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Abstract

BACKGROUND

Patients with Tetralogy of Fallot (TOF) often have arrhythmias, including atrial
fibrillation. Radiofrequency ablation is an effective treatment for atrial fibrillation and
does not usually cause severe postoperative hypoxemia, but the risk of complications

may increase in patients with conditions such as TOF.

CASE SUMMARY

We report a young male patient with a history of TOF repair who developed severe
hypoxemia after radiofrequency ablation for atrial fibrillation and was ultimately
confirmed to have a new right-to-left shunt. The patient subsequently underwent atrial

septal occlusion and eventually recovered.

CONCLUSION
Radiofrequency ablation may cause iatrogenic atrial septal injury; thus possible
complications should be predicted in order to ensure successful treatment and patient

safety.
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Core Tip: More attention should be paid to patient hemodynamics before and after
radiofrequency ablation in those with a potential risk of right-to-left shunt such as
Tetralogy of Fallot. These patients may need to be further evaluated before or during
surgery to make safer treatment decisions. This case may provide an important
reference for the selection of treatment decisions and perioperative management of

atrial fibrillation under special circumstances.

INTRODUCTION

Tetralogy of Fallot (TOF) has been reported to be the most common cyanotic congenital

heart disease with an incidence of 0.34 per 1000 Live births!2. With the development of
medical technology, the survival rate of patients with TOF has significantly increased;
however, long-term complications can occur. Atrial arrhythmia, is one of the most
common late complications after the repair of TOF, [and is generally related to
myopathy caused by atrial surgical scarring, right atrial dilatation and valve reflux(( 91.
However, rhythm control and heart rate control are not effective in preventing atrial
fibrillation (AF) in patients with TOFI®], and radiofrequency ablation has become an
important method of treating these patients®l. Multiple studies have confirmed the
safety and feasibility of this treatment(® 7], but few reports have focused on the risk of
transatrial septal puncture in patients with TOF. Here, we report a case of severe
hypoxemia in a patient with TOF who developed a right-to-left shunt after

radiofrequency ablation for AF. This case provides an important reference for the




surgical risk assessment and final decision in the treatment of similar patients, and may

effectively prevent the occurrence of serious complications.

CASE PRESENTATION

Chief complaints

A 32-year-old man visited our center due to “heart palpitations for 2 mo”.

History of present illness
In the past two months, the patient had persistent palpitations without obvious

inducement, but there was no discomfort such as chest pain and dyspnea.

History of past illness

The patient had sustained palpitations recently and had a history of similar attacks in
the past. He completed a 12-lead electrocardiogram (ECG) in the outpatient clinic and
was diagnosed with AF. The patient still had palpitations and discomfort after taking
metoprolol sustained-release tablets for heart rate control, and was admitted to the
hospital for catheter ablation of AF. He had a history of TOF, and underwent palliative
correction surgery 20 years ago, involving Fallot correction of complex congenital heart

disease and pulmonary artery artificial vascular implantation.

2
Personal and family history

The patient denied any family history of congenital heart disease and atrial fibrillation.

Physical examination
Surgical scars were seen on the chest, arrhythmia was present, a systolic murmur was
heard in the auscultation area of the pulmonary valve, and the cardiac boundary was

enlarged.

Labomtary examinations




No obvious abnormalities were found during preoperative examinations such as

routine blood, liver and kidney function tests.

Imaging examinations

The 12-lead ECG showed AF (Figure 1). Transthoracic echocardiography confirmed the
changes after TOF correction and pulmonary artery implantation, with the formation of
collateral circulation between the descending aorta and the left pulmonary artery, no
shunt at the ventricular septum level, enlargement of the right heart, and moderate to
severe tricuspid regurgitation (Figure 2). Transesophageal echocardiography did not
show the atrial septal shunt, which ruled out the possibility of "Pentalogy of Fallot" in
this patient. In addition, pulmonary venous computed tomography angiography (CTA)
was performed preoperatively to evaluate pulmonary venous structure and function.
Pulmonary venous CTA showed that the right heart was significantly enlarged, and no
obvious filling defect was found in the lumen. An artificial blood vessel shadow was
seen between the right pulmonary artery and the right ventricle. The left side of the
descending aorta was connected to the left pulmonary artery by another artificial blood
vessel (Figure 3). These two artificial vessels may have reduced the symptoms of right

ventricular outflow tract obstruction.

FINAL DIAGNOSIS

Based on the clinical manifestations and imaging findings, the patient was initially

diagnosed with AF, and post-repair for TOF.

TREATMENT

After completing the evaluation, pulmonary vein isolation and BOX isolation were
performed under the guidance of the CARTO® system, and the ablation catheter was
delivered to the bilateral pulmonary veins by an atrial septal puncture method under
the guidance of ultrasound to complete electrical isolation during the operation.

Intraoperative oxygen saturation was maintained at 90-93%. No obvious complications




were observed following catheter withdrawal. After ablation, the ECG showed sinus
rhythm, and dual-source atrial premature contractions. The outcome of the operation
was satisfactory and met our expectations.

On the second day after ablation, the patient complained of chest tightness and
shortness of breath without obvious inducement, and blood oxygen saturation
decreased gradually, reaching a minimum of 50%. Oxygen saturation was only
maintained at 70 ~ 75% by oxygen bag inhalation. Physical examination revealed poor
mental status, distention of the jugular vein, cyanosis of the mouth and lips, and
decreased temperature in the extremities. Arterial blood gas analysis showed that the
partial pressure of carbon dioxide was 25 mmHg, the partial pressure of oxygen was 42
mmHg, and the blood pH and bicarbonate concentration were within the normal range.
Blood tests showed a brain natriuretic peptide (BNP) level of 2716 ng/mL. In light of
the patient's history of congenital heart disease, acute heart failure was considered, an
echocardiogram was performed and a new right-to-left shunt approximately 9 mm
wide was identified (Figure 4). After multidisciplinary consultation, hypoxemia due to
circulatory hypoxia caused by an arteriovenous shunt, and atrial septal defect repair
surgery were considered. However, blood oxygen saturation should be maintained
before surgery to prevent damage to important organs, while endotracheal intubation
was of little help to gorrect hypoxemia in this patient, and may even have aggravated
hypoxia. Therefore, the patient was transferred to the intensive care unit and a veno-
venous extracorporeal membrane oxygenation (V-V ECMO) intubation was performed.
Postoperative oxygen saturation was maintained above 90%. Arterial blood gas analysis
showed 29 mmHg of carbon dioxide and 85 mmHg of oxygen.

When the patient's vital signs became stable, we communicated with his family and an
atrial defect closure was subsequently performed with insertion of a 14 mm occluder
(Figure 5). Oxygen saturation was maintained above 90% in the ECMO shutdown state
after occlusion. Following administration of anti-infection and anticoagulation therapy,

the patient’s condition improved and he was discharged.




OUTCOME AND FOLLOW-UP

The patient's oxygen saturation was normal and there were no episodes of AF after the

operation.

DISCUSSION

AF has been reported with a higher probability in patients with TOF and occurs at a
younger age than in the general population®]. Ablative therapy has been proved to be
an effective curative treatment modality for AFG). A previous study proved that AF
progresses more rapidly in patients with TOF and conventional antiarrhythmic drugs
are not effectiveltl. With the development of electrophysiological techniques, the success
rate of ablation at the lesion site in the presence of complex arrhythmogenic scarring
and substrate in patients with TOF has improved. Current reports focus on the
recurrence of postoperative arrhythmias and the quality of life of patients, and have
confirmed the efficacy of radiofrequency ablation in the treatment of AF after repair of
TOF© 9. However, there have been few reports on the risks of radiofrequency ablation
in patients with TOF. Due to congenital abnormalities, patients with TOF may not be
able to tolerate atrial septal puncture radiofrequency ablation in terms of cardiac
infrastructure and hemodynamics.

Typically, transseptal puncture for radiofrequency ablation of AF does not cause
serious complications and does not require special treatmentl. However, in this report,
atrial septal puncture resulted in severe hypoxemia. It is known that patients with TOF
usually develop right ventricular outflow tract obstruction, and this hemodynamic
abnormality may still be present even after surgical treatment. In this case, the patient
underwent TOF palliative surgery, in which the implantation of artificial blood vessels
relieved some, but not all, of the pulmonary hypertension. In addition, during the
preoperative ECG examination, the right heart was enlarged and the tricuspid valve
showed medium-severe regurgitation, which suggested that during the systolic period,
a large amount of blood flow regurgitated into the right atrium, resulting in high

pressure in the right atrium. If an atrial septal defect is present at the same time, a right-




to-left shunt is likely to form, resulting in hypoxemia. Transatrial septal puncture
radiofrequency ablation resulted in this condition followed by the subsequent
development of hypoxemia. Unfortunately, we failed to accurately assess the right atrial
pressure and predict the risk of atrial septal puncture, leading to subsequent disease.

Usually, no serious pulmonary hypertension occurs after correction of TOF(0l, but
there are still a small number of patients with significantly increased pressure in the
right ventricular outflow tractl('. 12)]. This long-term complication not only affects the
quality of life of patients, but also increases the potential risk of atrial septal puncture
therapy. Preoperative elevated pulmonary artery pressure has been shown to promote
the risk of right-to-left shunt in iatrogenic atrial septal defects(3l. In addition, the
persistence of an iatrogenic atrial septal defect leading to refractory hypoxemia has been
reported in several cases(!* 19, and studies have shown that patients with iatrogenic
atrial septal defects are more likely to have hemodynamic abnormalities, heart failure
and other conditions(1e 17)]. These results suggest that patients with right ventricular
outflow tract abnormalities and iatrogenic atrial septal defects are more likely to
develop hypoxemia. Following the diagnosis and treatment of this critically ill patient,
we believe that it may be possible to effectively reduce the occurrence of postoperative
hypoxemia by accurately detecting the right heart pressure through the right cardiac
catheter in advance for patients with right-to-left shunt risk. This method is not only
suitable for TOF, but can also be used for preoperative evaluation of patients with
pulmonary malformation, pulmonary embolism, chronic obstructive pulmonary disease

and other diseases to reduce the risk of surgery.

CONCLUSION

More attention should be paid to patient hemodynamics before and after
radiofrequency ablation in those with a potential risk of right-to-left shunt such as TOF.
These patients may need to be further evaluated before or during surgery to make safer
treatment decisions. This case provides an important reference for appropriate

treatment decisions and perioperative management of AF under special circumstance
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