 50)

RVEDA, cm2 23 (16– 28) 27 (25– 31) 18 (16– 26)

RVESA, cm2 14 (9– 17) 17 (15– 20) 11 (8– 15)

RVFAC, % 39 (36– 46) 38 (29– 44) 40 (36– 46)

Right atrial area, cm2 17 (14– 23) 20 (18– 33) 15 (11– 19)

TAPSE, mm 21 (17– 22) 21 (17– 22) 19 (17– 24)

TR grade, none, trivial/mild/moderate/severe 5/7/2/1 1/3/0/1 4/4/2/0

RVSP, mm Hg 26 (22– 30) 30 (28– 34) 23 (22– 29)

IVC, mm 13 (10– 18) 18 (14– 20) 11 (9– 14)

ASO indicates Amplatzer Septal Occluder; BMI, body mass index; CAF, chronic atrial fibrillation; CI, cardiac index; CO, cardiac output; Cr, creatinine; CRP, 
C- reactive protein; DAPT, dual antiplatelet therapy; DBP, diastolic blood pressure; DPAP, diastolic pulmonary arterial pressure; EF, ejection fraction (calculated by 
Simpson’s method); eGFR, estimated glomerular filtration rate; FFX, Figulla Flex 2; Hb, hemoglobin; HbA1c, hemoglobin A1c; HR, heart rate; IVC, inferior vena cava; 
LAVI, left atrial volume index; LDL- C, low- density lipoprotein cholesterol; LVEDV, left ventricular end- diastolic volume; LVESV, left ventricular end- systolic volume; 
MPAP, mean pulmonary arterial pressure; NT- proBNP, N- terminal pro- B- type natriuretic peptide; OAC, oral anticoagulant; PAF, paroxysmal atrial fibrillation; PCWP, 
pulmonary capillary wedge pressure; Plt, platelets; RA, right atrium; RVFAC, right ventricular fraction area change; RVEDA, right ventricular end- diastolic area; 
RVESA, right ventricular end- systolic area; RVSP, right ventricular systolic pressure; SAPT, single antiplatelet therapy; SBP, systolic blood pressure; SPAP, systolic 
pulmonary arterial pressure; SR, sinus rhythm; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitant; and WBC, white blood cell.
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Neo- endothelialization of the devices differed among 
the patients. Thrombus formation (Figure 1A, Video S1) 
can be found in the area marked “Th.” Thrombi were 
attached on the device struts, though they were not 
large or mobile.

Factors Affecting Device Neo- 
Endothelialization
The poor endothelialization group included the pa-
tients with an average grade score <2, and the good 
endothelialization group included those with an av-
erage grade score ≥2 (Table  2). The poor endotheli-
alization group consisted of 5 patients (patients 1, 5, 
9, 12, and 13), and the good endothelialization group 
consisted of 10 patients (patients 2, 3, 4, 6, 7, 8, 10, 
11, 14, and 15). Compared with the good endotheli-
alization group, device size was larger in the poor 
endothelialization group (27.0 mm [25.0– 31.5] versus 
17.0 [15.6– 22.5 mm], respectively). The right ventricular 
end- diastolic area, right ventricular end- systolic area, 
right atrium area, and the diameter of the inferior vena 
cava were larger, and right ventricular systolic pressure 
was higher in the poor endothelialization group than in 
the good endothelialization group. The proportion of 
patients with chronic atrial fibrillation was higher in the 
poor endothelialization group.

Relationship Between Device Size and 
Neo- Endothelialization
The average endothelialization score was lower for the 
large devices with diameter ≥24 mm (n=7; 1.7 [1.3– 2.1]) 

than for the small devices with diameter ≤22 mm (n=8; 
2.3 [2.2– 2.6]) (Figure 3).

Relationship Between the Location of the 
Device and Neo- Endothelialization
The rate of insufficient endothelialization with Grade 
0 or 1 in each area is shown in Figure  4. Neo- 
endothelialization around central areas, especially near 
the hub (Figure  1B, Video S2), was insufficient in all 
cases.

Relationship Between Thrombus 
Formation and Neo- Endothelialization
The relationship between neo- endothelialization and 
thrombus formation is shown in Figure 5. Thrombus at-
tachment was found more frequently in the poorly en-
dothelialized areas with Grades 0 (94.4%) and 1 (57.1%) 
than in the well- endothelialized areas with Grades 2 
(0%) and 3 (1.6%).

DISCUSSION
Main Findings
This is the first study to evaluate neo- endothelialization 
of ASD closure devices using angioscopy 6 months after 
implantation in the human heart in vivo. The results can 
be summarized as follows: (1) neo- endothelialization 
of the devices varied among the study patients, with 
device neo- endothelialization sufficient in two thirds 
of patients, but insufficient in one third of patients; (2) 
patients with right heart remodeling who were treated 
with a large device might show poor endothelialization; 
(3) endothelialization of the central areas was insuffi-
cient; and (4) thrombus attachment was marked in the 
insufficiently endothelialized areas.

Angioscopy is a useful device for evaluating ves-
sels and implanted devices and is superior to contrast- 
enhanced computed tomography and intravascular 
ultrasound in the assessment of neo- endothelialization 
after coronary stent deployment.36 Transthoracic echo-
cardiography was performed in all patients, and transe-
sophageal echocardiography was performed in Patient 
1 in the good endothelialization group and Patient 2 in 
the poor endothelialization group; however, both types 
of echocardiography could not identify obvious differ-
ences on the surfaces. Therefore, angioscopy was the 
only imaging modality that could depict the extent of 
neo- endothelialization on the closure devices in vivo. No 
complications occurred during angioscopy in this study.

Antithrombotic therapy and antibiotic prophylaxis 
are required until sufficient endothelialization follow-
ing implantation of atrial septal closure devices. It 
is assumed that the endothelialization is completed 
around 6  months after implantation. This is based 

Figure 3. Relationship between device size and neo- 
endothelialization.
The average endothelialization grade score is lower for the large 
devices with diameter ≥24  mm (n=7; 1.7 [1.3– 2.1]) than for the 
small devices with diameter ≤22 mm (n=8; 2.3 [2.2– 2.6]).
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on the results of a small number of animal experi-
ments.23– 25 However, one study demonstrated that 
endothelialization varied among the kinds of animals; 
thus, applying the results from the animal experi-
ments to the human clinical situation has nonnegligi-
ble limitations.25 In addition, some reports of autopsy 
and device extraction cases reported insufficient 
neo- endothelialization in humans beyond 6  months 
after implantation.7,13– 17,26– 30 However, in these stud-
ies, most of the cases had problems such as en-
docarditis and dislodgement. The present study 
provides a better assessment of the actual situation, 
because all study patients had no device- related 
issues. Moreover, the present study demonstrated 
insufficient neo- endothelialization in one third of pa-
tients, which shows that evidence for the duration of 
6  months for antiplatelet and antibiotic prophylaxis 
recommended by the guidelines is lacking.

The assessment of device neo- endothelialization 
is important not only for the ASD closure device, 
but also for the newer closure devices such as for 
patent foramen ovale and a left atrial appendage. 
Angioscopy can play a major role in demonstrating 

the extent of neo- endothelialization of these devices 
in the real world.

Individual Variability of Neo- 
Endothelialization of Closure Devices
It has been reported that insufficient endothelialization 
might cause endocarditis and device dislodgement 
in cases undergoing surgical extraction.7,13– 17 Several 
autopsy cases showed extremely poor endotheliali-
zation 6  months or more after implantation.26– 30 In 
the present study, insufficient neo- endothelialization 
6  months after implantation was seen in one third 
of the study patients. Accordingly, insufficient neo- 
endothelialization is not rare, but most cases are be-
nign, and some clinical problems might occur in only 
a small proportion.

Thrombosis After Transcatheter ASD 
Closure
Kutty et al reported that the incidence of sympto-
matic stroke after transcatheter ASD closure was 
3%, with a median observation period of 10 years2; 

Figure 4. Relationship between the location of the device and neo- endothelialization.
The rate of insufficient endothelialization with Grade 0 or 1 of each area is shown. Neo- endothelialization around central areas, 
especially near the hub, is insufficient in all cases.
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however, patients aged <40 years accounted for 60% 
of their study population. The incidence of thrombo-
sis might be higher in the real world because the 
population is aging and includes a greater number of 
older patients. Moreover, when asymptomatic device 
thrombosis was included, the incidence was 2% to 
27%,9 which is not that low. The prevalence of de-
vice thrombosis is presumed to be relatively high until 
completion of neo- endothelialization, and thrombosis 
is prone to occur soon after implantation. Meanwhile, 
some studies demonstrated a lower prevalence of 
device thrombosis at 6  months or later.3,5,7 Several 
case reports also showed the prevalence of severe 
stroke and pulmonary embolism at 6 months or later 
and a large thrombus attached around the central 
hub in 2 cases.11,12

In the present study, angioscopy demonstrated 
poor neo- endothelialization around the central hub 
and a high frequency of thrombus attachment in the 
poorly endothelialized areas.

Endocarditis After Transcatheter ASD 
Closure
Endocarditis after transcatheter ASD closure is un-
common2,6,13; the vegetation is typically observed on 
poorly endothelialized device surfaces. Of 22 reported 

cases,13– 17 10 described the size of deployed devices. 
Seven cases used devices with a diameter ≥24 mm. 
The remaining 3 cases were infants, and the implanted 
devices had diameters <24 mm, which was large for 
their body proportions.13 In the present study, neo- 
endothelialization was insufficient in patients with de-
vice diameter ≥24 mm, which was consistent with the 
results of the earlier case reports.

Duration of Antithrombotic Therapy and 
Antibiotic Prophylaxis
As previously described, the European Society of 
Cardiology guidelines recommend at least 6 months 
of antiplatelet therapy and up to 6 months of antibiotic 
prophylaxis after device implantation.18,19 The American 
Heart Association/American College of Cardiology 
guidelines also recommend antibiotic prophylaxis 
for 6 months, but there is no mention of the recom-
mended duration of antiplatelet therapy.20

The results of the present study and the earlier case 
reports suggested that implanted devices with diame-
ter ≥24 mm might have a risk for thrombosis and endo-
carditis caused by insufficient neo- endothelialization. 
The results also suggested that neo- endothelialization 
was poor in the central areas of the device 6 months 
after implantation. Therefore, stopping antithrombotic 

Figure 5. Relationship between thrombus formation and neo- endothelialization.
The relationship between neo- endothelialization and thrombus formation is shown. Thrombus attachment 
is found more frequently in the poorly endothelialized areas with Grades 0 (94.4%) and 1 (57.1%) than in 
the well- endothelialized areas with Grades 2 (0%) and 3 (1.6%).
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therapy and antibiotic prophylaxis at 6  months after 
implantation in all cases may be inappropriate.

Should we extend antithrombotic therapy beyond 
6  months for all patients treated with larger devices? 
Our answer is no, because the incidence of symptom-
atic thrombosis is low, and antithrombotic therapy might 
trigger side effects such as bleeding. Extended- term 
antithrombotic therapy might be carefully examined in 
patients with thrombotic risk factors such as old age, 
hypertension, hyperlipidemia, diabetes mellitus, and a 
larger implanted device. If the thrombotic risks are high 
and the bleeding risk is low, extended antithrombotic 
therapy might be considered. Antibiotic prophylaxis may 
be considered for invasive procedures for 6 months or 
more for all patients implanted with larger devices, be-
cause it seems safe and not harmful to the patients.

Study Limitations
As for limitations, the present study was conducted 
in a single center, the number of the study patients 
was small, and children were excluded. Larger stud-
ies are needed to determine if there are differences in 
endothelialization with respect to the closure devices, 
antithrombotic therapy, blood test results, and hemo-
dynamics. In addition, angioscopy showed only the 
right atrial side of the devices, not the left atrial side. 
However, differences in neo- endothelialization be-
tween the right atrial side and the left atrial side were 
not reported by the earlier published autopsy studies, 
extracted devices, and animal experimental studies. 
Accordingly, neo- endothelialization of the right atrial 
side is considered to be similar to that of the left atrial 
side. Finally, it was not technically possible to evaluate 
all 9 areas with angioscopy in all patients.

CONCLUSIONS
This is the first study to evaluate neo- endothelialization 
of ASD closure devices in the human heart in vivo. Neo- 
endothelialization of ASD closure devices 6  months 
after implantation varied among the study patients. In 
particular, poor endothelialization and thrombus at-
tachment were observed in the central areas and on 
the larger devices. Prescription of individually opti-
mized extended antithrombotic therapy and antibiotic 
prophylaxis beyond 6 months might be carefully con-
sidered in patients implanted with the larger devices.
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SUPPLEMENTAL MATERIAL 
 

 

 



Supplemental Video Legends: 

 

Video S1. Definition of the endothelialization scores. It demonstrates the Grade 0, 

complete exposure of device struts. Thrombus attachment is observed on the exposed struts. 

Best viewed with Windows Media Player. 

 

Video S2. Angioscopic imaging around the central hub. The surface of the device is 

exposed, defined as Grade 0. Best viewed with Windows Media Player. 

 

Video S3. Definition of the endothelialization scores. It demonstrates the Grade 1, sparse 

endothelialization. Best viewed with Windows Media Player. 

 

Video S4. Definition of the endothelialization scores. It demonstrates the Grade 2, 

moderate endothelialization with visible device struts. Best viewed with Windows Media 

Player. 

 

Video S5. Definition of the endothelialization scores. It demonstrates the Grade 3, 

complete endothelialization with invisible device struts. Best viewed with Windows Media 

Player. 


