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ABSTRACT: Compared with traditional nickel-titanium alloy patent foramen ovale occluders, which are
widely used in clinical practice, biodegradable patent foramen ovale occluders have obvious differences in
material characteristics, interventional operation mode and postoperative management strategy. This article
gives expert consensus on the selection of clinical indications and standardized operating procedures, so as
to standardize the clinical application of biodegradable patent foramen ovale occluders.
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1 Introduction

Patent foramen ovale (PFO) is associated with some of the ischemic strokes, transient ischemic
attacks (TIAs), and migraine with aura. Evidence-based medical evidence suggests that for specific
patients, PFO occlusion can reduce the risk of stroke recurrence [1–6]. Currently, PFO occluders
mainly made of nickel-titanium alloy are widely used in clinical practice and have become the main
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treatment method for PFO-related diseases. Nickel-titanium alloy occluders are mainly composed
of a nickel-titanium alloy framework and a polyester fiber occluding membrane, both of which
are non-degradable materials. After implantation, they remain in the body for life and have
the following problems [5–13]: (1) Nickel ion release and metal allergy; (2) Wear of local tissues
by metal occluders, resulting in related complications (such as abrasion, perforation, cardiac
tamponade); (3) Poor endothelialization and device-related thrombosis events; (4) Metal occluders
make subsequent transseptal interventional treatments difficult, such as atrial fibrillation (AF)
radiofrequency catheter ablation and transcatheter mitral valve repair. The application of
biodegradable occluders offers a viable solution to the aforementioned challenges, thereby fulfilling
the objective of “intervention without permanent implantation”. Chinese researchers have made
great progress on developing biodegradable PFO occluders and one of them has been approved for
clinical application by the National Medical Products Administration. Compared with traditional
nickel-titanium alloy occluders, biodegradable PFO occluders exhibit significant differences in
material properties, interventional techniques, and postoperative management protocols. To
ensure the safe and standardized adoption of biodegradable PFO occluders among clinicians
specializing in interventional therapy of structural heart disease, the Professional Committee
of the National Quality Management and Control Center for Structural Heart Diseases and the
Professional Committee of Structural Heart Diseases of the National Cardiovascular Disease
Expert Committee convened a panel of experts to develop this consensus document. These
recommendations delineate the indications, procedural guidelines, key considerations, therapeutic
objectives, and efficacy assessment criteria for the clinical use of biodegradable PFO occluders,
thereby promoting standardized diagnostic and therapeutic practices.

As biodegradable PFO occluders have only recently been introduced into clinical practice, the
cumulative number of cases remains limited. Currently, there is a paucity of relevant randomized
controlled trials (RCTs) both domestically and internationally. Available evidence is primarily
derived from small-sample clinical studies, pre-market clinical investigations of biodegradable
PFO occluders, and extrapolated experience from traditional metal occluder applications. The
evidence evaluation and recommendation grading for these guidelines were conducted using
the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system
(Tables 1 and 2) [14].

Table 1: GRADE Recommendation Strength Grading and Definition.

Recommendation
Strength Explanation Expression Method Recommendation

Strength Level

Strongly recommended
for use

The benefits of the intervention clearly
outweigh the harms Recommend I

Weakly recommended
for use

The benefits of the intervention may
outweigh the harms Suggest II

Weakly recommended
against use

The harms of the intervention may
outweigh the benefits or the balance

between benefits and harms is unclear
Do not suggest II

Strongly recommended
against use

The harms of the intervention clearly
outweigh the benefits Do not recommend I

Note: GRADE: Grading of Recommendations Assessment, Development and Evaluation.
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Table 2: GRADE Evidence Quality Grading and Definition.

Quality Level Definition

High (A) There is a high degree of confidence that the true value is close to the observed value

Moderate (B) There is a moderate degree of confidence in the observed value: the true value is likely
to be close to the observed value, but there is still a possibility that they are different

Low (C) The degree of confidence in the observed value is limited: the true value may be
different from the observed value

Very low (D) There is almost no confidence in the observed value: the true value is likely to be very
different from the observed value

Note: GRADE: Grading of Recommendations Assessment, Development and Evaluation.

2 Characteristics of Biodegradable PFO Occluders

An ideal biodegradable PFO occluder serves as a transitional scaffold to facilitate autologous
tissue repair. Its primary structure gradually degrades and becomes absorbed in synchrony with the
endothelialization process, ultimately achieving complete physiological restoration while fulfilling
the following criteria [11]: (1) Upon complete absorption of the device, the defect site should
demonstrate healthy, functional native tissue regeneration; (2) Following absorption, no residual
foreign material remains that could potentially interfere with normal cardiac structure or function.
The biodegradable occluders currently under clinical investigation predominantly utilize synthetic
polymers including poly(p-dioxanone) (PDO), poly(L-lactic acid) (PLA), and polycaprolactone
(PCL). These materials are precisely formulated through compositional adjustments to meet specific
clinical requirements, and are strategically incorporated into both the occluder framework and
sealing membrane components. This design approach enables effective atrial septal reconstruction
while ensuring optimal occlusion performance and controlled degradation kinetics [15–26].

These biocompatible materials undergo metabolic degradation into carbon dioxide and water,
which are subsequently eliminated via renal and pulmonary excretion pathways [26–32]. Animal
studies demonstrate that the majority of these materials achieve complete degradation within
6 months to 3 years post-implantation [22,29–31,33–35], which realizes the clinical objective of
“intervention without permanent implantation”.

Over the past two decades, multiple biodegradable PFO occluder systems have been developed
globally and advanced to clinical investigation stages [19,21,36–40]. Chinese researchers have
brought innovations on the improvement of the clinical performance of biodegradable PFO
occluder: (1) Material Composition: Poly(p-dioxanone) (PDO) for the dual-disk framework,
and Poly(L-lactic acid) (PLA) for the occlusive membrane; (2) Structural Innovations: Patented
edge-locking mechanism, and forming-wire locking design. These technological breakthroughs
provide enhanced mechanical support and disk apposition force while maintaining stability during
cardiac motion. The device’s unique architecture demonstrates superior adaptation to complex
PFO anatomies, optimizing both immediate closure efficacy and long-term tissue remodeling [26].
Therefore, biodegradable PFO occluders were officially introduced into clinical practice in China in
December 2023. These expert consensus recommendations establish standardized protocols for the
clinical application of biodegradable PFO occluders, with the currently approved device serving as
the representative model.
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3 Clinical Indications and Contraindications for Biodegradable PFO Occluder Implantation

Since 2017, emerging evidence from multicenter clinical trials has consistently demonstrated
that transcatheter PFO closure provides superior outcomes in reducing stroke recurrence risk
compared to medical therapy alone [1–4]. Subsequently, both domestic and international guidelines
on PFO management have been progressively updated [5,41–48]. For patients who meet the
following indications after being diagnosed with PFO-related conditions through multidisciplinary
team (MDT) evaluation involving neurologists and other specialists, the use of biodegradable PFO
occluders for interventional therapy is recommended.

3.1 Indications

(1) PFO-related stroke patients aged 18–60 years old (1A).
(2) PFO-related stroke patients over 60 years old whose benefits of PFO occlusion evaluated before

procedure are higher than the risks of interventional related operations (2B).
(3) For PFO-related stroke patients under 18 years old, there must be clear clinical evidence of

PFO-related stroke, and it should be carefully selected after strict MDT consultations (more
clinical evidence-based medical evidence needs to be accumulated) (2B).

(4) PFO-related stroke patients whose benefits of PFO occlusion evaluated before procedure are
higher than the risks of interventional related operations and with the following comorbidities:

1⃝ PFO-related stroke patients with thrombophilia (2B).
2⃝ PFO-related stroke patients with a history of deep vein thrombosis who need lifelong

anticoagulant therapy (2B).
3⃝ PFO-related stroke patients with a history of pulmonary embolism who need lifelong

anticoagulant therapy (2B).

(5) Migraine patients with severely affected quality of life and poor response to standardized
drug treatment, especially migraine with aura, and whose potential benefits of PFO occlusion
evaluated before procedure are higher than the potential risks (2B).

(6) PFO-related platypnea-orthodeoxia syndrome (2B).
(7) PFO-related decompression sickness, and whose potential benefits of PFO occlusion evaluated

before procedure are higher than the potential risks (2B).
(8) PFO patients with combined systemic embolism, and other causes of systemic embolism have

been excluded before surgery (2C).
(9) PFO-related disease patients with metal allergies such as nickel allergy (2C).
(10) Patients who meet the indications for PFO occlusion but are not suitable for metal occluders

due to objective factors (2C).

3.2 Contraindications

(1) Cerebral embolism for which non-PFO-related causes can be clearly identified (1A).
(2) Contraindications to anti-platelet or anticoagulant therapy, such as severe bleeding within

3 months, obvious retinopathy, a history of other intracranial hemorrhage, and obvious
intracranial diseases (1B).

(3) Complete obstruction of the surgical access, systemic or local infection, sepsis, and thrombus
formation in the cardiac cavity (1A).
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(4) Combined with pulmonary hypertension or PFO serving as a special channel to maintain and
relieve atrial pressure (1A).

(5) Large-area cerebral infarction within 4 weeks (2B).

4 Preprocedural Evaluation and Preparation for Biodegradable PFO Occluder Implantation

4.1 Required Equipment and Instrumentation

Echocardiography diagnostic equipment, digital subtraction angiography system (preferred for
X-ray-guided procedures), multipurpose angiographic (MPA) catheter, 0.035′′ hydrophilic guidewire,
0.035′′ extra-stiff exchange guidewire, guidewire specifically designed for echocardiography-guided
procedures, biodegradable PFO occluder with its compatible delivery system.

4.2 Preprocedural Preparation

(1) Routine physical examination: echocardiography, chest X-ray, standard and ambulatory
electrocardiography (ECG/Holter monitoring), preoperative laboratory tests (complete blood
count, coagulation profile, etc.).

(2) Imaging examinations for PFO diagnosis: contrast-enhanced transcranial Doppler (cTCD),
contrast-enhanced transthoracic echocardiogram (cTTE), contrast-enhanced transesophageal
echocardiogram (cTEE), et al.

(3) Evaluations for PFO-related pathologies: non-contrast brain MRI, non-contrast head CT, carotid
duplex ultrasound, lower extremity venous ultrasound, cerebral/carotid CT, angiography (CTA)
or MR angiography (MRA), etc.

The patient and legal guardians must sign the interventional procedure consent form.
It is recommended to routinely perform TEE before PFO closure to screen for potential

contraindications, such as small atrial septal defects or multifenestrated PFO, which may be
undetectable by TTE. TEE would further evaluate the PFO’s anatomical characteristics including
morphological structure, defect size, tunnel length, and spatial orientation.

5 Transcatheter Procedure Steps for Biodegradable PFO Occluder Implantation

The transcatheter procedure for biodegradable PFO occluder implantation can be performed
either under echocardiography guidance alone or as a combined echocardiography/X-ray-guided
approach. The following demonstrates both techniques separately, based on the currently approved
biodegradable PFO occluder system.

5.1 Echocardiography-Guided Percutaneous Implantation of Biodegradable PFO Occluders

(1) Preoperative preparation: For patients with adequate transthoracic acoustic windows, perform
TTE-guided percutaneous biodegradable PFO occluder implantation under local anesthesia in
the catheterization laboratory or operating room (applicable for most cases).

For patients with poor transthoracic acoustic windows, perform TEE-guided percutaneous
biodegradable PFO occluder implantation under general anesthesia.

All patients require preoperative fasting and intravenous access establishment.

(2) Working distance measurement: Measure the anatomical distance between proximal point,
third intercostal space at the right midclavicular line, and distal point, planned femoral venous
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puncture site. This measured working distance should be clearly marked on both delivery
catheter and guidewire.

(3) Intraoperative bedside TTE reexamination: Baseline assessment includes evaluation of atrial
septal morphology and general structure. Select appropriately occluders and delivery sheaths
based on preoperative TEE and TTE measurements.

(4) Occluder model selection principle: The biodegradable PFO occluder system comprises eight
distinct models, with four featuring equilateral double disks and four featuring non-equilateral
double disks. These models are primarily categorized into four types based on right atrial disk
diameter. Occluder selection should be guided by the specific PFO anatomical characteristics:
For simple PFO: Either an 18-mm or 24-mm occluder is preferred. For complex PFO or PFO
with small aneurysm (basal diameter <8–34 mm): A 28-mm occluder is recommended. For
PFO with large aneurysm (basal diameter 28–34 mm): A 34-mm occluder should be considered.
The equilateral occluder design is preferentially recommended for most cases.

(5) Delivery sheath selection and insertion: The appropriate delivery sheath size should be
matched to the occluder diameter as follows: 18-mm occluder-a 12F delivery sheath; 24-mm
or 28-mm occluder-a 14F delivery sheath (facilitates potential occluder retrieval); 34-mm
occluder-a 16F delivery sheath. Advance the delivery sheath into the left atrium or left upper
pulmonary vein over the extra-stiff guidewire, while maintaining continuous attention to
proper air evacuation during manipulation and maintenance of the sheath tail within the
water basin.

(6) Under local or general anesthesia, perform femoral vein (or jugular vein) puncture and insert a
6F sheath. Administer intravenous heparin (100 U/kg). Following the right heart catheterization
to exclude pulmonary hypertension, mark the catheter length. Advance a 6F catheter and
guidewire through the puncture sheath into the inferior vena cava. Position the guidewire tip to
extend beyond the catheter, exposing its reticular rhomboid tip. Simultaneously advance both
catheter and guidewire to the inferior vena cava-right atrial junction.

When echocardiography (subxiphoid bicaval view) confirms the guidewire and catheter at the
inferior vena cava orifice, advance both to the atrial septum midpoint. In the apical four-chamber
view, position the guidewire’s reticular rhomboid tip against the fossa ovalis. Switch to the aortic
short-axis view. Under echocardiographic guidance, fine-tune catheter/guidewire alignment, rotate
the catheter clockwise, position it against the aortic-facing fossa ovalis, stabilize the guidewire
while gently advancing the catheter, partially retract the guidewire tip while maintaining forward
catheter rotation to locate the PFO’s right atrial orifice, and advance the catheter through the PFO
into the left atrium. After left atrial access, adjust catheter and guidewire orientation, position
the guidewire in the left upper pulmonary vein’s proximal segment (behind the crista terminalis),
Remove the 6F MPA catheter and puncture sheath, introduce the pre-marked delivery sheath over
the guidewire under aortic short-axis echocardiographic guidance, withdraw both guidewire and
sheath dilator, and maintain the sheath tip freely positioned in the mid-left atrium.

(7) In-vitro loading and testing of the degradable occluder: Prepare the occluder according to
manufactory instructions. Perform heparinized saline flushes 3–5 cycles. Maintain complete
immersion until deployment. The delivery cable is inserted from the side of the sealing ring
until it reaches the tip of the loader. The sterile package of the occluder is opened, and the two
forming wires are cut along the front of the plastic control handle at the tail end. After knotting,
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the wire ends are threaded through the side hole of the delivery cable. The delivery cable is
then retracted beyond the sealing ring to draw out the forming wires, following which it is
reinserted from the side of the sealing ring and advanced to the tip of the loader. The screw
on the right atrial disc side of the occluder is aligned with the nut at the tip of the delivery
cable, and the assembly is rotated to lock until it reaches the root of the occluder’s right disc
(note: the screw threads should be neither overly loose nor excessively tight). The loader is
retracted along the delivery cable to the middle-posterior segment of the cable. Starting from the
threading side hole adjacent to the nut at the cable head, the two forming wires are separated to
form parallel strands without crossing or entanglement. With one hand pulling the wires, the
other hand advances the loader to the base of the right disc of the occluder at the cable tip. The
two forming wires are then re-separated from the side of the loader’s sealing ring, maintaining
parallel alignment without crossing or entanglement until reaching the knotted end of the wires,
thus completing the wire separation process. After reconfirming that no entanglement exists
between the forming wires and the screw, the delivery cable is retracted to allow the tip of the
loader catheter to abut the umbrella disc on the right atrial side of the occluder. The delivery
cable is gently advanced, the loader is secured with the left hand, and the forming wires are
pulled posteriorly parallel to the cable with the right hand to lock the occluder’s dual discs. A
distinct “click” sound or a palpable vibration in the right hand during wire pulling indicates that
the in vitro locking function of the occluder is intact and suitable for use; otherwise, the occluder
should be replaced with a new one. Once the dual discs are locked, the forming wires are pulled
separately with the left and right hands to test for smooth sliding. If resistance is encountered
during wire pulling, it suggests either entanglement of the forming wires or knot malfunction,
necessitating troubleshooting or occluder replacement. Upon completion of in vitro loading and
testing, both hands are used to pull the left and right discs, unlocking the fastener into a spindle
shape. The assistant then retracts the delivery cable to retract the occluder into the loader. The
entire loader is immersed in a heparinized saline basin and rinsed repeatedly 3–5 times using a
50 mL syringe. After thorough deairing, the assembly is kept immersed in heparinized saline
for subsequent use. The loading process and precautions for the biodegradable PFO occluder
are illustrated in Fig. 1.

(8) Deploying the occluder: Under continuous echocardiographic guidance (TTE aortic short-axis
or apical four-chamber view), advance the pre-loaded biodegradable PFO occluder through
the delivery sheath. Gradually push the occluder until the left atrial disk emerges from the
sheath. Apply gentle tension on the external forming wires to facilitate proper disk expansion.
Simultaneously retract both sheath and cable to seat the left disk against the atrial septum.
Stabilize the cable while withdrawing the sheath to deploy the right atrial disk. Gently advance
both cable and sheath to optimize right disk-septal contact.

(9) Determination of the occluder positions and push-pull test: Perform gentle push-pull maneuvers
on the cable while monitoring with TTE. Observe disk behavior in multiple views (aortic
short-axis, apical four-chamber, and subxiphoid bi-atrial): right-atrial disk should thicken and
assume spherical shape. Left-atrial disk position remains stable without deformation. Verify
proper positioning as both disks must be secured on opposite sides of the atrial septum. No
interference with mitral valve, tricuspid valve, or atrial roof. Proceed to locking only after
confirming optimal occluder position.
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1. Take the occluder out 2. Loosen the puller, 3. Take the occluder out 

take the forming wire out 

·Take out the forming wire first, • Curly end of the forming wire • After the steel cable passes through 
then open the box. can be cut. the loader, thread the forming wire through 

4. Screw the occluder 

• Connect the occluder smoothly 
to the end of the steel cable, screw it 
to the tightest state, then unscrew it 

by  half to one tum. 

5. Triple Check 

• Check whether the occluder can 
rotate smoothly 

"Check whether the occluder is 
firmly connected 

"Check whether the forming and 
locking structure is normal 

the side hole at the end of the steel cable 
and pull it through the loader tube. 

• Then thread the steel cable through 
the loader again. 

6. Store the occluder

• The surgeon pulls the ocduder into 
a strip shape, and the assistant holds 

the steel cable still. 
"The surgeon pushes the loader forward 

to retract the occluder into the loader. 

7. Evacuate the air 

• Submerge the entire occluder and 
loader completely in heparin saline, 

and fully evacuate the air. 

Figure 1: Loading Process and Precautions for Biodegradable PFO Occluder. PFO, Patent Foramen Ovale.

(10) Occluder locking procedure: Verify the final position using TTE (aortic short-axis, apical four-
chamber, and subxiphoid views). Confirm proper occluder positioning without impingement
on mitral valve apparatus, pulmonary vein orifices, coronary sinus. Verify optimal disk
morphology and septal alignment. Perform the locking Maneuver following manufactory
instructions.

(11) Pre-release testing after occluder locking: After locking the double disks, perform a final
push-pull test under echocardiographic monitoring (apical four-chamber, aortic short-axis,
and subxiphoid bi-atrial views). Gently pull the cable to confirm no deformation of the
occluder disks, and slight synchronous movement of both disks with the atrial septum. Final
echocardiographic assessments include stable occluder shape and position during push-pull
testing; no significant atrial septal shunt on Doppler ultrasound contrast study; inject 15–20 mL
of agitated saline via the delivery sheath if needed, confirm no significant right-to-left shunt
(≤grade I). If shunt > grade I exists, apply stronger traction on the forming wires to improve
disk apposition until shunt resolution. Only proceed with wire cutting and occluder release
after all criteria are met.

(12) Releasing the occluder: After confirming that the occluder is locked successfully through the
above-mentioned tests, remove the forming wires after transecting. Then, push the sheath
forward to press tightly against the disk surface of the occluder, and gently rotate the delivery
cable counter-clockwise to release the occluder. The interventional operation specifications
and precautions of the biodegradable PFO occluder are shown in Fig. 2.

(13) Retract the delivery sheath, press the puncture point, and bandage it with pressure.
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Figure 2: Operative Specifications and Precautions for Interventional Use of Biodegradable PFO Occluder.
PFO, Patent Foramen Ovale.

5.2 Combined X-Ray and Echocardiography-Guided Percutaneous Implantation of Biodegradable
PFO Occluders

(1) Intraoperative echocardiographic monitoring: Use TTE to evaluate the atrial septal morphology
and pericardial space as baseline references, and prepare appropriately sized occluders based on
preoperative TEE and TTE measurements (occluder selection criteria remain consistent with the
previous mentioned principles).

(2) Approach: Perform femoral vein puncture under standard local anesthesia and conduct
right-heart catheterization to exclude pulmonary hypertension.

(3) Under X-ray fluoroscopy, use a guidewire with MPA catheter to probe and traverse the PFO.
Administer intravenous heparin 100 U/kg. Adjust the guidewire and catheter, advance the
guidewire into the left upper pulmonary vein. Exchange for a super-stiff guidewire positioned
in the left upper pulmonary vein.

(4) Delivery sheath selection and insertion: The principle is the same as previously described.
(5) In-vitro loading and testing of the degradable occluder: The steps are the same as previously

described.
(6) Under X-ray fluoroscopy and echocardiographic monitoring, advance the preloaded

biodegradable PFO occluder through the delivery sheath. Four platinum markers are visible
under fluoroscopy: The first marker on the left-atrial disk. The second and third markers at the
occluder waist. The fourth marker on the right-atrial disk. The markers sequentially advance
through the sheath. When the first marker exits the sheath tip while the second and third
markers align with the sheath edge, this indicates left-atrial disk deployment. Gently tension
the external forming wires to approximate the first three markers while monitoring left-disk
formation echocardiographically (TTE/TEE). Simultaneously withdraw the sheath and cable
while maintaining wire tension to seat the left disk against the septum. Then stabilize the
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cable and retract the sheath to deploy the right disk, observing the fourth marker’s emergence
under fluoroscopy. Finally, gently advance both cable and sheath to converge all four markers.

(7) Determination of the double disk positions: Gently retract the cable while monitoring with
echocardiography. In the aortic short-axis, apical four-chamber, and subxiphoid bi-atrial views,
observe the right-atrial disk deforming while the left-atrial disk maintains its position and
shape. This confirms proper bilateral septal disk apposition rather than unilateral positioning.

(8) Occluder locking procedure: Under repeated echocardiographic and fluoroscopic confirmation
of proper occluder position, optimal morphology, and absence of atrioventricular valve
interference, gently advance both the cable and delivery sheath against the right-atrial disk
while maintaining firm coaxial backward traction on the forming wires until complete disk
locking is achieved (following manufactory instructions). Following successful locking,
fluoroscopic evaluation in the 50–60 degree left anterior oblique projection (septal tangential
view) demonstrates convergence of the four imaging markers from initial dispersion into a
compact square or parallelogram configuration.

(9) Pre-release testing after occluder locking: After locking the double disks, perform another
push-pull test under X-ray fluoroscopy by gently pulling the cable to confirm the four imaging
points move synchronously (asynchronous movement indicates incomplete locking) while
maintaining convergence. Simultaneously verify through echocardiography that the occluder
maintains proper shape and position during push-pull testing across multiple views, with
no significant atrial-septal shunt on Doppler ultrasound, confirming successful locking.
Administer 15–20 mL of agitated saline via forceful injection through the delivery sheath
for right-heart contrast echocardiography if needed; absence of significant right-to-left shunt
(if grade I or greater shunt persists, apply additional tension to the forming wires to enhance
disk locking until shunt resolution) further confirms locking success (Fig. A1 presents the
images of biodegradable PFO occluder under fluoroscopy and echocardiography separately).

(10) Releasing the occluder: After confirming successful locking and echocardiographic verification
of proper occluder position and morphology, remove the forming wires after transecting.
Subsequently, advance the sheath firmly against the occluder disk surface while applying
gentle counterclockwise rotation to the delivery cable to achieve final device release.

(11) Retract the delivery sheath, press the puncture point, and bandage it with pressure.

6 Postoperative Management and Follow–Up

The patient should remain in bed for approximately 12 h postoperatively. Medication regimen:
Administer low-molecular-weight heparin as needed within the first 24 h to prevent thrombosis.
Implement dual antiplatelet therapy (aspirin 100 mg/d plus clopidogrel 75 mg/d) for 6 months
post-procedure, followed by single-agent antiplatelet therapy, either aspirin 100 mg/d or clopidogrel
75 mg/d, for an additional 6 months [4,48–53]. For patients with elevated thromboembolic or bleeding
risks, individualize treatment duration (either extending or reducing) and adjust medication
dosages accordingly. Patients with atrial fibrillation should receive novel oral anticoagulants or
warfarin. Those intolerant or unsuitable for antiplatelet therapy require personalized anticoagulation
plans [5,54].

Postoperative follow-up: It is recommended to perform echocardiography and electrocardiography
at 24 h, 1 month, 3 months, 6 months, 12 months postoperatively, and annually thereafter. If
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indicated, conduct cTTE or cTCD to assess for residual right-to-left shunt. For moderate-to-large
residual shunts, maintain follow-up surveillance and prioritize TEE evaluation to localize the
shunt origin (distinguishing between undetected defects, alternative pathways, or iatrogenic
transseptal puncture). During follow-up, systematically evaluate clinical symptom improvement
(using migraine assessment scales and cranial MRI findings).

7 Complication Identification and Prevention

7.1 Cardiac Perforation and Tamponade Management

The incidence of cardiac perforation during PFO interventional closure is 0.5–1.0%. The most
common perforation site during the procedure is the left atrial appendage. Other locations-including
the right ventricle, right atrium, and pulmonary vein-are considerably less common [55]. Atrial
septal dissection or entry into the pericardium through the transverse sinus may occur when
catheter/wire passage through the PFO proves technically challenging or when operator experience
is limited. The risk of cardiac perforation appears reduced following biodegradable occluder
implantation, with no reported cases to date. Prophylactic heparin administration after left upper
pulmonary vein guidewire placement helps prevent acute pericardial tamponade secondary to
cardiac perforation. Critical management priorities include: timely pericardial effusion detection
prior to tamponade development; immediate echocardiography for intraoperative chest tightness
when effusion is suspected; observation for minor effusions with stable vital signs; emergency
pericardiocentesis for moderate-to-large effusions causing tamponade; exploratory thoracotomy if
effusion persists despite intervention.

7.2 Device Migration and Embolization

Device embolization is rare. However, when it occurs, patients may experience palpitations,
chest tightness, or arrhythmia. Strict procedural precautions are essential to mitigate risks.
Intraprocedural echocardiography and pre-release reevaluation are critical. If transthoracic acoustic
windows are suboptimal, transesophageal echocardiography (TEE) should be utilized to assess
septal morphology. The procedure must be performed with standardized and precise techniques,
and an appropriately occluder should be selected. If the occluder is pulled into the right atrium
during the procedure, retrieval is recommended. In cases of difficult retrieval, gently shaking the
cable may help loosen the forming wires and left atrial disk.

If embolization occurs, the occluder’s position should be localized using fluoroscopy,
angiography, or ultrasound. If localization remains challenging, aortic CTA or delayed scanning
may be performed to determine the exact embolization site. Initial retrieval attempts should employ
a snare, followed by extraction through the largest feasible sheath. If interventional retrieval fails
or is deemed high-risk, surgical removal of the occluder and PFO repair are recommended.

7.3 Air Embolism

During right-heart catheterization and occlusion, incomplete air evacuation may allow air
to enter the right or left atrium through the catheter or delivery sheath, potentially causing air
embolism. Right coronary artery air embolism occurs most frequently, typically manifesting
as transient intraprocedural ST-segment elevation, sinus bradycardia, or atrioventricular block.
Patients may experience mild symptoms such as chest tightness and bradycardia; those with
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significant ST-segment elevation may present with chest discomfort, pallor, diaphoresis, nausea,
and vomiting, accompanied by sinus bradycardia. The primary preventive method involves
thorough air evacuation during the procedure [55], minimizing air entry into the closed delivery
system. The occluder should be vigorously flushed in vitro using a 50-mL syringe under high
pressure until no bubbles remaining in the loading sheath. Following delivery sheath placement in
the left atrium, the inner core should be withdrawn slowly while simultaneously performing gentle
aspiration and air evacuation through the sheath’s hemostatic valve. Occluder loading into the
delivery sheath should be performed in a water-filled tray with gentle advancement to minimize air
entrapment. For suspected air embolism, immediate procedural cessation is mandatory, followed by
rapid assessment of airway and respiratory status. Supportive treatments include high-flow oxygen
administration, heart rate augmentation, mechanical ventilation, intravenous fluid administration,
vasopressor support, and advanced life support when indicated.

7.4 Arrhythmia/Atrial Fibrillation

Transient atrial arrhythmias following PFO occlusion are relatively common, with atrial
fibrillation being most prevalent (incidence: 4.6%–6.6%) [2,3,56]. Current research and meta-analyses
demonstrate a significantly increased incidence of atrial fibrillation post-PFO closure [56–60]. The
mechanism of perioperative atrial fibrillation and flutter remains unclear but may be associated
with occluder selection. Biodegradable PFO occluders, composed of softer biopolymer materials
with reduced mechanical traction forces, may potentially decrease atrial fibrillation incidence. When
atrial fibrillation occurs with metal occluders, the majority of cases are transient or paroxysmal,
typically occurring within 45 postoperative days. Most patients maintain sinus rhythm with
pharmacological treatment. Consequently, the clinical significance of post-PFO closure atrial
fibrillation appears limited, particularly when using biodegradable occluders which demonstrate
even lower arrhythmia rates.

7.5 Residual Shunt

Theoretically, atrial-level shunting should cease after PFO occlusion. Potential mechanisms
for residual shunt following biodegradable PFO occluder implantation include: (1) incomplete
device locking, which may compromise wall apposition and endothelialization, permitting blood
flow through occluder interstices; (2) undiagnosed small atrial septal defects or multiple PFOs;
(3) presence of small pulmonary-venous fistulae; or (4) procedural creation of iatrogenic atrial
communication when guidewires or catheters inadvertently bypass the true PFO tract.

For patients with persistent or recurrent symptoms 6–12 months post-procedure, timely
bubble study evaluation is recommended to identify residual shunting, with transesophageal
echocardiography (TEE) serving as the diagnostic confirmatory test.

7.6 Thromboembolism

This is rare and is caused by insufficient anticoagulation and anti-platelet treatment. If a
thrombus forms on the left-atrial side of the occluder, it can cause systemic thromboembolism,
including peripheral arterial embolism and retinal arterial embolism. The framework of
biodegradable PFO occluders is composed of poly(p-dioxanone) (PDO). Compared with
nickel-alloy occluders, biodegradable PFO occluders have better biocompatibility, which can
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significantly reduce the inflammatory response, relieve fibrosis, and promote endothelialization [56],
reducing the occurrence of thromboembolism to a certain extent. Once a thrombus is detected,
anticoagulation treatment should be strengthened. If the thrombus has a large mobility and there is
a risk of embolization, it is recommended to surgically remove the occluder and repair PFO.

7.7 General Interventional Complications

These include anesthesia accidents, wound infections, femoral arteriovenous fistulas, and
femoral artery pseudoaneurysms.

The new PFO occluder in China is currently the world’s first biodegradable PFO occluder
launched and officially used in clinical practice. Relevant professional interventional physicians
should strictly master the indications for interventional occlusion, conduct comprehensive
preoperative examinations, give full play to the role of MDT, perform standardized operations
during the operation, and conduct strict follow-up observations after the operation to further
improve the success rate of PFO occlusion, reduce the occurrence of serious complications, and
benefit more patients suitable for PFO occlusion.

Acknowledgement: We would like to thank all experts from consultant expert group and core expert group
for their assistance in preparing this Consensus:

Consultant Expert Group: Guangyi Wang (General Hospital of the Chinese People’s Liberation Army),
Xianyang Zhu (General Hospital of the Northern Theater Command of the Chinese People’s Liberation
Army), Weifeng Wu (The First Affiliated Hospital of Guangxi Medical University), Zhiyuan Song (Southwest
Hospital of the Army Medical University), Yushun Zhang (The First Affiliated Hospital of Xi’an Jiaotong
University), Daxin Zhou (Zhongshan Hospital of Fudan University), Zhicheng Jing (Guangdong Provincial
People’s Hospital), Yongwen Qin (The First Affiliated Hospital of the Naval Medical University), Yigao
Huang (Guangdong Provincial People’s Hospital), Zhi Zeng (West China Hospital of Sichuan University),
Shiliang Jiang (Fuwai Hospital, Chinese Academy of Medical Sciences).

Core Expert Group Members: Wei Ma (The First Hospital of Peking University), Jie Ma (The First
Hospital of Hebei Medical University), Xiaohai Ma (Beijing Anzhen Hospital, Capital Medical University),
Zhen Wang (The First Hospital of Hebei Medical University), Shouzheng Wang (Fuwai Hospital, Chinese
Academy of Medical Sciences), Cheng Wang (The Affiliated Hospital of Xuzhou Medical University),
Zhongchao Wang (Shanxi Cardiovascular Disease Hospital), Jianming Wang (General Hospital of the
Northern Theater Command of the Chinese People’s Liberation Army), Xiaodong Wang (The First Hospital
of Nanning City), Yuan Bai (The First Affiliated Hospital of the Naval Medical University), Qiang Fu (Beijing
Tiantan Hospital, Capital Medical University), Ming Long (The Affiliated Hospital of Sun Yat-sen University),
Ping Ye (Wuhan Central Hospital), Hang Zhu (General Hospital of the Chinese People’s Liberation Army),
Wei Liu (The First People’s Hospital of Shangqiu City), Yuhao Liu (Fuwai Central China Cardiovascular
Hospital, Chinese Academy of Sciences), Wenhui Liu (The Affiliated Cardiovascular Hospital of Xiamen
University), Huiliang Liu (Hebei Provincial People’s Hospital), Guangwei Wu (The People’s Hospital of
Guangxi Zhuang Autonomous Region), Youbang Xu (The First Affiliated Hospital of Quanzhou, Fujian
Medical University), Lu He (The First Affiliated Hospital of Xi’an Jiaotong University), Jianying Chen (The
Affiliated Hospital of Guangdong Medical University), Weibin Chen (The Affiliated Cardiovascular Hospital
of Xiamen University), Hezhi Li (Guangdong Provincial People’s Hospital), Shiguo Li (Fuwai Hospital,
Chinese Academy of Medical Sciences), Gejun Zhang (Fuwai Hospital, Chinese Academy of Medical
Sciences), Wenhui Wu (Beijing Anzhen Hospital, Capital Medical University), Xuan Zheng (Zhongnan
Hospital of Wuhan University), Ling Zhou (Nanjing Hospital Affiliated to Nanjing Medical University),
Yizhong Zhou (Jiangxi Provincial People’s Hospital), Qiang Zhou (Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology), Fang Fang (Fuwai Hospital, Chinese Academy of Medical
Sciences), Wenbin Ouyang (Fuwai Hospital, Chinese Academy of Medical Sciences), Ming Hong (Department
of Cardiology, Jiangxi Provincial People’s Hospital), Yuying Zhao (Bethune Hospital of the Chinese People’s
Liberation Army), Xianxian Zhao (The First Affiliated Hospital of the Naval Medical University), Qing



416 Congenit Heart Dis. 2025;20(4)

Yao (Southwest Hospital of the Army Medical University), Ziyang Hu (Zhongshan Traditional Chinese
Medicine Hospital), Xiaofei Jiang (The People’s Hospital of Zhuhai City), Junxiao Guo (The Affiliated
Hospital of Inner Mongolia Medical University), Bi Tang (The Affiliated Hospital of Bengbu Medical
College), Jizhe Xu (The First Affiliated Hospital of Lanzhou University), Tao Guo (The First Affiliated
Hospital of Guangzhou Medical University), Kai Huang (The First Affiliated Hospital of Guangxi Medical
University), Hongzhan Cui (The Second Hospital of Hebei Medical University), Jie Zeng (Sichuan Provincial
People’s Hospital), Yongquan Xie (Fuwai Hospital, Chinese Academy of Medical Sciences), Dujing Xie
(Nanjing Hospital Affiliated to Nanjing Medical University), Jing Dong (Fuwai Hospital, Chinese Academy
of Medical Sciences), Junxing Lai (Jiangmen Central Hospital), Lihua Guan (Zhongshan Hospital of Fudan
University), Hongwen Tan (Guizhou Provincial People’s Hospital), Zhaojun Xiong (The Third Affiliated
Hospital of Sun Yat-sen University), Wenbin Wei (The Eighth Affiliated Hospital of Sun Yat-sen University).

Funding Statement: Chinese Academy of Medical Sciences Fuwai Hospital High Level Hospital clinical
research fund (2022-GSPGG-18).

Author Contributions: The authors confirm contribution to the paper as follows: Conceptualization,
Xiangbin Pan; data curation, writing—original draft preparation, Caojin Zhang, Haibo Hu, Gangcheng
Zhang; translation, Xuan Zheng; writing—review and editing, Caojin Zhang, Haibo Hu, Gangcheng
Zhang, Qiguang Wang, Xiaobin Chen, Yingzhang Cheng, Qunshan Shen, Jie Yuan, Wenqi Zhang, Yuanshi
Li, Xuan Zheng, Xiangbin Pan, Professional Committee of National Quality Management and Control
Center for Structural Heart Diseases, Professional Committee of Structural Heart Diseases of the National
Cardiovascular Disease Expert Committee; funding acquisition, Xiangbin Pan. All authors reviewed the
results and approved the final version of the manuscript.

Availability of Data and Materials: Not applicable.

Ethics Approval: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest to report regarding the present study.

Appendix A

Figure A1: Images of biodegradable PFO occluder. (A) Biodegradable PFO occulder connected with steel cable;
(B) Locking process under fluoroscopy. Arrow indicates the metal markers in occluder. (C,D) Biodegradable
PFO occulder under echocardiography after deployment. Arrows indicate the occluder.
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