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Intracardiac echocardiography
for percutaneous patent foramen
ovale and atrial septal defect
occlusion

Percutaneous transcatheter occlusion of
atrial septal defects (ASD) and patent
foramen ovale (PFO) is less invasive than
the gold standard of surgical closure [1].
Indications for this emerging therapeutic
option are recurrent cryptogenic stroke
due to presumed paradoxical embolism
through the PFO after failure of conven-
tional drug therapy [2]. The indications
for surgical ASD closure are significant
right chamber enlargement with hemo-
dynamically significant shunts (Qp/Qs
>1.5) in patients with normal pulmonary
resistance, and a residual tissue rim of in-
teratrial septum surrounding the defect
greater than 5mm [3].

Different devices have been used for
the invasive management of these condi-
tions. Among these, the Amplatzer Oc-
cluder is most widely used. This is a self-
expanding wire mesh with double discs.
It contains inner polyester fabric patches
that, along with the wire mesh, cause the
formation and accumulation of a blood
clot, which seals the opening. Following
successful deployment of the device, tis-
sue grows over it and the device becomes
incorporated into the atrial septum [4].

Transesophageal echocardiography
(TEE) has been successfully employed
to guide transcatheter device closure of
ASD and PFO [5]. Over the past few
years, specially designed ultrasound-

tipped catheters have made intracardiac
imaging possible. Specifically, intracar-
diac echocardiography (ICE) provides
increased patient comfort and improved
imaging quality of the interatrial sep-
tum during percutaneous occlusion of
PFO and ASD. Other advantages in-
clude clear visualization of the inner
chamber cardiac wall and imaging of
cardiac structures in adequate depth [6].
The recently designed ultrasound-tipped
catheters have also incorporatedDoppler
imaging. As a result, ICE is preferred
over TEE for imaging guidance during
intra-atrial septal defect closure [7].

In this study, we report our experience
with ICE during PFO and ASD closure
procedures by comparing the imaging
findings of ICE with those of TEE during
the initial diagnostic investigation.

Methods

Study population

A total of 66 consecutive patients who
were admitted to our hospital for per-
cutaneous closure of ASD and PFO
were enrolled from November 2008 to
November 2010. Of these, one pa-
tient was excluded owing to a recent
intracerebral hemorrhage and thus the
final analysis included 65 patients. Our

inclusion criteria were: (a) significant
secundum ASD (large-diameter defect
[>10mm] with significant left-to-right
shunting [Qp/Qs >1.5]); (b) PFO asso-
ciated with previous cryptogenic stroke
due to presumed paradoxical embolism
through the PFO with contraindications
to anticoagulant treatment; (c) PFO
associated with coexisting atrial septal
aneurysm; and (d) PFO in professional
divers. The diagnostic criteria for atrial
septal aneurysm encompassed the detec-
tion of a sacculation or deformity in the
interatrial septum or the foramen ovale
region with an excursion of 10mm into
the right or left atrium or with the sum
of bilateral excursions measuring more
than10mm. All patients underwentTEE
with a multiplane probe (GE Vivid-7) to
confirm the diagnosis, to define the size,
the location, and the number of ASDs as
well as to rule out other associated ab-
normalities (anomalous pulmonary vein
drainage). Patients with left atrial or
left ventricular thrombus were excluded
from our study. All patients underwent
TEE evaluation at the referring center
by experienced operators.

Closure device

The Amplatzer ASD or PFO occluder
(AGA Medical, Golden Valley, Minn.),
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Table 1 Baseline characteristics of pa-
tients with patent foramen ovale

Total number of patients with patent
foramen ovale= 25

Baseline characteristics

Sex (males) (n, %) 16, 64%

Age (years) (mean± SD) 35± 12

Type of event

Cerebrovascular event (n, %) 22, 88%

Transient ischemic event (n, %) 2, 8%

Amaurosis fugax (n, %) 1, 4%

Migraine with aura (n, %) 4, 16%

Stroke location

Frontal (n, %) 18, 72%

Temporal (n, %) 4, 16%

Occipital (n, %) 0, 0%

Parietal (n, %) 0, 0%

Echocardiographic characteristics

Atrial septal aneurysm (n, %) 18, 72%

Left ventricular diastolic dysfunc-
tion (n, %)

2, 8%

Left ventricular hypertrophy
(n, %)

1, 4%

Comorbidities

Smoker (n, %) 16, 64%

Dyslipidemia (n, %) 4, 16%

Diabetesmellitus (n, %) 2, 8%

Deep vein thrombosis/
pulmonary embolism (n, %)

0, 0%

which consists of two self-expanding
Nitinol discs joined together by a cen-
tral waist, was used. Dacron patches
were embedded within the two discs to
promote internal thrombus formation
and eventual endocardialization. The
device was sized so that the central waist
completely occluded the defect. The
diameter of the device used for patients
with ASD was selected according to the
size of the defect, which was measured
by an occlusion balloon.

Imaging technique

ICE imaging was performed using the
AcuNav, an 8-Fr ultrasound-tipped
catheter (Siemens Medical Solutions,
Erlangen, Germany). AcuNav offers 90o
sector imaging and it has a change-
able ultrasound frequency (5.5, 7.5, 8.5,
10MHz) depending on the applied con-
sole, and a tissue penetration capacity
of 15cm. The catheter can be externally

Table 2 Baseline characteristics of pa-
tients with atrial septal defect

Total number of patients with atrial
septal defect= 40

Baseline characteristics

Age (years) (mean± SD) 52± 16

Sex (males) (n, %) 28, 70%

Symptoms

Dyspnea (n, %) 18, 45%

Chest pain (n, %) 19, 48%

Palpitations (n, %) 24, 60%

Fatigue (n, %) 30, 75%

Atrial fibrillation (n, %) 2, 5%

Cardiomegaly (n, %) 15,
37.5%

manipulated and is capable of a four-
way tip articulation inside the cardiac
chambers. The tension control knob se-
cures the catheter in the desired position.
Moreover, AcuNav has Doppler capabil-
ities for further information on blood
flow and velocity. Additional features of
the AcuNav are continuous wave (CW)
Doppler for quantification of flow with
an imaging frequency of 5.0MHz and
pulsed wave (PW) Doppler for targeted
blood flow examination. PW imaging
frequencies range between 5.0MHz and
4.0MHz.

Procedure

The AcuNav catheter was advanced
through an 8-Fr, 25-mm sheath in the
mid-right atrium under fluoroscopic
guidance. In all patients with ASD, the
defect size and location, the pulmonary
veins, theadequacyof theseptal rims, and
the adjacent structures were assessed.
In patients with PFO, the interatrial
shunt was confirmed by the presence of
contrast in the left atrium during the
Valsalva maneuver. Specifically, 10ml
of agitated normal saline was injected
through a 7-Fr sheath in the femoral
vein. Thereafter, color Doppler exami-
nation of the septum was performed for
further scanning and potential detection
of additional defects.

Wire insertion across the defect was
facilitated by ICE. Finally, the wire was
placed into the left pulmonary vein with
the use of a multipurpose catheter. The
Amplatzer guiding catheter device was

introduced via the right or left femoral
vein through a long sheath. For ASD
closure, the diameter of the stop flow-
balloon across the defect was measured
by ICE and the size of the closure de-
vice was selected accordingly. Closure
of the defect was performed according
to the standard protocol. During device
deployment, alignment of the device, its
relation to neighboring structures, espe-
cially atrioventricular valves, and capture
of the septum by the device were closely
observed in different planes. The pro-
cedure was completed with contrast in-
jection and color Doppler interrogation
to confirm the absence of periprosthetic
leak and to verify the successful closure
of the defect.

During the procedure, all patients re-
ceived heparin. Postprocedurally, pa-
tients received dual antiplatelet therapy
with aspirin and clopidogrel for 3months
and aspirin only for another 3 months.
All patients were followed up at 3- and
6-month timepoints. Prophylactic an-
tibiotic treatment was initiated prior to
the intervention and was continued for
6 months after the procedure.

Results

Thestudyenrolled65patients(44[67.7%]
males; mean age, 45.5 years). Of these
patients, 40 (61.5%) had ASD while
25 (38.5%) had PFO. The clinical char-
acteristics of each group are presented
in . Tables 1 and 2, respectively. Patients
with ASD were older and had more
comorbidities compared with patients in
the PFO group. The mean Qp/Qs ratio
for patients with secundumASDwas 1.5.
More than 60% of the patients with PFO
also had an atrial septal aneurysm.

TEE and ICE imaging

The mean two-dimensional size of se-
cundum defects as detected by TEE was
18.3± 7.5mm while its measurement by
ICE showed a mean size of 20± 3.4mm
(p= 0.003). Additionally, ICE revealed
a Chiari network with thrombus in one
patient (1.5%) and additional septal de-
fects in four patients (6.2%)—two (8%)
with PFO and two (5%) with ASD—that
were not seen with TEE. Interestingly,
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Intracardiac echocardiography for percutaneous patent foramen ovale and atrial septal defect
occlusion

Abstract
Background. Transesophageal echocar-
diography (TEE) plays a unique role in
transcatheter closure of atrial septal defects
(ASD) and patent foramen ovale (PFO).
However, problems such as the need for
general anesthesia, possible trauma from
endotracheal intubation, presence of “blind
spots,” and occasional inadequate imaging
of some cardiac structures have necessitated
better imaging techniques. Our study aimed
to compare the findings of TEE during the
initial diagnostic examinationwith those from
intracardiac echocardiography (ICE) acquired
during the interventional procedure.

Methods. A total of 65 patients in whom TEE
was used for the diagnosis of ASD or PFO
were included. Of these, 40 patients (61.5%)
had ASD with significant left to right shunt
and 25 (38.5%) patients had PFO associated
with transient ischemic attack or stroke.
ICE imaging was performed under local
anesthesia in all patients to guide interatrial
communication closure.
Results. ICE provided adequate views of the
defects and surrounding structures during the
various stages of device deployment. In eight
patients (12.3%) an additional anatomical
variation was detected. All patients had

successful device implantation and were
discharged 1 day after the procedure.
Conclusion. ICE is a safe and high-quality
imaging technique for guiding transcatheter
ASD and PFO occlusion. Additionally, ICE
can both facilitate device implantation
and detect cardiac abnormalities that are
not identified with TEE during the initial
diagnostic investigation.

Keywords
Cardiac septal defects · Patent foramen
ovale · Intracardiac imaging techniques ·
Transesophageal echocardiography ·
Percutaneous coronary intervention

Intrakardiale Echokardiographie bei perkutanem Verschluss eines offenen Foramen ovale und eines
Vorhofseptumdefekts

Zusammenfassung
Hintergrund. Die transösophageale
Echokardiographie (TEE) ist von besonderer
Bedeutung beim kathetergestützten
Verschluss eines Vorhofseptumdefekts („atrial
septal defect“, ASD) oder eines offenen
Foramen ovale („patent foramen ovale“,
PFO). Jedoch wurden durch Probleme wie
die Notwendigkeit einer Allgemeinnarkose,
mögliche Verletzungen durch die endotra-
cheale Intubation, das Vorhandensein „blinder
Flecke“ und die gelegentlich unzureichende
Darstellung einiger kardialer Strukturen
bessere Bildgebungsverfahren erforderlich.
Die vorliegende Studie zielte darauf ab, die
Befunde der TEE während der diagnostischen
Eingangsuntersuchungmit den Befunden der
während der Intervention durchgeführten

intrakardialen Echokardiographie (ICE) zu
vergleichen.
Methoden. Insgesamt wurden 65 Patienten,
bei denen die TEE zur Diagnosestellung
eines ASD oder PFO verwendet wurden, in
die Studie aufgenommen. Davon wiesen
40 Patienten (61,5%) einen ASD mit
erheblichem Links-rechts-Shunt auf, bei
25 (38,5%) Patienten bestand ein PFO, das
mit transienten ischämischen Attacken
oder einem Schlaganfall einherging. Die
ICE-Bildgebung wurde bei allen Patienten
unter Lokalanästhesie durchgeführt, um den
Verschluss der Verbindung zwischen den
beiden Vorhöfen zu steuern.
Ergebnisse. Die ICE-Bildgebung lieferte
ausreichende Ansichten der Defekte und

der umgebenden Strukturen während der
verschiedenen Stadien der Intervention. Bei
8 Patienten (12,3%) wurde eine zusätzliche
anatomische Variante entdeckt. Bei allen
Patienten war die Implantation des Systems
erfolgreich, sie wurden einen Tag nach der
Intervention entlassen.
Schlussfolgerung. Die ICE ist ein sicheres
Bildgebungsverfahren von hoher Qualität für
den kathetergestütztenVerschluss eines ASD
oder eines PFO.

Schlüsselwörter
Kardiale Septumdefekte · Offenes Foramen
ovale · Intrakardiale Bildgebungsverfahren ·
Transösophageale Echokardiographie ·
Perkutane Koronarintervention

in three patients, after microbubble in-
fusion, ICE did not reveal PFO as was
suggested by TEE imaging. No ICE-re-
lated complications were observed in our
cohort.

Patients with PFO

The 25-mm device was used in 21 (84%)
patients while the 30-mm cribriform de-
vicewasused in threepatientswitha large
atrial septal aneurysm. Finally, the 18-

mm device was employed in one patient
with a small PFO.

Patients with ASD

The mean balloon-stretched diameter
ranged from 22 to 34mm while the
size of the Amplatzer device that was
used ranged from 25 to 38mm. In
two patients with ASD, a small residual
shunt remained. Mean procedural time
was 44± 23min. There were no proce-
dure-related complications. The mean

length of hospital stay was 1 day. At the
6-month follow-up, TEE did not reveal
any complications.

Discussion

In our study, we describe our experience
with ICE for guiding percutaneous clo-
sure of ASD and PFO in patients with
TEE evaluation. Furthermore, we report
the findings that were observed by us-
ing exclusively ICE for imaging guidance
during the procedure. ICE was superior
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Table 3 Advantages of intracardiac
echocardiography

1. The interventional cardiologist can inde-
pendently perform the imaging

2. No need for general anesthesia and intu-
bation

3. Good visualizationof the atrial septum,
the pulmonary veins, the left ventricle, and
the mitral valve

4. Shorter procedural time and fast patient
turnaround time

5. Reduced radiation dose

6. Higher resolution

in identifying defects that were not de-
tectable by TEE. Its use also modified
and facilitated the technique for the de-
ployment and positioning of the device.
An advantage of ICE is that no general
anesthesia is needed, thereby reducing
the risk associated with the procedure.

Both TEE and ICE are safe and effi-
cient for guiding PFO or ASD closure,
each with their own advantages and dis-
advantages. Forexample, TEEhasnorisk
of intracardiac injury and does not re-
quire additional venous access, thereby
minimizing the risk of bleeding at the
site of vascular access. Although TEE is
an economical approach, it needs spe-
cialized staff with good rapport between
the echocardiographer and the interven-
tionalist. It also requires sedation and
intubation of the patients. By contrast,
in ICE there is no need for a multi-mem-
ber team to obtain and interpret the im-
ages. The interventionalist has control
over the images, which makes the pro-
cedure easier and less time consuming.
Additionally, ICE offers the opportunity
to visualize the atrial septum from the su-
perior vena cava entrance to the inferior
portion of the septum, the pulmonary
veins, the left ventricle, and the mitral
valve (. Table 3). For atrial defects lo-
cated in the inferior portion of the sep-
tum, ICE is superior to TEE in terms of
visualization [8]. Highly detailed images
from the area of implantation and infor-
mation on the relationship between the
device and the septum cannot be easily
obtained with TEE [9]. Despite the fact
that TEE is equipped with multiplane
imaging, it fails to depict the complete
interatrial septum from another point of
view. Although additional maneuver-

ability ispossible, the imagesobtainedare
less detailed than those obtained by ICE
[10]. By contrast, although ICE does not
allow for multiplane imaging, its flexible
probe facilitates viewing the septum from
different angles [11]. This feature of ICE
enables imaging of the inferior portion of
the interatrial septum, which is a crucial
part in interatrial communication proce-
dures [12]. Moreover, a limitation of the
TEE are the artifacts produced by the air
in the esophagus, trachea, and stomach.
Another important advantage of ICE is
that percutaneous interatrial septal de-
fect closure under ICE guidance results
in shorter procedural time, faster patient
turnaround time, and reduced radiation
exposure time [13].

Regardingcomplicationsrelated tothe
imaging techniques, TEE appears to be
associated with more trauma complica-
tions aswell as theneed for sedation. This
is themainreason for its contraindication
in patients with a history of dysphagia
or esophageal disease. The risks of ICE
imaging, by contrast, have been reported
to be smaller and suggested to be similar
to the risk of electrophysiological studies.
Nevertheless, a concern of ICE imaging
is the possibility of vascular injury caused
by placing an 8-Fr sheath to allow for ICE
catheter access. This is especially the case
in younger children.

Although the equipment used for
ICE and TEE share similar character-
istics such as similar basic ultrasound
platforms, not all ultrasound platforms
are commercially available in ICE. The
frequency of TEE probes is 4–7MHz
using a Philips OmniPlan TEE probe.
The frequency of the ICE probe ranges
from 6 to 7, 5 to 8, and 5.5 to 10MHz
using the Siemens Cypress, Aspen, and
Sequoia imaging platforms respectively.
Thus, ICE imaging appears to be of
higher resolution.

Despite the superior role of ICE in
guiding the interatrial communication
procedures, it is less adequate for visual-
ization of aspects of the cardiac anatomy
other than the atrial septumand immedi-
ate surrounding structures. Thus, TEE is
probably a more suitable method for as-
sessing the cardiac anatomy preprocedu-
rally. As a result, TEE remains a valuable
diagnostic imaging tool.

Study limitations

Our study is a single-center, retrospective
study with a small sample size.

Conclusion

ICE is an excellent guide in ASD and PFO
occluding procedures as it facilitates
a detailed investigation of the site of
device implantation. However, ICE is not
a simple tool and can require a definite
learning curve to be used with confi-
dence.
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Fachnachrichten

Wann eine CT statt eines Herzkatheters zur Diagnose
aussagekräftig ist

Klagt ein Patient über Schmerzen in der Brust, wird meist mithilfe eines Katheters
überprüft, ob sein Herz noch ausreichend durchblutet ist. Forschende der Charité
– Universitätsmedizin Berlin haben jetzt festgestellt: In bestimmten Fällen kann
eine nicht invasive Computertomographie (CT) eine ebenso verlässliche Diagnose
liefern wie eine Herzkatheter-Untersuchung.

Bisher werden Patientinnen und Patienten

mit Verdacht auf KHK häufig mithilfe eines
Katheters untersucht. Der Vorteil der Me-

thode ist, dass sie Diagnostik und Therapie

vereint: Mit einem Herzkatheter lassen sich
mögliche Verengungen der Blutgefäße so-

fort beheben. Dennoch ist der Eingriff nicht

ohne Risiko, und in 58 Prozent der 880.000
Untersuchungen pro Jahr in Deutschland

muss kein Gefäß aufgeweitet werden. Ein
internationales Forschungskonsortium unter

Leitung der Charité konnte jetzt belegen:

Bei bestimmten Patienten liefert die CT eine
ebenso verlässliche Diagnose.

Für die Arbeit kooperierten Forschungsgrup-

pen aus 22 Ländern, um die Daten von 65
abgeschlossenen Studien mit mehr als 5.300

Patientinnen und Patienten zu analysieren.
Die statistische Auswertung ergab, dass sich

die Herz-CT dann als Diagnosemethode eig-

net, wenn die Betroffenen eine geringe bis
mittlere Wahrscheinlichkeit haben, an einer

KHK zu leiden. „Die KHK-Wahrscheinlichkeit

können Mediziner anhand von individuellen
Faktoren wie Alter, Geschlecht und der Art

des Brustschmerzes bestimmen“, sagt Prof.
Dr. Marc Dewey, Stellvertretender Direktor

der Klinik für Radiologie am Campus Cha-

rité Mitte und Leiter der Studie. „Liegt diese
Wahrscheinlichkeit bei 7 bis 67 Prozent, lässt

sich mithilfe der CT zuverlässig ermitteln,

ob Gefäßverengungen vorliegen oder nicht.
Bei höheren Wahrscheinlichkeiten ist eine

Herzkatheter-Untersuchung angezeigt, weil
voraussichtlich therapeutisch eingegriffen

werden muss.“

„Die Computertomographie des Herzens ist
eine sehr schonende Methode, die nur we-

nige Minuten dauert“, betont Robert Haase,

Erstautor der Studie und Doktorand in der
Arbeitsgruppe um Prof. Dewey. Aus den et-

wa 1.000 CT-Aufnahmen pro Sekunde aus
unterschiedlichenRichtungenwird eine drei-

dimensionale Abbildung des Herzens errech-

net. Durch die Gabe eines Kontrastmittels
werden die Herzkranzgefäße klar sichtbar.

„Wie unsere Arbeit zeigt, lassen sich Eng-

stellen bei Frauen und Männern mit dieser
Methode gut erkennen“, ergänzt er.

„Unsere Ergebnisse werden Ärztinnen und

Ärzten die Einschätzung erleichtern, in wel-
chen Fällen eine Herz-CT statt einer Herz-

katheter-Untersuchung zur Diagnose einer

koronaren Herzkrankheit sinnvoll sein könn-
te“, sagt Prof. Dewey. Der Radiologe hofft

zudem, dass die Studie auch zu einer Ver-
einheitlichung der medizinischen Leitlinien

beiträgt. Diese raten in unterschiedlichen

Ländern bisher noch zu verschiedenen Vor-
gehen bei Verdacht auf KHK.

Originalpublikation:
Haase et al. Diagnosis of obstructive

coronary artery disease using
computed tomography angiography in

patients with stable chest pain
depending on clinical probability and in
clinically important subgroups:meta-

analysis of individual patient data. BMJ.
2019; 365:l1945.

https://doi.org/10.1136/bmj.l1945
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