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Introduction: Interatrial communications (IC) are the most frequent lesions in congenital heart disease
(CHD). The patent foramen ovale (PFO) is a common but rarely symptomatic finding: a prevalence of
up to 35% is reported’. Secundum type atrial septal defect (ASD) accounts for 7-10% of all congenital
heart malformations?. Both types of IC can remain clinically silent for decades or even a lifetime, but a
considerable number of patients will turn symptomatic with paradoxical embolism (PFO and ASD) or
progressive right heart failure (ASD)*%. Patients with a wide opening of the PFO pemitting a large
right-to-left-shunt or a PFO associated with atrial septal aneurysm (ASA) are at an increased risk of
potentially deleterious paradoxical thromboembolism’. In the case of ASD long-term exposure to
chronic right heart volume overload leads to dilatation of the right atrium (RA) and ventricle (RV) and in
certain cases, due to an increased pulmonary flow, to deleterious effects such as pulmonary
hypertension and right heart failure <RV2>. Patients may present symptoms of fatigue, dyspnea,
recurrent lower respiratory tract infection, palpitations and thromboembolic events®. Modern treatment
strategies have established percutaneous closure of interatrial defects with various types of closure
devices as a promising alternative to surgical procedures (PFO and ASD) or long-term medical
treatment (antiaggregatory drugs or oral anticoagulation for prevention of PFO-associated
thromboembolic events)*'2. These percutaneous techniques have been shown to be safe and
efficient™ . While optimal treatment of PFO is still controversially discussed'™ ™, it has been accepted
that closure of an ASD is the treatment of choice in patients with significant pulmonary to systemic flow
ratio, especially if RV volume overload is present, even if the patient has few or no symptoms "2 Up
to the present transesophageal echocardiography (TEE) serves as the most important diagnostic tool
in the evaluation of IC™. This procedure, though, is semiinvasive and comprises a complication rate of
approximately 1%?". Magnetic Resonance Imaging (MRI) has been shown to be a powerful tool in the
assessment of CHD?".

The Aim of this study was to prospectively assess the diagnostic performance of contrast enhanced
MR in the initial diagnosis of PFO and ASD as well as during the follow-up period after percutaneous

closure of both PFO and ASD.

PATIENTS AND METHODS

Patient population: We prospectively studied 20 consecutive patients with IC (14 patients with PFO,
mean age 43 = 16 years, 8 males; 6 patients with ASD I, mean age 35 £ 14 years, 2 males) with TEE

and MRI at baseline and 6 months after percutaneous defect closure with a Cardia PFO / ASD
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occluder (Cardia Inc.). All patients with PFO had a history of paradoxical embolism. An independent
neurologist confirmed the diagnosis “cryptogenic cerebral ischemia” after all other identifiable causes
of ischemic stroke had been ruled out (1. cardiogenic embolism; 2. hypercoagulable state by laboratory
testing for thrombophilia: factor V Leiden mutation, prothrombin 20210 mutation, antiphospholipid
antibodies, protein C deficiency, protein S deficiency, antithrombin [l deficiency; 3. atherothrombotic

events; 4. vasculitis; 5. autoimmune disease).

Table 1 shows clinical characteristics/cardiovascular risk factors of the included patients with PFO.

Table 1
Cryptogenic stroke 6 (43%)
Crytprogenic TIA 7 (50%)
Peripheral embolism 1 (7%)
ASA 5 (35%)

spontaneous right to left shunt | 11 (78%)

arterial Hypertension 5 (35%)
Hyperlipoproteinemia 3 (21%)
Nicotine-abuse 1(0,7%)
Migraine 1 (0,7%)

2 patients with ASD displayed only minute left-to-right shunt but were symptomatic with paradoxical
embolism. The remaining 4 patients with ASD presented with dyspnea on exertion and showed

echocardiographic signs of right heart failure.

Table 2 shows clinical characteristics of the included patients with ASD:

Table 2
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Qp:Qs > 1.5:1 4 (66%)
Mean stretched
defect diameter (mm) 19+4

Paradoxical embolism 2 (33%)

Additionally, 7 individuals without an IC on TEE underwent the identical MRI protocol and served as
controls. The presence/absence of transatrial shunt was defined as the primary variable. Contrast-
enhanced TEE was defined as the goldstandard and compared to a dynamic contrast-enhanced MRI
protocol. Before undergoing MR, all patients gave written informed consent in accordance with ethical

guidelines followed in our institution.

Transesophageal echocardiography

2-dimensional color Doppler TEE was performed before and six months after ASD closure, using a
Sonos 5500 ultrasound system (Agilent Technologies) with a 5SMHz phased multiplane probe. D-
Galactose was used as intravenous contrast agent (Echovist©, Schering AG) and administered as
10ml bolus into an antecubital vein. A Valsalva maneuver (VM) was performed by the patient at the
physician’s disposition for 5 seconds starting 5 seconds after contrast injection according to previously
published protocols?. The transseptal appearance of contrast bubbles in the left atrium (LA) within 3
heartheats after appearance in the right atrium (RA) was considered a right-to-left shunt. The
examination focussed on the IAS and was performed in the mid-esophageal position at rest and under

VM. The presence of ASA was defined as a dynamic bulge of the IAS into LA or RA of >10mm.

Magnetic Resonance Imaging: MRI| was performed on a clinical 1,5 T MRI system (Vision Magnetom,
Siemens Medical Solutions, Erdangen, Gemany) with a dedicated phased-array cardiac coil. ECG-
gated cine cineGradient Echo (cineGE; parameters) were used to detect the |IAS-region in long-axis
orientation. The IAS was studied in the 4-chamber view (4CV) with ECG-gated turbo Spin Echo (tSE,
parameters:) and cineGE. Septal thinning or focal discontinuity within the central portion/fossa ovalis
was assessed. In both TSE and cineGE the suspected defect-diameter was measured in 2 planes at

the maximum gap.

When adequate visualisation of the central portion of the IAS was achieved patients were asked to
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perform successive VM under breathhold conditions. Patients were asked to perform each VM
identically with respect to the considerable intrathoracal shift of the heart during VM. All patients had
been exercising in performing the VM correctly. When an optimal imaging plane was accomplished
dynamic contrast-enhanced Magnetic Resonance Perfusion (MRPI; parameters) was performed under
VM. VM was performed for 5 seconds 5 seconds after automated intravenous bolus administration of
0,2mmol/kg Gadolinium-dTPA paramagnetic, T1-shortening contrast agent (Magnevist©, Schering AG,
Berlin, Germany). In patients with PFO the transseptal arrival of contrast agent in the LA under VM was
assessed visually in the MRPI. Diagnosis was confirmed by measurement of time dependent blood-
pool signal intensity (S1) in defined regions-of-interest (ROI) in the RA, pulmonary veins (PV) and
paraseptal LA. Transatrial right-to-left shunt was diagnosed when Sl in LA was augmented before an
increase in the PV was to be seen.

Figure 1

y

Figure 1 shows the regions-of-interest used for signal-time curve analysis

4 chamber viev, ECG-gated tSE, PV indicates pulmonary veins; RA, right atrium; LA left atrium

Implantation procedure

Percutaneous defect closure was performed under sedation and local anesthesia. The Cardia PFO /
ASD Device (Cardia Inc.) was used for closure as previously described < Braun M, Gliech V, Boscheri
A, Schoen S, Gahn G, Reichmann H, Haass M, Schraeder R, Strasser RH. Transcatheter closure of
patent foramen ovale (PFO) in patients with paradoxical embolism. Periprocedural safety and mid-term
follow-up results of three different device occluder systems. Eur Heart J. 2004 Mar;25(5):424-30 und
Schoen SP, Kittner T, Bohl S, Braun MU, Simonis G, Schmeisser A, Strasser RH. Transcatheter

closure of atrial septal defects improves right ventricular volume, mass, function, pulmonary pressure
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and functional class: A MRI study. Heart. 2005 Nov 11; [Epub ahead of print]>. Postinterventional
treatment included oral aspirin (100 mg/day) for 12 months, clopidogrel (75 mg/day) for 6 weeks and

low dose heparin for the first 3 days (2 5000 IE s.c.) after intervention.

Statistics: Values are expressed as mean standard deviation.

Results:

On TEE 11 out of 14 patients with PFO showed spontaneous right-to-left shunt, 3 had right-to-left shunt
under provocation by VM only, 5 patients with PFO displayed an associated ASA. All patients with ASD
featured a left-to-right shunt on TEE, mean Qp/Qs was 1.7 0.2, mean stretched defect size was
19 4mm. Percutaneous defect closure was successful in all patients with PFO (mean device size
24 4mm) and ASD (mean device size 22 4mm). At 6 months 2 patients with primordial PFO were lost
to follow-up. No adverse events had occurred in the remaining 18 patients. At 6 months TEE revealed
a minimal residual transatrial shunt in 4 out of 18 patients (spontaneous left-to-right shunt in 2 patients

with ASD and provoked right-to-left shuntin 2 patients with PFO).

Visual Assessment of Interatrial Communications with MRI:

tSE, cineGE and MRPI were performed to visualise IC. Compared to TEE as goldstandard for
interatrial shunt detection results for each technique were the following:

On tSE the size of ASDs was systematically overestimated and yielded false-positive results in 16 out
of 21 patients without ASD (14 patients with PFO and 7 patients without IC on TEE). As expected no
clear depiction of PFO could be achieved with this imaging technique.

Using cineGE the size of ASDs was in good accordance to TEE-findings (Person’s correlation
coefficient r=0.79; see figure 2). However correct diagnosis of PFO could also not be achieved by cine

GE.

Figure 2
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~ (Grafik hiibscher) Figure 2 shows

good correlation of ASD diameters as determined by transesophageal echocardiography versus MRI

in cine Gradient Echo technique.

Using MRPI 11 out of 14 patients with PFO were diagnosed correctly. There were no false-positive

results in the control group without IC (7 patients). Thus, a sensitivity of 0,78 and specificity of 1.0 for

the detection of PFO resulted. Figure xy shows a representative MRPI of a patient with PFO and

premature arrival of contrast agent in LA due to transseptal shunting under VM.



Auf Bildern A /B /C eintragen

a) baseline — no intracardiac contrast agent b) filling of the right heart with contrast and transseptal
right-to-left shunting (arrowheads) c¢) situs after pulomary recirculation of the contrast agent with
complete filling of all 4 chambers (RA indicates right atrium; RV, right ventricle; LA, left atrium; LV, left

ventricle)

Visual analysis was confirmed by measurement of blood-pool Sl in defined ROIs. Figure XY shows

representative graphs derived from Sl-time analysis in a patient without (a) and a patient with (b)
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interatrial communication on TEE
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Graphs plotting signal-intensity (percent of baseline value) of the blood-pool over time (seconds after
contrast administration) in a patient with intact IAS (a) and a patient with PFO (b). Note the premature
increase in signal-intensity in LA in a patient with PFO. RA indicating right atrium; PV, pulmonary veins;

LA, left atrium

At 6 months after PFO closure MRPI revealed sufficient defect closure in patients without residual
transseptal shunt on TEE. However MRPI missed correct diagnosis in 1 out of 2 patients showing
minimal provoked residual right-to-left transseptal shunt after PFO closure. No false positive findings

were stated by MRPI neither in patients with PFO nor in patients with ASD.
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In patients with ASD a spontaneous transseptal wash-out of contrast agent out of RA due to a left to
right shunt was inconstantly observable in the paraseptal region. During VM premature arrival of
contrast agent in LA due to transseptal shunting could be demonstrated in all patients with ASD.

However MRPI missed correct diagnosis in 1 out of 2 patients showing minimal residual left-to-right

transseptal shunt after ASD closure. Figure xy shows the IAS after percutaneous defect closure

o/

Figure XY: ECG-gated GRE in 4-chamber view orientation in a patient after percutaneous ASD-
closure. Note the signal-void caused by artefacts due to metallic components of the device. Right- and

left-atrial sides of the umbrella-device can clearly be discerned (arrows).

Discussion: Aim of our study was to assess the diagnostic performance of MRI in the eviuation of
transseptal shunts in patients with PFO and ASD before and after percutaneous defect-closure. We
could demonstrate that a dedicated contrast-enhanced MRI-protocol with provoked right-to-left shunt
yields good diagnostic performance in the primordial diagnosis of IC and, with reservations, also during
follow-up after percutaneous IC-closure. Our preinterventional findings are in good accordance to the
work of Mohrs et al.Z who chose a similar MRI-protocol for patients with PFO only.

In recent years various approaches how to estimate ASD-size and transatrial shunt-volume by MRI
have been proposed. The morphological defect is well identifiable with standard MRI-procedures such
as anatomical imaging with Spin-echoes (SE) and cine-imaging with Gradient-echoes. Holmvang et al.
reported that ASD-size is overestimated with SE-techniques and may lead to false-positive results
because of focal signal void due to septal thinning in the fossa ovalis. Good correlation of defect-area
to surgical findings was achieved by through-plane transatrial phase-contrast imaging (PCl) in a slice-
orientation parallel to the IAS?*. Our experience with SE in this study is in good accordance to the work

of Holmvang et al.. Phase-contrast-measurement of blood-flow in the ascending aorta and pulmonary















