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Objective. To study the safety and efficacy of microtransesophageal echocardiography (micro-TEE) and TEE during percutaneous
atrial septal defect (ASD) and patent foramen ovale (PFO) closure. Background. TEE has proven to be safe during ASD and PFO
closure under general anaesthesia. Micro-TEE makes it possible to perform these procedures under local anaesthesia. We are the
first to describe the safety and efficacy of micro-TEE for percutaneous closure. Methods. All consecutive patients who underwent
ASD and PFO closure between 2013 and 2018 were included. The periprocedural complications were registered. Residual shunts
were diagnosed using transthoracic contrast echocardiography (TTCE). All data were compared between the use of TEE or micro-
TEE within the ASD and PFO groups separately. Results. In total, 82 patients underwent ASD closure, 46 patients (49.1 + 15.0
years) with TEE and 36 patients (47.8 + 12.1 years) using micro-TEE guidance. Median device diameter was, respectively, 26 mm
(range 10-40 mm) and 27 mm (range 10-35mm). PFO closure was performed in 120 patients, 55 patients (48.6 +9.2 years,
median device diameter 25 mm, range 23-35 mm) with TEE and 65 patients (mean age 51.0 + 11.8 years, median device diameter
27 mm, range 23-35mm) using micro-TEE. There were no major periprocedural complications, especially no device emboli-
zations within all groups. Six months after closure, there was no significant difference in left-to-right shunt after ASD closure and
no significant difference in right-to-left shunt after PFO closure using TEE or micro-TEE. Conclusion. Micro-TEE guidance
without general anaesthesia during percutaneous ASD and PFO closure is as safe as TEE, without a significant difference in the
residual shunt rate after closure.

1. Introduction

Transesophageal echocardiography (TEE) has proven to be safe
and important during the guidance of transcatheter inter-
ventions for structural heart disease, such as closure of an atrial
septal defect (ASD) or patent foramen ovale (PFO) [1-4]. One
of the downsides of TEE is the relatively large probe that causes
inconvenience for the patient, making general anaesthesia
necessary. Another downside is the potential complications,
such as local trauma to the oropharynx, esophagus, or stomach.
Microprobe TEE (micro-TEE) has proven to be safe and ef-
fective during transcatheter cardiac interventions in neonates

and infants since 2009 [5-7]. More recently, micro-TEE is
safely used in adults as well [8, 9]. Using a significantly smaller
probe makes general anaesthesia not necessary, which might
result in fewer complications. The use of micro-TEE during
ASD and PFO closure has not been reported earlier. We de-
scribe the safety and efficacy of micro-TEE in comparison with
TEE for guidance of these procedures.

2. Methods

2.1. Population. All consecutive patients that underwent
percutaneous ASD or PFO closure with micro-TEE
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guidance between January 2016 and November 2018 in the
St. Antonius Hospital, Nieuwegein, the Netherlands, were
included. These patients were compared to all consecutive
patients that underwent percutaneous closure with TEE
guidance between March 2013 and December 2015. All
patients underwent TEE previous to the procedure during
an outpatient clinic visit. The local ethics commission ap-
proved the study.

2.2. Probes. TEE guidance was performed using the X7-2t
TEE probe (Philips Healthcare) with a shaft diameter of
10 mm and a head diameter of 16 x 12 x 40 mm. The imaging
frequency ranges between 2 and 7 MHz.

The micro-TEE probe used was a S$8-3t (Philips
Healthcare) with a shaft diameter of 5.2mm and a head
diameter of 7.5x5.5x18.5mm. The centre frequency is
6MHz on a bandwidth of 3.2-7.4 MHz. Nijenhuis et al.
described other specifications previously [8]. Both image
modalities are presented in Figures 1 and 2.

2.3. Sedation Protocol. All patients received 2 to 6 sprays of
Xylocaine (lidocaine 100 mg/ml) sprayed onto the oropharynx.
When patients were anxious or restless during the procedures,
diazepam 2.5-10 mg was administered intravenously. When
light or moderate sedation was necessary, fentanyl (0.5-1 ug/
kg) or midazolam (0.025-0.05 mg/kg) was used, and propofol
(0.5-0.75mg/kg i.v.) was used for general anaesthesia.

2.4. Procedure. Percutaneous closure with TEE guidance
was performed under general anaesthesia, and local an-
aesthesia was given in procedures where the micro-TEE was
used. The interventional cardiologist chose the size of the
device using balloon sizing and/or (micro-) TEE guidance.
In all patients, the Occlutech Figulla Flex II device was used.
The procedures are described in detail earlier [10, 11].

2.5. Follow-Up. All complications were registered. At 6-
month follow-up, a contrast TTE (TTCE) with color
Doppler was performed to determine the presence of a left-
to-right shunt (LRS) in case of an ASD or for detecting a
right-to-left shunt (RLS) after PFO closure using contrast.
Successful ASD closure and PFO closure were defined as no
residual LRS using color Doppler and no RLS or a minimal
RLS, respectively. The RLS was graded as none, minimal,
moderate, or severe [12].

2.6. Statistical Analysis. Descriptive statistics were used for
patients’ characteristics. Continuous variables with normal
distribution are presented as mean + standard deviation. All
statistical analyses were performed using SPSS software
(version 24.0 for Windows).

3. Results

3.1. Patient Characteristics. Between March 2013 and De-
cember 2015, percutaneous ASD closure was performed in
46 patients (mean age 49.1 +15.0 years, 52.5% female) and
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PFO closure in 55 patients (mean age 48.6 + 9.2 years, 49.1%
female) under TEE guidance.

Between January 2016 and November 2018, ASD closure
was performed in 36 patients (mean age 47.8 + 12.1 years,
52.8% female) and PFO closure in 65 patients (mean age
51.0 +11.8 years, 38.5% female) using micro-TEE guiding.

Within the ASD group, an atrial septal aneurysm (ASA)
was present in 23.9% and 36.1% of the patients in both
groups, respectively. Within both PFO groups, 40% of pa-
tients suffered an ASA.

Baseline characteristics and indication for closure are
summarized in Table 1.

3.2. Procedural Outcome and In-Hospital Complications.
All procedures using TEE guidance were performed under
general anaesthesia, whereas all procedures using micro-
TEE guidance were performed under local anaesthesia.
Device implantation was successful in all patients, and no
procedural complications occurred in all groups.

Within the ASD closure group, the median diameter of
the device used was 26 mm (range 10-40 mm) in the TEE
group and 27 mm (range 10-35mm) in the micro-TEE
group. PFO closure was performed using a device with a
median diameter of 25 mm (range 23-35 mm) within the
TEE group and 27mm (23-35mm) in the micro-TEE
group.

After ASD closure, there was one patient (2.2%) with
pericardial effusion without the need for intervention in
the TEE group. New-onset supraventricular tachycardia
(SVT) occurred in one patient (2.8%) in the micro-TEE
group.

In-hospital, there was one patient (1.8%) after PFO
closure pericardial effusion without the need for interven-
tion in the TEE group and one patient (3.1%) with new-onset
SVT in the micro-TEE group.

Periprocedural complications are
Table 2.

summarized in

3.3. Follow-Up. Six-month follow-up data were available in
72 patients (88%) after ASD closure (46 TEE and 26 micro-
TEE) and in 99 patients (83%) after PFO closure (54 TEE
and 45 micro-TEE). A TTE was available in 71 (87%) and 96
patients (80%) six months after ASD and PFO closure,
respectively.

ASD closure was effective in 100% (no LRS) in the TEE
group and in 92% in the micro-TEE group. PFO closure was
effective (no or minimal RLS) in 51 patients (94%) in the
TEE group and in 36 patients (86%) in the micro-TEE group.
These differences were not statistically significant.

During follow-up, a stroke occurred in one patient after
ASD closure in the TEE group. It concerned a 46-year-old
man with a history of two transient ischemic attacks (TIAs)
and a stroke with a recurrent stroke three weeks after clo-
sure; a thrombus on the device could not be diagnosed. The
patient was still on dual platelet therapy and had a minimal
RLS at 6-month follow-up and no RLS at 12-month follow-

up.
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FiGure 1: The Occlutech ASD device (white arrow) using the transesophageal echocardiography (TEE) probe (a) and fluoroscopy (b). The

black arrow indicates the TEE probe during fluoroscopy.
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Figure 2: The Occlutech ASD device (white arrow) using the microtransesophageal echocardiography (micro-TEE) probe (a) and
fluoroscopy (b). The black arrow indicates the micro-TEE probe during fluoroscopy.

4. Discussion

Micro-TEE guidance during interatrial septal defect
closure under local anaesthesia is safe, but shows a
nonsignificant difference in efficacy during six-month
follow-up when compared to standard TEE and general
anaesthesia.

4.1. Procedural Complications. In the literature, TEE
guiding during percutaneous cardiac interventions has
proven to be safe and effective [1-4]. Also, several studies
have shown that micro-TEE is safe in infants and adults
during percutaneous cardiac interventions [5-9]. None of
these studies show periprocedural complications related
to the use of TEE or micro-TEE. Complications that could
occur using (micro-) TEE are trauma to the oropharynx,
esophagus, or stomach. The advantage of local

anaesthesia is spontaneous respiration, with a reduced
risk for patients with cardiac and pulmonary comor-
bidities. There is also less need for nursing and moni-
toring with lower costs compared to general anaesthesia.
However, local anaesthesia has disadvantages as well,
such as a higher risk of anxiety, stress, and discomfort
during the procedure. Ehret et al. compared general and
local anaesthesia in a systematic review and meta-analysis
in patients undergoing transcatheter aortic valve im-
plantation [13]. They found that both types of anaesthesia
are equally safe. There was no difference in in-hospital
and 30-day mortality and other complications. In our
study, there were no TEE- or micro-TEE-related com-
plications as well. Furthermore, there were no compli-
cations due to general or local anaesthesia. The
hospitalization duration was equal in both groups. Im-
portantly, in none of the subgroups, a device emboliza-
tion occurred.
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TABLE 1: Baseline characteristics.

ASD PFO
TEE Micro-TEE P value TEE Micro-TEE P value

Number 46 36 55 65
Age (years)” 49.1 £15.0 47.8+12.1 0.682 48.6+9.2 51.0+11.8 0.227
Female, n (%) 53 (52.5%) 19 (52.8%) 0.735 27 (49.1%) 25 (38.5%) 0.242
BMI (kg/m?)* 27.2+59 26.9+4.9 0.733 249+3.1 25.5+4.3 0.520
Risk factors and comorbidities, n (%)
Smoking 7 (15.2%) 3 (13.9%) 0.866 11 (20%) 6 (9.2%) 0.092
Diabetes 4 (8.7%) 2 (5.6%) 0.588 2 (3.6%) 4 (6.2%) 0.528
Arterial hypertension 13 (28.3%) 6 (16.7%) 0.222 14 (45.5%) 9 (13.8%) 0.107
Hypercholesterolemia 10 (21.7%) 5 (13.9%) 0.358 20 (36.4%) 10 (15.4%) 0.010
CAD 0 (0.0%) 1 (2.8%) 0.255 0 (0%) 2 (3.1%) 0.190
History of SVT 7 (15.2%) 1 (2.8%) 0.060 1 (1.8%) 2 (3.1%) 0.660
Positive family history 9 (19.6%) 6 (16.7%) 0.736 15 (27.3%) 12 (18.5%) 0.249
TEE characteristics, n (%)
RLS after Valsalva — — 55 (100%) 65 (100%)
Floppy/ASA 11 (23.9%) 13 (36.1%) 0.328 22 (40.0%) 26 (40.0%) 1.000
LRS 46 (100%) 36 (100%) — —

ASD diameter (mm) # 15 (11-34) 15 (9-27)

*Data are presented as mean + SD or number (percentage).  Data are presented as median (range). ASD, atrial septal defect; PFO, patent foramen ovale; TEE,
transesophageal echocardiography; BMI, body mass index; CAD, coronary artery disease; SVT, supraventricular arrhythmia; RLS, right-to-left shunt; ASA,

atrial septal aneurysm; LRS, left-to-right shunt.

TaBLE 2: In-hospital follow-up data after percutaneous ASD and PFO closure using TEE and micro-TEE.

ASD PFO

TEE Micro-TEE TEE Micro-TEE
Number, n 46 36 55 65
Device diameter (mm)* 26 (10-40) 27 (10-35) 25 (23-35) 27 (23-35)
Complications, n (%)
SVT 0 (0%) 1(2.8%) 0 (0%) 2 (3.1%)
Device embolism 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Bleeding no transfusion 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Pericardial effusion 1(2.2%) 0 (0%) 1 (1.8%) 0 (0%)

TTE, n
RLS, n (%)
No shunt —
Minimal —
Moderate —
Severe —
LRS, n (%) 11 (24%)

46 (100%)

36 (100%) 55 (100%) 65 (100%)

— 20 (36.4%) 53 (81.5%)

— 26 (47.3%) 8 (12.3%)
— 4 (7.3%) 2 (3.1%)
— 5 (9.1%) 2 (3.1%)

3 (8.3%) — —

*Data are presented as median (range); ASD, atrial septal defect; PFO, patent foramen ovale; TEE, transesophageal echocardiography; SVT, supraventricular
tachycardia; TTE, transthoracic echocardiography; RLS, right-to-left shunt; LRS, left-to-right shunt.

4.2. Image Quality. The difference in image quality was
previously published by Border et al. They studied the dif-
ference in image quality between TEE, micro-TEE, and in-
tracardiac echocardiography (ICE) during left atrial appendage
closure and MitraClip implantation. Image quality was com-
parable between micro-TEE and ICE, and the accuracy of
micro-TEE is comparable to TEE. An important difference
between TEE and micro-TEE is that micro-TEE has no three-
dimensional view possibilities, which could help in sizing the
defect and positioning the device [8]. Klett et al. compared
micro-TEE and TEE as well during different types of inter-
ventions (transfemoral aortic valve implantation, transfemoral
mitral valve implantation, and ASD and PFO closure). They
found that micro-TEE provides good anatomical image quality
of relevant structures during these interventions [9].

4.3. Residual Shunts. A residual LRS after ASD closure varies
between 0% and 10% during a follow-up period between 6
months and 5 years [14-17]. In our study, a residual LRS was
present in 24% in the TEE group and in 8.3% in the micro-
TEE group immediately after ASD closure. During 6-month
follow-up, the LRS resolves completely in the TEE group
(0%) but was unchanged in the micro-TEE group (8.0%)
using color Doppler echocardiography. The difference be-
tween these groups was not significant (P = 0.063). Un-
fortunately, the percentages of patients who underwent a
TTE at 6-month follow-up differed significantly between
both groups (100% versus 69%). The difference between in-
hospital and 6-month follow-up is unclear. It is possible that
a better device position thanks to better image quality may
cause an optimized device endothelialization.
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After PFO closure, the residual RLS rate ranges from 3%
to 39% during a follow-up period between 6 months and 2
years [18-21]. The large difference between the studies can
be explained by the difference in the population size, but
more importantly, by the difference in the definition and
method used for the diagnosis of RLS. In our study, a
moderate-to-severe RLS was present in 5.6% in the TEE
group and in 14.3% in the micro-TEE group (P = 0.197) at
6-month follow-up. Our population was relatively small,
which could explain why the difference was not significant.
The residual shunt rate of the micro-TEE group increased
during 6-month follow-up when compared to in-hospital. It
is possible that the patients that were lost to follow-up had
no RLS or minimal RLS at follow-up creating a false high
RLS rate.

It is unclear why this difference occurred. In the
literature, defect size, presence of an ASA, type and size of
the device size, and experience of the operator influence
the chance of a residual shunt after percutaneous ASD
and PFO closure [22, 23]. Firstly, balloon sizing for
measuring the defect size was used in all patients in the
ASD group making under- and oversizing unlikely. As
balloon sizing was not used in percutaneous PFO closure,
choosing the device size was based on imaging during the
procedure. In both the ASD and PFO groups, there was
no difference in defect size in the subgroups. Secondly,
the defect anatomy was determined by TEE previous to
the procedure in all patients. The presence of an ASA was
equal in all groups making this an unlikely cause. Thirdly,
there was no significant difference in device size between
all groups. Fourthly, there was no difference in device
choice as all defects were closed using the same device.
Finally, the operators were very experienced and per-
formed all procedures. There were no differences between
operators.

As the predictors mentioned above did not show any
difference between both groups, the only difference was the
image modality. Because device position and device size
(during PFO closure) were chosen using TEE and micro-
TEE, the cause of the differences could be the image quality
between these modalities. It is possible that the difference in
image quality might cause undersizing or incorrect posi-
tioning of the device. However, previous studies did not
find a difference in image quality during cardiac procedures
[8, 9]. More studies are needed to show if there is an actual
difference. Further, there was an important difference in
available follow-up data making it more difficult to
compare.

4.4. Arrhythmias and Cerebrovascular Events. A common
complication after percutaneous ASD and PFO closure is
new-onset SVTs. New-onset SVTs can occur in up to 3.5% of
the patients after ASD closure [16, 17, 24] and can rise up to
6.6% after PFO closure as described in large trials [24-26].

Arrhythmias after ASD or PFO closure can occur due to
oversizing of the device causing stress on the atrial cells of
the interatrial septum. Therefore, the larger the device, the
more chance on the development of new-onset SVTs [27].

In our study, there was no significant difference in new-
onset SVTs in both the ASD and PFO groups, in-hospital
and at 6-month follow-up.

After ASD closure and PFO closure, a recurrent cere-
brovascular event has been described in, respectively, 0% to
0.3% and 0% to 5% [11, 15-18, 24, 28]. In our study, there
was a recurrent stroke in one patient who underwent ASD
closure (TEE group). After PFO closure, there were no
recurrent cerebral ischemic events in both groups during 6-
month follow-up. Though the complication rate is low, our
follow-up time is relatively short.

4.5. Costs. Besides improving the comfort of the patient,
local anaesthesia makes general anaesthesia (including
anaesthesiology backup) unnecessary during this procedure
and therefore reduces costs.

Ahmad et al. did a cost analysis of patients receiving a
transcatheter aortic valve replacement with general anaes-
thesia versus conscious sedation [29]. Though hospitaliza-
tion was shorter in the conscious sedation group, the total
costs were not significantly different. Further, studies de-
scribing the costs of different surgical interventions under
local versus general anaesthesia found a significant reduction
in cost when performing the intervention under local an-
aesthesia [30, 31].

In our cohort, we studied local versus general anaes-
thesia instead of conscious sedation, making it difficult to
compare the study of Ahmad et al. As the other studies did
compare local versus general anaesthesia, we can conclude
that using local anaesthesia can lower the costs of the
procedure.

4.6. Limitations. Firstly, it was a single centre, non-
randomized study. Secondly, our study had a relatively small
population making it more difficult to compare both image
modalities. We used (contrast) TTE at follow-up for
detecting a residual shunt while TEE is the gold standard.
Finally, because 15% of the micro-TEE patients were lost to
follow-up, it is possible that the event rate and residual
shunting rate might differ significantly.

5. Conclusion

Using the micro-TEE during percutaneous ASD and PFO
closure is safe when compared to standard TEE, but it seems
to be associated with a nonsignificant increase in the shunt
rate. However, it is less invasive without the need for general
anaesthesia and no periprocedural complications.

Data Availability

The study data used to support the findings of this study are
restricted by the Ethical Board of the St. Antonius Hospital
in order to protect patient privacy. Data are available from
the corresponding author, St. Antonius Hospital, for re-
searchers who meet the criteria for access to confidential
data.
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