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Abstract

:

Background: Percutaneous closure of patent foramen ovale (PFO) and atrial septal defects (ASD) is being more commonly performed due to changes in international guidelines supporting its use. This study was performed to determine the clinical outcomes, safety and cost implications of same-day discharge (SDD) following such procedures and place this in an Australian context. Methods: This was a retrospective, observational study of patients undergoing elective percutaneous PFO or ASD closure at St. George Hospital, Australia between January 2011 and January 2020. Primary outcomes included 30-day major adverse cardiovascular endpoints (MACE) and readmission to hospital within 30 days. Results: Twenty-four patients were included in the primary analysis. Ten (41.7%) patients underwent elective ASD closure while 14 (58.3%) underwent PFO closure. Among the 24 patients who underwent elective percutaneous closure of structural heart disease, 23 patients (95.8%) were managed with SDD. There were no MACE outcomes at 30 days. No patients were re-admitted to hospital at 30 days following these procedures. When compared to overnight admission to hospital post-elective percutaneous structural heart condition closure, SDD yielded a cost saving of AUD 5999 per case. Conclusion: SDD following elective percutaneous closure of ASD and PFO was demonstrated to be a safe and effective strategy for managing patients. With more widespread use, it can lead to significant cost savings for hospitals without compromising patient care.
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1. Introduction


Patent foramen ovale (PFO) and atrial septal defects (ASD) remain two of the most common congenital cardiac anomalies. PFOs have a prevalence of up to 25% in adults, while ASDs have an incidence of around 0.1% in all live births [1,2]. Elective percutaneous closures of ASD and PFO are increasingly being performed in Australia following recent changes in international guidelines advocating the benefits of the procedure in selected individuals [3]. The current guidelines recommend percutaneous closure of PFOs where a temporal relationship between a PFO and a cryptogenic stroke can be established in patients under the age of 60 years. Percutaneous closure of secundum ASD is also indicated in the presence of hemodynamically significant shunts that cause platypnoea-orthodeoxia syndrome or right ventricular volume overload without pulmonary arterial hypertension or left ventricular disease, or indeed if there is clinical evidence of a paradoxical embolism likely arising from the ASD [4,5].



These procedures have historically been performed under trans-oesophageal echocardiography (TOE), guidance necessitating the use of general anaesthesia with prolonged procedural time [6,7]. Overnight admission to hospital has been the preferred, albeit uncommon, method of management specifically to monitor for peri-procedural complications. With the advent of fluoroscopy-guided closures and more recently, intracardiac echocardiography, same-day discharge (SDD) after these procedures has been made possible [6,8]. A meta-analysis conducted by Abaci et al. examining procedural complications of PFO and ASD closure in 28,142 patients across 203 studies reported that complication rates occurred in 1.4% of cases overall [9].



Many elective cardiology procedures can be safely managed as day-stay procedures including percutaneous coronary interventions, left atrial appendage closures and even transcatheter aortic valve replacements [10,11,12]. However, SDD after these procedures is more often proceduralist-driven than system-based. To the best of our knowledge, there are no large, randomised trial data or published consensus documents outlining the safety and feasibility of SDD after percutaneous PFO or ASD closure. Thus, the purpose of this retrospective, observational study was to evaluate the safety and cost-effectiveness of SDD following PFO and ASD closures in a single tertiary cardiology service in an Australian setting.




2. Material and Methods


2.1. Patients


This retrospective, observational study was conducted at St. George Hospital in Sydney, Australia between September 2011 and December 2020. St. George Hospital has been performing elective day-stay PFO and ASD closures since 2011. Consecutive patients who met the criteria for percutaneous PFO/ASD closure from September 2011 through to December 2020 were recruited as part of a registry. Their clinical, socio-demographic and procedural data was subsequently recorded into a database. Fluoroscopy data was collected using McKesson software v7.0TM.




2.2. Procedure


All patients fasted from midnight and were admitted on the morning of the procedure. PFOs were routinely closed under fluoroscopic guidance alone, whereas ASDs required TOE guidance. The need for general anaesthesia versus standard intravenous sedation with fentanyl or midazolam was assessed at the time of diagnostic TOE by the imaging cardiologist. Femoral venous access was gained using a 7–12 French femoral sheath. Intra-venous heparin bolus was administered upon catheter passage into the left atrium. The femoral sheath was removed immediately after the procedure. All patients received a 6F Abbott Perclose Proglide to achieve groin haemostasis. Procedural time was defined as the time from the administration of the local anaesthetic to removal of the catheter.




2.3. Outcomes and Clinical Follow-Up


Our primary outcomes included 30-day major adverse cardiovascular endpoints (MACE) and re-admission to hospital within the 30 days. Follow-up of all elective ASD and PFO closure patients was performed by Cardiology Departmental staff by reviewing the electronic medical records as well as contacting the patients by telephone. Patients or their next of kin were asked about complications following the procedure, including vascular access complications that may have required presentation to hospital or review by their local general practitioner. Data relating to mortality were also obtained from electronic hospital records and next of kin.




2.4. Cost Determination


The cost difference between overnight admission and SDD following elective ASD and PFO closure was calculated based on the information obtained from the finance department at our institution. We used national weighted activity unit calculators to gather specific cost estimates for overnight admission, post-procedure pathology costs and the cost for an overnight stay in a monitored bed in the coronary care unit. Readmissions to hospital were not included in the cost analysis.





3. Results


During the period between September 2011 and December 2020, 24 patients underwent elective percutaneous PFO or ASD closure at our hospital. Table 1 outlines the baseline characteristics of these patients. Fourteen out of the twenty-four patients (58.3%) underwent PFO closure, whereas the remaining ten (41.7%) underwent ASD closure.



The only indication for percutaneous ASD closure in our cohort was a secondum ASD defect with right ventricular dilatation. Cryptogenic cerebrovascular accident (CVA) was the most common indication for PFO closure in 78.6% of patients. Atrial septal aneurysm and recurrent CVA were the other indications in 57.1% and 21.5% of patients, respectively (Table 2). Most patients had more than one indication for the procedure, which have been considered separately.



Amongst the patients undergoing an ASD closure (occluder waist size range 22 to 38 mm), nine patients received the AMPLATZERTM septal occluder (St. Jude Medical, St. Paul, MN, USA) and one received the OCCLUTECH® ASD occluder (Occlutech International AB, Helsingborg, Sweden). Of the 14 patients undergoing a PFO closure, nine received the 25mm AMPLATZERTM PFO occluder (St. Jude), three the 25 mm OCCLUTECH® PFO occluder (Occlutech International) and one the 30 mm AMPLATZERTM septal occluder [Table 3]. The mean duration of the procedure and fluoroscopy were 64 ± 25 min and 7.6 ± 6 min, respectively. No procedural complications were observed.



Apart from one patient needing overnight admission due to staffing shortages in the cardiac catheterisation laboratory, the remainder of 23 patients (95.8%) undergoing the percutaneous closure of PFO/ASD were discharged on the same day.



All 24 patients (100%) were successfully contacted over the phone as a part of routine follow-up after SDD. Six patients re-presented to the hospital within the first 30 days (Table 4). One patient was diagnosed with a transient ischaemic attack and was admitted to our hospital for two days. No infarct was seen on the magnetic resonance imaging scan of his brain. The other five were discharged from the emergency department with unrelated diagnoses in less than 24 h.



The average cost for SDD and overnight admission after elective ASD/PFO closure at St. George Hospital are AUD 6558 and AUD 12,557, respectively. The cost of each device differed slightly and has been mentioned in Table 5. The cost difference between SDD and overnight admission after elective ASD and PFO closures amounts to AUD 5999, which is the rate per night of a coronary care unit bed at our hospital. Patients that required several hours of monitoring beyond the standard 4–6 h of the procedure would be admitted as day-only admission, for which the charge was the same as overnight admission.




4. Discussion


This single-centre, population-based study of patients presenting for elective percutaneous closure of PFO/ASD illustrates that the strategy of SDD is safe and cost-effective. Table 1 highlights the baseline characteristics of our study population. The mean age of our patient population was 43.9 ± 14.3 years. This roughly corresponds to the mean ages of 41.5–49.9 in recent trials [13,14,15,16,17,18]. The prevalence of traditional cardiovascular risk factors such as smoking (37.5%), hypertension (20.8%) and type 2 diabetes mellitus (16.7%) in our cohort was also comparable to these studies, and reflective of the younger age profile of patients undergoing these procedures.



Importantly, in our study there were no peri-procedural complications and no MACE outcomes, and all patients with the exception of one were discharged home after routine post-procedural monitoring for 4–6 h. No patient experienced any major or minor periprocedural complications over the course of our study, a rate significantly lower than the commonly reported complication rate of 1.4% [9]. Our data demonstrate a robust safety profile of SDD, with no unfavourable clinical outcomes related to the day-case procedure (Table 4).



In order to examine the safety of SDD, it is prudent to know the timing of all potential periprocedural complications, and whether any of these are addressable with an overnight stay compared to SDD. Most previous studies examining these complications provide very little insight into the timing of their onset. The CLOSE trial described new atrial fibrillation (AF) in 11 of 238 (4.6%) patients undergoing PFO closure, with AF being detected on the same day of the procedure in three patients [14]. In our cohort, no patients experienced post-procedural AF. In a separate study, Amin et al. reported that of 11 recorded cases of cardiac erosions from PFO closure, 5 arose on the same day of the procedure, with none arising a day after [19]. In ASD closure, several studies report that complications arising within a day of the procedure include device embolization, cardiac erosions leading to pericardial effusion or tamponade, and new-onset AF [20,21,22,23,24]. Importantly, these studies make no mention of complications specifically following 24 h after the procedure. Taken together, these studies report no potential periprocedural complications manifesting at 24–48 h that would otherwise require prolonged observation and thus may justify overnight admission to hospital.



No randomised controlled trials have been conducted detailing the safety and efficacy of day-case percutaneous PFO or ASD closure. Evidence based on observational studies and case reports suggests that uncomplicated percutaneous PFO and ASD closure does not necessitate an overnight stay. Ponnuthurai et al. demonstrated that in uncomplicated PFO closure facilitated by intracardiac echocardiography, SDD resulted in no detrimental clinical or echocardiographic outcomes at follow-up 3 months after the procedure [6]. Barker et al. reported that of 467 patients undergoing percutaneous PFO closure, 456 had successful day-case surgeries, with low complication rates upon follow-up that were comparable to previous studies examining PFO closure complications [25]. While these studies have data showing that SDD is effective and feasible, this study is the first to examine the safety of SDD through analysis of 30-day MACE rates, a standard primary clinical endpoint for evaluating the safety of SDD after procedures involving catheterisation [10,26,27,28,29]. All patients were followed-up with no 30-day MACE outcomes.



To the best of our knowledge, no studies have analysed the potential cost savings of SDD compared to overnight admission in percutaneous PFO and ASD closure. As depicted in Table 5, SDD conferred a significant cost saving of AUD 5999 per procedure. This cost differential occurred primarily due to the absence of accommodation charges. In addition to being more cost-effective, it is also associated with greater patient satisfaction, as demonstrated by Chen et al. [30]. Adopting SDD as the standard approach to percutaneous PFO and ASD closure has the added benefit of eliminating cancellations due to bed unavailability. This has been a particular concern due to the changes in practice and service delivery for elective procedures brought about as a result of the COVID-19 pandemic. Implementation of SDD can eliminate barriers to these elective procedures. It is important to note that all procedures were performed by a single operator, eliminating inter-proceduralist variability that can influence complication rates and confound the safety of SDD. Other strengths of this study lie in the 100% follow-up rate, and in our analysis of cost savings from SDD, an oft-neglected but still significant endpoint.




5. Limitations


A limitation of our study was that the sample size was relatively small, and as such was underpowered to detect very rare periprocedural complications that may necessitate an overnight stay. Furthermore, as a retrospective cohort study, there remains the possibility of confounding and selection bias. Being a single-centre study, departmental protocols and resources may also limit the generalisability of our results. Sufficiently powered multi-centre randomised controlled trials should be conducted in order to best examine the safety and efficacy of SDD in percutaneous PFO and ASD closure. However, on the basis of our experience, SDD after uncomplicated percutaneous PFO or ASD closure remains a particularly attractive option that leads to safe, satisfying outcomes for patients and significant cost savings.




6. Conclusions


SDD is a favourable outcome after percutaneous PFO and ASD procedures, as demonstrated by our study. Day-case procedures are generally associated with decreased overall costs and increased patient satisfaction. While there is a lack of definitive guidance on SDD in the literature, there is some evidence that PFO and ASD closure could safely and effectively become day-case procedures. As such, a randomized controlled trial examining the safety and efficacy of SDD after PFO or ASD closure is merited.
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	PFO
	Patent foramen ovale



	ASD
	Atrial septal defects



	TOE
	Trans-oesophageal echocardiography



	SDD
	Same-day discharge



	MACE
	Major adverse cardiovascular endpoints



	CVA
	Cerebrovascular accidents



	AF
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Table 1. Patient baseline characteristics.






Table 1. Patient baseline characteristics.





	Demographic
	Total (N = 24)





	Age (mean ± SD), years
	43.9 ± 14.3



	Male gender (n, %)
	7 (29.2)



	BMI (mean ± SD), kg/m2
	25.2 ± 4.9



	Smoking, current and past (n, %)
	9 (37.5)



	Non-english-speaking background (n, %)
	0 (0)



	Creatinine (mean ± SD), umol/L
	70.8 ± 22.9



	Diabetes Mellitus (n, %)
	4 (16.7)



	Hypercholesterolaemia, treated and untreated (n, %)
	5 (20.8)



	Hypertension, treated and untreated (n, %)
	5 (20.8)



	Atrial fibrillation (n, %)
	3 (12.5)



	Previous TIA or CVA (n, %)
	14 (58.3)



	Previous MI/PCI (n, %)
	0 (0)







Values are N, mean ± standard deviation. Abbreviations: BMI, body mass index; TIA, transient ischaemic attack; CVA, cerebrovascular accident; MI, myocardial infarction; PCI, percutaneous coronary intervention.
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Table 2. Indications.






Table 2. Indications.









	Indication
	Total (%)





	ASD closure (n = 10)
	



	Secondum ASD with RV dilatation
	10 (100)



	PFO closure (n = 14)
	



	Cryptogenic CVA
	11 (78.6)



	Recurrent CVA
	3 (21.4)



	PFO with ASA
	8 (57.1)



	Migraine
	3 (21.4)







Abbreviations: ASD, atrial septal defect; RV, right ventricle; CVA, cerebrovascular accident; PFO, patent foramen ovale; ASA, atrial septal aneurysm.













[image: Table] 





Table 3. Procedural characteristics.






Table 3. Procedural characteristics.










	
	Total
	Percentage (%)





	Implanted device (mm)
	
	



	AMPLATZERTM septal occluder (38/34/30/28/26/24/22)
	10 (1/1/4/1/1/1/1)
	41.7



	Occlutech® ASD occluder (27)
	1 (1)
	4.1



	AMPLATZERTM PFO occluder (25)
	10 (10)
	41.7



	Occlutech® PFO device (30/25)
	3 (2/1)
	12.5



	Vascular access
	
	



	Femoral vein
	24
	100







Abbreviations: ASD, atrial septal defect; PFO, patent foramen ovale.
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Table 4. Clinical outcomes following SDD after elective ASD/PFO closure.






Table 4. Clinical outcomes following SDD after elective ASD/PFO closure.





	Outcomes at 30 Days
	Total (%)





	All re-hospitalisation
	6



	Unplanned cardiac re-hospitalisation
	0



	Urgent cardiac surgery
	0



	Major vascular complications
	0



	Myocardial infarction
	0



	Death
	0



	Stroke
	0
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Table 5. Cost of each device used for ASD/PFO closure at St. George Hospital.






Table 5. Cost of each device used for ASD/PFO closure at St. George Hospital.





	Device
	Average Cost (AUD)





	AMPLATZERTM septal occluder
	7436



	Occlutech® ASD occluder
	5680



	AMPLATZERTM PFO occluder
	7436



	Occlutech® PFO device
	5680
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