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ABSTRACT
Purpose: A significant number of Americans have symptoms of Post-Traumatic Stress Disorder (PTSD) and depression. 
Cervical sympathetic block (CSB) combined with sub-anesthetic ketamine infusions (KI) have been shown to reduce 
the symptoms of PTSD and depression via a synergistic effect. We aim to report a significant improvement of PTSD 
and depressive symptoms by concordant use of CSB and KI as compared to CSB alone.

Methods: 26 consecutive patients were recruited to study the effects of KI and bilateral CSB vs bilateral CSB alone 
on sleep via a WHOOP band analysis. Patients were randomized to receive CSB alone vs KI and CSB. Patients 
received KI and CSB via clinic protocol. 

Results: Patients (n=11) that received CSB only, demonstrated a PCL reduction of 56.1% and BDI reduction of 
59.5%. Patients (n=12) that received CSB and KI together, demonstrated a PCL reduction of 76.9% and a BDI 
reduction of 83.7%. 

Conclusion: Bilateral CSB combined with KI seems to be more effective in treating PTSD and depression symptoms 
as compared to bilateral CSB alone. Considering the size of the study, a larger scale evaluation would be necessary 
to confirm our findings.
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Introduction
More than 10% of Americans will develop Post-Traumatic 
Stress Disorder (PTSD) at some point in their lives, with 3.7% 
experiencing PTSD during any given year [1]. According to the 
World Health Organization, approximately 5% of the global 
population suffers from depression [2]. Cervical Sympathetic 
Blockade (CSB) has shown recent promise for controlling the 
symptoms of PTSD and depression [3-6]. Ketamine, an NMDA-
antagonist, has been utilized at low-doses for the treatment of 

mental health disorders, such as treatment-resistant depression 
[7] and PTSD [8]. A case report has demonstrated the synergistic 
impact of KI and CSB modalities as related to the treatment of 
PTSD and depressive symptoms as well as a possible mechanism 
of the effect [9]. The patients included in the current report were 
recruited for a study titled, “The Impact of stellate ganglion block 
(SGB) on subjective and physiological measures of sleep quality 
and wellbeing.” Protocol # 2021/HE002777.  The main findings 
of the above study were a significant improvement in subjective 
sleep quality, without documented physiological changes of 
sleep as measured by WHOOP wristband analysis. The focus of 
this current report is the improvement of PTSD and depression 
symptoms following bilateral CSB and KI as opposed to bilateral 
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CSB treatment alone. The impact of the above therapies on sleep 
will be published at a different time. With the current therapeutic 
modalities of psychotherapy and pharmaceuticals to treat 
PTSD having low efficacy and low compliance rate [10], more 
effective treatment modalities are highly required and should be 
researched.

Methods
Patients and Setting
All patients consented to IRB Protocol #2021/HE002777. A total 
of 26 consecutive patients with a diagnosis of PTSD using the 
PTSD Checklist (PCL-5), consented to participate in a WHOOP 
study from 2022 to 2023. These individuals were included across 
various Stella Centers across the USA. Routine collection of pre- 
and post-intervention psychiatric assessment tools were collected.

Cervical Sympathetic Blockade
Detailed informed consent was obtained prior to all procedures 
for CSB on the right side. The patient was placed in the supine 
position with the head rotated slightly to the contralateral side, 
with monitoring per clinic protocol. The skin of the neck was 
cleaned with chlorhexidine-isopropyl alcohol preparation and 
2 g of sterile ultrasound gel was applied. The neck was scanned 
using a broadband linear transducer (8-13 MHz from the level 
of the 6th to the 4th cervical vertebrae in transverse view). The 
skin at the injection site on the lateral neck was anesthetized with 
1.5 mL of 1% lidocaine. Utilizing an in-plane approach, under 
real-time ultrasound guidance, a 22-gauge echogenic needle was 
placed just dorsal to the ventral fascia of the longus coli, medial 
to the longus capitus. After attempted aspiration, while monitoring 
the patient, 0.5 mL of 0.5% bupivacaine was injected, and after 
observing the patient for 30 s, a second 4 mL aliquot was injected. 
The patient was monitored for an additional 30 s. After the patient 
verbally confirmed an absence of any concerning symptoms, an 
additional 4 mL of 0.5% bupivacaine was slowly injected over 1 
min for a total injection volume of 8 mL for a single-level block. 
This was repeated at the 4th cervical level, with a total of 4 mL of 
bupivacaine. Left-sided CSB was performed at a later date. 

Ketamine Infusion
Detailed informed consent was obtained prior to all infusions 
following a consultation. The initial infusion of racemic 
ketamine hydrochloride (0.5 mg/kg) was administered over 45 
min. Premedication with ondansetron 4 mg IVP was used for 
all sessions and an anesthesiologist was present until discharge. 
During the infusion, a nurse recorded vital signs (heart rate, 
blood pressure, respirations, pulse oximetry) and clinical status 
every 5 min. Any concerning or intolerable treatment-emergent 
side effects (e.g., hemodynamic instability, severe dissociation, 
worsening depression or anxiety) prompted intervention or 
discontinuation of the infusion. At the end of each infusion, the 
patient was clinically monitored for at least 1 h by the nursing 
staff. Subsequent infusions utilized escalating doses of ketamine 
of 0.1–0.2 mg/kg titrated to induce mild to moderate dissociation. 
A total of 4 KI were performed. 

Psychiatric Outcome Measures
PTSD Checklist for DSM-V (PCL-5)
The PTSD Checklist for DSM-V (PCL-5) is a 20-item self-
reported questionnaire that assesses PTSD symptomatology based 
on 20 symptoms outlined in the DSM-5. The purposes of this test 
include screening, diagnosis, and monitoring of symptomatology 
over a period of time. The patient is to self-report a score based 
on a 5-item Likert scale from 0 to 4, which is described by the 
following: 0) “Not at all”; 1) “A little bit”; 2) “Moderately”; 3) 
“Quite a bit”; and 4) “Extremely”. It should be noted that there 
are a number of differences between PCL-5 and PCL-4 (based on 
DSM-IV), hence they can neither be compared nor interchanged. 
The total symptom severity is a sum of the patient responses and 
may range from 0 to 80. A change in PCL-5 score by 5–10 points 
is considered reliable, and by 10–20 points is considered clinically 
significant. The optimally efficient minimum cutoff score that is 
considered diagnostic ranges from 31 to 33 [11]. 

Beck Depression Inventory 
The Beck Depression Inventory (BDI) is a 21-item, self-report 
rating inventory that measures characteristic attitudes and 
symptoms of depression for the purpose of evaluating symptom 
severity [12]. The patient is to self-report a score based on a 4-item 
Likert scale from 0 to 3, which is described by the following: 0) 
“Symptom Absent”; and 4) “Severe Symptoms Present”. Score 
interpretation is dependent on a previous diagnosis of depression. 
A score greater than 20 without a previous diagnosis indicates 
depression. If a diagnosis of depression has already been made, the 
following score ranges can indicate the severity of symptoms: 0–13 
= minimal depression; 14–19 = mild depression; 20–28 = moderate 
depression; and 29–63 = severe depression [13]. According to 
the National Institute for Health and Care Excellence (NICE), a 
BDI score change greater to or equal than 3 signifies a clinically 
effective treatment for normal depression, and a BDI score change 
of 2 or greater for treatment-resistant depression [14]. 

Results
In a total of 11 patients (n = 11) who received bilateral CSB only, 
pre-PCL and pre-BDI scores were 47.0 and 30.6, respectively. 
Post-PCL and post-BDI scores were 20.6 (56.1% reduction) and 
12.4 (59.5% reduction), respectively (Table 1).

In a total of 12 patients (n = 12) who received bilateral CSB 
plus ketamine, pre-PCL and pre-BDI scores were 41.8 and 27.2, 
respectively. Post-PCL and post-BDI scores were 9.7 (76.9% 
reduction) and 4.4 (83.7% reduction), respectively (Table 1). 

In a total of 2 patients (n = 2) who experienced combat trauma 
and received bilateral CSB only, pre-PCL and pre-BDI scores were 
58.5 and 37.5, respectively. Post-PCL and post-BDI scores were 
33.5 (42.7% reduction) and 22.0 (41.3% reduction), respectively 
(Table 2).

In a total of 7 patients (n = 7) who experienced combat trauma 
and received bilateral CSB plus ketamine, pre-PCL and pre-BDI 
scores were 40.3 and 27.3, respectively. Post-PCL and post-BDI 
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Table 1: Pre- and post-treatment PCL and BDI scores of CSB only vs CSB + Ketamine.
Male Female Modality Totals

CSB Only n = 7 n = 4 n = 11
Pre-PCL 48.3 Pre-PCL 44.8 Pre-PCL 47.0
Post-PCL 21.7 Post-PCL 18.8 Post-PCL 20.6
Point Change -26.6 Point Change -26.0 Point Change -26.4
% Change -55.0% % Change -58.1% % Change -56.1%
Pre-BDI II 33.6 Pre-BDI II 23.7 Pre-BDI II 30.6
Post-BDI II 13.6 Post-BDI II 9.7 Post-BDI II 12.4
Point Change -20.0 Point Change -14.0 Point Change -18.2
% Change -59.6% % Change -59.2% % Change -59.5%

CSB + Ketamine n = 7 n = 5 n = 12
Pre-PCL 40.3 Pre-PCL 44.0 Pre-PCL 41.8
Post-PCL 12.6 Post-PCL 5.6 Post-PCL 9.7
Point Change -27.7 Point Change -38.4 Point Change -32.2
% Change -68.8% % Change -87.3% % Change -76.9%
Pre-BDI II 27.3 Pre-BDI II 27.0 Pre-BDI II 27.2
Post-BDI II 5.7 Post-BDI II 2.6 Post-BDI II 4.4
Point Change -21.6 Point Change -24.4 Point Change -22.8
% Change -79.1% % Change -90.4% % Change -83.7%

Male vs. Female n = 14 n = 9
Totals Pre-PCL 44.3 Pre-PCL 44.3

Post-PCL 17.1 Post-PCL 11.4
Point Change -27.1 Point Change -32.9

% Change -61.3% % Change -74.2%
Pre-BDI II 30.4 Pre-BDI II 25.8
Post-BDI II 9.6 Post-BDI II 5.3
Point Change -20.8 Point 

Change -20.5
% Change -68.3% % Change -79.6%

scores were 12.6 (68.8% reduction) and 5.7 (79.1% reduction), 
respectively (Table 2).

In a total of 9 patients (n = 9) who have experienced trauma, but 
not combat trauma, and received bilateral CSB only, pre-PCL and 
pre-BDI scores were 44.4 and 37.5, respectively. Post-PCL and 
post-BDI scores were 17.8 (60.0% reduction) and 10.0 (73.3% 
reduction), respectively (Table 3).

In a total of 5 patients (n = 5) who have experienced trauma, but 
not combat trauma, and received bilateral CSB plus ketamine, pre-
PCL and pre-BDI scores were 44.0 and 27.3, respectively. Post-
PCL and post-BDI scores were 5.6 (87.3% reduction) and 2.6 
(90.5% reduction), respectively (Table 3).

Table 2: Pre- and post-treatment PCL and BDI scores of CSB only vs CSB + Ketamine in patient who have experienced combat trauma vs non-combat 
trauma.

Combat Trauma Non-Combat Trauma(s) Modality Totals
CSB Only n = 2 n = 9 n = 11

Pre-PCL 58.5 Pre-PCL 44.4 Pre-PCL 47.0
Post-PCL 33.5 Post-PCL 17.8 Post-PCL 20.6
Point Change -25.0 Point Change -26.7 Point Change -26.4
% Change -42.7% % Change -60.0% % Change -56.1%
Pre-BDI II 37.5 Pre-BDI II 37.5 Pre-BDI II 30.6
Post-BDI II 22.0 Post-BDI II 10.0 Post-BDI II 12.4
Point Change -15.5 Point Change -27.5 Point Change -18.2
% Change -41.3% % Change -73.3% % Change -59.5%

CSB + Ketamine n = 7 n = 5 n = 12
Pre-PCL 40.3 Pre-PCL 44.0 Pre-PCL 41.8
Post-PCL 12.6 Post-PCL 5.6 Post-PCL 9.7
Point Change -27.7 Point Change -38.4 Point Change -32.2
% Change -68.8% % Change -87.3% % Change -76.9%
Pre-BDI II 27.3 Pre-BDI II 27.3 Pre-BDI II 27.2
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Post-BDI II 5.7 Post-BDI II 2.6 Post-BDI II 4.4
Point Change -21.6 Point Change -24.7 Point Change -22.8
% Change -79.1% % Change -90.5% % Change -83.7%

Combat vs. Non-Combat n = 9 n = 14
Totals Pre-PCL 44.3 Pre-PCL 44.3

Post-PCL 17.2 Post-PCL 13.4
Point Change -27.1 Point Change -30.9
% Change -61.2% % Change -69.7%
Pre-BDI II 29.6 Pre-BDI II 28.2
Post-BDI II 9.3 Post-BDI II 7.2
Point Change -20.2 Point Change -21.0
% Change -68.4% % Change -74.6%

Table 3: Total collection of trauma types experienced.
Traumas By Type
Childhood trauma or abuse 16

Combat and/or warfare 37
Childhood neglect 6
Witnessing a traumatic event 6
Childhood sexual assault 4

Death or injury of a loved one 3
Divorce 2
Bullying or hazing 1
Domestic abuse 3
First responder trauma 2
Personal health issues 2

Physical violence or threat 2
Racial trauma 2
Workplace injury or job-related accident 2
Workplace abuse, loss, or harassment 2

Other/ Not listed 1
LGBTQ+ trauma 1
Non-physical interpersonal abuse 1
Sexual assault 1
Sports injury 1

Victim of crime by a stranger 1
Adoption 0
COVID-related trauma 0
Homelessness 0

Human trafficking 0
Loss of pregnancy 0
Natural disaster 0
Political/ national refugee-related trauma 0
Reproductive challenges/ infertility 0
Secondary PTSD 0

In summary of the results, ketamine plus bilateral CSB treatment 
led to greater reduction of both PTSD and depression scores 
compared to bilateral CSB treatment alone.

Conclusion
Prior research has shown a mechanistic linkage of PTSD and 

depression symptoms to the over activation of the sympathetic 
nervous system (SNS) [15-20]. After trauma, sympathetic sprouting 
occurs due to increased neuronal growth factor (NGF) release. This 
ultimately leads to increased levels of norepinephrine (NE) which 
have been found in both the rat brain and human cerebrospinal fluid 
(CSF) of trauma patients [16-20]. This increase in sympathetic 
nerve fibers leads to the increase of NE concentration eventually 
producing the hyperarousal symptoms of PTSD [17] and depression 
[15] CSB is presumed to reverse NE levels, which was discussed 
in prior publication [17]. Theoretically, CSB affects depression via 
a similar mechanism. The mechanism of ketamine on reduction 
of PTSD and depression symptoms is currently still debated.

The theoretical reason for the observation of KI and CSB synergy 
was discussed in prior publication [9]. Essentially, KI is known 
to both induce sympathetic overgrowth, as well as reduce PTSD 
symptoms. CSB is believed to reduce sympathetic overgrowth 
by “pruning” the sympathetic sprouting and reducing NE. Thus, 
preventing the effects on the sympathetic fibers by KI, yet not 
affecting the positive effects of KI.  

The current study demonstrated that combining KI and bilateral 
CSB has a more significant impact in treating PTSD and depression 
symptoms compared to bilateral CSB treatment alone. This study 
is limited by the small number of participants, the mechanism of 
this effect has not been fully elucidated. Further study is needed to 
determine the true promise of combined KI/CSB technique. 
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