The importance of pulmonary artery pressures on late atrial arrhythmia in transcatheter and surgically closed ASD type secundum.
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Abstract
Aims: Atrial fibrillation and flutter remain an important cause of morbidity in adults with atrial septal defect (ASD). This study aimed at investigating predictors for late (≥1 month after repair) atrial arrhythmia.

Methods: Patients who underwent ASD closure after the age of 18 years, were selected through the databases of three medical centres in Belgium. Preprocedural, periprocedural and follow-up data were extracted. Univariate and multivariate Cox-regression analysis was performed. Kaplan-meier analysis was performed for any independent predictor of late atrial arrhythmia.

Results: A total of 155 patients (38 men, 117 women) was included. Twenty-four patients (median age 48.3 years, range 19.9–79.8) underwent surgical and 131 (median age 57.6 years, range 18.2–86.9) underwent transcatheter closure. Thirty-nine patients (25.2%) presented with late atrial arrhythmia. Male gender (P=0.008), creatinine (P=0.002), atrial arrhythmia before (P<0.0001) and within 1 month after repair (P=0.001) and a mean pulmonary artery pressure (mPAP)≥25mmHg (P<0.0001) correlated with late atrial arrhythmia in univariate Cox-regression analysis. Multivariate analysis showed that mPAP≥25mmHg (HR 3.72; 95%CI 1.82-7.59; P<0.0001) and the presence of atrial arrhythmia before (HR 3.22; 95%CI 1.56-6.66; P=0.002) and within 1 month after repair (HR 2.08; 95%CI 2.08-15.92; P=0.001) were predictive of late atrial arrhythmia. Kaplan-Meier analysis showed that patients with a mPAP≥25mmHg had a higher risk at developing late atrial arrhythmia (P<0.0001).
Conclusion: In patients with ASD type secundum, a mPAP≥25mmHg is an independent predictor of late atrial arrhythmia. The presence of pulmonary hypertension before repair should raise awareness for atrial arrhythmias and may be used to guide therapy. 
Introduction
Atrial flutter and atrial fibrillation are well-described complications of atrial septal defect (ASD) and are associated with substantial morbidity.[1, 2] Surgical closure of ASD has been shown to lower long-term cardiac mortality [3, 4] and morbidity.[2, 3, 5] Early surgical intervention may even reduce the long-term risk of developing atrial arrhythmias.[6] More recently, transcatheter device closure has been shown to be an effective and safe alternative to surgery in selected patients, with a lower complication rate and shorter hospital stay.[7] Intermediate follow-up studies suggest that transcatheter ASD closure may also protect against subsequent development of arrhythmias. However, long-term data is still lacking.[8] Since the majority of type secundum ASDs is anatomically suitable for device closure, the threshold for repair, even in the older population, has changed. 

In patients with type secundum ASDs, pulmonary arterial hypertension develops slowly in response to excessive blood flow in the pulmonary circulation over a long period of time.[9] Recently, Lam et al[10] in a population-based study described pulmonary artery systolic pressure, measured by echocardiography, as being independently correlated with mortality. Seeing that long-standing elevated systemic blood pressures are strongly associated with atrial fibrillation[11], we hypothesize that elevated pulmonary artery pressures may also be associated with the occurrence of atrial arrhythmias in patients with type secundum ASD, especially in older patients.

The objective of this study was to identify demographic, biochemical and/or hemodynamic parameters which may predict late (≥ 1 month after closure) atrial arrhythmia after surgical or transcatheter ASD repair.

Methods

Patient  selection

All patients with ASD type secundum who underwent closure after the age of 18 years ánd had invasive pulmonary hemodynamic measurements before defect closure, were selected through the local databases of three medical centres in Belgium: KUL University Hospitals Leuven, UCL University Hospitals St Luc Brussels and Ghent University Hospital. Patients with a patent foramen ovale (without a left-to-right shunt), complex congenital heart disease, or associated cardiac conditions at inclusion were excluded. The Ethics Committee of each participating centre approved the study.

Preprocedural data collection

Demographic, clinical and biochemical data, electrocardiography, echocardiography and invasive hemodynamic measurements before repair were obtained from the hospital records. A mPAP ≥25mmHg measured by right heart catheterisation is considered to be diagnostic for pulmonary hypertension and was used as a cut-off for further evaluation.[12] A standard 12-lead surface electrocardiogram was used to determine the cardiac rhythm.  Echocardiographic data included information regarding ASD diameter. 

Periprocedural data collection

Periprocedural data was obtained from transcatheter and surgical reports. Information regarding surgical access, type of repair, clamp time, device type and size, duration of hospital stay, postprocedural complications and medication at discharge was extracted from each database.

Data collection during follow-up

The follow-up consisted of evaluations in each participating centre depending on the protocol in each centre. At each visit, information on the heart rhythm, stroke, heart failure, the need for re-intervention and echocardiographic data was obtained. Follow-up data was included until the last follow-up visit. 
Endpoint

The arrhythmia group consisted of patients presenting with atrial flutter or fibrillation documented during routine follow up. We did not differentiate between chronic and paroxysmal atrial flutter and fibrillation. Late (> 1 month after ASD repair) atrial arrhythmia was chosen as the primary endpoint. 

Statistical analysis

We analyzed the data using SPSS® for Windows (version 16, SPSS, Chicago). Descriptive data for continuous variables is presented as means ( SD or as medians with ranges when appropriate. Descriptive data for discrete variables is presented as frequencies or percentages. Cox regression analysis was performed with late (> 1 month after closure) atrial arrhythmia as a dependent variable. Atrial arrhythmia before repair or occurring early (≤ 1 month) after ASD repair were considered as independent variables. Patients with follow-up less than one month were excluded from the analysis. After univariate analysis, multivariate Cox regression analysis was performed. The level of significance for the multivariate model was set at 0.05. If univariate variables were highly correlated with each other (R > 0.70), only one was entered into the multivariate analysis. If a continuous variable independently predicted the outcome variable according to multivariate analysis, Kaplan-Meier analysis was performed. 

Results
Baseline  characteristics
A total of 155 patients (38 men and 117 women) satisfied the inclusion criteria and were included in the study. Twenty-four underwent surgical (median age at follow up 48.3 years, range 19.9 – 79.8 years) and 131 (median age at follow up 57.6 years, range 18.2 – 86.9 years) underwent transcatheter closure of the ASD. Baseline characteristics are summarized in table 1.  

Periprocedural characteristics

Surgical closure was performed through sternotomy (47%) or thoracotomy (53%). Seventy percent underwent primary closure and 30% secondary closure of the defect. Mean clamp time was 22.7±19.1 minutes and mean hospital stay was 11.0±4.9 days. Transcatheter closure was performed using Amplatzer septal occluder (AGA Medical Corp, Golden Valley, Minn) (96%) or CardioSEAL/STARflex (Nithinol Medical Technical Inc, Boston, Mass) (4%) devices with a mean device diameter of 23.2±6.8 millimetres. Mean hospital stay was 2.3±1.4 days. 
Sixteen patients (10.3%, all underwent transcatheter closure) presented with atrial arrhythmia before repair. Fourteen had atrial fibrillation, 2 had atrial flutter. Of these patients, 12 were receiving anti-arrhythmic drugs at the time of diagnosis. All underwent transcatheter ASD repair and in 12 of them atrial fibrillation reoccurred at least 1 month after ASD closure. Seven patients (4.2%, 6 underwent transcatheter and 1 surgical ASD closure), without atrial arrhythmia before repair, had documented atrial fibrillation occurring within 1 month after ASD repair. Sinus rhythm was restored in all patients (three by electric reconversion, three by anti-arrhythmic drugs, one spontaneously). However, in 5 of these patients atrial arrhythmia reoccurred more than 1 month after repair. 

Development of late atrial arrhythmia 

Thirty-nine patients (25.2%) developed atrial arrhythmia more than one month after ASD repair. One patient spontaneously regained sinus rhythm, 4 after association of anti-arrhythmic drugs, 2 after electrical reconversion and 1 after ablation. Male gender (P=0.008), creatinine (P=0.002), atrial arrhythmia before (P<0.0001) and within 1 month after repair (P=0.001) and mean pulmonary artery pressure (mPAP) ≥25mmHg (P<0.0001) correlated with late atrial arrhythmia in univariate Cox-regression analysis (Table 2). Multivariate analysis showed that mPAP ≥25mmHg (HR 3.72; 95%CI 1.82-7.59; P<0.0001) and the presence of atrial arrhythmia before (HR 3.22; 95%CI 1.56-6.66; P=0.002) and within 1 month after repair (HR 5.75; 95%CI 2.08-15.92; P=0.001) were independent predictors of late atrial arrhythmia (Table 3). Kaplan-Meier analysis showing 5 year event-free survival, indicates that patients with a mPAP ≥25mmHg had a significantly higher risk for developing atrial arrhythmias (P<0.0001). In patients without pulmonary hypertension before repair, 5-year freedom of atrial arrythmia was 80%, whereas in patients with pulmonary hypertension 5-year freedom of atrial arrythmia was only 39%.  (Figure 1)
Discussion

This study examined the incidence and risk factors of late atrial arrhythmia in adult patients with ASD type secundum repaired after the age of 18 years. The presence of atrial arrhythmias before or within 1 month after ASD repair and the presence of pulmonary hypertension (mPAP ≥25mmHg) were strong predictors of late atrial arrhythmias.
Atrial tachyarrhythmias are common among adults with ASD and contribute to substantial morbidity.[2, 3, 5, 13] The prevalence of atrial fibrillation normally doubles with each decade of life, from 0.5 percent at ages 50-59 years, to almost 9 percent at ages 80-89 years.[14] The population included in our study also showed an age-related, but substantially earlier increase in the prevalence of atrial arrhythmias (24.5% for a median age of 54.5 years). Apart from the age factor, these arrhythmias may result from an increase in pulmonary artery pressures[2] and from long-standing atrial dilatation and stretching in response to volume overload[9], making the atria more vulnerable to the induction of atrial arrhythmias. However, atrial arrhythmias occurring soon after ASD repair may be due to the intervention itself rather than as a consequence of an underlying structural heart disease.[15] Therefore, late (≥ 1 month after repair) atrial arrhythmia was chosen as the primary endpoint in this study.

Atrial arrhythmia before ASD repair has been reported to occur between 8.8 and 22 percent in the literature[2, 8, 15-19], which was similar in our registry (11%). However, asymptomatic paroxysmal atrial arrhythmia may have been underreported. For early (postprocedural) arrhythmia incidences from 3 to 13 percent have been reported, although the timing of the occurrence is poorly delineated. We report 7 cases (4.5%) of atrial arrhythmia occurring within 4 weeks after ASD closure. Late atrial arrhythmia was found in 39 (24.5%) patients. 
Although there was no age difference between men and women, men were twice as likely to develop atrial arrhythmia after ASD closure when compared to women, which is consistent with earlier population-based studies.[14, 20, 21] In this study, creatinine was also related to the occurrence of late atrial arrhythmia. Impaired renal function has been shown to predict atrial fibrillation after cardiac surgery, although the exact pathophysiology is not fully understood.[22]  Early activation of the sympathetic nervous system[23] and a state of micro-inflammation[24] may both be mechanisms through which impaired renal function has an impact on the risk of developing atrial arrhythmias. In addition, atrial fibrillation itself can also affect renal function to a clinically relevant extent[25], possibly through the induction of profibrotic pathways in the kidney.[26] 

The presence of atrial arrhythmia before or ≤1 month after repair were independent predictors of late atrial arrhythmia, as has been previously described.[2] Elevated pulmonary artery pressures have also been suggested to be related with atrial arrhythmias in ASD patients, but this has not yet been confirmed.[2] Cardiac catheterization-based studies showed increasing pulmonary artery pressures at rest and/or with exercise among older individuals compared with younger subjects.[27, 28] A mPAP ≥25 mmHg is considered to be diagnostic for pulmonary hypertension, whereas there is less certainty about patients presenting with a mPAP between 20 mmHg and 25 mmHg.[12, 29] Our study also included invasive hemodynamic measurements and because older patients (median age at repair 53.9 years) were included, patients were more likely to have higher mPAPs. Interestingly, in this study, a mPAP ≥25 mmHg was an independent predictor of late atrial arrhythmia. One can only speculate the contribution of increased pulmonary blood flow, the development of obstructive vascular lesions due to excessive pulmonary flow and physiological age-related changes to the increase in pulmonary artery pressure in these patients. Studies demonstrated that cardiac remodelling occurred after closure of an ASD, even in older patients.[30-32] However, pulmonary pressures often remain elevated, especially in older patients.[33] These elevated pulmonary artery pressures may cause atrial enlargement, and therefore increase the likelihood of developing late atrial arrhythmia. This may be important for daily clinical practice, as the number of patients with an ASD discovered later in life is continuously growing. Transcatheter ASD closure has shown to be safe[30, 31, 34] and can be performed in older patients even if they present with mild to moderate elevated pulmonary artery pressures before repair. As a mPAP ≥25mmHg was an independent predictor of late atrial arrhythmia in our study, the presence of pulmonary hypertension before repair should raise awareness for the development of atrial arrhythmias after repair. A more tight follow-up with special attention to atrial arrhythmias and even association of anti-arrhythmic therapy may be considered. Also, further investigation and evaluation is needed whether the treatment of elevated pulmonary artery pressures (with normal left heart filling pressures) after ASD repair reduces the risk of atrial arrhythmias. 
Limitations of the study 

A selection bias may be present due to the retrospective design of the study and the fact that the patients included in this study were only selected from the databases of three universitary centres. Volumetric data of both atria and ventricles were not available for further analysis. There was no ambulatory monitoring for atrial arrhythmias, so that asymptomatic atrial arrhythmias both before, early after or late after repair may be under-reported. 

Conclusions

In patients with ASD type secundum, a mPAP≥25mmHg is an independent predictor of late atrial arrhythmia. The presence of pulmonary hypertension before repair should raise awareness for atrial arrhythmias and may be used to guide therapy. Further investigation and evaluation is needed whether specific treatment needs to be initiated in order to improve outcome in this patient population. 
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Table 1: Baseline characteristics

	Characteristic
	

	Demographic data

	Age at repair (years)*
	53.9 (18.0 – 78.8)

	Age at latest follow-up (years)*
	56.0 (18.2 – 86.9)

	Follow-up (months)*
	25.0 (1.0 – 288.7)

	Gender (male/female) 
	38/117 (75.5% / 24.5%)

	Type of repair (surgical/transcatheter)
	24/131 (15.5% / 84.5%)

	Clinical data

	BMI (kg/m²)
	25.3±4.8

	SBP (mmHg)
	134.5±19.0

	DBP (mmHg)
	80.7±10.9

	Heart rate (bpm)
	72.2±13.6

	Biochemical data

	Haematocrit (%)
	43.0±3.6

	Creatinine (mg/dL)
	0.97±0.19

	Cardiac catheterization  

	Qp:Qs ratio
	1.9±0.5

	sPAP (mmHg)
	29.4±10.8

	dPAP (mmHg)
	11.4±4.7

	mPAP (mmHg)
	18.5±6.8


BMI: body mass index – SBP: systolic blood pressure – DBP: diastolic blood pressure – sPAP: systolic pulmonary artery pressure – dPAP: diastolic pulmonary artery pressure – mPAP: mean pulmonary artery pressure.

* presented as median with range

Table 2: Univariate Cox regression analysis
	
	Hazard ratio (95% confidence interval)
	P-value

	Univariate Cox regression analysis

	Age at repair (years)
	1.04 (1.02 – 1.07)
	0.001

	Male gender
	2.47 (1.26 – 4.83)
	0.008

	SBP (mmHg)
	1.01 (1.00 – 1.03)
	0.158

	Hematocrit (%)
	1.02 (0.94 – 1.11)
	0.612

	Creatinine (mg/dL) 
	7.10 (2.02 – 24.99)
	0.002

	sPAP (mmHg)
	1.04 (1.02 – 1.07)
	0.001

	dPAP (mmHg) 
	1.14 (1.07 – 1.22)
	<0.0001

	mPAP (mmHg) 
	1.10 (1.05 – 1.15)
	<0.0001

	mPAP ≥25mmHg
	4.34 (2.24 – 8.39)
	<0.0001

	Qp:Qs ratio
	0.73 (0.35 – 1.51)
	0.392

	Atrial arrhythmia before repair
	5.35 (2.68 – 10.64)
	<0.0001

	Atrial arrhythmia ≤ 1 month
	4.84 (1.84 – 12.69)
	0.001


BMI: body mass index – SBP: systolic blood pressure – sPAP: systolic pulmonary artery pressure – dPAP: diastolic pulmonary artery pressure – mPAP: mean pulmonary artery pressure.

Table 3: Multivariate Cox regression analysis
	
	Hazard ratio (95% confidence interval)
	P-value

	Multivariate Cox regression analysis

	Age at repair (years)
	1.02 (0.99 – 1.05)
	0.263

	mPAP ≥25mmHg
	3.72 (1.82 – 7.59)
	<0.0001

	Atrial arrhythmia before repair
	3.22 (1.56 – 6.66)
	0.002

	Atrial arrhythmia ≤ 1 month
	5.75 (2.08 – 15.92) 
	0.001


mPAP: mean pulmonary artery pressure.

Figure 1: Kaplan-Meier curve, indicating lower event-free survival in patients with mPAP ≥25mmHg before repair.
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