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Abstract

Background: Bilateral cardiac sympathetic denervation (BCSD) is a surgical treatment for 

refractory ventricular arrhythmias. Although the procedure has shown efficacy at reducing cardiac 

arrhythmias, its impact on mental health is unknown. In the current study we examined 

associations between the BCSD procedure and mental health.

Methods: 10 ventricular arrhythmia patients undergoing BCSD completed assessments of 

anxiety, depression, and posttraumatic stress symptoms at pre- and post-BCSD time points. 

Wilcoxon signed rank and Mann-Whitney U tests were used to examine differences mental health 

symptoms in the pre- and post-BSCD states. Point biserial correlations were used to explore 

associations between BCSD response and mental health symptoms.
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Results: A significant reduction of anxiety symptoms was observed from pre- to post-BCSD. At 

the post-BCSD assessment, participants who successfully responded to the BCSD procedure 

exhibited lower anxiety symptoms compared to non-responders. However, no significant 

relationships were identified for depressive or PTSD symptoms.

Conclusion: The BCSD procedure is associated with reduced anxiety shortly after successful 

treatment for refractory ventricular arrhythmias in a small sample. Longitudinal surveillance of 

mental health symptoms after BCSD may be warranted to monitor the impact of this procedure on 

mental health.

Keywords

cardiac arrhythmia; autonomic nervous system; mental health; sympathectomy; anxiety; 
depression; PTSD

1. Introduction

Implantable cardioverter-defibrillator (ICD) placement, to treat ventricular arrhythmias 

(Mirowski et al., 1980), is now a common procedure with survival benefits (Moss et al., 

1996, Maron, 2000, Corrado et al., 2003, Arya et al., 2005). ICD placement is even 

associated with reduced mortality risk across a variety of heart failure conditions (Vakil et 

al., 2016), leading to increased implementation over time. However, placement is associated 

with the occurrence of repeated and unpredictable defibrillator shocks with and without 

presence of detected arrhythmias (Sears and Conti, 2003, Germano et al., 2006). ICD 

placement has also been associated with poorer mental health including increased levels of 

anxiety, depression, and posttraumatic stress disorder (PTSD), particularly in the setting of 

repeated shock episodes to resynchronize the heart rhythm (Sears et al., 1999, Sears and 

Conti, 2002, Sears and Conti, 2003, Germano et al., 2006, Serber et al., 2007, Matchett et 

al., 2009, Pedersen et al., 2009, Sears et al., 2009, Sears et al., 2011, Lang et al., 2014). 

Anxiety, depression and PTSD have been consistently linked with increased risk for 

cardiovascular and cardiometabolic disease, and importantly, increased rates of mortality 

(Cohen et al., 2009, Phillips et al., 2009, Cohen et al., 2015, Seldenrijk et al., 2015, Emdin et 

al., 2016, Wolf and Schnurr, 2016, Dyball et al., 2019), underscoring the critical need for 

treatments that effectively target cardiovascular diseases without negatively impacting 

mental health symptoms.

Cardiac sympathetic denervation is a surgical treatment for refractory ventricular 

arrhythmias that has been increasingly utilized in recent years (Collura et al., 2009, Ajijola 

et al., 2012a, Ajijola et al., 2012b). Bilateral cardiac sympathetic denervation (BCSD) in 

particular has shown preliminary efficacy reducing arrhythmia expression (Shah et al., 

2019), with one year survival rates of approximately 50% in one study (Vaseghi et al., 2017). 

The BCSD procedure involves removal of the bilateral segment of the sympathetic chain 

from T1-T4 that includes the proximal portion of the stellate ganglion, which provides 

excitatory input to the heart. Resection of this portion of the sympathetic chain is thought to 

reduce excitatory drive from higher centers of the central nervous system including the 

brainstem, subcortical and cortical regions, via engagement of central and intrathoracic 

sympathetic reflexes (Ardell et al., 2019).
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Although the BCSD procedure shows promise in ameliorating recurrent ventricular 

arrhythmias, the impact of this procedure on mental health is unknown. Given the link 

between sympathetic nervous system activity and mental health symptoms (Pohjavaara et 

al., 2003, Barton et al., 2007, Morris and Rao, 2013, Khalsa et al., 2018), it seems 

conceivable that treatments manipulating the sympathetic chain might be capable of 

modulating mental health symptoms (Pohjavaara et al., 2003, Lipov and Kelzenberg, 2012, 

Streeter et al., 2012). The BCSD procedure represents a prime target for investigation as it 

plays a direct role in dampening sympathetic responses. We previously described a case 

study in which the combination of BCSD, cognitive behavioral psychotherapy and initiation 

of serotonergic medication was effective in attenuating severe anxiety ensuing from 

recurring ICD shocks (Khalsa et al., 2014). However, we observed relatively less 

improvement in depression symptoms, and no improvement in PTSD symptoms at one year. 

The lack of a substantial group, given the rarity of this procedure, precluded the ability to 

conduct any statistical analyses and generation of inferences regarding the impact of the 

procedure on mental health. Furthermore, while employing a combined therapeutic approach 

allowed targeted treatments for both physical and mental health symptoms, we were unable 

to examine the potentially unique effects that BCSD may have on mental health symptoms.

In the current study, we assessed associations between the BCSD procedure and mental 

health in a somewhat larger cohort of individuals. Our primary aims were to 1) examine the 

effects of BCSD procedure on mental health including anxiety, depression, and PTSD 

symptoms, and 2) to examine clinical profiles of patients from whom the BCSD procedure 

was successful (i.e., treatment responders). We hypothesized that the BCSD procedure might 

be sufficient to attenuate symptoms of anxiety, depression, and PTSD. Additionally, we 

hypothesized that symptomatic improvement of mental health symptoms would be greater in 

individuals for whom the BSCD procedure was successful.

2. Materials and Methods

2.1 Participants

Participants were recruited from the UCLA Cardiac Arrhythmia Center between July 2012 

and January 2018. Eligible participants included male and female adult patients between the 

ages of 18–71 years. All participants were diagnosed with cardiovascular disease, had 

received ICD placement for the treatment of ventricular arrythmias, and were undergoing 

evaluation for BCSD to manage recurrent ICD shocks. Participants were screened for 

inclusion during an inpatient evaluation for treatment of acute VT storm. Those deemed 

appropriate for the BCSD procedure provided informed consent and were included in the 

present study. Individuals under the age of 18, those known to have prior removal, damage, 

destruction of nerve tissue, or infiltration of thoracic sympathetic nerve tissue by cancer 

were excluded from undergoing the BCSD procedure, and thus were excluded from the 

present study.

Participants completed one baseline visit prior to undergoing the BCSD procedure (Pre-

BCSD assessment; described below), one visit shortly after the procedures (Post-BCSD 

assessment), and when able, one follow-up visit which occurred at least one month after the 

Post-BCSD visit. Visit 1 included baseline assessment of demographics, baseline 
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cardiovascular assessment and psychological assessment. Visit 2 included a Post-BCSD 

psychological assessment Post-BCSD and evaluation of response to the procedure. Visit 3 

included a follow-up assessment of BCSD response and psychological assessment. Figure 1 

provides an overview of study measurements at each visit. Several data points were missing 

for each measure across each visit, and several subjects did not complete Pre- and Post-

BCSD assessments; a detailed listing and a secondary analysis including these parameters 

can be found in the Supplement.

The present study was approved by the University of California Los Angeles Institutional 

Review Board, and the work described has been carried out in accordance with The Code of 

Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving 

humans. All participants provided written informed consent prior to study enrollment.

2.2 BCSD Procedure

During the BCSD procedure, the bilateral sympathetic chain from T1-T4 that included the 

proximal portion of the stellate ganglion was removed. The surgery was discussed in detail 

with each patient by a cardiothoracic surgeon who conducted the BCSD procedure. 

Individuals who underwent the procedure were evaluated during the follow-up visit (at least 

one-month post-BCSD) to determine if denervation was achieved, and were subsequently 

classified as BCSD responders or non-responders during routine clinical follow-up at Visit 2 

and/or Visit 3 (see below for cardiovascular assessment). If a subject was classified as a non-

responder at either Visit 2 or 3, they were included in the BCSD non-responder category; 

whereas those who were classified as a responder at either Visit 2 or 3 were included in the 

BCSD responder category. Additional assessments were conducted evaluating the impact of 

the BCSD procedure on measures of sympathetic or vagal tone including finger pulse 

volumetry, skin impedance, and continuous cardiac functional parameters; the results of this 

testing are reported elsewhere (Dusi et al., 2020).

2.3 Psychological Assessment

Self-report questionnaires were used to examine current mental health symptoms pre- and 

post-BCSD. Specifically, depression, anxiety and posttraumatic stress disorder (PTSD) 

symptoms were measured using the Beck Depression Inventory (BDI-II) (Beck et al., 1996), 

Beck Anxiety Inventory (BAI)(Beck et al., 1988), and the PTSD Symptom Checklist (PCL-

Civilian Version) (Weathers et al., 1994) during visits 1 and 2. Of note, the BDI-II and BAI 

assess symptoms of depression and anxiety over the past two weeks, whereas the PCL 

assesses PTSD symptoms over the past week. Total severity scores were calculated for each 

measure, with higher scores indicating more severe symptoms.

2.4 Cardiovascular Assessment

Clinical cardiovascular assessments were conducted by trained cardiology personnel, with 

routine follow-up visits conducted as clinically indicated. At baseline, the following 

measures were collected for each patient: 1) height and weight to calculate body mass index 

(BMI), 2) number of lifetime shocks, left ventricular ejection (LVE), 3) history of previous 

cardiovascular treatments, 4) history of previous heart surgeries, 5) current diagnosis of 

hypertension, diabetes mellites and/or hyperlipidemia, 6) current smoking status, 7) history 
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of transischemic attacks and supraventricular arrythmias, 8) New York Heart Association 

(NYHA) assessment to classify degree of heart failure, and 9) current medications including 

prescriptions for beta-blockers and anti-inflammatories. BCSD responders were defined as a 

reduction in arrhythmias detected by the patient’s defibrillator, defibrillator shocks or 

therapies in the 3–6 months following BCSD compared to the same interval prior to BCSD.

2.5 Statistical Analysis

Statistical analyses were conducted using the R Statistical Package. A robust analytic 

approach was employed to accommodate the small sample size and unequal variances 

between groups, and to limit the influence of outliers. Pairwise changes in psychological 

symptoms from pre- to post-BCSD were conducted using Wilcoxon Signed Rank tests (two-

sided) (wilcox.test, paired command)). Mann-Whitney U tests (wilcox.test command), were 

used to explore differences between mean pre- and post-BCSD anxiety, depression, and 

PTSD symptoms. Point biserial correlations were used to examine associations between 

BCSD response and mental health symptoms (pbcor command; beta constant = 0.1). Visual 

inspection of baseline demographic information and medical history was used to 

qualitatively consider the profile of individuals who were clinically classified as BCSD 

responders. Given the exploratory nature of the analysis, a critical p-value of 0.05 was used 

to determine significance.

3. Results

A total of 30 ventricular arrhythmia patients (77% male; mean age = 49.7, SD = 15.6 years) 

undergoing BCSD completed assessments of depression, anxiety, and PTSD symptoms pre-

BCSD. 16 patients completed assessments post-BCSD. We obtained pre- and post-BCSD 

assessments from 10 patients, and we focus our analysis on these individuals. Demographic 

characteristics for the paired sample are presented in Table 1 (demographics for the entire 

sample are listed in the Supplement). During the baseline (i.e., pre-BCSD) assessment, 

participants endorsed mild levels of depression symptoms and moderate levels of anxiety 

and PTSD symptoms on average. During the post-BCSD assessment, participants endorsed 

mild levels of depression, mild anxiety, and moderate levels of PTSD symptoms on average. 

The time between pre- and post-BCSD assessments ranged from one week to 63 months 

(median = 1.0, median absolute deviation = 7.4). The time between the post-BCSD and 

follow-up visits ranged from one to 27 months (median = 15, median absolute deviation = 

0.0).

3.1 Pairwise changes in Mental Health Symptoms from Pre- to Post-BCSD

A significant pairwise reduction in anxiety symptoms was observed from pre- to post-BCSD 

(V = 52, p = 0.010) with a median difference between assessments of 12 points. Depression 

symptoms also decreased from pre- to post-BCSD with a median difference of 4 points. 

However, this symptom reduction did not meet the threshold for statistical significance (V = 

25, p = 0.078). No significant reductions were identified in PTSD symptoms from pre- to 

post-BCSD (V = 27, p = 0.635; median difference = 6). Individual changes in symptoms are 

presented in Figure 2 and Table 3.
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3.3 Demographic profiles of BCSD responders

To further understand the clinical characteristics of patients who respond to BCSD 

treatment, we examined the profiles of individuals who were classified as BCSD responders 

(n = 6) and non-responders (n = 3). BCSD response was missing for one subject. With 

respect to mental health symptoms at baseline (Visit 1), anxiety (p = 0.171), depression (p = 

0.800) and PTSD (p = 0.653) were not related to BCSD response. At visit 2 (post 

procedure), BCSD response was significantly associated with anxiety symptoms (rpb = 

−0.68, p = 0.043), with responders exhibiting lower levels of anxious symptoms compared to 

non-responders (median difference = 9.5 points). However, neither depressive (rpb = −0.29, p 
= 0.480) nor PTSD (rpb = −0.32, p = 0.397) symptoms were significantly associated with 

BCSD response.

4. Discussion

The current study represents the largest investigation of associations between BCSD and 

mental health symptoms to date. In a paired sample of 10 individuals receiving treatment for 

refractory ventricular arrhythmias, we found that the BCSD procedure was associated with 

reduced anxiety but not depression or PTSD symptoms shortly after treatment. Consistent 

with the clinical observation in our earlier case study (Khalsa et al., 2014), we identified a 

statistically significant reduction in anxiety symptoms following the BCSD procedure at the 

group level. While reductions did not reach statistical significance for depression, a small 

effect in the predicted direction was observed. We did not see any appreciable reduction in 

PTSD symptoms following the procedure. In addition, BCSD response was associated with 

significantly lower levels of anxiety but not depression or PTSD symptoms post-treatment.

Previous studies have suggested that BCSD is an important adjunctive treatment for 

individuals with refractory ventricular arrythmias (Vaseghi et al., 2017, Shah et al., 2019). 

However, despite the association of increased mental health symptoms in this patient 

population (Sears et al., 1999, Sears and Conti, 2002, Sears and Conti, 2003, Germano et al., 

2006, Serber et al., 2007, Matchett et al., 2009, Pedersen et al., 2009, Sears et al., 2009, 

Sears et al., 2011, Lang et al., 2014), this is the first study to date to examine the potential 

impact of BCSD on anxiety, depression and PTSD symptomatology. Similar to previous 

studies, we observed clinically significant levels of anxiety, depression, and PTSD in such 

patients prior to undergoing the BCSD procedure, underscoring the need for routine 

standardized approaches to mental health screening, evaluation and treatment in patients 

with ventricular arrythmias.

We observed significant reductions in self-reported anxiety symptoms following the BCSD 

procedure. It seems theoretically plausible the interruption of sympathetic chain fibers 

during the BCSD procedure (Ardell et al., 2019) might beneficially impact patients’ 

perceptions of anxious symptoms through a general reduction of afferent neurovisceral 

signals (see (Smith et al., 2017) for a review). However, without a sham treatment group, 

this associational study cannot conclusively identify the source of the anxiety reductions. 

Other potential contributors might relate to post-procedural relief that an intervention was 

delivered, early signs of resolution of ventricular tachyarrhythmias, and/or subsequent 
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access to mental health treatment. These explanations are speculative as we did not control 

for or measure each of these events in enough detail.

While our results provide initial evidence that the BCSD procedure is associated with 

reduced anxiety symptoms, the sustained elevation in PTSD symptoms, and to a lesser 

extent, depression is concerning particularly given the link between increased mortality with 

depression and PTSD in cardiovascular disease (Cohen et al., 2009, Phillips et al., 2009, 

Cohen et al., 2015, Seldenrijk et al., 2015, Emdin et al., 2016, Wolf and Schnurr, 2016, 

Dyball et al., 2019); for review, see (Edmondson and von Kanel, 2017)). The availability of 

effective pharmacologic and non-pharmacologic interventions for depression and PTSD in 

cardiac patients (Pedersen et al., 2007, Hirsh et al., 2009, Dunbar et al., 2012, Qintar et al., 

2015) suggests that BCSD patients experiencing depression and PTSD may derive 

significant improvements in mental health upon receiving the appropriate treatment referral. 

Our results underscore the importance of longitudinal surveillance of mental health 

symptoms, beyond standard pre-surgical screenings, before and after BCSD both for 

responders. Such monitoring could occur remotely, but should be paired with the appropriate 

clinical services in the event that treatment referral is indicated (e.g., to help them cope with 

the psychological trauma associated with repeated near-death experiences, or to address 

underlying anxiety or depression), as well as to provide supportive care for non-responders 

(Kamphuis et al., 2003, Carroll, 2008, Kramer et al., 2017). We have argued previously for 

the application of a synergistic therapeutic approach employing treatments targeting both 

physical and mental health symptoms (Khalsa et al., 2014). Interdisciplinary or integrated 

care programs involving cardiologists, psychiatrists, psychologists and nurses are well-suited 

to accomplish this objective, as are web-based interventions (Schulz et al., 2019). 

Interestingly, several studies have suggested the potential efficacy of unilateral stellate 

ganglion blockade injection in reducing treatment resistant PTSD, particularly for symptoms 

of avoidance and hyperarousal (Mulvaney et al., 2010, Lipov and Kelzenberg, 2012, 

Olmsted et al., 2019). However, the long-term efficacy of stellate blockade is unknown, the 

employed methodology varies considerably from that of BCSD (unilateral vs bilateral), and 

the application of a local anesthetic to induce stellate blockade would only be expected to 

provide a temporary reprieve (if effective) for cardiac arrhythmias.

4.1 Limitations

The present study provides an initial framework for examining the effects of BCSD 

treatment on mental health outcomes, but it is not without limitations. First, BCSD is a fairly 

rare intervention for treatment-refractory ventricular arrythmias, with a limited number of 

patients who are eligible for treatment. Thus, the sampling pool for recruitment was small. 

Additionally, only a small number (n =10) of participants completed both pre- and post-

BCSD assessments. As a result we were unable to conduct more sophisticated analyses 

including inferential statistics and inclusion of relevant covariates, which rely on greater 

statistical power. There was also variability in the number of individuals completing the 

different visits, the timing of follow-up visits and also in the number of available 

measurements, which was influenced by pragmatic constraints involved in conducting 

research assessments in an acute inpatient environment. Nevertheless, the present results 

underscore the prevalence of mental health symptoms in ventricular arrhythmia patients 
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undergoing BCSD treatment, and provides further evidence of an association between 

modulation of the autonomic nervous system and anxiety.

4.2 Conclusion

The BCSD procedure is associated with reduced anxiety but not depression or PTSD 

symptoms shortly after successful treatment for refractory ventricular arrhythmias. Larger 

prospective longitudinal studies may be warranted to monitor the impact of this procedure 

on mental health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Stellate ganglia removal was associated with lower anxiety in cardiac 

arrhythmias

• Successful arrhythmia response to denervation was associated with lower 

anxiety

• Stellate ganglia removal was not associated with lower depression or PTSD 

symptoms
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Figure 1. 
Overview of study measurements at each visit. Participants completed assessments during a 

pre BCSD visit (visit 1), a post-BCSD visit (visit 2) and at a follow-up visit (visit 3). The 

mean time between visits 1 and 2 was 1.6 months, and the mean time between visits 2 and 3 

was 12.8 months.
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Figure 2. 
Pairwise illustration of mental health symptoms in 10 individuals pre- and post-bilateral 

cardiac sympathetic denervation (BCSD). Subject 3 was missing pre-data for depression, 

and subject 5 was missing post-data for depression. Subject 1 was missing pre-data for 

PTSD.
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Table 1.

Baseline demographic information and medical history prior to BCSD procedure for the paired sample.

Mean (SD) Median (MAD) Percent (n) N

Demographics

  Age 49.3 (12.9) 51 (12.6) -- 10

  Sex (% male) -- -- 80% (8) 10

  BMI 31.4 (4.3) 30.6 (5.3) -- 9

Medical

  Shocks (lifetime) 9.3 (12.5) 6.5 (5.9) -- 10

  Pre-BCSD LVE (max %) 35.2 20.0) 42.5 (18.5) -- 9

  Previous Cardiac Treatment -- -- 100% (10) 10

  Previous Heart Surgery -- -- 30% (3) 10

  Hypertension -- -- 20% (2) 10

  Diabetes Mellites -- -- 0% (0) 10

  Hyperlipidemia -- -- 20% (2) 10

  Smoking status (% current or past) -- -- 87.5% (6) 7

  Transischemic Attacks -- -- 0% (0) 8

  History of SV arrhythmia -- -- 40% (4) 10

  Beta-blocker (% prescribed) -- -- 100% (10) 10

  Anti-inflammatory (% prescribed) -- -- 12.5% (1) 8

  BCSD Responder (% yes) -- -- 66.7% (6) 9

Note: BCSD = bilateral cardiac sympathetic denervation; SD = standard deviation; MAD = median absolute deviation; BMI = body mass index; 
LVE = left ventricular ejection; SV = supraventricular. The numerical column indicates the number of individuals for whom the relevant assessment 
was obtained.
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Table 3.

Pre- and post-BCSD mental health symptom severity scores.

Pre-BCSD Post-BCSD

N Mean (SD) Median (MAD) N Mean (SD) Median (MAD)

Anxiety 10 21.0 (11.6) 24.0 (12.6) 10 12.5 (7.5) 13.5 (5.2)

Depression 9 17.0 (13.2) 15.0 (7.3) 9 13.9 (11.7) 10.0 (5.9)

PTSD 9 34.4 (15.4) 33.0 (13.3) 10 34.9 (14.5) 32.5 (7.4)

Note: Anxiety reflects total scores on the Beck Anxiety Inventory; Depression reflects total scores on the Beck Depression Inventory-II; PTSD 
reflects total scores on the PTSD Checklist-Civilian Version; BCSD = bilateral cardiac sympathetic denervation; MAD = median absolute 
deviation; PTSD = posttraumatic stress disorder; SD = standard deviation. There was missing pre-data for depression in one subject, missing post-
data for depression in one subject, and pre-data for PTSD in one subject.
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