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Background Transcatheter closure of patent foramen ovale (PFO) has been demonstrated to be superior to medical therapy in
stroke prevention in selected patients. Beyond traditional permanent metallic devices, NobleStitch EL, a suture-
based system, has been developed as a potential alternative.

...................................................................................................................................................................................................
Case summary A 50-year-old man underwent transcatheter closure of PFO with mild interatrial septal bulging and tunnel-like

morphology with a NobleStitch device. A transthoracic echocardiography performed immediately after PFO clos-
ure showed residual shunt (RS), which persisted unchanged at staged controls, due to the inability of the delivery
system to capture both the septum primum and the septum secundum. A second procedure was performed with
the implantation of a Figulla Flex II 27/30 mm device, with no RS detectable at control echocardiography.

...................................................................................................................................................................................................
Discussion The NobleStitch device is interesting in its concept, but several pitfalls may be encountered during its deployment.

Opposite to permanent metallic devices, RSs after the procedure are not expected to decrease over time and
should be managed with a different approach.
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Learning points

• The NobleStitch device, a suture-based tool for patent foramen ovale (PFO) closure, interesting in its concept, has a very limited experi-
ence reported in literature with good clinical and safety outcomes.

• A residual shunt (RS) after successful PFO closure with a metallic device may be observed in a minority of cases. Usually, the RS grade
decreases over time thanks to device endothelialization. A persistent RS has to be taken into account for cryptogenic stroke prevention
management.

• Residual shunt detected after NobleStitch use has to be considered a suture-failure, not to be monitored over time but requiring a different
management.
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Introduction

Transcatheter closure of patent foramen ovale (PFO) has been dem-
onstrated to be superior to medical therapy in stroke prevention in
selected patients.1,2 Beyond traditional permanent metallic
devices,NobleStitch EL, a suture-based system, has been developed
as an alternative approach limiting the burden of exogenous material-
released at the cardiac level.3 However, despite promising, only few
data are available detailing the effectiveness and the safety of the
NobleStitch system.

In particular, given its peculiar mechanism based on the apposition
of septum primum and septum secundum through a polypropylene
suture, concerns persist in patients treated with NobleStitch regard-
ing the management of residual shunt (RS), which are frequently
detected following PFO closure, but which tend to decrease and
mostly disappear over time with traditional permanent metallic devi-
ces due to endothelization.4

Timeline

Case presentation

A 50-year-old man, with a known MTHFR homozygous genetic muta-
tion and recent minor stroke underwent percutaneous PFO closure at
another institute. After transoesophageal echo showing mild interatrial
septal bulging with a tunnel-like PFO, clinicians planned a suture-based
NobleStitch EL (Kardia, Italy) closure procedure (Figure 1A and B).

This unique device consists of two dedicated suture delivery cathe-
ters to capture and suture the septum secundum and the septum

primum using a polypropylene suture. A third element, the
KwiKnotTM catheter (HeartStitch, Inc.), is advanced over the septum
secundum and septum primum sutures to approximate both septa,
achieving closure by securing the stitch and trimming the excess su-
ture material. Transthoracic echocardiography (TTE) performed
after PFO closure showed significant residual right-to-left (R-L) shunt,
unchanged in severity at 1- and 3-months of follow-up. The treating
physician suggested for a TTE 6 months later, leaving the patient on
single antiplatelet therapy (aspirin 100 mg/daily).

At 9 months of follow-up, after evidence of persistent severe
R-L shunt at contrast-TTE (Figure 1C and Supplementary material
online, Video S1), the patient, still on aspirin alone treatment,
asked for a second opinion consultation. On consultation, patient
was in good clinical conditions and physical examination was un-
remarkable. The consultant physician asked for a 3D echo
(Supplementary material online, Video S2) showing interatrial sep-
tal bulging together with the persistence in place of one of the
polypropylene sutures attached to the septum primum, together
with the Kwiknot (Figure 1D). The patient was not allergic to nit-
inol and without contraindications to permanent metallic device
implantation. Therefore, a device-based PFO closure was planned
by bilateral femoral vein approach under intracardiac echo guid-
ance (ICE; 9 F, 9-MHz Ultra ICE; EP Technologies, Boston
Scientific Corporation, San Jose, CA, USA). ICE confirmed PFO
patency (Figure 1E and F, Supplementary material online, Videos
S3 and S4) and a 27–30 mm Figulla Flex II (Occlutech GmbH,
Jena, Germany) occluder device deployment was performed
(Figure 2A and B) with zero R-L shunt at intracardiac contrast in-
jection (Figure 2C and D). At postoperative TTE, there was no
evidence of device malposition or thrombosis. The patient was
discharged on dual antiplatelet therapy (aspirin 100 mg/daily; clo-
pidogrel 75 mg/daily for 3 months). At 6-month follow-up, patient
was asymptomatic and contrast TTE showed device in place
without RS.

Discussion/conclusion

The NobleStitch device, despite interesting in its concept, has a very
limited experience reported in literature with good clinical and safety
outcomes.5 However, previous observations4 on septal tears after
NobleStitch as well as residual septal defects and residual R-L shunts
open few observations on the device full applicability in a consecutive
cohort of patients. Residual R-L shunts may be detected following
PFO closure, but they tend to decrease and mostly disappear over
time after traditional permanent metallic devices implantation.6

Conversely, a residual R-L after a suture-based PFO closure, has to
be classified as a procedure-failure with inherent controversial dilem-
mas on RS management. A transoesophageal echocardiography
examination in these patients may be useful to study the mechanisms
of residual shunting and differential diagnosis between a previously
undetected atrial septal fenestration and an asymmetrical positioning
of the suture causing a iatrogenic RS, A significant RS has been
described in 10% of Noblestitch treated patients. Therapeutic
options include pharmacological therapy with antiplatelet or oral
anticoagulant drugs, percutaneous closure with a second device, or
even surgical repair.7

.................................................................................................
November 2018 Minor stroke

January 2019 Transoesophageal echocardiography

detecting a tunnel-like patent for-

amen ovale (PFO) and planned

PFO closure

January 2019 Patient underwent suture-based

NobleStitch PFO closure at an-

other centre. Transthoracic echo-

cardiography performed after

procedure showed significant re-

sidual right-to-left (R-L) shunt

February and April 2019 Transthoracic echocardiography

confirming severe residual R-L

shunt

September 2019 Transthoracic echocardiography and

bubble test showing unchanged

severe R-L shunt

October 2019 Patient asked for a second opinion

consultation at our institute

November 2019 Patient underwent PFO closure with

a permanent metallic device im-

plantation without residual intra-

cardiac shunt

2 D. Trabattoni et al.

https://academic.oup.com/ehjcr/article-lookup/doi/10.1093/ehjcr/ytaa162#supplementary-data
https://academic.oup.com/ehjcr/article-lookup/doi/10.1093/ehjcr/ytaa162#supplementary-data
https://academic.oup.com/ehjcr/article-lookup/doi/10.1093/ehjcr/ytaa162#supplementary-data
https://academic.oup.com/ehjcr/article-lookup/doi/10.1093/ehjcr/ytaa162#supplementary-data


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
We believe that a rigorous selection of the PFO anatomy avoiding

long-tunnel-like and atrial septal aneurysms may play a key role in the
procedural and device success.
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Reports online.
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Figure 1 (A and B) Transoesophageal echocardiography (A) showing a tunnel-like patent foramen ovale and bubble test (B) showing significant
right–left shunt during Valsalva manoeuvre; (C) echocardiography with bubble test confirming the persistent patency of the foramen ovale 9 months
following the closure attempt with NobleStitch; (D) 3D transthoracic echocardiography: the red arrow points to the Kwiknot device; (E) intracardiac
echocardiography documenting the patency of the foramen ovale (yellow arrow); (F) basal fluoroscopy; a 0.03500 wire is seen crossing the fossa ovale
from the right to the left atrium; the red arrow points at the Kwiknot device.
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Figure 2 (A and B) Fluoroscopy images showing the deployed Occlutech Figulla Flex II 27/30 mm device; the red arrow points at the Kwiknot de-
vice, which can be seen ‘trapped’ between the two discs of the newly deployed device; (C) intracardiac echocardiographic image showing the correct
positioning of the Occlutech Figulla Flex II 27/30 mm device (pink arrow); (D) bubble test during intracardiac echocardiographic monitoring, confirm-
ing the absence of residual shunt.
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