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Abstract: Purpose: Determine if performing ultrasound-guided, bilateral, two-level cervical
sympathetic chain blocks (2LCSB) (performed on subsequent days) provides durable
improvement in symptoms associated with anxiety. Methods: A retrospective chart review
was conducted between January 2022 and November 2024. We identified 114 patients who
received bilateral, 2LCSB for anxiety symptoms. Generalized Anxiety Disorder 7-Item
Scale (GAD-7) outcome measure scores were collected at baseline and three-months post
procedure in 71 males and 43 females. Results: Out of 114 patients, 99 patients (86.8%)
showed a long-lasting improvement in their GAD-7 scores. Collected GAD-7 forms had
a baseline average of 15.52 (14.99 for males and 16.40 for females), which decreased after
three months to an average of 7.28 (6.96 for males and 7.81 for females). This represents
a 52% average improvement in anxiety symptoms. Conclusions: In individuals treated
with bilateral, 2LCSB, GAD-related symptoms were improved by 52% for at least 3 months
regardless of initial anxiety severity.

Keywords: stellate ganglion; SGB; anxiety; generalized anxiety disorder; GAD-7; two-level
cervical sympathetic chain block; 2LCSB; ultrasound

1. Introduction
Anxiety disorders (ADs) are a leading cause of psychological stress globally, with a

high burden of illness for many patients [1,2]. There are over 301 million globally recorded
cases of anxiety as of 2019, with an additional projected 25% increase in overall cases
following the COVID-19 pandemic [3,4]. ADs may present with unique symptoms based
on the specific diagnosis, but are symptomatically described as excessively perseverating on
worries, fears, concerns, or aspects of daily living. This may result in challenges related to
employment, personal relationships, management of finances, and other aspects of life [5].
ADs are typically chronic and comorbid with other psychological health conditions such
as post-traumatic stress disorder (PTSD), substance abuse disorder, depression, phobic
conditions, and suicidal ideations [5] ADs are diagnosed more frequently in females than
males, with females having a 1.5–2 times greater likelihood per Bendelow et al. [2]. Their
specific etiology is unknown but is thought to be due from a combination of childhood
trauma, stressful life circumstances, genetic differences in patients, and other unknown
causes which manifest in both neurocognitive and neurobiological challenges [6,7].
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Traditionally, anxiety disorders are treated through a combination of behavioral ther-
apy and psychopharmacological intervention. Behavioral therapy is shown to provide
notable benefits in patients with anxiety, with roughly 50% improvement with cognitive
behavioral therapy (CBT) [8]. Common psychopharmacological interventions include sero-
tonin reuptake inhibitors (SSRIs), serotonin–norepinephrine reuptake inhibitors (SNRIs),
anti-psychotics, GABAergic medications, and anti-depressants, among other options [1].
While at times useful, anti-anxiety medications may also be over-prescribed and have
various common side effects from their intervention [9]. These include drug dependence,
oversedation, and impact on neurocognitive functions, which may affect interpersonal
relationships and overall psychological health [9], sought in cases of pervasive anxiety-
related symptoms. The published literature notes between 60 and 85% of patients respond
to anxiety-specific medications and only 50% experience symptom relief [10]. Anxiety may
be refractory, as patients experience high rates of recurrence following treatment [11], with
lifestyle factors, comorbid conditions, and poor psychopharmacological responses often
contributing to return of symptoms [12].

Unfortunately, over the past ten years, there have been significantly less clinical trials
aimed at providing new psychopharmacological options for patients with anxiety disorders
relative to other psychiatric conditions [9]. Procedural options for management and the
treatment of anxiety are also relatively scant. Deep brain stimulation (DBS) has been
explored for a range of psychiatric conditions with mixed results. Some pre-clinical studies
on mice suggest that DBS of the hypothalamus may provide therapeutic improvements [13],
but case-series-level evidence in humans found increased panic and fear with DBS in a
2006 publication [14]. Other works suggest that DBS may have future applications on
psychiatric conditions, but anxiety-specific applications were not explicitly listed [15].
Cranial electrotherapy stimulation (CES) is another procedural option proposed to treat
clinical disorders. In a small number of pre-clinical and clinical studies, some publications
showed limited initial benefits of CES but with conflicting results and severe methodological
concerns, bias, and lack of scientific rigor [16–18]. When traditional therapeutic and
pharmacological measures fail, patients with anxiety may struggle to find alternative
treatment options. For this reason, it is critical to continue conducting research trials
focused on providing new treatment options for this disorder [1].

Patients often report anxiety-related symptoms of hyperarousal, anxiousness, and
irritability, which may result from the chronic activation of the sympathetic nervous system
(SNS). Heightened activation of the SNS is essential for surviving danger during immediate
fight-or-flight scenarios but may remain inappropriately elevated in patients with chronic
anxiety. The stellate ganglion is a part of the cervical sympathetic chain, along both sides of
the anterior cervical spine, and is a cluster of nerves located in proximity to the C7 vertebra
that results from the fusion of the inferior cervical and first thoracic sympathetic ganglia. It
is thought to play a significant role in the mediation of the sympathetic nervous system and
may mediate communication between the body and the brain along the SNS, and blocking
the stellate ganglion may assist in reducing anxiety-related symptoms [19].

The stellate ganglion block (SGB) procedure is an emerging procedure option shown
to improve anxiety symptoms in clinical settings. The intervention was first used in the
1920s for the treatment of pain-related conditions and post-traumatic stress injury. In
1990, Lebovits et al. noted and described the first use of SGB for the treatment of post-
traumatic stress disorder (PTSD), which is often comorbid with anxiety [20]. Since this
1990 publication, there have been more than thirty-five peer-reviewed studies using SGB
as a treatment modality for PTSD and anxiety [21]. Most notably, SGBs have been shown
to be a safe, well-tolerated treatment option for PTSD symptoms, with Level 1b evidence
affirming its use.
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Since the 1990s, there has been significant evolution regarding the methodology of
the SGB procedure. The development of injection protocols was heavily influenced by an
understanding of the central and autonomic nervous system stress responses. SGBs were
initially conducted by injecting the right side at the 6th cervical vertebra level [22,23], as
the right cerebral hemisphere impacts the central and autonomic nervous system’s stress
response [24,25]. However, future works found two-level cervical sympathetic chain blocks
had superior improvements in PTSD symptoms when conducted at the 4th and 6th cervical
vertebrae in comparison to single-level SGB at the 6th cervical vertebra alone [26,27].
In 2019, Rae Olmsted and colleagues published their landmark Level 1b multi-center
randomized controlled trial (RCT), which demonstrated the efficacy of right-sided SGBs
(injecting 7–10 mL of 0.5% ropivacaine) spaced two weeks apart for the treatment of PTSD-
related symptoms [28]. As a result, SGB was denoted as an available treatment option that
can be used in conjunction with trauma-focused psychotherapy and has been incorporated
into behavioral centers over the last 10 years [29].

Since 2015, published Clinical Practice Guidelines described the use of left-sided SGB
for PTSD if right-sided SGB did not provide clinical benefits [30]. In 2021, the first case
series illustrated that 5% of patients do not respond to right-sided SGB and will only
respond to left-sided SGB treatment for PTSD. Before this, SGB-related benefits were only
described with right-sided blocks in the research for PTSD treatment [31]. As a result, we
shifted our clinical practice and data collection to reflect the usage of a bilateral, multilevel
block for PTSD treatment. To prevent occult medical emergency caused by recurrent
laryngeal nerve block and subsequent potential respiratory distress, SGBs were performed
on subsequent days. Patients receive the right-sided block first, then the left-sided block on
the following day.

The term SGB, and its corresponding procedure, are well known, but it should not
be considered accurate nomenclature for the intervention in our view. Patients present
with significant anatomical variations in the course of the cervical sympathetic chain, and
performing the block at the 6th and 4th cervical vertebrae levels resulted in improved
outcomes versus the C6 level alone [19,32,33]. The stellate ganglion is also only present in
80% of individuals—therefore, the term SGB may present an inaccurate assessment of the
procedure [34]. For this reason, we began using two-level cervical sympathetic chain block
(2LCSB) as the more appropriate medical nomenclature for the SGB procedure, since it
describes treating the cervical sympathetic chain, and not specifically the stellate ganglion.

While using bilateral 2LCSBs to treat PTSD in clinical practice, we noticed secondary
patient complaints were improving during follow-up. While all patients underwent treat-
ment for PTSD symptoms, we observed significant improvements in secondary, overlap-
ping symptoms (such as anxiousness, worry, and restlessness) in patients with a comorbid
history of anxiety. This observation prompted us to include patient-reported outcome
measures (PROMs) for anxiety-specific symptoms using the Generalized Anxiety Disorder
7-Item Scale (GAD-7) questionnaire [35].

In terms of anxiety-specific application of the 2LCSB, Lynch and colleagues published
the first case series suggesting SGB was an effective treatment option for anxiety symp-
toms [36]. Using the GAD-7 as the primary metric, this study showed bilateral 2LCSBs
to be a safe and possibly effective intervention for chronic severe anxiety. Changes in
patient GAD-7 scores at one week showed a 57% improvement in anxiety symptoms and
GAD-7 scores at one month showed a 48% improvement. A significant observation in
that study noted that bilateral 2LCSB demonstrated more improvements than a lone right-
sided procedure [36]. It also noted that some patients responded to repeat right-sided
2LCSB treatment if symptoms recurred after undergoing bilateral 2LCSB sequence [37].
The Lynch et al. publication [36] followed patients for only 1 month after treatment. While
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the study showed a significant reduction in symptoms for severe anxiety in patients re-
gardless of sex/gender, effects in individuals with mild or moderate symptoms remain
undescribed. The primary goal of this publication is to investigate these outstanding ques-
tions by increasing follow-up to three months post procedure, including secondary goals of
analyzing effects in patients diagnosed with mild to severe anxiety, conducting an analysis
of subgroup-specific responses, and modeling male and female sex outcomes after the
2LCSB procedure. We hypothesize that 2LCSB may provide a long-lasting improvement in
GAD-7 score decreases at three months post procedure across all severity groups and for
male and female patients.

2. Materials and Methods
This retrospective cohort case series was approved by the institutional review board

of the Institute of Regenerative and Cellular Medicine (IRCM-2024-412). Patients (n = 114)
with a prior history of chronic anxiety, documented for greater than 3 months, were selected
as participants. In each case, patients underwent a bilateral 2LCSB procedure between
January 2022 and September 2024 at the Regenerative Orthopedics and Sports Medicine
(ROSM) clinic in Annapolis, Maryland. Patients were included in this review based on
the following anxiety diagnosis criteria: a behavioral health provider’s formal diagnosis
and a score of 5 or greater on the GAD-7 questionnaire. Comorbid health conditions were
not an exclusionary factor, as all patients were seen as a part of regular clinical practice
and were seeking interventional aid for their persistent anxiety symptoms. Additionally,
there was no randomization into placebo and interventional groups since all participants
were clinical practice patients. Patients with a minimally anxious diagnosis per the GAD-7
(scoring 0–4) were excluded from the cohort, as they did not meet a sufficient degree of
symptom presentation.

The GAD-7 is a seven-item self-reporting instrument used to assess symptoms of
anxiety disorders. It contains seven questions, each scored on a scale of 0 to 3, with a
range of 0 to 21. Table 1 reflects the questions provided in the form and the corresponding
scoring system. It is easily administered and maintains 68% sensitivity (89% for generalized
anxiety disorder) and 88% specificity for common anxiety disorders [5]. A cumulative
score of 5–9 indicates mild anxiety, 10–14 indicates moderate anxiety, while 15 or greater
indicates severe anxiety [5]. All patients completed PROMs in the form of the GAD-7 pre-
2LCSB procedure (denoted as baseline GAD-7 or BL GAD-7) and three-months post-2LCSB
procedure (denoted as 3M GAD-7). The GAD-7 was provided to patients through a cloud-
based, secure data-collection system, with 21 CFR Part 11 data compliance, at baseline and
three-months post procedure. Scores were entered into the secure data-collection system
that is only accessible by the principal investigator and clinical research staff to reduce bias
or exposure of protected health information. The physician that performed all 2LCSBs did
not analyze any collected data until IRB approval was received. There was no formal study
enrollment period, as patients were treated as a normal part of our clinical practice.

Table 1. Generalized Anxiety Disorder 7-Item Scale questionnaire.

Over the Last Month, How Often Have You Been
Bothered by the Following Problems?

Not at All
Sure

Several
Days

Over Half the
Days

Nearly Every
Day

1. Feeling nervous, anxious, or on edge O O O O
2. Not being able to stop or control worrying O O O O
3. Worrying too much about different things O O O O
4. Trouble relaxing O O O O
5. Being so restless that it is hard to sit still O O O O
6. Becoming easily annoyed or irritable O O O O
7. Feeling afraid as if something awful might happen O O O O
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Cervical sympathetic blocks are considered a well-tolerated and safe procedure, with
only five case reports indicating patient complication [38–41]. All 2LCSB’s performed in
this study follow the strict and rigid guidelines provided affirmed by publications produced
in the last three years. The following text provides a detailed description of the 2LCSB
performed on each patient according to our procedure protocol.

“Per published guidelines, all patients had a bilateral 2LCSB at the 4th cervical
vertebra and 6th cervical vertebra, with the right side performed on day 1, and
the left side performed on day 2 [23]. The blocks were performed on subsequent
days to eliminate associated potential airway compromise. A Doppler ultra-
sound scan was utilized prior to every procedure to clearly identify the vertebral
artery and vein, as well as other vasculature in accordance with published litera-
ture. The use of ultrasound imaging improves visualization of target structures,
minimizing risk of damage to soft tissue, vascular, and nerve anatomy [42,43].
A 50-mm 25-gauge needle was utilized under ultrasound-guidance (General
Electric Logic e with an 8–12 MHz broadband linear transducer) using a lateral,
in-plane approach at both the 6th cervical vertebra level (using 6–8 mL of 0.5%
ropivacaine) and the 4th cervical vertebra level (using 1.5–2 mL of 0.5% ropiva-
caine). This dose has been considered standard protocol across many studies
and is widely used in clinical medicine [34]. The use of 6–8 mL of ropivacaine
has been shown to be well tolerated in published RCTs and systematic reviews,
without serious complications reported [44,45]. All procedures were performed
at an established musculoskeletal practice by a single anaesthesia/pain medicine
and sports medicine fellowship-trained physician who has performed more than
4500 cervical sympathetic blocks. Horner’s syndrome, a sign of a successful
blockade of the stellate ganglion, is characterized by objective findings of ptosis,
miosis, and scleral injection and was scored by two independent observers 5 min
post-block per published guidelines [22]. All patients met the minimum clinical
threshold for an acceptable Horner’s syndrome of 4 out of 6 points by both ob-
servers. In all cases, no adverse events or complications were reported by patient
post-procedure”.

We then conducted a retrospective analysis of the GAD-7 scores to determine changes
in patient outcomes. Patients were grouped by a severity-based diagnosis of either mild
(scoring 5–9), moderate (scoring 10–14), or severe (scoring >15) anxiety on the GAD-7 ques-
tionnaire at baseline (pre-procedure). Scores for each patient were collected and denoted
as BL (pre-procedure) and 3M (three months post-procedure). The outcomes were sepa-
rated to determine sex-based differences for each subgroup and means for mild, moderate,
and severe anxiety were assessed. Additional analysis was conducted to determine the
distribution of age for each severity subgroup (mild, moderate, and severe, and average).

Scores were analyzed using repeated-measures ANOVA to compare the mean score
of the same subject across the BL and 3M observations. Selected metric variables for this
analysis included BL mild, BL moderate, BL severe, 3M mild, 3M moderate, and 3M severe
GAD-7 scores. Age and sex were selected as nominal variables for repeated measures
ANOVA analysis. Additionally, a T-Test for paired samples (BL and 3M GAD-7) was
conducted with the null hypothesis that there is no difference in the mean value between
the variables GAD7 Baseline and GAD7 3M, and an alternative hypothesis that there is a
difference in the mean value between the variables GAD7 Baseline and GAD7 3M. Data
set minimums and maximums, interquartile ranges, confidence intervals (established at
95%), and mean with standard deviation per subgroup were calculated for the collected
GAD-7 scores. All results were modeled as raincloud or box plots with confidence intervals,



Brain Sci. 2025, 15, 188 6 of 16

interquartile range boxes, or jiggering to represent distribution of samples in each grouping
category. The methodological protocol of this study is shown in Figure 1.
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3. Results
Out of the 114 patients in this analysis, 99 (86.8%) treated with bilateral 2LCSB in our

retrospective analysis saw a decrease in GAD-7 scores and corresponding improvement
in their GAD symptoms. A total of 15 patients (13.15%) did not improve at three-month
follow-up. The average age for included patients was 47.97 (47.49 for male patients, and
48.77 for female patients) and our data set included 71 men and 43 women. The average
GAD-7 baseline score was 15.52 (14.99 for males and 16.40 for females). The average GAD-7
score at three months was 7.28 (6.96 for males and 7.81 for females). These changes are seen
in Figure 2.

For male patients, mild (5–9), moderate (10–14), and severe (>15) scores at baseline
were 8.36, 12.10, and 18.25, respectively, and 3.55, 6.20, and 8.28 at three months. For female
patients, mild (5–9), moderate (10–14), and severe (>15) scores at baseline were 7.00, 12.64,
and 18.79, respectively, and 3.67, 6.91, and 8.59 at three months. These outcomes are found
in Table 2 with percentage changes. The GAD-7 scores across these 114 patients revealed
similar decreases in raw score and percent improvement from baseline with durable
improvements seen through three-months. These changes are seen in Figures 3 and 4.
Using repeated measures ANOVA analysis, all subgroups showed a decrease in GAD-
7 scores from BL to 3M. Tables 2–4 reflect demographic analysis including subgroup
outcomes for anxiety severity (using repeated-measures ANOVA), age-specific ranges
for patients, and GAD-7 score analysis. These tables include the F factors for ANOVA
measures, degrees of freedom (df), interquartile ranges (IQR), and confidence intervals (CI).
Figure 5 graphically models the age distribution for patients included in the trial, including
sex and severity group. A review of the retrospective data points to the rejection of the null
hypothesis, as this analysis supports the alternative hypothesis that there is a difference
in the mean value between the variables “GAD-7 Baseline” and “GAD-7 3M”. F factors
for the severe and average groups produced the highest values relative to the mild and
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moderate categories. Table 5 includes age-specific demographic information for patients
included in the cohort review.
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Figure 3. Severity-specific analysis of patient outcomes shows decrease in diagnosis categories 3M
post procedure. Baseline (BL) and three-month (3M) scores are visualized across mild, moderate, and
severe severity subgroups. This is seen across all severity groups with at least 50% improvement in
anxiety-related symptoms. The figure includes a boxplot with CI, data jiggering, and the graphing of
male and female data.
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Table 2. GAD-7 average baseline and 3-month outcomes with percentage of improvement. A sum-
mary of patient outcomes as determined by percent improvement and GAD-7 score improvements.
Data are separated by male and female mild, moderate, and severe anxiety, along with general mild,
moderate, severe, and total anxiety.

Anxiety Severity
(Mild, Moderate, Severe)

GAD-7 BL Mean
Score

GAD-7 3M
Mean Score

Percentage Change in
GAD-7 Scores (%)

Mild Anxiety (Female) 7.00 3.67 37%
Mild Anxiety (Male) 8.36 3.55 56%

Moderate Anxiety (Female) 12.64 6.91 46%

Moderate Anxiety (Male) 12.10 6.20 51%
Severe Anxiety (Female) 18.79 8.59 54%

Severe Anxiety (Male) 18.25 8.28 56%
Mild Anxiety (General) 8.07 3.57 52%

Moderate Anxiety (General) 12.29 6.45 49%
Severe Anxiety (General) 18.48 8.41 55%

Total Average Anxiety 15.52 7.28 53%
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Table 3. Comprehensive analysis of repeated-measures ANOVA testing outcomes. There is an
inclusion of the F factors, degrees of freedom (df), and other statistical variables for each subgroup.

Sum of
Squares df Mean

Square F p η2 η2
p

GAD7 BL (Mild), GAD7 3M (Mild) 141.75 1 141.75 21.22 0.001 0.5 0.64
Gender (Mild) 1.82 1 1.82 0.38 0.55 0.01 0.03

RM Factor × Gender (Mild) 2.6 1 2.6 0.39 0.544 0.01 0.03
Residuals (Between Subjects) 57.79 12 4.82
Residuals (Within Subjects) 80.15 12 6.68

GAD7 BL (Moderate), GAD7 3M
(Moderate) 528.4 1 528.4 39.39 <0.001 0.35 0.58
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Table 3. Cont.

Sum of
Squares df Mean

Square F p η2 η2
p

Gender (Moderate) 5.5 1 5.5 0.28 0.602 0 0.01
RM Factor × Gender (Moderate) 0.11 1 0.11 0.01 0.93 0 0

Residuals (Between Subjects) 575.46 29 19.84
Residuals (Within Subjects) 388.99 29 13.41

GAD7 BL (Severe), GAD7 3M
(Severe) 3500.18 1 3500.18 162.53 <0.001 0.51 0.71

Gender (Severe) 6.13 1 6.13 0.21 0.646 0 0
RM Factor × Gender (Severe) 0.45 1 0.45 0.02 0.885 0 0
Residuals (Between Subjects) 1928.4 67 28.78
Residuals (Within Subjects) 1442.87 67 21.54

GAD7 BL (Average), GAD7 3M
(Average) 3867.2 1 3867.2 195.61 <0.001 0.37 0.64

Gender (Average) 68.73 1 68.73 1.83 0.179 0.01 0.02
RM Factor × Gender (Average) 4.1 1 4.1 0.21 0.65 0 0

Residuals (Between Subjects) 4208.45 112 37.58

Table 4. Comprehensive analysis of ANOVA repeated-measures testing outcomes.

Analysis Conducted: GAD7 BL
Mild

GAD7 3M
Mild

GAD7 BL
Moderate

GAD7 3M
Moderate

GAD7 BL
Severe

GAD7 3M
Severe

Minimum 5.00 0.00 10.00 0.00 15.00 0.00
Maximum 9.00 10.00 14.00 19.00 21.00 21.00

Interquartile Range 2.00 4.00 2.50 8.00 3.00 10.00
Number of valid values 14.00 14.00 31.00 31.00 69.00 69.00
95% Confidence interval

for mean 7.27–8.87 1.84–5.31 11.74–12.84 4.44–8.46 17.98–18.98 6.79–10.02

Mean ± Std. 8.07 ± 1.38 3.57 ± 3.01 12.29 ± 1.49 6.45 ± 5.49 18.48 ± 2.07 8.41 ± 6.74
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Table 5. Age-specific demographic factors associated with GAD-7 scores collected. These factors
were analyzed to range of patients enrolled in the trial.

Analysis Conducted: Age (Mild) Age
(Moderate) Age (Severe) Age

(Average)

Mean 52.07 50.06 46.2 47.97
Median 51 51 47 48.5
Mode 51 51 49 48

Minimum 31 27 19 19
Maximum 78 72 76 78

Interquartile Range 18.5 12.5 13 15
Number of

valid values 14 31 69 114

Mean ± Std. 52.07 ± 13.23 50.06 ± 10.54 46.2 ± 10.73 47.97 ± 11.14

4. Discussion
As previously discussed, there were three distinct aims of this study. The primary

aim was to determine if 2LCSB would provide durable improvements in symptoms at
three-month follow-up. The second was to evaluate symptom responses by degree of
severity. The third was to investigate sex-specific factors associated with GAD-7 score
changes. To our knowledge, this work is the first to show continued improvement in
anxiety-related symptoms for up to three months, suggesting some degree of durability
associated with 2LCSB. The other difference between this work and the Lynch et al., 2023
study is the use of universal bilateral blocks versus single blocks [36]. All patients received
bilateral blocks in this data set, while 70 of the 285 patients received a one-sided block in
our previous 2023 study.

Severity-based and sex-based outcomes from the 2LCSB procedure were included in
this study, providing subgroup-specific outcomes based on the degree of anxiety diagnosis
for both sexes. As an instrument, the GAD-7 incorporates a symptom-scoring system that al-
lows clinicians to grade the degree or severity of a patient’s anxiety with 89% sensitivity and
88% specificity for anxiety disorders [5]. This work shows an initial indication of durable
improvements in anxiety-related symptoms for mild (52% improvement), moderate (49%
improvement), and severe anxiety (55%) at three months. Our findings include additional
insights that both male and female patients with mild, moderate, and severe anxiety all
had clinically significant improvements in their symptoms, as shown in Figures 3 and 4.
However, due to the lower numbers of patients enrolled into the mild and moderate cate-
gories, and given that this was a secondary aim of this analysis, these findings should be
interpreted cautiously with a need for higher enrollment in future works.

Anxiety disorders are thought to arise from persistent stress responses [46]. Long-term
exposure to stressors prompts dominance of the SNS, which shifts from enabling short-
term adaptation towards maladaptive disorder [47,48]. During a sustained chronic stress
response, neuroendocrine, autonomic, and behavioral components of biological systems
activate, even if threats are only perceived by the individual [49]. Additionally, stress
identification varies between individuals but the perception of SNS activation, whether
for a real or imagined threat, may also reinforce stress response [50,51]. This increase in
allostatic load (chronic stress) is correlated with many psychiatric disorders, including anxi-
ety [52]. The published literature supports this, indicating that chronic mental stress affects
sympathetic activity and is associated with issues such as metabolic and cardiovascular
disorders [53].

Chronic anxiety also alters brain activity and function through changes in neuroin-
flammation and neurobiological mechanisms (both oxidative and excitotoxic) which may
disrupt an affected patient’s neural circuitry [54]. It is also thought that this disruption may
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impact proper functioning of the fronto-cingulo-parietal cognitive control network [24].
When affected, a patient may experience improper memory, attention, persistent fear or
fear processing, and other cognitive challenges associated with neurological changes [55].
High allostatic load impacts many biological systems, with associated pathology of the
hypothalamic–pituitary–adrenal axis [56], hyperactivity of the SNS, immune system dys-
function, and dysfunction of the parasympathetic nervous system (PNS) [57], which is
known to increase pro-inflammatory neurotoxic cytokines and neuroinflammation [58,59].
Chronic microglial activation is commonly associated with neuroinflammation [60], as
these cells signal monocytes [61] to the brain, which release pro-neuroinflammatory cy-
tokines [62]. This may be a target of study in future works regarding 2LCSB. Lastly, the
superior cervical ganglia are also associated with cardiovascular innervation and sup-
port proper homeostasis when properly functional, which may support the notion that
cervical sympathetic dysfunction is correlated with cardiovascular pathology [63,64]. In
short, anxiety disorders are strongly associated with neuroinflammatory patterns and toxin
production in the brain [65], among other biological issues.

There is no definitive understanding of the neurobiological mechanism associated with
2LCSB for the observed improvements in anxiety-related symptoms. One predominant
theory suggests that 2LCSB prompts durable changes in neuroinflammation, nerve-related
immune function, and perfusion changes which may contribute to improved symptoms.
Some studies suggest that altering brain inflammatory factors such as NF-kB, along with
the perfusion patterns through the cerebral hemisphere, and regulating possible nerve–
endocrine–immune system dysfunctions may all play a role in symptom mediation [66–68].
Since anxiety disorders are associated with immune, endocrine, and SNS dysfunction, it
is reasonable for future research to explicitly investigate related markers in a dedicated
mechanistic study, which was not possible in this retrospective cohort review. This may
also explain the immediate improvement in symptoms following 2LCSB, as it is thought to
modulate neuroinflammation and positively affect the fronto-cingulo-parietal cognitive
control network. However, the current supporting evidence is non-specific and requires
future scientific research efforts. The lack of a scientific understanding of the mechanism
of action is a known limitation and, considering the numerous publications using SGB
and related SNS blocks, there remains a need for high rigor studies to investigate 2LCSB’s
underlying mechanism.

The authors of this work acknowledge the clear limitations associated with our retro-
spective cohort review. One challenge in assessing the efficacy of the 2LCSB on anxiety is
the lack of a control group to determine change in symptoms, which limits the possible
conclusions of the study. Our patient cohort outcomes present as relatively large due to
the n number, but a placebo group is needed to determine outcomes more appropriately.
This was not possible for the purposes of this study, as included patients were treated
within our clinical practice for chronic anxiety. Many patients included in this study also
have multiple complex behavioral health issues which were not screened out; therefore,
a formal randomized controlled trial with exclusionary criteria is needed to determine
generalizability and efficacy of these initial findings. This study did not determine how
many patients received adjunctive care external to the 2LCSB, such as behavior health or
pharmacological therapies, which may impact the response to the procedure. The rela-
tionship between cervical sympathetic blocks with associated conservative care options
should also be explored in future works. We also acknowledge that patient symptoms
may improve from receiving any baseline treatment, since placebo effects are known to be
higher with injection procedures and may alter patient reporting [69]. However, this study,
associated with the response to a placebo, investigated subcutaneous injection versus oral
delivery of migraine medication, which may not be generalizable to sympathetic blocks
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with observable Horner’s syndrome. The lack of blinding, a retrospective cohort design,
and limited enrolment criteria may all contribute to the bias of the investigators and should
be noted. Finally, the use of a single keyer for data entry and analysis may call these data
into question.

These findings, in the authors’ view, have some utility in being shared with a
wider academic audience. The medical literature now shows improved symptoms from
2LCSB during short- (one week and one month) and longer-term (three month) follow-
up, which builds on prior works showing improvement in patient symptoms after one
month [15,18,26,28,30,31,36,70,71]. On this topic, this work adds additional evidence of
2LCSB providing anxiety-symptom-relieving outcomes, along with longer follow-up data
and severity range information. While these findings should be interpreted with cau-
tion considering limitations, over 86% of patients declared post-procedure improvements.
Given that approximately 13% of patients failed to report GAD-related improvements
from the procedure, further research should be conducted into these non-responders in
future studies. We hypothesize that comorbid neuropsychiatric disorders or patient-specific
circumstances might contribute to these individuals failing to receive any improvement
from the procedure. Given that individuals from both the “male” and “female” groups as
well as the “mild”, “moderate”, and “severe” anxiety groups did not improve, this would
seem to rule out the possibility of the procedure only providing improvements based on
severity or gender. As previously discussed, anxiety disorders remain challenging to treat,
and many patients do not report improvements with the initial course of treatment. This
real-world cohort, comprising patients with complex medical histories, provides initial
indication that cervical sympathetic blocks may offer an alternative option for the treatment
of anxiety disorders. 2LCSB is not a first-line treatment and should be used in combination
with psychopharmacological and psychotherapeutic interventions [35]. However, we do
propose that 2LCSB might improve therapeutic outcomes due to reduced hypervigilance
and SNS hyperactivity following the procedure. As we have previously suggested, the
chronically heightened activity of the SNS is essential to avoiding danger and surviving
high stress circumstances, but SNS dysfunction and hyperactivity may contribute to persis-
tent symptoms of anxiety. By blocking the cervical sympathetic chain with a long-acting
aesthetic, the 2LCSB procedure may disrupt the pathological communication of danger be-
tween the peripheral and central nervous system [36] after 2LCSB [72–74]. This lower SNS
activity may potentially enable patients to make greater improvements with conservative
care. We recommend that future studies consider how 2LCSB supports patients with and
without first-line treatment regiments, which has not been reported on previously.

5. Conclusions
In this limited retrospective case series, the use of bilateral ultrasound-guided 2LCSB

resulted in an improvement in GAD-7 scores three months post procedure. Patients
experienced these improvements in GAD-related symptoms, regardless of severity or
gender, with 86% of patients experiencing long-lasting improvement through three months.
Further studies, preferably randomized placebo-controlled trials, are needed to assess this
procedure for the treatment of anxiety.

Author Contributions: Conceptualization, S.W.M., K.J.D., R.D.J. and S.M.; methodology, K.J.D.,
R.D.J. and S.M.; formal analysis, K.J.D., S.M. and R.D.J.; data curation, K.J.D., S.M. and R.D.J.;
writing—original draft preparation, K.J.D., S.W.M., S.M. and R.D.J.; writing—review and editing
K.J.D., S.M., R.D.J. and K.L.R.O.; supervision, S.W.M. and K.J.D. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.



Brain Sci. 2025, 15, 188 13 of 16

Institutional Review Board Statement: This case series was conducted according to the guidelines
of the Declaration of Helsinki and approved by the institutional review board of the Institute of
Regenerative and Cellular Medicine (IRCM-2024-412) on 12 September 2024.

Informed Consent Statement: Informed consent was obtained from all subjects involved in this
study. Written informed consent has been obtained from the patient(s) to collect patient-reported
outcome measures (PROMs) and enrollment in data collection for this case series.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author on request due to privacy issues in accordance with the consent provided by
the participants. All data are freely accessible.

Conflicts of Interest: The authors do not have any conflicts of interest, although one author, a
physician, does perform SGBs as part of his normal practice of medicine.

References
1. Garakani, A.; Murrough, J.W.; Freire, R.C.; Thom, R.P.; Larkin, K.; Buono, F.D.; Iosifescu, D.V. Pharmacotherapy of Anxiety

Disorders: Current and Emerging Treatment Options. Front. Psychiatry 2020, 11, 595584. [CrossRef] [PubMed]
2. Bandelow, B.; Michaelis, S.; Wedekind, D. Treatment of anxiety disorders. Dialogues Clin. Neurosci. 2017, 19, 93–107. [CrossRef]

[PubMed]
3. Yang, X.; Fang, Y.; Chen, H.; Zhang, T.; Yin, X.; Man, J.; Yang, L.; Lu, M. Global, regional and national burden of anxiety disorders

from 1990 to 2019: Results from the Global Burden of Disease Study 2019. Epidemiol. Psychiatr. Sci. 2021, 30, e36. [CrossRef]
4. Kupcova, I.; Danisovic, L.; Klein, M.; Harsanyi, S. Effects of the COVID-19 pandemic on mental health, anxiety, and depression.

BMC Psychol. 2023, 11, 108. [CrossRef] [PubMed]
5. Sapra, A.; Bhandari, P.; Sharma, S.; Chanpura, T.; Lopp, L. Using Generalized Anxiety Disorder-2 (GAD-2) and GAD-7 in a

Primary Care Setting. Cureus 2020, 12, e8224. [CrossRef] [PubMed]
6. Bandelow, B.; Baldwin, D.; Abelli, M.; Altamura, C.; Dell’Osso, B.; Domschke, K.; Fineberg, N.A.; Grünblatt, E.; Jarema, M.;

Maron, E.; et al. Biological markers for anxiety disorders, OCD and PTSD—A consensus statement. Part I: Neuroimaging and
genetics. World J. Biol. Psychiatry Off. J. World Fed. Soc. Biol. Psychiatry 2016, 17, 321–365. [CrossRef] [PubMed]

7. Bandelow, B.; Baldwin, D.; Abelli, M.; Bolea-Alamanac, B.; Bourin, M.; Chamberlain, S.R.; Cinosi, E.; Davies, S.; Domschke, K.;
Fineberg, N.; et al. Biological markers for anxiety disorders, OCD and PTSD: A consensus statement. Part II: Neurochemistry,
neurophysiology and neurocognition. World J. Biol. Psychiatry Off. J. World Fed. Soc. Biol. Psychiatry 2017, 18, 162–214. [CrossRef]
[PubMed]

8. Newman, M.G.; Basterfield, C.; Erickson, T.M.; Caulley, E.; Przeworski, A.; Llera, S.J. Psychotherapeutic treatments for generalized
anxiety disorder: Cognitive and behavioral therapies, enhancement strategies, and emerging efforts. Expert Rev. Neurother. 2022,
22, 751–770. [CrossRef] [PubMed]

9. Edwards, J.G. Adverse effects of antianxiety drugs. Drugs 1981, 22, 495–514. [CrossRef]
10. Bystritsky, A. Treatment-resistant anxiety disorders. Mol. Psychiatry 2006, 11, 805–814. [CrossRef] [PubMed]
11. Rodriguez, B.F.; Weisberg, R.B.; Pagano, M.E.; Bruce, S.E.; Spencer, M.A.; Culpepper, L.; Keller, M.B. Characteristics and predictors

of full and partial recovery from generalized anxiety disorder in primary care patients. J. Nerv. Ment. Dis. 2006, 194, 91–97.
[CrossRef] [PubMed]

12. Roy-Byrne, P. Treatment-refractory anxiety; definition, risk factors, and treatment challenges. Dialogues Clin. Neurosci. 2015, 17,
191–206. [CrossRef]

13. Li, H.T.; Donegan, D.C.; Peleg-Raibstein, D.; Burdakov, D. Hypothalamic deep brain stimulation as a strategy to manage anxiety
disorders. Proc. Natl. Acad. Sci. USA 2022, 119, e2113518119. [CrossRef] [PubMed]

14. Shapira, N.A.; Okun, M.S.; Wint, D.; Foote, K.D.; Byars, J.A.; Bowers, D.; Springer, U.S.; Lang, P.J.; Greenberg, B.D.; Haber, S.N.;
et al. Panic and fear induced by deep brain stimulation. J. Neurol. Neurosurg. Psychiatry 2006, 77, 410–412. [CrossRef] [PubMed]

15. Lozano, A.M.; Lipsman, N.; Bergman, H.; Brown, P.; Chabardes, S.; Chang, J.W.; Matthews, K.; McIntyre, C.C.; Schlaepfer,
T.E.; Schulder, M.; et al. Deep brain stimulation: Current challenges and future directions. Nat. Rev. Neurol. 2019, 15, 148–160.
[CrossRef] [PubMed]

16. Morriss, R.; Price, L. Differential effects of cranial electrotherapy stimulation on changes in anxiety and depression symptoms
over time in patients with generalized anxiety disorder. J. Affect. Disord. 2020, 277, 785–788. [CrossRef] [PubMed]

17. Shekelle, P.G.; Cook, I.A.; Miake-Lye, I.M.; Booth, M.S.; Beroes, J.M.; Mak, S. Benefits and Harms of Cranial Electrical Stimulation
for Chronic Painful Conditions, Depression, Anxiety, and Insomnia: A Systematic Review. Ann. Intern. Med. 2018, 168, 414–421.
[CrossRef]

https://doi.org/10.3389/fpsyt.2020.595584
https://www.ncbi.nlm.nih.gov/pubmed/33424664
https://doi.org/10.31887/DCNS.2017.19.2/bbandelow
https://www.ncbi.nlm.nih.gov/pubmed/28867934
https://doi.org/10.1017/S2045796021000275
https://doi.org/10.1186/s40359-023-01130-5
https://www.ncbi.nlm.nih.gov/pubmed/37041568
https://doi.org/10.7759/cureus.8224
https://www.ncbi.nlm.nih.gov/pubmed/32582485
https://doi.org/10.1080/15622975.2016.1181783
https://www.ncbi.nlm.nih.gov/pubmed/27403679
https://doi.org/10.1080/15622975.2016.1190867
https://www.ncbi.nlm.nih.gov/pubmed/27419272
https://doi.org/10.1080/14737175.2022.2125800
https://www.ncbi.nlm.nih.gov/pubmed/36107159
https://doi.org/10.2165/00003495-198122060-00005
https://doi.org/10.1038/sj.mp.4001852
https://www.ncbi.nlm.nih.gov/pubmed/16847460
https://doi.org/10.1097/01.nmd.0000198140.02154.32
https://www.ncbi.nlm.nih.gov/pubmed/16477186
https://doi.org/10.31887/DCNS.2015.17.2/proybyrne
https://doi.org/10.1073/pnas.2113518119
https://www.ncbi.nlm.nih.gov/pubmed/35412900
https://doi.org/10.1136/jnnp.2005.069906
https://www.ncbi.nlm.nih.gov/pubmed/16484657
https://doi.org/10.1038/s41582-018-0128-2
https://www.ncbi.nlm.nih.gov/pubmed/30683913
https://doi.org/10.1016/j.jad.2020.09.006
https://www.ncbi.nlm.nih.gov/pubmed/33065818
https://doi.org/10.7326/M17-1970


Brain Sci. 2025, 15, 188 14 of 16

18. Brunyé, T.T.; Patterson, J.E.; Wooten, T.; Hussey, E.K. A Critical Review of Cranial Electrotherapy Stimulation for Neuromodulation
in Clinical and Non-clinical Samples. Front. Hum. Neurosci. 2021, 15, 625321. [CrossRef] [PubMed]

19. Mehrotra, M.; Reddy, V.; Singh, P. Neuroanatomy, Stellate Ganglion; StatPearls Publishing: Treasure Island, FL, USA, 2023. Available
online: https://www.ncbi.nlm.nih.gov/books/NBK539807/ (accessed on 8 February 2025).

20. Lebovits, A.H.; Yarmush, J.; Lefkowitz, M. Reflex Sympathetic Dystrophy and Posttraumatic Stress Disorder. Clin. J. Pain 1990, 6,
153–157. [CrossRef] [PubMed]

21. Mulvaney, S.W.; Lynch, J.H.; de Leeuw, J.; Schroeder, M.; Kane, S. Neurocognitive Performance is Not Degraded After Stellate
Ganglion Block Treatment for Post-Traumatic Stress Disorder: A Case Series. Mil. Med. 2015, 180, e601–e604. [CrossRef] [PubMed]

22. Mulvaney, S.W.; McLean, B.; De Leeuw, J. The Use of Stellate Ganglion Block in the Treatment of Panic/Anxiety Symptoms with
Combat-Related Post-Traumatic Stress Disorder; Preliminary Results of Long-Term Follow-Up: A Case Series. Pain Pract. 2010,
10, 359–365. [CrossRef] [PubMed]

23. Mulvaney, S.W.; Lynch, J.H.; Hickey, M.J.; Rahman-Rawlins, T.; Schroeder, M.; Kane, S.; Lipov, E. Stellate Ganglion Block Used to
Treat Symptoms Associated With Combat-Related Post-Traumatic Stress Disorder: A Case Series of 166 Patients. Mil. Med. 2014,
179, 1133–1140. [CrossRef] [PubMed]

24. Schore, A.N. Dysregulation of the Right Brain: A Fundamental Mechanism of Traumatic Attachment and the Psychopathogenesis
of Posttraumatic Stress Disorder. Aust. N. Z. J. Psychiatry 2002, 36, 9–30. [CrossRef] [PubMed]

25. Wittling, W. The right hemisphere and the human stress response. PubMed 1997, 640, 55–59.
26. Mulvaney, S.; Curtis, K.; Ibrahim, T. Comparison C6 Stellate Ganglion versus C6 and C4 Cervical Sympathetic Chain Blocks for

Treatment of Posttraumatic Stress Disorder (PTSD): Analysis of 147 Patients. J. Neurol. Disord. Stroke 2020, 7, 1163.
27. Lipov, E.G.; Jacobs, R.; Springer, S.; Candido, K.D.; Knezevic, N.N. Utility of Cervical Sympathetic Block in Treating Post-Traumatic

Stress Disorder in Multiple Cohorts: A Retrospective Analysis. PubMed 2022, 25, 77–85.
28. Rae Olmsted, K.L.; Bartoszek, M.; Mulvaney, S.; McLean, B.; Turabi, A.; Young, R.; Kim, E.; Vandermaas-Peeler, R.; Morgan,

J.K.; Constantinescu, O.; et al. Effect of Stellate Ganglion Block Treatment on Posttraumatic Stress Disorder Symptoms. JAMA
Psychiatry 2020, 77, 130. [CrossRef]

29. Lynch, J.H.; Muench, P.D.; Okiishi, J.C.; Means, G.E.; Mulvaney, S.W. Behavioral health clinicians endorse stellate ganglion block
as a valuable intervention in the treatment of trauma-related disorders. J. Investig. Med. 2021, 69, 989–993. [CrossRef]

30. Mulvaney, S.W.; Lynch, J.H.; Kotwal, R.S. Clinical Guidelines for Stellate Ganglion Block to Treat Anxiety Associated With
Posttraumatic Stress Disorder. J. Spec. Oper. Med. 2015, 15, 79. [CrossRef] [PubMed]

31. Mulvaney, S.W.; Lynch, J.H.; Curtis, K.E.; Ibrahim, T.S. The Successful Use of Left-sided Stellate Ganglion Block in Patients
That Fail to Respond to Right-sided Stellate Ganglion Block for the Treatment of Post-traumatic Stress Disorder Symptoms: A
Retrospective Analysis of 205 Patients. Mil. Med. 2021, 187, e826–e829. [CrossRef] [PubMed]

32. Moore, D.C. Stellate Ganglion Block; Thomas: Springfield, IL, USA, 1954.
33. Park, C.; Suh, C.H.; Shin, J.E.; Baek, J.H. Characteristics of the Middle Cervical Sympathetic Ganglion: A Systematic Review and

Meta-Analysis. Pain Physician 2018, 21, 9–18. [CrossRef] [PubMed]
34. Piraccini, E.; Munakomi, S.; Chang, K.V. Stellate Ganglion Blocks. In StatPearls; StatPearls Publishing: Treasure Island, FL,

USA, 2023.
35. Spitzer, R.L.; Kroenke, K.; Williams, J.B.W.; Löwe, B. A brief measure for assessing generalized anxiety disorder. Arch. Intern. Med.

2006, 166, 1092–1097. [CrossRef] [PubMed]
36. Lynch, J.H.; Mulvaney, S.W.; Bryan, C.J.; Hernandez, D. Stellate Ganglion Block Reduces Anxiety Symptoms by Half: A Case

Series of 285 Patients. J. Pers. Med. 2023, 13, 958. [CrossRef] [PubMed]
37. Mulvaney, S.W.; Lynch, J.H.; Means, G.E.; Dineen, K.J.; Mahadevan, S. Reversible Increased Anxiety Following Left-Sided Stellate

Ganglion Block to Treat Posttraumatic Stress Disorder: A Case Report. Mil. Med. 2024, usae338. [CrossRef] [PubMed]
38. Okuda, Y.; Urabe, K.; Kitajima, T. Retropharyngeal or cervicomediastinal haematomas following stellate ganglion block. Eur. J.

Anaesthesiol. 2003, 20, 757–759. [CrossRef] [PubMed]
39. Takanami, I.; Abiko, T.; Koizumi, S. Life-threatening airway obstruction due to retropharyngeal and cervicomediastinal

hematomas following stellate ganglion block. Thorac. Cardiovasc. Surg. 2009, 57, 311–312. [CrossRef] [PubMed]
40. Uchida, T.; Nakao, S.; Morimoto, M.; Iwamoto, T. Serious cervical hematoma after stellate ganglion block. J. Anesth. 2015, 29, 321.

[CrossRef] [PubMed]
41. Kashiwagi, M.; Ikeda, N.; Tsuji, A.; Kudo, K. Sudden unexpected death following stellate ganglion block. Leg. Med. 1999, 1,

262–265. [CrossRef] [PubMed]
42. Narouze, S. Ultrasound-guided stellate ganglion block: Safety and efficacy. Curr. Pain Headache Rep. 2014, 18, 424. [CrossRef]

[PubMed]
43. Bhatia, A.; Flamer, D.; Peng, P.W. Evaluation of sonoanatomy relevant to performing stellate ganglion blocks using anterior and

lateral simulated approaches: An observational study. Can. J. Anesth. 2012, 59, 1040–1047. [CrossRef]

https://doi.org/10.3389/fnhum.2021.625321
https://www.ncbi.nlm.nih.gov/pubmed/33597854
https://www.ncbi.nlm.nih.gov/books/NBK539807/
https://doi.org/10.1097/00002508-199006000-00015
https://www.ncbi.nlm.nih.gov/pubmed/2135005
https://doi.org/10.7205/MILMED-D-14-00504
https://www.ncbi.nlm.nih.gov/pubmed/25939118
https://doi.org/10.1111/j.1533-2500.2010.00373.x
https://www.ncbi.nlm.nih.gov/pubmed/20412504
https://doi.org/10.7205/MILMED-D-14-00151
https://www.ncbi.nlm.nih.gov/pubmed/25269132
https://doi.org/10.1046/j.1440-1614.2002.00996.x
https://www.ncbi.nlm.nih.gov/pubmed/11929435
https://doi.org/10.1001/jamapsychiatry.2019.3474
https://doi.org/10.1136/jim-2020-001693
https://doi.org/10.55460/EQ05-H5TO
https://www.ncbi.nlm.nih.gov/pubmed/26125169
https://doi.org/10.1093/milmed/usab056
https://www.ncbi.nlm.nih.gov/pubmed/33580677
https://doi.org/10.36076/2018.1.9
https://www.ncbi.nlm.nih.gov/pubmed/29357327
https://doi.org/10.1001/archinte.166.10.1092
https://www.ncbi.nlm.nih.gov/pubmed/16717171
https://doi.org/10.3390/jpm13060958
https://www.ncbi.nlm.nih.gov/pubmed/37373947
https://doi.org/10.1093/milmed/usae338
https://www.ncbi.nlm.nih.gov/pubmed/38997948
https://doi.org/10.1097/00003643-200309000-00016
https://www.ncbi.nlm.nih.gov/pubmed/12974602
https://doi.org/10.1055/s-2008-1038845
https://www.ncbi.nlm.nih.gov/pubmed/19629898
https://doi.org/10.1007/s00540-014-1914-7
https://www.ncbi.nlm.nih.gov/pubmed/25256578
https://doi.org/10.1016/S1344-6223(99)80048-0
https://www.ncbi.nlm.nih.gov/pubmed/12935479
https://doi.org/10.1007/s11916-014-0424-5
https://www.ncbi.nlm.nih.gov/pubmed/24760493
https://doi.org/10.1007/s12630-012-9779-4


Brain Sci. 2025, 15, 188 15 of 16

44. Liu, Y.; Zhang, L.; Sun, Y.; Zhao, J.; Shen, Y.; Wang, C.H.; Luo, S.Z.; Li, Y.W. Efficacy and safety of stellate ganglion block with
different volumes of ropivacaine to improve sleep quality in patients with insomnia: A comparative study. Eur. Rev. Med.
Pharmacol. Sci. 2023, 27, 10233–10239. [CrossRef] [PubMed]

45. Kirkpatrick, K.; Khan, M.H.; Deng, Y.; Shah, K.B. A Review of Stellate Ganglion Block as an Adjunctive Treatment Modality.
Cureus 2023, 15, e35174. [CrossRef]

46. Patriquin, M.A.; Mathew, S.J. The Neurobiological Mechanisms of Generalized Anxiety Disorder and Chronic Stress. Chronic
Stress 2017, 1, 2470547017703993. [CrossRef] [PubMed]

47. Chrousos, G.P. The role of stress and the hypothalamic-pituitary-adrenal axis in the pathogenesis of the metabolic syndrome:
Neuro-endocrine and target tissue-related causes. Int. J. Obes. Relat. Metab. Disord. J. Int. Assoc. Study Obes. 2000, 24 (Suppl. 2),
S50–S55. [CrossRef] [PubMed]

48. McEwen, B.S. Effects of adverse experiences for brain structure and function. Biol. Psychiatry 2000, 48, 721–731. [CrossRef]
49. Day, T.A. Defining stress as a prelude to mapping its neurocircuitry: No help from allostasis. Prog. Neuro-Psychopharmacol. Biol.

Psychiatry 2005, 29, 1195–1200. [CrossRef]
50. Flor, H.; Birbaumer, N.; Schulte, W.; Roos, R. Stress-related electromyographic responses in patients with chronic temporo-

mandibular Pain. Pain 1991, 46, 145–152. [CrossRef] [PubMed]
51. Kemp-Wheeler, S.M.; Hill, A.B. Anxiety responses to subliminal experience of mild stress. Br. J. Psychol. 1987, 78 Pt 3, 365–374.

[CrossRef] [PubMed]
52. Gou, Y.; Cheng, S.; Kang, M.; Zhou, R.; Liu, C.; Hui, J.; Liu, Y.; Wang, B.; Shi, P.; Zhang, F. Association of Allostatic Load With

Depression, Anxiety, and Suicide: A Prospective Cohort Study. Biol. Psychiatry, 2024; in press. [CrossRef]
53. Lambert, E.; Dawood, T.; Straznicky, N.; Sari, C.; Schlaich, M.; Esler, M.; Lambert, G. Association between the sympathetic firing

pattern and anxiety level in patients with the metabolic syndrome and elevated blood pressure. J. Hypertens. 2010, 28, 543–550.
[CrossRef] [PubMed]

54. Kaplan, G.B.; Leite-Morris, K.A.; Wang, L.; Rumbika, K.K.; Heinrichs, S.C.; Zeng, X.; Wu, L.; Arena, D.T.; Teng, Y.D. Pathophys-
iological Bases of Comorbidity: Traumatic Brain Injury and Post-Traumatic Stress Disorder. J. Neurotrauma 2018, 35, 210–225.
[CrossRef]

55. van Amelsvoort, T.; Hernaus, D. Effect of Pharmacological Interventions on the Fronto-Cingulo-Parietal Cognitive Control
Network in Psychiatric Disorders: A Transdiagnostic Systematic Review of fMRI Studies. Front. Psychiatry 2016, 7, 82. [CrossRef]
[PubMed]

56. Yehuda, R. Status of glucocorticoid alterations in post-traumatic stress disorder. Ann. N. Y. Acad. Sci. 2009, 1179, 56–69. [CrossRef]
[PubMed]

57. Hendrickson, R.C.; Raskind, M.A. Noradrenergic dysregulation in the pathophysiology of PTSD. Exp. Neurol. 2016, 284 Pt B,
181–195. [CrossRef]

58. Nance, D.M.; Sanders, V.M. Autonomic innervation and regulation of the immune system (1987–2007). Brain Behav. Immun. 2007,
21, 736–745. [CrossRef] [PubMed]

59. Felger, J.C. Imaging the Role of Inflammation in Mood and Anxiety-related Disorders. Curr. Neuropharmacol. 2018, 16, 533–558.
[CrossRef]

60. Gyoneva, S.; Davalos, D.; Biswas, D.; Swanger, S.A.; Garnier-Amblard, E.; Loth, F.; Akassoglou, K.; Traynelis, S.F. Systemic
inflammation regulates microglial responses to tissue damage in vivo. Glia 2014, 62, 1345–1360. [CrossRef] [PubMed]

61. D’Mello, C.; Le, T.; Swain, M.G. Cerebral microglia recruit monocytes into the brain in response to tumor necrosis factoralpha
signaling during peripheral organ inflammation. J. Neurosci. Off. J. Soc. Neurosci. 2009, 29, 2089–2102. [CrossRef]

62. Peraçoli, M.T.; Kurokawa, C.S.; Calvi, S.A.; Mendes, R.P.; Pereira, P.C.; Marques, S.A.; Soares, A.M. Production of pro- and anti-
inflammatory cytokines by monocytes from patients with paracoccidioidomycosis. Microbes Infect. 2003, 5, 413–418. [CrossRef]
[PubMed]

63. Chen, H.S.; van Roon, L.; Ge, Y.; van Gils, J.M.; Schoones, J.W.; DeRuiter, M.C.; Zeppenfeld, K.; Jongbloed, M.R.M. The relevance
of the superior cervical ganglion for cardiac autonomic innervation in health and disease: A systematic review. Clin. Auton. Res.
Off. J. Clin. Auton. Res. Soc. 2024, 34, 45–77. [CrossRef] [PubMed]

64. Jänig, W. The Integrative Action of the Autonomic Nervous System: Neurobiology of Homeostasis, 2nd ed.; Cambridge University Press:
Cambridge, UK, 2022.

65. Won, E.; Kim, Y.K. Neuroinflammation-Associated Alterations of the Brain as Potential Neural Biomarkers in Anxiety Disorders.
Int. J. Mol. Sci. 2020, 21, 6546. [CrossRef] [PubMed]

66. Yang, X.; Shi, Z.; Li, X.; Li, J. Impacts of stellate ganglion block on plasma NF-κB and inflammatory factors of TBI patients. PubMed
2015, 8, 15630–15638.

67. Kim, D.H. The Effect of Oxygen Administration on Regional Cerebral Oxygen Saturation after Stellate Ganglion Block on the
Non-Blocked Side. Pain Physician 2013, 16, 117–124. [CrossRef]

https://doi.org/10.26355/eurrev_202311_34298
https://www.ncbi.nlm.nih.gov/pubmed/37975347
https://doi.org/10.7759/cureus.35174
https://doi.org/10.1177/2470547017703993
https://www.ncbi.nlm.nih.gov/pubmed/29503978
https://doi.org/10.1038/sj.ijo.0801278
https://www.ncbi.nlm.nih.gov/pubmed/10997609
https://doi.org/10.1016/S0006-3223(00)00964-1
https://doi.org/10.1016/j.pnpbp.2005.08.005
https://doi.org/10.1016/0304-3959(91)90069-A
https://www.ncbi.nlm.nih.gov/pubmed/1836258
https://doi.org/10.1111/j.2044-8295.1987.tb02254.x
https://www.ncbi.nlm.nih.gov/pubmed/3620795
https://doi.org/10.1016/j.biopsych.2024.09.026
https://doi.org/10.1097/HJH.0b013e3283350ea4
https://www.ncbi.nlm.nih.gov/pubmed/20139772
https://doi.org/10.1089/neu.2016.4953
https://doi.org/10.3389/fpsyt.2016.00082
https://www.ncbi.nlm.nih.gov/pubmed/27242552
https://doi.org/10.1111/j.1749-6632.2009.04979.x
https://www.ncbi.nlm.nih.gov/pubmed/19906232
https://doi.org/10.1016/j.expneurol.2016.05.014
https://doi.org/10.1016/j.bbi.2007.03.008
https://www.ncbi.nlm.nih.gov/pubmed/17467231
https://doi.org/10.2174/1570159X15666171123201142
https://doi.org/10.1002/glia.22686
https://www.ncbi.nlm.nih.gov/pubmed/24807189
https://doi.org/10.1523/JNEUROSCI.3567-08.2009
https://doi.org/10.1016/S1286-4579(03)00040-6
https://www.ncbi.nlm.nih.gov/pubmed/12737997
https://doi.org/10.1007/s10286-024-01019-2
https://www.ncbi.nlm.nih.gov/pubmed/38393672
https://doi.org/10.3390/ijms21186546
https://www.ncbi.nlm.nih.gov/pubmed/32906843
https://doi.org/10.36076/ppj.2013/16/117


Brain Sci. 2025, 15, 188 16 of 16

68. ter Laan, M.; van Dijk, J.M.C.; Elting, J.W.J.; Staal, M.J.; Absalom, A.R. Sympathetic regulation of cerebral blood flow in humans:
A review. Br. J. Anaesth. 2013, 111, 361–367. [CrossRef]

69. de Craen, A.; Tijssen, J.; de Gans, J.; Kleijnen, J. Placebo effect in the acute treatment of migraine: Subcutaneous placebos are
better than oral placebos. J. Neurol. 2000, 247, 183–188. [CrossRef] [PubMed]

70. Mulvaney, S.W.; Lynch, J.H.; Rae Olmsted, K.L.; Mahadevan, S.; Dineen, K.J. The Successful Use of Bilateral 2-Level Ultrasound-
Guided Stellate Ganglion Block to Improve Traumatic Brain Injury Symptoms: A Retrospective Analysis of 23 Patients. Mil. Med.
2024, 189, e2573–e2577. [CrossRef]

71. Mulvaney, S.W.; Lynch, J.H.; Mahadevan, S.; Dineen, K.J.; Rae Olmsted, K.L. The Effect of Bilateral, Two-Level Cervical
Sympathetic Chain Blocks on Specific Symptom Clusters for Traumatic Brain Injury, Independent of Concomitant PTSD Symptoms.
Brain Sci. 2024, 14, 1193. [CrossRef]

72. Lynch, J.H. Stellate ganglion block treats posttraumatic stress: An example of precision mental health. Brain Behav. 2020, 10, e01807.
[CrossRef]

73. Averill, C.L.; Averill, L.A.; Fan, S.; Abdallah, C.G. Of Forests and Trees: Bridging the Gap Between Neurobiology and Behavior in
Posttraumatic Stress Disorder. Biological psychiatry. Cogn. Neurosci. Neuroimaging 2020, 5, 135–137. [CrossRef]

74. Burback, L.; Brémault-Phillips, S.; Nijdam, M.J.; McFarlane, A.; Vermetten, E. Treatment of Posttraumatic Stress Disorder: A
State-of-the-art Review. Curr. Neuropharmacol. 2024, 22, 557–635. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/bja/aet122
https://doi.org/10.1007/s004150050560
https://www.ncbi.nlm.nih.gov/pubmed/10787112
https://doi.org/10.1093/milmed/usae193
https://doi.org/10.3390/brainsci14121193
https://doi.org/10.1002/brb3.1807
https://doi.org/10.1016/j.bpsc.2019.12.010
https://doi.org/10.2174/1570159X21666230428091433
https://www.ncbi.nlm.nih.gov/pubmed/37132142

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

