
Page 1/15

Transcatheter Patent Foramen Ovale Closure
Guided Only by Transesophageal Echocardiography
Without �uoroscopy
Tianli Zhao 

Second Xiangya Hospital
Qin Wu 

Second Xiangya Hospital
Hendrik Ruge 

Deutsches Herzzentrum Munchen
Rüdiger Lange 

Deutsches Herzzentrum Munchen
Yifeng Yang 

Second Xiangya Hospital
Zheng Jiang 

the second xiangya hospital
Weizhi Zhang 

Second Xiangya Hospital
Wancun Jin 

Second Xiangya Hospital
Haisong Bu 

second xiangya hospital
shijun hu  (  hushijun@csu.edu.cn )

Second Xiangya Hospital

Research

Keywords: patent foramen ovale; transesophageal echocardiography navigation; transcatheter closure;
“Catheter in sheath” technique

Posted Date: January 8th, 2020

DOI: https://doi.org/10.21203/rs.2.20343/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.2.20343/v1
mailto:hushijun@csu.edu.cn
https://doi.org/10.21203/rs.2.20343/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/15

Abstract
Background

Standby of transesophageal echocardiography (TEE) is necessary for any PFO closure in case of some
cases with complicated anatomy of patent foramen ovale (PFO). The safety and effectiveness of
Transcatheter PFO closure guided only by TEE navigation without �uoroscopy is unclear.

Methods

From 2017.06 to 2019.11, we included 38 patients who were recommended for PFO closure by the
department of neurology at our hospital. The procedure was performed in a regular operating room by
TEE navigation without �uoroscopy. Follow-up was given at 1st month, 3rd month, 6th month, 1st year
and 2nd year after operation for each patient.

Results

All 38 patients were successfully performed PFO-closure guided by TEE. Procedural and intrahospital
survival was 100%. Survival after a mean follow-up of 17.1±1.6months was 100%. "Catheter in sheath”
technique was adopted in 16 cases. After the procedure, all 28 migraines with aura alleviated at different
degree. All 10 patients suffering from pre-operational cryptogenic stroke survived and showed no
evidence for recurrence of stroke (fatal or non-fatal), peripheral embolism or transient ischemic attack
during follow-up. No serious adverse events in the PFO closure procedure and during the follow-up period.

Conclusion

First clinical experiences showed that percutaneous TEE guided PFO closure is safe and effective and
might be promoted.

Introduction
Patent foramen ovale (PFO), a remnant of fetal anatomy, is associated with neurological events (such as
cryptogenic stroke, transient ischemic attack[1], migraine with aura[2] among other clinical
manifestations) because the permanent or temporary open statue of foramen ovale may allow blood
from the right atrium to communicate directly with the blood in left atrium. This communication may
cause “paradoxical emboli”, where thrombi originating from a vein pass through the foramen ovale into
the systemic arterial circulation, causing cerebral or other systemic thromboembolic infarction [3]. The
prevalence of PFO is approximately 25%[4] in the adult population. If patients with neurological events
bene�t from PFO closure is discussed controversially. Some studies showed that patients with
cryptogenic stroke have a decreased risk of recurrent stroke and patients[5] suffering from migraine with
aura experience a remission of migraine[6] after PFO closure. Interventional PFO closure is usually
performed using �uoroscopy and transesophageal echocardiography (TEE) guidance. Some experienced
interventional cardiologists even perform PFO closure using �uoroscopy navigation only[7, 8]. However,
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standby of TEE is necessary for any PFO closure in case of some cases with complicated anatomy of
PFO. As standard interventional PFO closure is �uoroscopy-guided, we evaluated interventional PFO
closure guided by TEE only with considerable experience in atrial septal defect closure[9], our center
performed PFO-closure in patients following the recommendation of a neurologist recommendation of
closure.

Patient Selection And Methods
From 2017.06 to 2019.11, we included 38 patients who were recommended for PFO closure by the
department of neurology at our hospital. 26 females and 12 males suffered from migraine with aura or
cryptogenic stroke in the presence of a PFO. Age ranged from 9 to 57 years with a mean age of 36.2 ± 
14.4 years. The patients who were recommended for PFO closure were enrolled by the criteria:

For migraine with aura, the patients were diagnosed by neurologists according to the criteria of the
International Headache Society (2nd edition)[10]. For cryptogenic stroke or transient ischemic attack
(TIA), the patients were diagnosed by neurologists with clinical and/or radiologically evidence.

For con�rmation of a PFO, the patients were �rst screened by transcranial ultrasound for a right-to-left
shunt. Next, patients were sent to transthoracic echocardiography (TTE) for advanced PFO evaluation: 1.
con�rmation of PFO; 2. ≥medium right-to-left shunt was detected (Right-to-left shunting, RLS, was
detected with or without the Valsalva maneuver and > 10 microbubbles were detected in left atrium[11]).

Exclusive criteria: patients with psychiatric, neurodegenerative, in�ammatory, infective diseases,
pregnancy or contraindication to antiplatelet therapy were excluded. More patients baseline characters
are described in Table 1.
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Table 1
Baseline characteristics

Variable Value

Total number 38

Female/male 26/12

Age(years) 36.2 ± 13.4(9–57)

Weight(kg) 56.1 ± 12.7(29–75)

Height(cm) 161.4 ± 10.6 (138–178)

Arrhythmia (IRBBB) 4(10.5%)

Migraine with aura 28(73.7%)

Additional migraine without aura 16(57.1%)

Other headache history 4(14.3%)

Mood disorder 4(14.3%)

Unresponsive to two medication 26(92.9%)

Cryptogenetic stroke 10(26.3%)

TIA 4(40%)

Multiple strokes 2(20%)

Migraine 2(20%)

Echocardiographic variable  

With ASA 4(10.5%)

Hypermobile septum 6(15.8%)

Large PFO 2(5.3%)

RLS > 2 grade after Valsalva 26(68.4%)

Values are mean ± standard deviation.

IRBBB: Incomplete Right Bundle Branch Block; TIA: transient ischemic attack; ASA: atrial septal
aneurysm; PFO: Patent foramen ovale.

All procedures were under institutional guidelines and were approved by the institutional review
committee. Study approval was obtained from the Committee on Clinical Applications at the Second
Xiangya Hospital and informed consent was obtained from the patients or patients’ parents (< 18 years
old).
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Procedure
The procedure was performed in a regular operating room by TEE navigation without �uoroscopy. All
patients with supine position were TEE re-evaluated before the procedure. The main purpose was to
reassure the PFO and provide device selection basis. When the re-evaluation con�rmed the procedure,
patients were given general anesthesia and routine sterilization. After puncture of the femoral vein, we
inserted a 5 French sheath and advanced a 0.035-inch J-tipped stiff wire (Terumo Medical Corporation,
Somerset, NJ, USA) into the superior vena cava with TEE monitoring. Heparin was given at a dose of
100 IU/kg and antibiotic prophylaxis was administered. With the J-tip wire in the superior vena cava, we
retract the vascular sheath and enlarged the skin access according to the delivery sheath size. Then, we
advanced the delivery sheath (Shanghai Shape Memory Alloy Co. Ltd., Shanghai, China) along the wire to
the ori�ce of the inferior vena cava. With the tip of the delivery sheath in the ori�ce of the inferior vena
cava, we retracted the tip of the inner sheath from the delivery sheath. Thereby, the right atrium was
protected from the sharp tip of the inner sheath and the delivery sheath was delivered to the superior vena
cava. Next, the tip of the delivery sheath was retracted and advanced into the right atrium. Then the wire
and inner sheath were removed. Identifying a hollow sheath in the TEE, we slightly torqued the delivery
sheath for the best angle, i.e. the angle where the tip of delivery sheath pointed directly towards the PFO.
Usually, the sheath would approach the PFO or directly pass the PFO. Then we advanced the delivery
sheath into the middle of the left atrium. If the tip of the delivery sheath and PFO could not be identi�ed in
the same plane in TEE because of the PFO maybe not in the best position of the atrial septum, then we
used a so-called "catheter in sheath" technique to get through PFO. Then the AMPLATZER® PFO Occluder
device (AGA Medical Corp, Plymouth, MN, USA) would be advanced into the left atrium and deployed in
the PFO (Fig. 1).

Device selection criteria 1. Size of occluder was determined by the weak part of PFO zone because the
device should cover the whole weak part; 2. If PFO combined with atrial septal aneurysm, the size of
occluder was determined by the diameter of aneurysm.

“Catheter in sheath” technique Firstly, the delivery sheath should be the best angle approached to the
atrial septum. A 5 Fr MPA 2 diagnostic catheter (Cordis, Johnson & Johnson, Warren, NJ, USA) and a
straight stiff wire in it were put in the delivery sheath. Then the tip of the catheter could be torqued out of
the delivery sheath and got the best approach to PFO with TEE probe rotating to detect PFO. If the tip of
the catheter got closed to but not through the PFO, then the straight stiff wire could be advanced in the
PFO. (Fig. 2)

Follow-up
Aspirin (3 mg/kg/day for children and 1 pill/day for an adult) was routinely administered for six months
after the procedure. A contrast TEE at 3 months after discharge was scheduled to assess any residual
shunting in basal condition and after Valsalva maneuver. A second TEE was recommended at 6 months
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in case of the residual shunt as well as device erosion, migration or thrombosis. Neurologists evaluated
patients with any recurrent neurologic symptoms and computed tomography (CT) or magnetic resonance
(MR) was recommended for any suspicious new ischemic event. For migraine patients, the neurologist
reviewed the headache diary and assessed disability due to migraine, quality of life, and depression by
Migraine Disability Assessment Questionnaire (MIDAS)[12], Quality of Life Questionnaire SF12v2[13], and
the Beck Depression Inventory (BDI)[14] at respectively before operation and at 1st month, 3rd month, 6th
month after operation. Ordinary follow-up was given at 1st month, 3rd month, 6th month, 1st year and
2nd year after operation for each patient.

Statistical Analysis
SPSS 25.0 (IBM, Armonk, NY, USA) was used for the analyses. Continuous variables are expressed as
mean ± standard deviation. Differences between the 2 groups were analyzed using the independent-
samples t-test for continuous variables and χ2 test for categorical variables. Paired-samples t-test was
used to compare differences of variables pre- and post-procedurally. A P value < 0.05 was statistically
signi�cant.

Results
All 38 patients were successfully performed PFO-closure guided by TEE. Procedural and intrahospital
survival was 100%. Survival after a mean follow-up of 17.1 ± 1.6months was 100%.

Procedural details - PFO closure
The average time of procedure was 18.7 ± 10.5 minutes and time of mechanical ventilation was 57.3 ± 
9.1 minutes. The average time of hospitalization was 2.7 ± 0.8 days and time of discharge after the
operation was 1.0 ± 0.9 days. No blood transfusion was adopted in all 38 operations.

The delivery sheaths used in these operations are all 8Fr. 4 cases with atrial septal aneurysm were
detected as no motion of atrial septum after the procedure. "Catheter in sheath” technique was adopted in
16 cases.

No procedural related complications occurred (valve injury, complete atrioventricular block, hematoma,
hemopericardium or embolism) during follow-up. Successful PFO closure was achieved in 34 patients
(89.5%). Other 4 residual shunts disappeared in the second TEE at 6 months after discharge. In the �rst
contrast TEE at 3 months after discharge, all gradient of RLS had decreased at least 1 grade with
Valsalva maneuver. Signi�cant decrease exists in grades of RLS between pre-operation and post-
operation in TEE examination. Details of PFO closure is described in Table 2.
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Table 2
details of PFO closure

Variable Value

Diameter of PFO (mm) 2.5 ± 0.8(1.5-4.0)

Occluder Selection  

18–18/25 − 18 28/10

Average operating time (minutes) 18.7 ± 10.5

Mechanical ventilation time (minutes) 57.3 ± 9.1

Hospitalization time (days) 2.7 ± 0.8

Hospitalization time after procedure (days) 1.0 ± 0.9

Immediately closed (cases) 34(89.5%)

RLS grade before operation (0°/ °/ °/ °) 0/0/12/26

RLS grade at discharge (0°/ °/ °/ °) 20/14/4/0

RLS grade at Follow-up (0°/ °/ °/ °) 36/2/0/0

Values are mean ± standard deviation.

PFO: Patent foramen ovale; RLS: right-to-left shunt.

Migraine with aura
After the procedure, all 28 migraines with aura alleviated at different degree. Both the migraine days and
migraine attack with or without aura decreased signi�cantly. Furthermore, the need for acute migraine
medication signi�cantly decreased after discharge(p < 0.01). The migraine days per month decreased
from 10.06 to 3.43 days(p < 0.01) and migraine with aura days decreased from 5.72 to 2.46 days(p < 
0.01). The times of migraine attacks per day declined from 4.98 to 2.81 times(p < 0.01) and migraine with
aura attacks declined from 4.36 to 2.26 times(p < 0.01). The need for acute migraine medication
decreased from almost every day to 15.36 days(p < 0.01) per month with downtrend every month during
follow-up. MIDAS score declined signi�cantly and BDI score signi�cantly decreased from baseline to
follow-up or discharge (p < 0.01). Although SF12 Physical and Mental Component scores showed no
signi�cant statistic difference before and after the procedure, the scores still show a little uptrend. 8
patients reported complete relief from migraine for at least 1 month. The average migraine days and
attacks with or without aura decreased with the increasing length of follow-up. Details of migraine
patients' results are shown in Table 3.
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Table 3
details of migraine patients

Variable Pre-operation
(Baseline)

Post-operation
(Mean in 6 months)

P Value

Migraine days per month 10.1 ± 3.3
(5.3–17.8)

3.4 ± 1.7
(0.2–6.2)

< 0.01

Migraine with aura days per month 5.7 ± 2.3
(2.1–9.2)

2.5 ± 1.3
(0.2–5.3)

< 0.01

Migraine attacks per day 5.0 ± 1.5
(3.2–8.2)

2.8 ± 1.4
(1.0-6.2)

< 0.01

Migraine with aura attack per day 4.4 ± 1.1
(2.8–6.7)

2.3 ± 0.8
(0.9–3.4)

< 0.01

Days with acute migraine medication use 29.5 ± 0.7
(27.8–30)

15.4 ± 2.9
(11.8–20.7)

< 0.01

MIDAS score 30.5 ± 4.5
(22–37)

9.2 ± 3.1
(5–12)

< 0.01

BDI score 7.8 ± 2.3
(5–12)

3.7 ± 1.5
(1–6)

< 0.01

SF12 Mental Component score 45.5 ± 3.0
(41–52)

48.4 ± 3.4
(42–54)

0.15

SF12 Physical Component score 52.5 ± 3.2
(47–58)

53.1 ± 3.0
(48–58)

0.34

Values are mean ± standard deviation.

Cryptogenic stroke or TIA
All 10 patients suffering from pre-operational cryptogenic stroke survived and showed no evidence for
recurrence of stroke (fatal or non-fatal), peripheral embolism or TIA during follow-up. 2 case with
migraine was reported with freedom of migraine at the 3rd month after the procedure.

Safety and adverse events
There were no serious adverse events in the PFO closure procedure, reported by other reaserchers[15, 16],
including device-related (transient atrial �brillation, general fatigue or syncope) and related to the implant
procedure (access site bleeding, retroperitoneal hematoma or another bleeding), and unrelated events.
During follow-up, there was no device-related side effect.

Discussion
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PFO is the most common congenital heart defect. It has been historically associated with several
pathological conditions, with varying strength of evidence, most importantly with stroke but also with
other diseases like platypnea-orthodeoxia, decompression illness, systemic and coronary embolization,
obstructive sleep apnoea, migraine headache with aura and pulmonary embolism[17]. With a PFO large
proportion in the general population, it is quite di�cult to make a strong link between PFO and some
speci�c pathological condition. Therefore, preventive PFO closure for some disease like that mentioned
above is a subject of great controversy. Therefore, numerous clinical trials investigate the effect of PFO
closure to prevent neurological events. Among these, three ongoing clinical trials (PRIMA[17], PREMIUM[6]

and EASTFORM[18]) focus on migraine. Even though patients suffering from migraine with aura did
bene�t from PFO closure in the PREMIUM trial, the PFO closure is still needed more trial to prove its
therapy value for migraine. Maybe the PRIMA trial, an ongoing trial, could give us the answer. In our study,
we enrolled migraine with aura patients based on the PREMIUM trial selection process with a favorable
outcome.

For cryptogenic stroke patients, PFO closure has been studied intensely including CLOSURE I[19], PC[20],
RESPECT[21], CLOSE[22] and Gore REDUCE[23] Based on all the above 5 RCTs, we can conclude PFO-
closure devices decrease the risk of recurrent stroke compared with medical therapy in patients with
cryptogenic stroke[16]. Some study[24] reported stroke may re-attack after PFO-closure and 6-months
antiplatelet or anticoagulation therapy. This may relate with a too big device which was di�cult covered
by new endocardial tissue in the 6-months regular antiplatelet therapy period. So longer antiplatelet or
anticoagulation therapy may be recommended for the PFO-closure with the big device. In our study, none
of the patients with cryptogenic stroke suffered from a stroke during follow-up. Although the follow-up
time is not very long and the cases number is limited, our good results still can to some extent prove PFO-
closure is an effective prevention for recurrent stroke after cryptogenic stroke.

In 1992, TEE had been considered as the most helpful tool of screening PFO in patients with stroke who
are less than 45 years of age and in those without clinical evidence of heart disease[25]. TEE is crucial for
PFO and PFO closure for years[26]. With the great application of guiding of simple congenital heart
disease for transthoracic intervention in China[27, 28], TEE has been reconsidered changing its role from
diagnosis to therapy guiding for structural heart disease. Even in the publication focusing on �uoroscopy
for PFO closure[7, 8] TEE has been con�rmed as helpful in complex anatomy. Low complication rates of
PFO closure are required to justify its therapeutic role in the prevention of neurological events. Despite the
device-related complications, procedure-related complications, including atrial �brillation, hematomas, or
transient hypotension[16, 29] are supposedly linked with inaccurate �uoroscopy guiding which means the
wire may lead to the complication mentioned above when it tried to pass the PFO or when it be put in the
left pulmonary vein to assure that it had passed the PFO. We presumed that atrial �brillation was
associated with over-stimulating when the wire in the left pulmonary vein and hematomas or transient
hypotension was related to stimulation of wire by poking endocardium when it attempted to get through
PFO. More centers had adopted TEE combined with �uoroscopy guiding for percutaneous PFO closure to
a lower rate of total adverse events and reduce radiological exposure[30]. One of the greatest strengths of
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this strategy is to allow two monitoring systems to play complementary effect for each other. In fact,
from our point of view, there is no need for �uoroscopy guiding in PFO closure as our study proved. In our
study, we used TEE as the only guiding tool instead of �uoroscopy guidance or mixed �uoroscopy and
TEE guidance. We could achieve the same safety and e�cacy with lower cost and higher resource
utilization. This may be of particular importance for the area with unevenly distributed medical resources
such as China. Acquiring more data will help to evaluate if PFO closure is bene�cial for patients with
neurological events. Our experience proved the feasibility of TEE guidance for PFO closure. After
appropriate training echo guided PFO closure might prove to be as effective as �uoroscopy-guided PFO
closure. Furthermore, it might be a simpler procedure with fewer complications with advantages in cost-
effectiveness.

TEE provides more accurate and real-time monitoring when it guides PFO closure[31].

When applying TEE guidance, all devices including sheath, catheter or wire are monitored in real-time. Any
change of angle or position of objectives could not be missed by the dedicated operator. This is why we
could apply “Catheter in sheath” technique which is di�cult for �uoroscopy guiding. When we apply
“Catheter in sheath” technique under �uoroscopy guiding, the angle change by torquing the sheath is
di�cult to judge which angle is the best because �uoroscopy can only project all objectives into a �at
and cannot re�ect the 3-dimensional relationship of the objectives. TEE can perfectly solve this problem
and provide more accurate guiding and more accuracy leads to safer procedures with fewer
complications.

Limitation
This retrospective study includes an only limited number of patients providing short-term follow-up only.
Randomization to standard therapy such as �uoroscopy-guided PFO closure is need. Larger patient
numbers, longer follow-up time and RCT are needed in the future.

Conclusion
First clinical experiences showed that percutaneous TEE guided PFO closure is safe and effective. Both
patients with migraine and cryptogenic stroke showed bene�t from PFO closure.
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Figures

Figure 1

1A: a wire guide a delivery sheath from Inferior vena cava to superior vena cava; 1B: the loading sheath is
trying to pass PFO; 1C: the delivery sheath has passed the PFO and wire is out; 1D: the PFO closure
device is delivered to the left atrium; 1E: the left disc of the device is released; 1F: the right disc of the
device is released and the device is �xed.
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Figure 2

The schematic of "catheter in sheath" technique A 5 Fr MPA 2 diagnostic catheter is advanced in the
delivery sheath, then the double joint of this combination makes the wire have multiple angles to get
through PFO.


