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INTRODUCTION

	 The foramen ovale serves as a pathway for the atrial 
septum during the fetal period.1 This opening can 
usually close due to increased atrial pressure within one 
year after birth. If the foramen ovale remains unclosed 
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after the age of three, it is considered patent foramen 
ovale (PFO).1,2 PFO can have varying degrees of impact 
on hemodynamic status.3the Risk of Paradoxical 
Embolism (RoPE Presence of PFO makes right-to-
left shunting easier, which may result in the flow of 
embolic substances from the venous system to the 
arterial system, thereby increasing the risk of transient 
ischemic attack, occult stroke and other embolism-
related diseases.3-5 Therefore, early implementation of 
safe and effective treatment for PFO is important for 
prevention of these outcomes.
	 Surgery can be implemented in the treatment of PFO.6 

Open chest surgery used to be the primary treatment 
modality, and has been used for lesion repair during 
a cardiopulmonary bypass.7 However, the trauma is 
significant and the postoperative recovery is slow.6,7 

Percutaneous intervention closure is also commonly 
used in PFO, as it does not require thoracotomy or 
extracorporeal circulation.8 Traditional treatment is 
typically guided by X-ray, which can increase the 
exposure of the operator and patient to radiation, 
and contrast agents may also cause renal failure.8,9 
Transthoracic echocardiography (TTE) can compensate 
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for the shortcomings of X-ray and clarify the spatial 
position, morphology, and other information of the 
inspected site, guiding the implementation of foramen 
ovale occlusion surgery.10 
	 Although there are many studies on the effective 
of TTE alone, few compare TTE with X-ray guided 
PFO closure. In the past three years, some patients 
in our hospital have undergone TTE guided PFO 
closure surgery. Therefore, this study retrospectively 
selected patients who underwent PFO closure surgery 
in our hospital from January 2020 to December 2022 
to compare the effectiveness of TTE and X-ray guided 
PFO closure surgery.

METHODS

	 In this retrospective study, clinical data of 90 
patients who underwent PFO closure surgery in the 
First People’s Hospital of Yongkang from January 
2020 to December 2022 were retrospectively reviewed. 
Among them, 43 patients underwent X-ray guided 
PFO occlusion surgery and were assigned to the X-ray 
group, while 47 patients received TTE guided PFO 
occlusion surgery and were assigned to the TTE group. 
Inclusion criteria:
•	 Patients who comply with PFO diagnostic criteria.11

•	 An age ranges from 18 to 70 years old.
•	 Transthoracic contrast-enhanced ultrasound 

examination indicates right-to-left atrial shunt.
•	 Right atrial catheterization examination indicates a 

right atrial pressure of ≤ 8 mmHg.
•	 The clinical data is complete.
Exclusion criteria:
•	 There are intracranial organic diseases, such 

as intracranial stenosis, tumor, or vascular 
malformation

•	 Patients with hematologic diseases.
•	 Factors such as pulmonary hypertension can cause 

an increase in right atrial pressure, leading to 
reopening of the foramen ovale.

•	 Intracardiac thrombosis or infective endocarditis.
•	 Patients with other heart disease or cardiac 

malformations requiring open heart surgery.
•	 Existence of mental diseases.
Ethical Approval: The Ethics Committee of the First 
People’s Hospital of Yongkang approved this study on 
May 29th 2023, No. 202305271710000342703.
X-ray guided PFO closure surgery:12 Patients were 
assisted into a supine position and local anesthesia was 
given. A puncture sheath was inserted through the right 
femoral vein, and routine heparinization treatment was 
administered. Once the patient was ready, right cardiac 
catheterization was performed. Specifically, the guide 
wire was completely passed through the foramen ovale 
and was sent to the left upper pulmonary vein. The 
guide wire was exchanged and put into the delivery 
sheath. Under fluoroscopy guidance, the occlude was 
released along the delivery sheath on both sides of the 
atrial septum. Once satisfactory sealing was confirmed, 
the occlude was completely released. The remaining 

devices were removed and right heart contrast 
echocardiography was performed again through the 
elbow vein. Once this was complete, the opening was 
surgically closed.
TTE guided PFO closure surgery: The TTE guided 
PFO closure was completed using Philips EPIQ 7C 
ultrasound system (Phillips Medical Systems, Andover, 
MA, USA) X5-1 transducer, frequency 1.0-5.0 MHz.13 A 
single curved catheter was inserted into the left atrium 
through the foramen ovale, and guided by acoustic 
contrast examination to confirm that the end catheter 
was located in the left atrium. The J-shaped hard guide 
wire was replaced and the catheter was inserted into 
the delivery sheath. The occluder was inserted into 
both sides of the atrial septum through the delivery 
sheath. Once the closure was deemed satisfactory, the 
occluder was completely released, and the remaining 
devices were withdrawn. Right heart ultrasound 
imaging was performed again through the elbow vein, 
and the opening was surgery closed.
Observation indicators:
•	 Perioperative condition.
•	 Cardiac function related indicators before and 

after treatment, including left ventricular ejection 
fraction (LVEF), left ventricular stroke volume 
(LVSV), and left ventricular end diastolic volume 
(LVEDV). A Philips IE33 cardiac ultrasound was 
used to measure the above indicators.

•	 The presence of a right-to-left shunt before and 
after treatment was measured and the number of 
microbubbles in the left atrium were counted and 
graded as follows: negative, no microbubbles; mild, 
1-10 microbubbles; moderate, 11-30 microbubbles; 
and extensive, ≥30 microbubbles.13

•	 The incidence of complications was observed and 
recorded for both groups.

Statistical Analysis: Data was inputted into Microsoft 
Excel and analyzed using SPSS version 26.0 (IBM Corp, 
Armonk, NY, USA). Data normality was assessed 
using the Shapiro Wilk test, and normally distributed 
data are expressed by mean ± standard deviation. An 
independent sample t test was used for inter group 
comparisons, and a paired t test was used for intra 
group comparisons. Data of non-normally distributed 
data are expressed as median and interquartile 
intervals. The Mann Whitney U test was used for inter 
group comparisons, and the Wilcoxon signed rank test 
was used for intra group comparisons. The counting 
data were described as frequency and composition 
ratio (%), and a Chi-squared test or Fisher’s exact test 
was performed. The rank sum test was used for rank 
data. Statistical significance was set at p<0.05.

RESULTS

	 A total of 90 patients who underwent PFO closure 
surgery were included in this study. Among them, there 
were 43 males and 47 females, with an age range from 
34 to 69 years old and an average age of 49.0 ± 8.5 years 
old. The range in BMI was 17.8 to 29.1 kg/m2, with an 
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average of 23.7 ± 2.8 kg/m2. The diameter of PFO was 
0.5 to 1.3 cm, with an average of 0.87 ± 0.19 cm. There 
was no significant difference in baseline data, surgical 
duration, or hospitalization duration between the two 
groups (p>0.05) (Table-I). There was no significant 
difference in cardiac function indicators between the 
two groups before or after treatment (p>0.05). However, 
after treatment, LVEF, LVSV, and LVEDV in both 
groups increased compared to before treatment (p<0.05) 
(Table-II). Before and after treatment, there was no 
significant difference in right-to-left shunting between 
the two groups (p>0.05). After treatment, right-to-left 
shunting in both groups improved compared to before 
treatment (p<0.05) (Table-III). There was no significant 
difference in complications between the two groups 
(p>0.05) (Table-IV).

DISCUSSION

	 This study retrospectively analyzed the clinical data 
of patients with PFO who underwent TTE and X-ray 
guided PFO closure surgery, respectively. There was 
no significant difference in the surgical duration and 
hospitalization duration between the TTE group and the 
X-ray group. Additionally, cardiac function and right-
to-left shunting improved in both groups after treatment 
and there was no significant difference between the two 

groups. These results highlight that both TTE and X-ray 
guided PFO occlusion have the same effect in patients 
with PFO.8-10 Both surgical treatments can improve 
patients’ cardiac function and blood flow status, but 
TTE guided PFO occlusion may be considered more safe 
due to the lack of X-ray exposure.9,10,14-16

	 TTE guided PFO can avoid X-ray exposure for both 
the operator and patient, this surgical method does not 
require large equipment such as DSA, and also has no 
special requirements for the treatment site.17 At the same 
time, the use of TTE during PFO occlusion can clearly 
locate the specific position of the foramen ovale, and 
detect whether the occluder has fallen off or shifted. 
Additionally, TTE can provide a clearer representation 
of PFO size and shunt status, which allows more 
accurate images, personalized treatment, and provides 
a reference for the development of the best treatment 
plan.18 

	 While TTE guided PFO closure is of high clinical 
value, this technique requires close cooperation between 
cardiac ultrasound doctors and PFO closure operators, 
who are trained in the surgical treatment process. 
These medical professionals who have rich experience 
in extracorporeal circulation surgery, cardiac anatomy, 
or interventional surgery for congenital heart defect, 
are more likely to master the operation process and 
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Table-I: Comparison of baseline data and perioperative indicators between the two groups.

Information TTE group (n=47) X-ray group (n=43) χ2/t/Z p-Value

Male, n (%) 25 (53.2) 18 (41.9) 1.156 0.282

Age (years) 48.6±8.1 49.4±9.0 -0.420 0.675

BMI (kg/m2) 23.4±2.4 23.9±3.2 -0.823 0.413

PFO diameter (cm) 0.87±0.19 0.88±0.18 -0.338 0.736

Surgical duration (min) 38.5±5.2 36.5±6.4 1.613 0.110

Hospitalization duration (days) 1 (1, 1) 1 (1, 1) -1.344 0.179

Table-II: Comparison of cardiac function indicators between two groups.

Time Group n LVEF (%) LVSV (ml) LVEDV (ml)

Before treatment

TTE group 47 60.1±5.1 34.6±4.8 58.8±5.2

X-ray group 43 58.8±5.5 34.1±5.7 57.2±6.7

t 1.205 0.493 1.290

p-Value 0.232 0.623 0.200

After treatment

TTE group 47 67.5±3.8a 41.7±4.7a 67.0±5.9a

X-ray group 43 69.0±4.1a 40.1±5.4a 65.0±6.9a

t -1.802 1.563 1.463

p-Value 0.075 0.122 0.147

Note: Compared with before treatment in this group, ap<0.05.
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skills of PFO closure. Patience, precision, calmness, and 
composure should be used during treatment to improve 
the success rate of treatment and reduce the risk of 
complications.19 
	 Unfortunately, the current lack of dedicated end hole 
catheters for PFO conditions in clinical practice can 
increase the difficulty of surgical treatment, however, 
adopting appropriate specifications of end hole catheters 
during surgery to explore the foramen ovale can 
significantly improve the success rate of treatment.20,21 In 
addition, it is difficult to guide TTE when establishing a 
track to deliver the occluder sheath. During treatment, 
it is necessary for the surgeon to evaluate the position 
of the sheath tip by referring to the friction between 
the J-type hard guide wire tip and the sheath tip, or to 
measure the working distance to evaluate the depth 
of the sheath, in order to ensure the effectiveness and 
safety of treatment.22,23

Limitations: This was a single center, retrospective 
analysis, with a small sample size. The results of 
this study only evaluated the right side of the heart 
using contrast echocardiography immediately after 
occlusion, without long-term patient follow-up. There 
was no patient prognosis data collected or included in 
analysis. Further trials utilizing a larger sample size, 
long-term follow-up or randomized patient allocation 
are required to verify the results of this study.

CONCLUSION

	 TTE guided PFO occlusion is as effective as X-ray 
guided PFO occlusion in the treatment of PFO. TTE 
surgery is clinically beneficial for reducing radiation 
damage with a good safety profile.
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