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Abstract
Introduction: Posttraumatic stress disorder (PTSD) is com
mon among military personnel and veterans and is asso
ciated with numerous psychological problems and negative 
outcomes. First-line cognitive-behavioral treatments like 
cognitive processing therapy (CPT) are effective in 
treating PTSD, especially when delivered in a massed 
(i.e., daily) format. However, many patients, especially 
military personnel and veterans, continue to struggle 
with PTSD symptoms after CPT, which warrants further 
research to augment CPTs effects. Stellate ganglion block 
(SGB), which is a long-acting anesthetic injection that is 
proposed to “reset” sympathetic arousal and physical 

reactivity, is a promising adjunctive intervention, with 
previous research demonstrating reduced PTSD 
symptoms. The effectiveness of CPT combined with SGB 
remains understudied. Methods: In this open-label 
randomized wait-list trial, 86 military personnel and 
veterans were assigned to receive SGB before or after 
massed CPT. PTSD symptoms were assessed using the 
PTSD Checklist for DSM-5 (PCL-5). Results: Relative to 
baseline, PCL-5 scores decreased in both groups (SGB- 
before-CPT: F(12,724) = 23.4, p < 0.001; SGB-after-CPT: 
F(12,724) = 21.1, p < 0.001), but reductions in PTSD 
symptoms were faster in SGB-before-CPT. Among the 
SGB-after-CPT participants who had not yet reached 
good end-state functioning by week 8, PCL-5 scores 
significantly decreased after they received the SGB 
procedure in week 12. Conclusion: Results support SGB 
increasing CPT’s effectiveness when received prior to CPT. 
Additionally, military personnel and veterans who do not 
benefit from an initial course of massed CPT have significant 
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reductions in PTSD symptoms when SGB was performed 
after CPT. SGB before CPT appears especially useful for 
patients looking for faster treatment response.

© 2025 S. Karger AG, Basel

Introduction

Posttraumatic stress disorder (PTSD) is considered 
one of the “signature injuries” of military operations and 
is the most frequently diagnosed mental health condition 
among active-duty military personnel and veterans. The 
estimated rate of PTSD among military personnel and 
veterans is approximately 23% [1], but prevalence rates 
vary widely across studies [1–4]. PTSD is not just a 
consequence of combat; however, many military per
sonnel and veterans experience noncombat-related 
traumas such as sexual assault and domestic abuse or 
have histories of early life trauma such as child abuse that 
can also contribute to PTSD. Regardless of the associated 
event, PTSD is associated with a host of psychological 
problems (i.e., intrusions, avoidance, negative alterations 
in cognition/mood, and hyperarousal) and negative 
outcomes (i.e., occupational and marital dissatisfaction, 
violence, alcohol and substance abuse, and suicide) 
[5–7]. These psychological problems and negative out
comes significantly affect military personnel’s deploy
ment readiness and overall quality of life.

Numerous randomized clinical trials support the ef
ficacy of cognitive behavioral trauma-focused treatments 
like cognitive processing therapy (CPT) with multiple 
populations including active-duty military personnel 
and veterans [8–10]. For this reason, CPT is one of three 
individual manualized trauma-focused psychotherapies 
that are strongly recommended for the treatment of 
PTSD by the VA/DOD Clinical Practice Guideline for 
the Management of Posttraumatic Stress Disorder and 
Acute Stress Disorder [11]. Recent research has shown 
that CPT’s effect on PTSD symptoms is accelerated when 
delivered in a massed (i.e., daily) format. Massed 
evidence-based treatment for PTSD has higher treatment 
retention (13.6% dropout versus 24.8% dropout [12]) 
and treatment completion [13]. Massed models have 
been suggested to reduce distraction, avoidance, and de- 
motivation that typically occurs between weekly sessions 
[14]. It is also possible that meeting with a therapist daily 
increases commitment to therapy due to a greater sense 
of support [15].

Despite its effectiveness, many patients continue to 
struggle with PTSD symptoms after CPT. This is espe
cially true for active-duty military personnel and vet

erans, who show attenuated treatment response as 
compared to civilians [16]. Recent research has suggested 
that over 50% of service members retain their PTSD 
diagnosis after completing weekly CPT [17]. Addition
ally, even for service members who achieve optimal 
overall symptom reduction, hyperarousal symptoms 
(i.e., irritability, sleep difficulties, startle, etc.) are often 
resistant to change [18], implicating a failure of fear 
extinction and down-regulation of affect even after the 
dangerous stimulus has subsided. Neural evidence 
suggests these issues are related to overactivation of the 
amygdala and diminished activation of the medial 
prefrontal cortex [19–21]. Severity of hyperarousal 
symptoms may also indirectly reduce clinical response to 
PTSD treatment because it increases the risk of early 
treatment dropout [22, 23]. Therefore, novel strategies 
for improving PTSD treatment outcomes in military 
personnel and veterans are needed. Treatments that 
specifically reduce hyperarousal symptoms could be 
especially beneficial.

Accumulating evidence over the past 15 years sup
ports the effectiveness of stellate ganglion block (SGB) 
for the treatment of PTSD. SGB is a procedure in which 
an injection of a long-acting local anesthetic, using ul
trasound or fluoroscopic guidance, is made around the 
stellate ganglion at the base of the neck. The stellate 
ganglion is part of the cervical sympathetic chain that 
controls the “fight or flight” response. The cervical 
sympathetic chain is a two-way conduit connecting the 
sympathetic nervous system between the brain and the 
rest of the body. By blocking or temporarily “turning off” 
the cervical sympathetic chain, it is believed that the 
sympathetic nervous system, especially the amygdala, is 
allowed to completely reset, resulting in long-term relief 
of the associated anxiety symptoms. SGB is thought to 
alleviate PTSD symptoms by restoring sympathetic 
hyperarousal and physical reactivity to normal levels. 
Originally developed for the treatment of pain condi
tions, multiple case series have shown that right-sided 
SGB is associated with significant reductions in PTSD 
symptoms after SGB [24–28], especially negative mood 
and hyperarousal symptoms [29, 30]. Results of a recent 
randomized controlled trial in which SGB were com
pared to sham treatment (saline injection) further 
support the procedure’s efficacy [31]. In that study, 
PTSD symptom reduction in the SGB group was twice as 
large as the sham group. Research also supports SGB’s 
safety and acceptability among patients with combat- 
related PTSD [32].

To date, however, the effectiveness of SGB when 
delivered in combination with first-line PTSD 
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treatments like CPT is understudied. Preliminary find
ings from a pilot nonrandomized clinical trial [33] 
suggest administering SGB during prolonged exposure, 
an evidence-based psychotherapy for PTSD [34], led to 
improved tolerability, significantly reduced symptom 
severity, and increased remission rates at 1- and 3-month 
follow-ups. However, this trial had a small sample size 
(n = 12) and did not include follow-ups beyond 3 months 
post-treatment. Thus, additional research is needed to 
understand the effectiveness of SGB when combined 
with first-line treatments for PTSD. The present study is 
designed to examine this issue from two perspectives. 
First, we examined possible synergistic effects wherein 
the administration of SGB-before-CPT leads to greater 
reductions in primary (PTSD) and secondary (depres
sion, anxiety, and somatic symptom severity) symptoms 
as compared to CPT alone. Second, we examined effects 
wherein the administration of SGB-after-CPT leads to 
significant reductions in PTSD symptoms among mili
tary personnel and veterans who continue to experience 
moderate to severe symptoms after completing the 
therapy. To achieve these aims, we conducted an open- 
label randomized wait-list controlled trial in a sample of 
treatment-seeking military personnel and veterans di
agnosed with PTSD. The wait-list control design was 
selected because it allowed us to evaluate the effects of 
these two strategies for combining SGB with massed 
CPT in a single study. Consistent with these aims, we 
hypothesized that (1) SGB before starting massed CPT 
will be associated with significantly reduced primary 
(PTSD) and secondary (depression, anxiety, and somatic 
symptom severity) symptoms among military personnel 
and veterans and (2) SGB after completing massed CPT 
will be associated with significantly reduced PTSD 
symptoms among military personnel and veterans who 
fail to reach good end-state functioning (PCL-5 total 
score <20 and a PHQ-9 total score <10).

Method

Study Design and Setting
This open label randomized wait-list controlled trial 

(clinicaltrials.gov identifier: NCT05107752) was con
ducted by collaborators at an academic medical center 
located in central Ohio (CPT) and a SGB center of 
excellence in Maryland (SGB). Participants were re
cruited across the USA. The wait-list control design was 
selected to evaluate two distinct strategies for combining 
SGB with massed CPT, a first-line recommended ther
apy for PTSD. The study’s first stage, SGB-before-CPT 

versus CPT alone, allowed us to evaluate potential 
synergy effects (hypothesis 1) while the second stage, 
SGB-after-CPT, allowed us to evaluate potential effects 
among participants who did not benefit from CPT alone 
(hypothesis 2). The wait-list control design also allowed 
us to provide both treatments to all participants.

Participants and Procedures
Participants were military personnel and veterans 

diagnosed with PTSD, as established by the Diagnostic 
Interview for Anxiety, Mood, Obsessive-Compulsive, 
and Related Neuropsychiatric Disorders (DIAMOND) 
[35], a structured researcher-administered diagnostic 
interview that has demonstrated good validity and re
liability. The inclusion criteria were (1) being ≥18 years 
old; (2) current or prior military service; (3) meeting 
current diagnostic criteria for PTSD; (4) being able to 
speak and understand the English language; (5) stable 
psychotropic medication dosing for at least 3 months; 
and (6) able to complete the informed consent process. 
The exclusion criteria were (1) SGB treatment within the 
preceding year; (2) a current or past diagnosis of a 
psychotic or bipolar disorder; (3) a current or past di
agnosis of moderate or severe traumatic brain injury; (4) 
moderate to severe symptoms of a substance use disorder 
during the past 30 days; (5) imminently elevated suicide 
risk warranting suicide-focused treatment and/or in
patient hospitalization; (6) impaired mental status that 
precludes the ability to provide informed consent; and/ 
or (7) other life conditions deemed by the investigators 
that place the participant at risk for injury or a poor 
outcome (e.g., undergoing disability evaluation, under
going a medical board evaluation to be discharged from 
the military, pending negative administrative, or legal 
actions).

Military personnel and veterans were recruited and 
consented from January 2022 to March 2024. Potential 
participants were identified via a combination of strat
egies including digital advertisements placed on social 
media pages and websites, ResearchMatch, and referrals 
from community-based veteran service organizations 
and healthcare professionals. After consenting, eligible 
individuals completed an eligibility assessment with 
study personnel. Individuals meeting eligibility criteria 
next completed a baseline assessment and were ran
domized to one of two treatment groups: (1) SGB the 
week before massed CPT or (2) SGB 3 months after 
starting massed CPT. Randomization was facilitated by a 
computerized stratified block randomization algorithm 
with two strata: biological sex and severity of past-week 
PTSD symptoms at baseline based on total score of the 
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self-report PTSD Checklist for DSM-5 (PCL-5) (0–40, 
41–60, or 61–80). Staff members responsible for as
signing participants to treatment groups did not have 
access to the randomization algorithm. All participants 
attended massed CPT sessions remotely via telehealth 
during study weeks 1 and 2. SGB was administered at an 
established SGB center of excellence in Annapolis, MD, 
during week 0 or week 12, depending on their randomly 
assigned group. Participants were reimbursed for travel- 
related expenses associated with visiting Annapolis to 
receive the SGB procedure. Clinical outcomes were as
sessed at 0, 1, 2, 4, 8, 12, 13, 14, 16, 20, 24, and 52 weeks 
via Research Electronic Data Capture (REDCap), a se
cure web-based application designed for clinical trial 
data entry and collection [36, 37]. Study procedures were 
approved by The Ohio State University Biomedical 
Institutional Review Board (2021H0228). The study 
protocol with statistical analysis plan is available at www. 
clinicaltrials.gov/NCT05107752) and the CONsolidated 
Standards of Reporting Trials (CONSORT) Checklist is 
available in online supplementary sTable 1 (for all online 
suppl. material, see https://doi.org/10.1159/000550014).

Interventions
Eligible participants were not restricted from re

ceiving any other forms of medical or mental health 
treatment while enrolled in the study. In addition to 
usual care, all participants received both CPT and SGB.

Cognitive Processing Therapy
Cognitive processing therapy (CPT) [38] is an em

pirically supported outpatient therapy that teaches 
participants how to identify and address upsetting 
thoughts related to their trauma (e.g., “It was my fault”; 

“I should have done more”; “I’m broken”). Participants 
first learn to identify beliefs that may worsen their 
symptoms (called “stuck points”), then learn cognitive 
restructuring skills to evaluate their trauma-related be
liefs and consider alternative, more adaptive ways in 
thinking (e.g., examine whether the facts support or do 
not support their thoughts, consider how hindsight bias 
impacts their beliefs). In this study, 60-min CPT sessions 
were scheduled daily for 10 consecutive business days 
(i.e., “massed” CPT) and delivered remotely via tele
health. Session content is summarized in Table 1. Re
search therapists were clinical psychologists, social 
workers, mental health counselors, and postdoctoral 
psychology trainees who had completed an approved 
CPT training workshop with follow-up consultation and 
supervision. Therapists attended weekly supervision 
sessions to monitor and support protocol fidelity.

Stellate Ganglion Block
SGB was performed using real-time ultrasonography 

with an in-plane technique and a total volume of 
7–10 mL of ropivacaine 0.5%, which was injected around 
and into the site of the cervical sympathetic chain at the 
level of the C4 and C6 vertebrae [39]. Ropivacaine is a 
long-acting amide local anesthetic agent and a pure 
S-enantiomer with a high pKa and relatively low solu
bility. Participants were not sedated during the proce
dure. For the SGB procedure, participants were first 
positioned in the supine position with their head turned 
slightly to the left while the skin over the anterior right 
neck was prepared with an alcohol/chlorohexidine so
lution and allowed to dry for 1 min. Next, a small amount 
of sterile ultrasound gel was applied to the anterior neck 
at the level of the cricoid membrane and a high frequency 

Table 1. Content of 10 massed CPT 
sessions Session No. Session content

1 Overview of PTSD and CPT, review index trauma

2 Impact statement

3 ABC worksheets

4 Challenging questions worksheets

5 Patterns of problematic thinking worksheets

6 Challenging beliefs worksheets, safety module

7 Trust module

8 Power and control module

9 Self-esteem module

10 Esteem module, impact statement
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broadband linear transducer (GE Logiq E with L12 
transducer) was used to identify the cervical sympa
thetic chain. The target area was scanned with color 
Doppler to identify potential anatomic variations in the 
course of the vertebral artery and other significant 
vasculature. The skin was next anesthetized using a 27- 
gauge, 30-mm needle with 1 mL of 1% buffered lido
caine. A 22- or 25-gauge needle was then introduced 
into the ventral fascia of the longus coli in the area 
immediately adjacent to the right cervical sympathetic 
chain at the C6 level. After negative aspiration, 7–8 mL 
of 0.5% ropivacaine was injected over 2 min. These steps 
were repeated at the C4 level using 1.5–2 mL of 0.5% 
ropivacaine. After completion, participants were 
monitored for 20 min. The procedure was considered 
successful if Horner’s syndrome (i.e., ptosis, miosis, and 
facial anhidrosis) was observed within 20 min of the 
first injection. 100% of SGB procedures were successful. 
Every SGB was performed by one of two SGB experts 
with over 10 years of ultrasound-guided SGB experi
ence (J.L. and S.M.).

Eligibility Assessment
A current PTSD diagnosis (defined as meeting 

DSM-5 diagnostic criteria for PTSD within the past 
month) was established using the Life Events 
Checklist for DSM-5 (LEC-5) [40] and the Diagnostic 
Interview for Anxiety, Mood, and Obsessive- 
Compulsive and Related Neuropsychiatric Disorders 
(DIAMOND) [35]. The LEC-5 is an 18-item scale that 
assesses exposure to a range of potentially traumatic 
events, and several features of the most stressful or 
upsetting event (e.g., potential for injury or death, 
involvement of sexual violence). The DIAMOND is a 
semistructured clinician-administered interview that 
assesses a wide range of DSM-5 psychiatric disorders 
including PTSD. Eligibility assessments were com
pleted by individuals with a master’s or doctoral 
degree in psychology.

Primary Outcome: PTSD Symptom Severity
PTSD symptom severity was assessed using the PTSD 

Checklist for DSM-5 (PCL-5) [41], a 20-item self-report 
scale that assesses the severity of each DSM-5-defined 
PTSD symptoms during the past week, depending on the 
assessment timeframe of interest (i.e., past week during 
treatment and past month during follow-up). Each item 
is scored using a 5-point scale, with items summed to 
provide an overall metric of PTSD symptom severity. In 
this sample, Cronbach’s alpha estimates ranged from 
0.93 to 0.97 across assessments.

Secondary Outcomes: Depression, Somatic, and 
Anxiety Symptom Severity
Depression symptom severity was assessed using the 

Patient Health Questionnaire-9 (PHQ-9) [42], a 9-item 
self-report scale that assesses the severity of each DSM-5- 
defined symptom of major depressive episode during the 
past 2 weeks. Each item is scored using a 4-point scale, 
with items summed to provide an overall metric of 
depression symptom severity. In this sample, Cronbach’s 
alpha estimates ranged from 0.88 to 0.92 across 
assessments.

Anxiety symptom severity was assessed using the 
Generalized Anxiety Disorder-7 (GAD-7) [43], a 7-item 
self-report scale that assesses the severity of each DSM-5 
defined symptom of generalized anxiety disorder during 
the past 2 weeks. Each item is scored using a 4-point 
scale, with items summed to provide an overall metric of 
anxiety symptom severity. In this sample, Cronbach’s 
alpha estimates ranged from 0.87 to 0.96 across 
assessments.

Somatic symptom severity was assessed using the 
Patient Health Questionnaire-15 (PHQ-15) [44], a 15- 
item self-report scale that assesses the severity of 
somatic/physical symptoms during the past 2 weeks. 
Each item is scored using a 3-point scale, with items 
summed to provide an overall metric of somatic 
symptom severity. In this sample, Cronbach’s alpha 
estimates ranged from 0.78 to 0.86 across assessments.

Data Analyses
Our analyses used linear mixed effects modeling with 

PCL-5, the primary outcome, as the outcome variable; 
treatment group, time, and the treatment*time inter
action as fixed effects predictors; and random effects for 
the intercept and time. The covariance matrix was se
lected by comparing Bayesian Information Criterion 
values, with smaller values indicating better fit. Analyses 
were conducted using all randomized participants 
(i.e., intent-to-treat). Missing data were handled using 
maximum likelihood estimation. All tests were two- 
sided with α = 0.05. This approach was repeated for 
our secondary outcomes (PHQ-9, GAD-7, and PHQ- 
15). In addition to conducting mean comparisons, we 
also calculated reliable change indices (RCIs) and rates of 
good end-state functioning. RCIs were calculated using 
PCL-5 scores based on the method described by Jacobsen 
and Truax [45], which is the ratio of the difference 
between 2 scores (e.g., baseline and follow-up scores) 
relative to the standard error of that difference. Because 
RCI values are equivalent to standardized z-scores, RCI 
values >1.96 represent change that exceeds the 95% 
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confidence interval of measurement error. Good end- 
state functioning represents a state characterized by very 
low symptom severity. Consistent with previous studies 
[46], good end-state functioning in this study was de
fined as a PCL-5 total score <20 and a PHQ-9 total 
score <10.

A priori power analyses were conducted to determine 
the minimum sample size needed to test each hypothesis 
with two-tailed tests (α = 0.05), assuming a correlation of 
r = 0.5 among repeated assessments and an estimated 
PCL-5 standard deviation of 9–12 points at baseline. 
Hypothesis 1 would be supported if participants re
ceiving SGB-before-CPT showed a larger reduction in 
PCL-5 scores than participants in the wait-list control 
(SGB-after-CPT) by week 8. Hypothesis 2 would be 
supported if the subset of participants in the wait-list 
control group (SGB-after-CPT) who failed to reach good 
end-state functioning by week 8 showed a significant 
reduction in PCL-5 scores. We powered both hypotheses 
to detect a PCL-5 total score reduction ≥10 points, which 
is considered a clinically meaningful change [47]. To 
detect a 10-point between-group difference in PCL-5 
scores with 80% power (hypothesis 1), a minimum 
sample size of 20 was required. To detect a 10-point 
within-group reduction in PCL-5 scores with 80% power 
(hypothesis 2), a minimum sample size of 6 was required. 
To test hypothesis 2, we therefore needed at least 6 
participants to fail to reach good end-state functioning 
by week 12. Previous studies of CPT have shown that 
approximately 20–50% of participants fail to reach good 
end-state functioning after treatment. If only 20% of 
participants in the SGB-after-CPT condition fail to reach 
good end-state functioning by week 12, a total of 30 
participants per group (N = 60) was required to provide 
sufficient power to test hypothesis 2. Thirty participants 
per arm (N = 60 total) also provided 99% power to detect 
a 10-point between-groups difference in PCL-5 scores by 
week 12 (hypothesis 1). To account for attrition and 
missing data, we aimed to enroll a minimum of 80 
participants.

Results

Participant Characteristics
Of 113 military personnel and veterans screened for 

eligibility, 86 were enrolled in the study (Fig. 1). Sample 
characteristics are summarized in Table 2. There were no 
demographic differences between treatment groups at 
baseline. The most common trauma exposures were 
combat or exposure to a warzone (80.2%), physical as

sault (76.7%), transportation accident (69.8%), and ex
posure to a toxic substance (67.4%). Participants were 
asked to select the trauma that was most distressing and/ 
or contributed most to their symptoms; this most dis
tressing trauma served as the focus of therapy. In this 
sample, the most distressing traumas involved serious 
injury to someone else (66.3%), danger to the partici
pant’s life (64.0%), danger to someone else’s life (61.6%), 
serious injury to the participant (19.8%), and sexual 
violence (18.6%). Most participants (84.9%) reported 
experiencing their most distressing trauma more than 
once. Additional information about participants’ trauma 
exposure is reported in online supplementary sTable 2.

Primary Outcome: PTSD Symptom Severity
Intercorrelations among PCL-5 symptom cluster 

scores, PCL-5 full scale scores, and secondary outcomes 
over time are reported in online supplementary sTable 3. 
Change in PCL-5 scores significantly differed between 
groups over time (F(12,724) = 3.0, p < 0.001). Relative to 
baseline, PCL-5 scores decreased in both groups (SGB- 
before-CPT: F(12,724) = 23.4, p < 0.001; SGB-after-CPT: 
F(12,724) = 21.1, p < 0.001), but reductions were faster in 
SGB-before-CPT (Fig. 2a). In SGB-before-CPT, PCL-5 
scores rapidly decreased from baseline to week 2 and 
leveled off thereafter. In SGB-after-CPT, by comparison, 
PCL-5 scores decreased steadily from baseline to week 14 
before leveling off. PCL-5 scores were significantly lower 
in SGB-before-CPT at week 1 (F(1,724) = 14.4, p < 
0.001), week 2 (F(1,724) = 14.2, p < 0.001), week 4 
(F(1,724) = 10.2, p = 0.001), and week 8 (F(1,724) = 15.2, 
p < 0.001).

Secondary Outcomes: Depression, Anxiety, and 
Somatic Symptom Severity
Change in PHQ-9 (F(12,728) = 2.0, p = 0.025), PHQ- 

15 (F(12,726) = 2.5, p = 0.003), and GAD-7 (F(12,725) = 
2.6, p = 0.002) scores significantly differed between 
groups over time. Relative to baseline, PHQ-9 scores 
significantly decreased in both groups (SGB-before- 
CPT: F(12,728) = 14.4, p < 0.001; SGB-after-CPT: 
F(12,728) = 9.2, p < 0.001) but reductions were faster in 
SGB-before-CPT (Fig. 2b). PHQ-9 scores were signifi
cantly lower in SGB-before-CPT at week 1 (F(1,728) = 
9.7, p = 0.002), week 2 (F(1,728) = 5.7, p = 0.018), week 4 
(F(1,728) = 9.3, p = 0.002), and week 8 (F(1,728) = 11.9, 
p < 0.001). Relative to baseline, PHQ-15 scores signifi
cantly decreased in both groups (SGB-before-CPT: 
F(12,726) = 7.1, p < 0.001; SGB-after-CPT, F(12,726) = 
5.8, p < 0.001) but reductions were faster in SGB before 
(Fig. 2c) CPT. PHQ-15 scores were significantly lower in 
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SGB-before-CPT at week 1 (F(1,726) = 4.0, p = 0.046), 
week 2 (F(1,726) = 4.5, p = 0.034), week 8 (F(1,726) = 9.3, 
p = 0.002), and week 12 (F(1,726) = 5.3, p = 0.022). 
Relative to baseline, GAD-7 scores significantly de
creased in both groups (SGB-before-CPT: F(12,725) = 
13.9, p < 0.001; SGB-after-CPT, F(12,725) = 10.8, p < 
0.001) but reductions were faster in SGB-before-CPT 

(Fig. 2d). GAD-7 scores were significantly lower in SGB- 
before-CPT at week 1 (F(1,725) = 24.3, p < 0.001), week 2 
(F(1,725) = 15.6, p < 0.001), week 4 (F(1,725) = 19.4, p < 
0.001), week 8 (F(1,725) = 19.1, p < 0.001), week 12 
(F(1,725) = 7.1, p = 0.008), week 13 (F(1,725) = 5.7, p < 
0.001), week 14 (F(1,725) = 5.7, p = 0.017), and week 16 
(F(1,725) = 4.5, p = 0.035).

Fig. 1. Flow of participants through the study.
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Good End-State Functioning
By week 8, 89% of SGB-before-CPT versus 62% of 

SGB-after-CPT participants showed reliable improve
ment in PCL-5 scores, and 48% of SGB-before-CPT 
versus 16% of SGB-after-CPT participants reached 
good end-state functioning (i.e., PCL-5 total score <20 
and PHQ-9 <10).

Among the SGB-after-CPT participants who had not 
yet reached good end-state functioning by week 8, PCL-5 
scores significantly decreased after they received the SGB 
procedure in week 12. Relative to their week 8 score, 
PCL-5 scores were significantly decreased at week 12 (t = 
2.1, p = 0.043), week 13 (t = 3.1, p = 0.003), week 14 (t = 
3.8, p < 0.001), week 16 (t = 3.4, p = 0.001), and week 20 
(t = 2.7, p = 0.009). By week 52, 81% of SGB-before-CPT 
versus 62% of SGB-after-CPT participants showed re
liable improvement in PCL-5 scores and 31% of SGB- 
before-CPT versus 25% of SGB-after-CPT participants 
reached good end-state functioning.

Discussion

Although cognitive behavioral psychotherapies are 
effective in the treatment of PTSD symptoms, a signif
icant proportion of individuals with PTSD, historically 
including military personnel and veterans, do not reach 
or maintain symptom remission. Therefore, novel 
strategies for improving PTSD treatment outcomes in 

military personnel and veterans are needed. Despite 
several previous studies [26, 33, 48] establishing the 
efficacy of SGB as a PTSD treatment, this is the first 
randomized clinical trial to evaluate the efficacy of SGB 
when delivered in combination with front-line PTSD 
psychotherapy treatment. In this study, we examined the 
effect of augmenting massed CPT with SGB before or 
after treatment.

The present results indicate that SGB-before-CPT led 
to faster reductions in PTSD symptoms than massed 
CPT as usual, with differences becoming nonsignificant 
once the SGB-after-CPT group received the SGB in
tervention. SGB-before-CPT led to faster reductions in 
secondary (depression, anxiety, and somatic symptom 
severity) symptoms than CPT treatment as usual, with 
differences becoming nonsignificant once the SGB-after- 
CPT group received the intervention. These patterns 
align with a previous pilot study [33] and provide further 
evidence supporting the rapid effects of SGB augmenting 
CPTs reduction of PTSD symptoms. The advantages of 
SGB-before-CPT may be due to its virtually immediate 
relief in hyperarousal and physiological reactivity, ability 
to increase therapy engagement/compliance, and/or its 
ability to increase psychotherapy efficacy. For instance, it 
may be that by reducing hyperarousal, individuals re
ceiving CPT are better equipped to reflect on the 
traumatic event and evaluate and restructure their 
negative trauma-related beliefs. The cognitive re
structuring skills taught in CPT can also be useful for 
other unhelpful thoughts and such skills may be easier to 
utilize once hyperarousal is reduced, thus leading to a 
reduction in secondary symptoms. Alternatively, by 
reducing hyperarousal and physiological reactivity, in
dividuals with PTSD may decrease avoidant-related 
behaviors (e.g., isolation), which is a core feature in 
PTSD that maintains symptoms. As a result, such in
dividuals may feel more comfortable than they previ
ously did in engaging in enjoyable activities and inter
acting with others. This may, in part, explain the faster 
reductions in secondary symptoms.

Both groups had an initial decrease in somatic 
symptoms from baseline to week 2. The decline for the 
SGB-after-CPT group occurred over the course of CPT, 
even though CPT does not specifically target somatic 
symptoms. It may be possible that reducing PTSD 
symptoms by targeting maladaptive trauma-related be
liefs may improve somatic symptom burden. This is 
consistent with data from a trauma-exposed sample 
showing that fluctuations in PTSD symptoms are posi
tively associated with fluctuations in somatic symptoms, 
and PTSD symptom reductions predict future reductions 

Table 2. Sample characteristics by treatment group

SGB before CPT SGB after CPT

Age, mean (SD) 43.8 (10.4) 41.1 (8.8)

Biological sex, n (%)
Male 31 (73.8) 32 (72.7)
Female 11 (26.2) 12 (27.3)

Race, n (%)
Black 4 (9.5) 1 (2.3)
White 32 (76.2) 32 (72.7)
Asian 0 (0) 0 (0)
Native American 2 (4.8) 0 (0)
Pacific Island 0 (0) 0 (0)
Other 0 (0) 0 (0)

Hispanic/Latino, n (%)
No 36 (85.7) 39 (88.6)
Yes 6 (14.3) 5 (11.4)

Sexual orientation, n (%)
Straight 39 (92.9) 40 (90.9)
Non-straight 3 (7.1) 4 (9.1)
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in somatic symptoms [49]. Both SGB-before-CPT and 
SGB-after-CPT groups eventually achieved similar so
matic symptom reductions; however, the SGB-before- 
CPT group showed more rapid improvement after SGB 
injection.

Findings also showed that administration of SGB- 
after-CPT led to significant reductions in PTSD symp
toms among military personnel and veterans who 
continued to experience moderate to severe symptoms 
after completing the therapy. This finding has clinical 

a

b

2
(Figure continued on next page.)
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c

d

Fig. 2. a–d Change in PTSD, depression, anxiety, and somatic 
symptoms from baseline to 52 weeks among military personnel 
and veterans randomly assigned to receive the SGB before massed 
CPT (SGB-before-CPT, blue) or massed CPT before the SGB 
(SGB-after-CPT, red). PTSD symptoms were assessed with the 
PTSD Checklist for DSM-5 (PCL-5), depression symptoms were 

assessed with the Patient Health Questionnaire-9 (PHQ-9), 
anxiety symptoms were assessed with the Generalized Anxiety 
Disorder-7 (GAD-7), and somatic symptoms were assessed with 
the Patient Health Questionnaire-15. The timing of each SGB 
procedure is is represented by horizontal dashed lines, and the 
timing of massed CPT is represented by the gray shaded region.
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implications for individuals who are non-minimal 
treatment responders. Previous studies have estab
lished individual differences in rates of response to 
evidenced-based treatments for PTSD [50–52]. Although 
treatment response predictors are still poorly understood 
and require further investigation, SGB-before-CPT 
might be particularly beneficial for individuals that are 
suspected to be non-/minimal treatment responders. 
This may be especially true in conjunction with massed 
(i.e., daily) protocols. Massed models of care are de
signed to avert over/under-treatment, resulting in lower 
overall cost to the patient and healthcare system. Pre
vious research has suggested that implementation of 
evidenced-based treatments for PTSD reduces mental 
health costs over time [53, 54]. This is especially true of a 
massed model of evidenced-based treatment for PTSD 
due to higher retention [12], higher completion [13], and 
quicker reduction of PTSD symptoms. Thus, SGB before 
massed CPT could be useful to amplify clinical response.

These results provide several clinical implications. Due 
to SGB’s safety, effect size, and rapid onset of symptom 
relief, SGB is relatively well accepted as an adjunctive 
clinical intervention. SGB-before-CPT appears especially 
useful for patients looking for a fast response. Given this, 
the combination of SGB before massed CPT may be of 
particular interest to the Department of Defense for 
treating military personnel with PTSD. Such an ap
proach could maximize treatment response in a short 
period of time and return military personnel to 
mission readiness. Additionally, SGB before massed 
CPT could lead to higher clinical throughput due to 
rapid and sustained symptom reduction, which is 
especially important because specialized PTSD care is 
not always available [55], especially in rural areas. 
Additionally, shorter treatment times with positive 
outcomes that are sustained over time could reduce 
the wait time for individuals to get connected with 
care and ultimately lead to more individuals being 
treated with an evidence-based treatment in a shorter 
duration of time [56]. Our results further suggest that 
SGB after massed CPT could also be useful for patients 
who do not respond to initial trials of CPT and other 
front-line treatments.

Conclusions from the current study should be made 
only after considering several important limitations. 
First, our sample included only US military personnel 
and veterans. However, because trauma histories were 
not limited to combat operations alone, there exists the 
ability to generalize findings to other populations. In 
fact, the percentage of subjects in this study who ex
perienced assault or motor vehicle trauma is virtually 

as high as combat-related trauma. Second, because we 
employed a pragmatic clinical trial design, we did not 
record therapy sessions to assess clinician fidelity or 
assess outcomes using methods other than self-report. 
We therefore could not assess the quality of inter
ventions implemented by the clinicians and relied on 
assessment methods that are vulnerable to response 
bias. These sacrifices in internal validity are offset by 
the considerable gains in external validity that ac
company pragmatic clinical trial designs, namely the 
close approximation of “real-world” practices and 
context. Third, as noted in the study by Peterson et al. 
[33] (2022), positive expectations and treatment ex
pectancy for the SGB procedure may have partially 
influenced findings. Specifically, individuals receiving 
the SGB procedure experience an obvious physio
logical response (Horner’s syndrome), which cannot 
be easily matched with previously used sham treatment 
(saline injection), and this may have influenced their 
expectations. Finally, this study did not account for 
possible PTSD subtypes, which could obscure treat
ment effects on different clinical outcomes. SGB, for 
instance, is believed to primarily affect hyperarousal 
symptoms; its effects could therefore be reduced 
among patients with PTSD predominated by other 
cognitive-affective presentations (e.g., depression).

There are several challenges for patients who are 
interested in receiving SGB as a part of their PTSD 
treatment. First, like other treatments for PTSD, we do 
not know which patients will benefit from SGB. Al
though the current study establishes efficacy of SGB in 
conjunction with CPT, there remains questions about 
the number of and frequency of SGB treatments. Ad
ditionally, the accessibility of SGB for PTSD is very 
limited, outside some military bases and VAs. Most 
patients are forced to pay for SGB out of pocket as most 
insurances do not cover SGB as a treatment for PTSD. 
Further research is therefore needed to address these 
questions, to further establish SGBs efficacy for potential 
non/minimal responders or in cases of severe and/or 
chronic PTSD, and lay the groundwork to ensure in
surance companies cover SGB procedures.

Conclusion

Despite these limitations, this study provides a 
potentially new way to increase efficacy of existing 
front-line PTSD treatment by augmenting with SGB. 
Our results show that SGB before massed CPT led to 
faster reductions in primary (PTSD) and secondary 
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(depression, anxiety, and somatic symptom severity) 
symptoms than massed CPT treatment as usual, with 
differences becoming nonsignificant once the SGB- 
after-CPT group received the intervention. More re
search is warranted to determine whether there are 
additional ways to increase the effectiveness of the SGB 
intervention. Overall, SGB before massed CPT appears 
to be a potentially powerful intervention to increase 
PTSD symptom reduction.
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