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Objectives: This study aims to evaluate the diagnostic value of real-time four-
dimensional transesophageal echocardiography (RT4D-TEE) for implant-related
thrombus (IRT).

Methods: We collected 1,125 patients with atrial fibrillation from May 2019
to February 2022 in our hospital. All patients accepted transesophageal
echocardiography (TEE) examination to exclude any thrombi before
the LAAC procedure.

Results: There were 760 patients with LAAC, 66 patients with CIED, and 299 patients
without any implantations. A total of 40 patients with an established diagnosis of IRT
were further analyzed. The accurate detection rate of IRT by RT4D-TEE was 4.8%
(40/826), which was higher than 3.8% (31/826) by 2D-TEE (P = 0.004). No IRT was
found on TEE in the rest of the 786 patients. These 40 patients were divided into
LAAC (n = 23) and CIED (n = 17) groups according to the results of RT4AD-TEE. In
the LAAC group, IRT distributed on different parts of the LAA occluder surface, 91.3%
(21/23) with clumps of thrombi, and 8.7% (2/23) with a thin layer of thrombi covering
the surface of the occluder. In the CIED group, thrombi were seen attached to the
leads in the right atrium and right ventricle. The thrombi were beaded in 17.6% (3/17),
corded in 17.6% (3/17), and clotted in the remaining 64.7% (11/17) of cases. After
adjusting the anticoagulant dosage and following up for 6 months, 20% (8/40) of
cases were successfully resolved, 67.5% (27/40) became smaller, and 12.5% (5/40)
showed no changes.

Conclusion: The accurate detection rate of IRT by RT4D-TEE was significantly
higher than that by 2D-TEE. 2D-TEE has limitations, but RT4D-TEE can be used
as an effective complementary method. Imaging and some clinical features differ
significantly between IRT on occluder and IRT on CIED lead.

implant-related thrombus, real-time four-dimensional transesophageal echocardiography,
left atrial appendage closure, cardiac implantable electronic device, imaging
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1. Introduction

Transcatheter left atrial appendage closure (LAAC) devices and
cardiac implantable electronic device (CIED) are both increasingly
used in clinical practice. A potentially fatal complication following
the device implantation is thrombus formation (1-4). The majority
of patients with implant-related thrombus (IRT) are diagnosed by
some imaging methods during early routine follow-up (1). Timely
intervention by increasing the dosage of anticoagulants could usually
result in excellent outcomes. Two-dimensional transesophageal
echocardiography (2D-TEE) and computed tomography have
been adopted for the diagnosis of IRT (4-8). Two-dimensional
transesophageal echocardiography has been reported to be a
common and useful tool for diagnosis (9-11). However, the
incidence of IRT is underestimated by 2D-TEE due to some missed
diagnoses (4, 5, 12, 13). Real-time four-dimensional transesophageal
echocardiography (RT4D-TEE) is an appealing alternative because
of its superior characteristics, such as high spatial resolution,
multiplanar capabilities, four-dimensional viewing, and independent
of the discrepancy among different operators. Nevertheless, there has
been no study using RT4D-TEE for the diagnosis of IRT on occluder
and CIED lead. Moreover, differences in their IRT features between
2D-TEE and 4D-TEE have not been systematically demonstrated.
Our study aims to assess the value of RT4D-TEE in detecting IRT
and to summarize the echocardiographic features of IRT.

2. Materials and methods

2.1. Patients

This was a retrospective single-center study of consecutive
patients who underwent LAAC with either the Watchman nitinol
cage device (Atritech, Boston Scientific, Natick, Massachusetts)
or LACbes device (Pushi, Shanghai), and/or CIED, including
pacemaker, implantable cardioverter defibrillator (ICD), and cardiac
resynchronization therapy defibrillator (CRT-D) at Xinhua Hospital
from May 2019 to February 2022. Recruited patients eligible for
LAAC and CIED were selected according to appropriate local
and European guidelines (7). The study was approved by the
Ethics Committee of Xinhua Hospital affiliated with Shanghai Jiao
Tong University School of Medicine (No. XHEC-D-2022-073) and
complies with the Declaration of Helsinki.

The echocardiographic data were collected from records
of follow-up during the same period. All patients underwent
transthoracic echocardiography (TTE) and TEE examinations.
Patients who received LAAC were scheduled for routine follow-
ups with TEE after the procedures. TEE examinations were also
performed for patients with CIED who had new-onset AF or
recurrent AF to exclude the thrombi prior to the establishment of
further therapy or to assess the suspected thrombus attached to the
leads by TTE in detail as indicated. TTE and TEE were performed
on a commercially available system (SC2000, Siemens Healthcare,
Forchheim, Germany) equipped with broadband 4V1 and Z6Ms
transducers. Imaging of 2D-TEE and 4D-TEE was collected from
each patient during the course of the examination, especially for
the LAAC device and/or CIED lead in the 4D mode in one to
three cardiac cycles. Echocardiographic experts analyzed the 2D-TEE
images first and then the 4D-TEE images to confirm the diagnosis.
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In case of disagreement in diagnosis occurred between the two
echocardiographers, a third experienced cardiologist was invited to
make diagnoses until reaching a consensus. IRT by TEE was defined
as a homogenous echo-dense mass visible in multiple planes with
independent motion and adherence to the atrial surface of the LAAC
device (1, 14). Thrombus formation in patients with CIED was
defined as the aforementioned description and adherence to the
CIED lead (5). The therapeutic decision to initiate anticoagulation
or adjust preexisting anticoagulation was predominantly based on
findings from TEE.

Antithrombotic therapy following LAAC consisted of oral
anticoagulation (OAC), single antiplatelet therapy (APT), dual
antiplatelet therapy (DAPT), or OAC plus APT for 1-6 months.
The team of physicians performing follow-up visits gave a
general recommendation to patients after CIED. Other indications
were necessitated (i.e., percutaneous coronary intervention, PCI).
Decisions on the duration of therapy were made according to the
physician’s judgment (15).

2.2. Statistical analysis

Statistical analysis was performed using SPSS 26.0 (v16.0, IBM
Corp., Armonk, NY) software. Continuous data were described as
mean =+ standard deviation (SD) and as counts and percentages
if categorical. Differences in continuous and categorical variables
were assessed by the chi-square test or Fisher’s exact test (if the
expected value in any cell was <5), respectively. Normally distributed
continuous variables were assessed by independent samples ¢-test.
A P-value of <0.05 was considered statistically significant.

3. Results

We collected 1,125 patients with AF from May 2019 to February
2022 in our hospital. All patients accepted the TEE examination to
exclude any thrombi. There were 760 patients with LAAC, 66 patients
with CIED, and 299 patients without any implantations. A total of 40
patients with an established diagnosis of IRT were further analyzed.
The accurate detection rate of IRT by RT4D-TEE was 4.8% (40/826),
which was higher than 3.8% (31/826) by 2D-TEE (P = 0.004). No IRT
was found on TEE in the rest of the 786 patients. These 40 patients
were divided into LAAC (n = 23) and CIED (n = 17) groups according
to the results of RT4D-TEE (Figure 1).

(1) The characteristics of the patients with IRT

The general characteristics of the 40 patients identified with IRT
are summarized in Table 1. There were no significant differences
in age, gender distribution, or any other recorded clinical variable.
The right atrium (RA) was dilated with different degrees of tricuspid
regurgitation (TR) by echocardiography. Values of these parameters
except the volume of RA were significantly higher in the CIED
group compared with the LAAC group (P < 0.05). The time
history of device implantation was in different patients. It was
97.12 £ 82.14 months from implantation to the end of data collection
in the CIED group and 29.20 =+ 20.46 months during the same period
in the LAAC group.

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1018877
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Yu et al. 10.3389/fcvm.2023.1018877
| Patients with AF (n=1125) |
Accept LAAC (n=760) | | With CIED (n=66) | | Without implantation (n=299) |
[
v
Consecutive LAAC and/or CIED
patients evaluated for inclusion
(n=826)
|
| l
Follow-up with thrombus Follow-up without thrombus
(n=40) (n=786)
I
Patients with thrombus detected by RT4D-TEE Patients with thrombus detected by 2D-TEE
(n=40) (n=31)
l l LMissed diagnosis (n=9) I
LAAC group CIED group LAAC group CIED group
(n=23) (n=17) (n=19) (n=12)
FIGURE 1
Flowchart of the study group.

TABLE 1 Clinical characteristics of the patients with implant-related thrombus.

Age, X £,y 70.96 £ 7.18 69.82 £ 10.60 —0.381 0.706
Sex, 1 (%) 1.153 0.284
Male, 1 (%) 16/23 (69.57) 9/17 (52.94)

Female, n (%) 7/23 (30.43) 8/17 (47.06)

Comorbidities and medical history

History of LAA thrombus, n (%) 2/23 (8.70) 2/17 (11.77)

Prior PCIL n (%) 1/23 (4.38) 3/17 (17.65)

Prior stroke, n (%) 1/23 (4.38) 2/17 (11.77)

systemic embolism, 7 (%) 2/23 (8.70) 0

2D-TTE

LAV, ml 66.83 +21.29 75.61 + 45.96 0.809 0.423
RAV, ml 42.94 £+ 12.36 65.82 £ 30.36 3.277 0.002
LVEE X £ 5,% 59.78 £ 6.29 57.12 £ 10.03 —0.961 0.346
CHA;DS,-VASc Score, X + s 335+ 1.19 347 £1.97 0.228 0.822
HAS-BLED score, x + s 3.17 £ 1.11 3.82+2.19 1.122 0.274
Anticoagulant therapy 0.001
No OAC, no APT, n (%) - 8/17 (47.06) 0.001
Single APT, n (%) 1/23 (4.38) = 1.000
Dual APT, n (%) - 2/17 (11.77) 0.340
OAC, no APT, n (%) 21/23 (91.30) 6/17 (35.29) 0.001
OAC plus APT, 1 (%) 1/23 (4.38) 1/17 (5.88) 1.000
INR,x+s 1.12+0.26 1.05+0.13 —1.029 0.311

LAAG, left atrial appendage closure; CIEDs, cardiac implantable electronic devices; MI, myocardial infarction; PCI, percutaneous coronary intervention; 2D-TTE, two-dimensional transthoracic
echocardiography; LAV, left atrial volume; RAV, right atrium volume; LVEE left ventricular ejection fraction; OAC, oral anticoagulation; APT, antiplatelet therapy; INR, international
normalized ratio.
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TABLE 2 Thrombus diagnosed by real time four-dimensional
Transoesophageal echocardiography.

Variables

Optimal implantation placement, n 0.248
(%)

Yes 20/23 (86.96) 17/17 (100.00)
No 3/23 (13.04)

LAA device-related thrombus, n (%) | 23/23 (100.00) -
Position of thrombus

Center, 1 (%) 3/23(13.04) -
Periphery, n (%) 16/23 (69.57) -
Edge, n (%) 2/23 (8.70) -

Thin layer covering the surface, n 2/23 (8.70) -

(%)

Peri-device leakage

<5mm, n (%) 7/23 (30.44) -
>5mm, n (%) 1/23 (4.35) -
Residual leakage through the fabric, 3/23 (13.04) -

n (%)

Incomplete endothelization, # (%) 10/23 (43.48) -
CIEDs-related thrombosis, 1 (%) - 17/17 (100.00)
Position of thrombus

RA and RV lead, n (%) - 5/17 (29.41)
RA and RAA leads, (%) - 2/17 (11.77)
RA lead, n (%) - 7/17 (41.18)
RV lead, 1 (%) - 1/17 (5.88)
RA lead and in LCS, n (%) - 1/17 (5.88)
RA lead and in LAA, n (%) - 1/17 (5.88)
Atrial septal puncture closed, 1 (%) 19/23 (82.61) -
6-month follow-up 0.002
Thrombus resolved, 7 (%) 7123 (30.44) 1/17 (5.88)
Thrombus become small, 7 (%) 16/23 (69.57) 11/17 (64.71)
Thrombus without change, 1 (%) 0 5/17 (29.41)

LAA, left atrial appendage; RA, right atrium; RV, right ventricular; RAA, right atrial appendage;
LCS:, left coronary sinus.

(2) The characteristics of IRT in patients detected by RT4D-TEE,
compared with that of 2D-TEE

In total 40 patients were precisely diagnosed with IRT by RT4D-
TEE, while 77.5% (31/40) of patients were directly diagnosed with
2D-TEE. The characteristics of IRT in patients detected by RT4D-
TEE are revealed in Table 2. A total of 18 out of 23 (78.26%) patients
with IRT were diagnosed by 2D-TEE in the LAAC group and 5
out of 23 (21.74%) patients missed diagnosis. In addition, 13 out
of 17 (76.47%) patients with IRT were diagnosed by 2D-TEE in the
CIED group and 4 out of 17 (23.53%) patients missed diagnosis. Two
patients with thrombosis attached to the leads were confirmed by
RT4D-TEE, which were suspected of thrombus by TTE. There were
no significant differences in the rate of IRT missed diagnosing by
2D-TEE between the two groups (P = 0.893).
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In the LAAC group, we found that most of the IRT originated
from the periphery. IRT was evaluated with RT4D-TEE in 13.0%
(3/23) of cases at the top of the center, 69.6% (16/23) at the periphery,
8.7% (2/23) at the edge, and 8.7% (2/23) with a thin layer of thrombi
covering the surface of LAA occluder (Figure 2 and Supplementary
Video 1). IRT was described as laminar in 8.7% (2/23), pedunculated
in 8.7% (2/23), and massed in 82.6% (19/23) of cases. Compared with
2D-TEE, four patients missed the diagnosis. RT4D-TEE found more
scattered IRT on the surface of the occluder in three patients and
showed more clearly than that of 2D-TEE. One patient with moderate
mitral regurgitation was detected by 2D-TEE, the beam rushed to
the surface of the occluder, which masked the thrombus. Here, only
three patients had failed to cover the rim of the left atrial appendage
(LAA) with significant thrombi on the edge of the device because the
occlusive device selected was too small. The mobile thrombus was
seen only in two patients who pedunculated and had a neck attached
to the fabric (Supplementary Video 2), and a sessile thrombus was
seen in the other 19 patients. Residual leakage into the LAA was
observed in five patients at the time of thrombus detection. A major
peri-device leak (>5 mm) was detected in 4.4% (1/23) of patients
during TEE follow-up, and a small peri-device leak (flow <5 mm)
was revealed in 30.4% (7/23) of patients. Residual leakage into the
LAA through the fabric was found in 13.0% (3/23) of patients. Ten
patients with incomplete endothelialization have been observed.

In the CIED group, the thrombi attached to the leads of the right
chambers were detected by RT4D-TEE in all 17 patients (Figure 3
and Supplementary Video 3). Their thrombi were beaded in three
cases (Supplementary Video 4), corded in three cases, and the other
11 cases were clots (Figure 4). In addition, thrombi were found
simultaneously in LAA and the left aortic sinus attached to the aortic
valve in one case (Supplementary Video 5), whereas four of the lead-
attached thrombi detected by RT4D-TEE could not be visualized by
2D-TEE.

(3) Clinical Events and Follow-Up

A total of 40 patients with thrombus were regularly followed
up under standardized medical treatment. At the time of finding
implant-associated thrombus, the antithrombotic medication
regimen consisted of oral anticoagulation in 67.5% (27/40) of
patients, OAC plus APT in 5% (2/40) of patients, dual APT in
5% (2/40) of patients, single APT in 2.5% (1/40) of patients, and
no antithrombotic therapy in 20% (8/40) of patients. Among
those, antithrombotic therapy was mandated in 10% (4/40) of
patients due to the need for prolonged triple therapy following
percutaneous coronary intervention. Anticoagulants consisting
of OAC or single APT were routinely administered to patients
following LAAC. 2D-TEE results showed that the change of thrombi
after adjusting anticoagulant in 31 patients coincided with that of
4D-TEE. The remaining nine cases of missed diagnosis by 2D-TEE
were still unclear.

The incidence of IRT after LAAC was 3.0% (23/760) and clinical
outcomes of thrombi were as follows: At 6-month follow-up after
adjusting anticoagulant, 4D-TEE results showed that the thrombi
were either completely resolved in 30.4% (7/23) of patients and
became smaller in 69.6% (16/23) of patients. In the CIED group,
the thrombi of three patients attached to the leads illustrated
unchanged, which were detected by RT4D-TEE. Of note, their
implanted pacemakers had been more than 10 years. The organized
thrombi on the pacing lead did not dissolve during our follow-up.
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Transesophageal echocardiography follow-up images after LAAC showing optimal device placement and device-related thrombus. (A) 2D-TEE showed
an echo-dense mass attached to the LACbes device, occupying most area of the occluder (arrow). Note severe spontaneous echo contrast throughout
the left atrium. (B) RT4D-TEE demonstrated a thin layer of thrombi covering the whole surface of the well-seated LACbes device (arrow) after LAAC, as
compared with 2D-TEE. (C) RT4D-TEE indicated complete LAA closure with the Watchman device, meanwhile demonstrating a mobile thrombus
pedunculated with a neck attached to the occluder (arrow). (D) RT4D-TEE detected optimal device placement and a couple of scattered clots on the
surface of the Watchman occluder (arrow). There was no residual peri-device leak at the LAA ostium detected by color Doppler. RT4D-TEE: Real-time
four-dimensional echocardiography. LAAC, left atrial appendage closure; 2D-TEE, two-dimensional transesophageal echocardiography.

The incidence of IRT after CIED was 25% (17/66) and the clinical
outcomes of thrombi were as follows: At 6-month follow-up after
adjusting anticoagulant, their thrombi were completely resolved in
5.9% (1/17) of cases, became smaller in 64.7% (11/17), and remained
unchanged in 29.4% (5/17) of patients as shown by 4D-TEE.

4. Discussion

The novel findings of our prospective study were as follows:
First, IRT was an overall relatively infrequent event. Second, the
detection rate of IRT by RT4D-TEE was 4.8%, significantly higher
than that of 3.8% by 2D-TEE. Third, during a 6-month follow-up
after adjusting the anticoagulant dosage, RT4D-TEE showed IRT
completely dissolved in 20% of patients, became smaller in 67.5%
of patients, and showed no change in 12.5% of patients. Compared
with 2D-TEE, nine patients still missed the diagnosis. Therefore,
RT4D-TEE was superior to 2D-TEE in the accurate diagnosis of IRT.

(1) Implant-related thrombus on occluder detected by RT4D-TEE
In the current study, RT4D-TEE found more scattered IRT on

the surface of the occluder and was capable to detect some thrombus
masked by mitral regurgitation with more clear imaging than that

Frontiers in Cardiovascular Medicine

of 2D-TEE. IRT typically appeared morphologically different, with
a large laminar base centering on the atrial facing surface of the
device, which limited thrombosis mobility (16-18), and our results
were in agreement with the aforementioned reports. The difference
in the location where the thrombus stuck between our study and
that of Sedaghat et al. (19), following LAAC may be related to a
different type of LAA device, device malpositioning, or displacement
after the procedure. Bai et al. (17) thought optimal implantation
without peri-device gap, individual antithrombotic regimens, and
careful monitoring with TEE follow-up could be conducive to the
prevention of IRT. In most of the patients, they did not achieve
optimal device placement, which was likely to be responsible for
thrombus formation (18). In this study, the position of the thrombus
stuck to the Watchman device was observed by RT4D-TEE on the
central portion, periphery, or edge of the device, respectively. While
a thin layer of thrombus was observed covering the surface of the
LACbes occluder in two patients. To the best of our knowledge, the
Watchman occluder is a plug blocking device, it is implanted slightly
deeper into the appendage, leaving a volume of uncovered appendage,
which may cause a potential space for the formation of thrombus.
Nevertheless, the LACbes occluder is a type of disc blocker device
with a slightly larger surface area, which may partly explain the thin
layer of thrombus formation. Two patients with AF performed RFCA
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Real-time four-dimensional-TEE evaluating the pacemaker lead-related thrombus, as compared with 2D-TEE. (A) 2D-TEE showed two clots stuck to the
lead of the pacemaker in the right atrium (arrow). Note severe spontaneous echo contrast throughout the right atrium. (B) RT4D-TEE demonstrated
more clots attached to the lead of the pacemaker in the right atrium and more clearly than 2D-TEE (arrow). (C) RT4D-TEE showed more scatter clots on
the lead of the pacemaker in the right atrium from a different angle (arrow). (D) RT4D-TEE revealed more lead-related thrombi throughout the lead of

the pacemaker in the right atrium

and LAAC of one stop operation after implanting CIED, and RT4D-
TEE detected thrombi on the LAAC device. Nonetheless, OAC or
OAC plus APT had been recommended in our present data. In this
study, a patient with thrombi on both the occluder and the CIED lead
did not appear at the same time.

Another finding from our study was residual shunt after LAAC
was detected. Peri-device leak due to incomplete occlusion of
the LAA can connect the residual LAA pouch to the systemic
circulation (20). The degree of “acceptable” residual peri-device leak
(jet of <5 mm in width) was not associated with an increased
risk of thromboembolism in a post hoc analysis of the Watchman
implantation cohort in the PROTECT-AF study (21). In contrast,
the presence of a residual shunt of >5 mm typically leads to the
continuation of anticoagulation treatment, which may mask the
contribution to IRT formation from the residual leak (22, 23).
Moreover, the time node of LAA device endothelialization was also
an important factor, and it was difficult to form a thrombus after full
device endothelialization (21, 24). Pracon et al. (25) demonstrated
that IRT was observed early, late, and very late after LAAC in
their real-world series, and it was related to patient and procedural
characteristics but not to post-implantation DAPT duration. In the
LAAC group, at 6-month follow-up after adjusting anticoagulant,
4D-TEE results showed that thrombi were completely resolved in
30.4% (7/23) of cases and the others became smaller. Compared with
2D-TEE, four of them still missed diagnoses. This may be associated
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with the 2D-TEE can see only a limited angle. Two-dimensional
transesophageal echocardiography sections from 0 to 180 degrees do
not show the full view of the occluder. Only analyzed by 3D-TEE
and 4D-TEE using the software, the entire surface of the occluder
can be fully displayed. Thus, it can be seen, thrombus formation on
LAA occluder remains a clinical challenge, the evidence regarding the
optimal antithrombotic strategy is still under debate as some studies
support short-term OAC, whereas others favor single or DAPT only
(26, 27).

(2) Implant-related thrombus on CIED lead detected by RT4D-TEE

In our study, RT4D-TEE revealed thrombi throughout the right
atrial and ventricular leads and/or right auricula dextra pacing lead
by multiple sectional views. The thrombi were non-occlusive, mobile,
and either lead attached or in their immediate vicinity among which
beaded thrombi were easily missed diagnosis by 2D-TEE. RT4D-
TEE demonstrated thrombi on the leads and the other parts of the
heart in several patients with an implanted pacemaker for more than
10 years. Even after adjusting the anticoagulant dosage, these thrombi
were still difficult to resolve because they had been organized for
a long time. Two patients with implanted CIED after RFCA and
LAAC of one stop operation. The most frequent indications for
CIED were systemic sinus arrest, sick sinus syndrome, or bradycardia.
Conversely, Dukkipati et al. (12) demonstrated that after LAAC, most
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Real-time four-dimensional-TEE evaluating the pacemaker lead-related thrombus and additional thrombus, as compared with 2D-TEE. (A) 2D-TEE
showing local thickening of the two leads of the pacemaker in the right atrium (arrow) from the double atrial section view and the beaded thrombi
(arrow). Note severe spontaneous echo contrast in the left atrium and right atrium. (B) RT4D-TEE visualizing the beaded thrombi fused to the pacemaker
wire in the right atrium (arrow). (C) On the aortic root short axis view, 2D-TEE shows a round mass thrombus in the left aortic sinus attached to the aortic
valve (arrow). Note severe spontaneous echo contrast throughout the left atrium and right atrium. (D) RT4D-TEE demonstrating an echogenic mass,
looks like a round clot thrombus in the left aortic sinus attached to the aortic valve and more clearly than 2D-TEE (arrow) (Movie |-V). Movie |. At a
6-month follow-up, a 64-year-old man revealed a thin layer of thrombus covering the whole surface of the LACbes occluder by RT4D-TEE. Movie II.
RT4D-TEE detected a mobile thrombus pedunculated on the face of the Watchman device. Thrombus adhered to the periphery of the occluder. Movie
IIl. RT4D-TEE showed a lead-related floating thrombus in the right atrium. Movie Iv. RT4D-TEE evaluating the beaded thrombi fused to the pacemaker
wires in the right atrium. Movie V. RT4D-TEE demonstrating the round mass thrombus in the left aortic sinus from the aortic root short axis view.

systemic embolism occurred in patients without IRT. At that point,
the post-implantation antithrombotic regimen was highly variable
with patients receiving OAC. In this situation, the implantation may
become a marker rather than the cause, and these patients may be
suitable candidates for longer durations of anticoagulation therapy to
treat what could be more systemic emboli issues.

The evolving indications and uses for CIEDs have led to
a significant increase in the number of implanted devices each
year (28). CIED lead-related thrombus may involve only the
leads or the whole CIED system, even the extracardiac organs.
Although numerous studies have documented an association of
systemic embolism (such as cerebral embolism or massive pulmonary
embolism) of a patient with a pacemaker (29-31), there are
limited data for CIED subjects that our study provides. Generally,
TEE is the first convenient tool in visualizing the intra-cardiac
portion of the CIED lead. The finding of a free-floating thrombus
attached to a pacing lead is much more uncommon. Moreover, it
can be more life-threatening due to the high risk of pulmonary
embolism. Furthermore, it has been described that the presence
of right heart thrombi in acute pulmonary embolism is associated
with hemodynamic compromise, right ventricular (RV) hypokinesis,
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congestive heart failure, poor prognosis, and a higher mortality rate
(32). It is evident that massive pulmonary embolism or paradoxical
embolism is the cause of the fatal outcome if the thrombus is
mobile or free-floating. TEE plays an integral role in evaluating these
pacemaker-related complications (33), but the diagnosis of thrombi
by 2D-TEE may be technically challenging in patients with small or
scattered thrombi. 2D-TEE can only detect parts of the lead from
different views, while the whole lead cannot be shown simultaneously
in the same section. Ho et al. (4) reported a part of mobile thrombi
on transvenous leads was not detected until patients underwent lead
extraction, and we think some small clots on the leads are not found
by 2D-TEE. Thus, it is crucial to recognize that RT4D-TEE is a
novel technique, it can further enhance the detection of lead-related
thrombus in one cardiac cycle, and it has the advantage of imaging
the lead in multiple views. The detection of thrombi by RT4D-
TEE is invaluable by providing direct visualization, measurements
of mass, and the ability to assess for associated cardiac involvement.
By imaging in more than one RT4D-TEE plane, thrombus can be
seen and confirmed, as oscillating intra-cardiac masses on the device
lead. In addition, RT4D-TEE has a powerful ability to visualize the
entire intra-cardiac route of the leads from the upper vena cava to
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the RV apex, even the lead in the right auricle, resulting in much
higher sensitivity and specificity for this technique. On the other
side, the clots on the pacing lead were difficult to resolve in case
of longstanding thrombi. In general, anticoagulant drugs were not
routinely used after pacemaker implantation, and it took a long time
to find out thrombus or detect it by chance during an examination, as
we have studied. But in that analysis, the number of patients included
was relatively small, the thrombus attached to the lead was found at
the time of TEE examination, limited imaging was available, and most
importantly.

Notably, the volume of RA in the CIED group was much larger
than in the LAAC group. Herein, we hypothesize that the risk of
thrombus formation may be increased because the volume of RA
has progressed to blood stasis in these patients. In reviewing the
development of significant tricuspid regurgitation (TR) following
the CIED placement, a number of different mechanisms of RV
intra-cardiac lead-related TR should be considered, which might
explain the RA dilation and AF occurrence. The aforementioned
predisposing factor, combined with chambers dilated and evidence
of hemodynamic impairment with signs of congestive heart failure,
might have contributed to the CIED lead thrombus.

5. Limitations

First, this was not a randomized study, the sample size was
relatively small, and the follow-up was not long enough to predict
long-term improvement. Second, it could not further divide the
patients into subgroups by different types of LAAC occluders and/or
electronic devices. Third, we did not compare RT4D-TEE for the
detection of IRT with other modalities such as cardiac computed
tomography angiography and nuclear studies. However, these
limitations may not affect echocardiographic findings. A multicenter
study should be scheduled in the future to address these issues.

6. Conclusion

In summary, the accurate detection rate of IRT by RT4D-TEE was
4.8%, higher than that of 3.8% by 2D-TEE. The limitations of 2D-TEE
include that cannot show the full view of the occluder and that reveals
the whole lead simultaneously in one section. Thus, RT4D-TEE is a
sensitive method. Imaging and some clinical features are also quite
different between IRT on occluder and CIED lead.
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