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Abstract
AIM: To study patients with atrial fibrillation and hypertension who had successful catheter ablation for changes in blood pressure 1 year later.

METHODS: A retrospective study was performed on patients who had catheter ablation for atrial fibrillation (AF) and hypertension (HTN) which included local autonomic ganglionated plexi denervation and pulmonary veins isolation. Of the records of 119 patients follow-up data was found in order to determine the presence of sinus rhythm and data on systolic (SBP) and diastolic blood pressure at 2 wk, 3 mo, 6 mo and 1 year after the ablation procedure. Transthoracic echocardiograms were taken at the time of the catheter procedure to determine left atrial dimensions (LADs) and left ventricular size. 

RESULTS: There was no significant difference in the pre-ablation mean blood pressures between the two groups (P = 0.08). After 1 year 33 of the 60 with AF and HTN were in sinus rhythm, of whom 12 had normal LADs, ≤ 4 cm Group 1, and 21 had enlarged left atria (LADs > 4 cm, Group 2). For Group 1, at 1 year of follow up, there was a significant difference in the SBP (119.2 ± 13 mmHg) compared to pre-ablation (142.6 ± 13.7 mmHg, P = 0.001). For Group 2, there was no significant difference in the SBP, pre-ablation (130.3 ± 17.5 mmHg) and at 1 year of follow up (130.4 ± 13.4 mmHg, P = 0.75). All patients were on similar anti-hypertensive medications. There was a trend to greater left ventricular size in Group 2 compared to Group 1.

CONCLUSION: We suggest that Group 1 had HTN due to sympathetic hyperactivity, neurogenic HTN; whereas HTN in Group 2 was based on arterial vasoconstriction. 
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Core tip: A retrospective study of 119 patient with atrial fibrillation (AF) and hypertension (HTN) underwent catheter ablation consisting of pulmonary vein isolation and local autonomic denervation. After 1 year 33 were in sinus rhythm and fell into 2 categories based on significant differences in left atrial dimensions (LADs). Although similarly medicated, Group I (LADs ≤ 4 cm) had a significant decrease in blood pressure was compared to Group 2, LAD > 4 cm. We conclude that HTN in Group 1 was neurogenic and ameliorated by neural ablation; whereas HTN in Group 2, manifested arterial vasoconstriction as the mechanism for HTN. 
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INTRODUCTION
Early studies seeking the mechanism for clinical hypertension (HTN) focused on the sympathetic nervous system as the underlying cause. It was well known that sympathetic stimulation of the heart led to increased contractility leading to high blood pressure. Indeed, a concept was put forth by several investigators suggesting that HTN was neurogenic in origin[1-5]. The seminal studies of Goldblatt et al[6], induced chronic HTN in animals who had a clip (stenosis) on the renal arteries which provided the basis for the discovery of the role of the renin/angiotensin/aldosterone syndrome as a cause of HTN[7]. This concept became the prevalent view and has become the mainstay of therapeutic strategies to control HTN, i.e., use of angiotensin blocking agents and diuretics. The acceptance of a sympathetic contribution is evidenced on the addition of beta-blockers to the antihypertensive regimen. The Framingham study has provided evidence linking HTN and atrial fibrillation (AF). In a multivariate analysis it was found that HTN was an independent predictor for developing AF, with an odds ratio of 1.5 for men and 1.4 for women[1]. The sequence of pathological events in this association might start with increased vascular resistance followed by ventricular hypertrophy and atrial dilatation, the last providing the substrate for AF[8]. 
The recent dramatic effects of renal sympathetic denervation[9] has revived the neurogenic concept[10] particularly in regard to the treatment for resistant forms of hypertension. In this regard, Schlaich et al[11] cited experimental[12] and clinical[13] evidence that afferent nerve denervation may play a more significant role in “the sustained blood pressure-lowering (by) renal denervation … via the removal of renal afferent activity and the subsequent effects on central sympathetic outflow”. It is interesting to note that renal sympathetic denervation has also been applied to patients with concomitant hypertension and atrial fibrillation. Pokushalov et al[14] reported that renal artery denervation reduces systolic and diastolic blood pressure in patients with drug-resistant hypertension and reduces AF recurrences when combined with pulmonary vein isolation (PVI).
Since 2004 the procedure for catheter ablation in patients with AF in our clinical electrophysiological practice has consisted of PVI plus ablation of hyperactive autonomic nerve clusters called ganglionated plexi (GP) at the PV-atrial junctions. This combined procedure has been shown to increase the success rates for maintaining sinus rhythm compared to PVI alone[15,16]. It was in this context that we hypothesized that a subset of our patients presenting with HTN and AF would manifest the neurogenic form of HTN based on hyperactivity of the intrinsic cardiac autonomic nervous system. Furthermore, based on the previous report[14] we surmised that the patients with the neurogenic and drug resistant form of HTN would respond with a significant blood pressure reduction due to the decrease of autonomic hyperactivity caused by PVI plus GP ablation

MATERIALS AND METHODS
We performed a retrospective study of 119 patients who had undergone catheter ablation using an irrigated tip ablation catheter (Biosense/Webster, Navi-Star, Thermocool catheter, Diamond Bar, CA, United States) was used for mapping and ablation.
The procedure for catheter ablation has been previously described in detail[17]. Briefly, General anesthesia was administered in all patients. Localization of GP was obtained by application of high-frequency stimulation to each GP (HFS; 20 Hz, 10-150 V and pulse width 1-10 ms; S-88 stimulator, Grass Instruments Division, Astro Med Inc., Warwick, RI, United States). Within 5 s of HFS, a marked parasympathetic response is elicited, which is arbitrarily defined as a ≥ 50% increase in mean R-R interval during AF. Each parasympathetic response is verified by both hypotension and high grade AV block. For GP ablation, radiofrequency (RF) current is delivered at 25-35 W for 40-60 s during saline irrigation at each site of positive parasympathetic response to HFS. RF applications are repeated until the parasympathetic response to HFS is eliminated.
After the 4 left atrial GP are ablated, pulmonary vein antrum isolation is performed. The endpoint of PV antrum isolation is elimination of potentials within the isolated antral area. As antrum isolation typically transects the ARGP and SLGP areas, we use the ARGP and SLGP ablation sites as the starting points for right and left antrum isolation, respectively. Echocardiographic studies were accomplished transthoracically which provided an anterior-posterior measurement of the left atrial dimensions.
Inclusion criteria were: (1) Successful catheter ablation for AF involving both GP ablation and PV isolation (patient should have been in sinus rhythm after one year); (2) Co-existence of AF and HTN; (3) Knowledge of left atrial dimension (LAD) by echocardiographic measurement; and (4) All patients were on anti-hypertensive drug regimens.
The exclusion criteria included: (1) Recurrence of AF at the end of one year; (2) No GP ablation; and (3) No follow up blood pressure data.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Of the 119 patients reviewed, there were 60 patients with co-existing AF and HTN. Of these 60 patients, only 33 patients who had been contacted were in sinus rhythm at the end of one year of follow up. The purpose of the study was to determine the differences in the blood pressure levels before ablation and at different periods of follow-up. The pre-ablation systolic (SBP) and diastolic (DBP) blood pressures of the patients in the two groups were compared with the post-ablation SBP and DBP at two weeks, three months, six months and one year of follow-up. 

Statistical analysis
Statistical analyses were done using the SAS software (V 9.1). All statistical tests were carried out at an alpha of 0.05. Data is expressed as mean ± standard deviation (SD). Repeated measures analysis of variance (ANOVA) was used to determine if the mean SBP and DBP changed over the follow up periods for the two groups. Post-hoc analysis was done to compare the mean blood pressures across the individual follow up periods. 

RESULTS
Patient medications
All of the 33 patients included in the chart review were on single or multiple antihypertensive medications prior to the ablation procedure (Table 1). Although 8 patients were on a single medication all the other were taking multiple anti-hypertensive agents and all continued these same regimens during the follow-up period.

Echocardiographic analysis
There were 12 patients with normal sized left atria (LAD ≤ 4.0 cm) and 21 patients with enlarged left atria (LAD > 4.0 cm). On the basis of the blood pressure responses during progressive periods of follow-up, the 33 patients could be divided into two groups based on their LAD, viz., < 4.0 or > 4.0. Table 2 compares the descriptive statistics for all 33 patients that met the inclusion criteria divided into the 2 groups. Although there was an greater absolute mean value in group 1 (142/83 mmHg) vs group 2 (130/80 mmHg) the difference was not statistically significant prior to ablation (p=0·08) For patients with LA dimensions ≤ 4.0 cm (Group 1), there was a significant difference in the mean SBP levels, at 2 wk after the ablation procedure (126.8 ± 19.4 mmHg) compared to SBP, pre-ablation (142 ± 13.7 mmHg, P = 0.008). This change persisted at three and six months of follow up. The mean SBP levels at one year of follow up (119.2 ± 13 mmHg) were significantly lower than the pre-ablation mean SBP levels (142 ± 13.7 mmHg), for patients with LADs ≤ 4.0 cm, P = 0.001. 
For patients with LADs > 4.0 cm (Group 2), there was no significant difference in the mean SBP levels, pre-ablation (130 ± 17.5 mmHg) and at 2 wk of follow-up (129 ± 16.9 mmHg) (P = 0.92). For patients with LADs > 4.0 cm, there was no significant difference in the mean SBP levels, pre-ablation and at 1 year of follow up (130 ± 13.4 mmHg, P = 0.75). There was no significant difference in the mean DBP throughout the follow up periods for both groups. 
Figure 1 compares the proportion of patients with left ventricular hypertrophy (LVH) in both groups. Although the number of patients with or without LVH were not significantly different, the trend showed a lower incidence of LVH in Group 1 (33%) vs Group 2 (56%) and a corresponding higher number lacking LVH in Group 1 (67%) vs Group 2 (44%). The small sample size and wide range of standard deviation may have precluded obtaining statistical significance (P = 0.08).

DISCUSSION
Major findings
Although there was no significant difference between the initial blood pressures of the two groups, the response to GP ablation and PVI were dramatically different during the follow-up periods. Specifically, in Group 1 patients, there was a marked decrease in the mean SBP over the short term (from 142 ± 13.7 mmHg to 126.8 ± 19.4 mmHg within 2 wk) which was maintained after 3 and 6 mo. At 1 year the mean SBP was even more significantly decreased compared to the initial values (119 ± 13 mmHg, P = 0.001). In contrast, in Group 2, there was no change in SBP over the same time periods, even though the response to AF ablation was exactly the same as in Group 1. Since the anti-hypertensive drug history was heterogeneously distributed for both groups, these findings suggest that Group 1 patients with the putative “neurogenic” form of HTN, i.e., due to increased ventricular contractility, represented a sub-population of HTN resistant to drugs prior to catheter ablation. It is of interest that recent studies of another group of patients with a resistant form of HTN have been shown to respond to renal artery denervation with an endovascular method for applying radiofrequency ablation to adventitial sympathetic nerves[10,11]. Experimental evidence has shown that the neurogenic form of HTN derives from an increase of sympathetic activity which increases the BP through enhanced ventricular contractility, so-called “cardiogenic hypertension”. Sustained HTN has been shown to occur experimentally by chronic electrical stimulation of the left stellate ganglion [17].
In a recent study from our laboratory, we developed an acute model simulating inappropriate sinus tachycardia[18]. In 14 anesthetized dogs; 0.3 mg of 10-3 solution of epinephrine was injected into the anterior right ganglionated plexi (ARGP). In eight of the dogs there was a significant increase in the average heart rate of 57 beats/min but no change in systolic blood pressure. In six dogs both heart rate and systolic blood pressure were equally and significantly accentuated and remained elevated for at least 30 min. In addition ventricular arrhythmias were also observed which overwhelmed sinus rhythm. Other studies provided functional evidence of neural connections between ganglionated plexi in the atria which, when stimulated chemically, caused marked sympathetic effects on the ventricles, including ventricular arrhythmias[19].
It should be mentioned that sympathetic afferents may also play a critical role in the marked reduction of SBP in the group 1 patients after GP ablation and PVI. Ardell[20] in a review of the cardiac neurons that inhabit the GP and the atrial neural network emphasized the afferent connections from these intrinsic cardiac elements to the brainstem. How does this scenario for reduction of BP by renal denervation translate to the present study? We hypothesize that the findings of the present studies suggest that multiple visceral sites, e.g., the heart and renal arteries, which are autonomically innervated can be a source of abnormal sympathetic afferent conduction to central vasomotor centers leading to excessive efferent return to neuro-effector junctions to the same structures. Hyperactivity of GP has been shown to contribute to the propensity for AF by excessive release of cholinergic and adrenergic neurotransmitters via postganglionic axons innervating the PVs and atria[21-23]. Hyperactive GP may also send excessive afferent signals to central sympathetic centers which in turn would increase sympathetic outflow returning to the heart and vasculature. The results would be enhanced propensity for AF and increased ventricular contractility and vasoconstriction, i.e., the neurogenic form of AF and HTN. Ablation of the GP would therefore, have a dual salutary effect by reducing both efferent and afferent activity leading to amelioration of HTN and suppression of AF. This scenario is what was found in the sub-population of patients in the present study with the appropriate biomarkers, i.e., normal LAD dimensions and drug resistant HTN. In this regard a recent case report, described the application of renal artery denervation without PVI in a patient with drug resistant HTN and symptomatic, persistent AF. After a short follow-up of 5 mo the patient is in sinus rhythm with a reduction of blood pressure prior to renal sympathetic denervation (148/80 mmHg) to 111/60 mmHg. Of interest, echocardiography showed a left atrial diameter of 45 mm prior to ablation which was slightly reduced after ablation[24].

Study limitations
We do not know if eliminating anti-hypertensive drugs from those patients with the “neurogenic” form of HTN manifesting normal left atrial dimensions would have resulted in a reduction in SBP than we found. However, in those patients with the “arterial vasoconstrictor” form of HTN manifesting LADs greater than 4 cm, there was no significant change in mean SBP over the same follow-up period, even though they had the same AF ablation procedure and the same salutary outcome, i.e., restoration of sinus rhythm while still on antihypertensive agents. It has been noted by the authors of the Symplicity trials that the extension of renal artery denervation to patients who respond favorably to drugs is problematic. Indeed, Frohlich[25] in a recent editorial indicated that, “Only a small fraction of patients with hypertension have “drug resistant hypertension”…Consequently, the mass extrapolation to all patients with hypertension for…this specialized procedure does not seem appropriate at this time. Therefore, we do not know if patients in group 2, off drugs, would have also responded with significant reductions of SBP after catheter ablation. A distinct limitation of this study is the small numbers of patients in groups 1 and 2 which requires that the findings be interpreted with caution. Further studies of the co-morbidity (AF and HTN) in a larger cohort of patients will help to corroborate the present findings, particularly if one group contains those having PVI alone or PVI plus GP ablation[17].
Significant differences were found in the mean SBP before ablation and at follow up intervals, with the SBP being lower post GP ablation in patients with AF and HTN with normal LADs. Based on previous experimental and clinical studies we conclude that HTN in Group 1 was sympathetically based, i.e., neurogenic HTN, and drug resistant whereas HTN in Group 2, mainly drug responders, manifested arterial vasoconstriction as the mechanism for HTN. We hypothesize that GP ablation in Group 1 served to reduce afferent and efferent sympathetic enhanced ventricular contractility leading to HTN amelioration. Further studies in patients with hypertension and AF undergoing PVI and GP ablation, using a prospective protocol and a larger sample size, may be required to achieve more definitive results.
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COMMENTS 
Background
Hypertension commonly occurs with atrial fibrillation. The authors studied patients who were successfully treated for atrial fibrillation over a period of 1 year. A sub-group of these patients also had a dramatic reduction of blood pressure into the normal range. The authors determined the mechanisms for the concomitant suppression of these two morbidities on the basis of the singular ablation procedure performed by our cardiologists.

Innovations and breakthroughs 
Since 2004 author’ clinical laboratories have used a singular hybrid procedure which combines the isolation of the muscle tissue of the pulmonary veins, the atrial fibrillation origin, from the rest of the atrium with ablation and of the nerve clusters at the pulmonary vein-atrial junctions which induce the abnormal activity arising in the pulmonary veins. We did a retrospective study of patients who underwent this procedure and collected follow-up data at 2 wk to 1 year after the procedure. Of the 33 patients who were in normal heart rhythm throughout the authors found that 21 had no change in blood pressure whereas in 12 their blood pressures were normal. All patients were on similar multiple anti-hypertensive drugs. The aurhos found that the non-responders had enlarged atria while the responders had normal sized atria before and after the procedure and follow-up. These finding suggested that there was a sub-population of patients whose hypertension was neurally based in the heart while the others had hypertension due to factors outside the heart, i.e., abnormality of the renin-angiotensin-aldosterone system, which caused the arteries to constrict leading to enlargement of the heart chambers.

Applications
Only recently has it been shown that patients with forms of hypertension resistant to multiple drug regimens had a neurogenic basis for their condition which could be dramatically reduced by neural ablation procedures. Just as in our small population the resistant forms of hypertension represent a small proportion of the general population with high blood pressure which respond to multiple drug therapy. The authors suggest that non-invasive methods for determining heart size by ultrasound, particularly the atrial dimensions can be used to categorize patients with drug resistant and drug responsive hypertension thereby foregoing weeks or months of drug trial for the former group.

Terminology
Hypertension: Abnormally high blood pressure; Atrial Fibrillation: A very rapid and irregular heart rate which can become persistent and can lead to heart failure and strokes; Ablation: A procedure in which an electrode catheter is introduced into the heart which allows the application of radiofrequency energy to create lesion to destroy abnormal heart or nerve tissues. 

Peer-review
The authors performed a retrospective study to discuss the significant differences in the mean systolic blood pressure before ablation and at follow up intervals, with the systolic blood pressure being lower post ganglionated plexi ablation in patients with atrial fibrillation and hypertension with normal left atrial dimensions. These observations are interesting, and could be helpful in clinic study.
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Table 1 Anti-hypertensive drugs taken by patients before and after catheter ablation procedures
	No. of patients
	Anti-hypertensive agents

	7
	ACE inhibitor

	7
	Calcium channel blockers

	2
	Beta blockers

	1
	Angiotensin 2 receptor blocker

	6
	ACE inhibitor, beta blocker

	3
	Calcium channel blocker, angiotensin 2 receptor blocker

	2
	ACE inhibitor blocker. Calcium channel blocker

	2
	ACE inhibitor, diuretic

	1
	Calcium channel blocker, beta blocker, diuretic

	1
	Calcium channel blocker, beta blocker

	1
	ACE inhibitor, calcium channel blocker, diuretic



Table 2 Comparison of descriptive statistics between Study Groups 

	Variable
	Group 1 (LAD ≤ 4 cm)
	Group 2 (LAD > 4 cm)

	
	Mean ± SD
	Mean ± SD

	AGE (yr)
	58.3 ± 9.2
	60.4 ± 6.8

	LAD (cm)
	3.63 ± 0.34
	4.54 ± 0.4

	Pre-ablation SBP (mmHg)
	142.6 ± 13.7
	130.3 ± 17.5

	Pre-ablation DBP (mmHg)
	83.8 ± 11.6
	80.6 ± 15.6

	SBP - 2 wk (mmHg)
	126.8 ± 19.4a
	129.6 ± 16.9

	DBP - 2 wk (mmHg)
	76.2 ± 13.5
	78.9 ± 11.5

	SBP - 3 mo (mmHg)
	129.1 ± 15.4 a
	132.1 ± 13.6

	DBP - 3 mo (mmHg)
	77.6 ± 12.8
	79.1 ± 12.2

	SBP - 6 mo (mmHg)
	123.7 ± 16.8 a,b
	134.3 ± 14.4

	DBP - 6 mo (mmHg)
	76 ± 10.1
	77.7 ± 9.5

	SBP - 1 yr (mmHg)
	119.2 ± 13 a,b
	130.4 ± 13.4

	DBP - 1 yr (mmHg)
	70.4 ± 12.2
	78.7 ± 9.1



Group 1: LAD ≤ 4.0 cm; Group 2: LAD > 4.0 cm); aP ≤ 0.05 compared to SBP pre-ablation; bP = 0.008, P = 0.001, Group 1 SBP compared to Group 2 SBP at 6 mo and 1 year, respectively, after the GP and PVI ablation procedure. LAD: Left atrial dimension; SBP: Systolic blood pressure; DBP: Diastolic blood pressure.
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Figure 1 Distribution of the percent incidence of left ventricular hypertrophy in the two study groups. Although the number of patients with or without left ventricular hypertrophy (LVH) were not significantly different, the trend showed a lower incidence of LVH in Group 1 (33%) vs Group 2 (56%) and a corresponding higher number lacking LVH in Group 1 (67%) vs Group 2 (44%).
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