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ABSTRACT
Background/Importance Delayed cerebral ischemia 
(DCI) is the second- leading cause of death and disability 
in patients with aneurysmal subarachnoid hemorrhage 
(aSAH), and is associated with cerebral arterial 
vasospasm (CAV). Current treatments for CAV are 
expensive, invasive, and have limited efficacy. Cervical 
sympathetic block (CSB) is an underappreciated, but 
potentially highly effective therapy for CAV.
Objective To provide a comprehensive review of the 
preclinical and human literature pertinent to CSB in the 
context of CAV.
Evidence review This study followed Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses Extension for Scoping Reviews guidelines. We 
conducted a literature search using Embase, PubMed, 
Cochrane Database of Systematic Reviews, Cochrane 
Central Register of Controlled Trials, Scopus and Web 
of Science until February 2022, to identify abstracts, 
conference proceedings, and full- text papers pertinent 
to cervical sympathectomy and CAV in animal/adult 
patients.
Findings We included six human and six experimental 
studies. Human studies were mostly prospective 
observational, except one retrospective and one 
randomized clinical trial, and used various imaging 
modalities to measure changes in arterial diameter 
after the block. Studies that used digital subtraction 
angiography showed an improvement in cerebral 
perfusion without change in vessel diameter. Transcranial 
Doppler studies found an approximately 15% statistically 
significant decrease in velocities consistent with arterial 
vasodilatation. Overall, the results suggest an increase in 
cerebral arterial diameter and neurological improvement 
in patients receiving a CSB. Animal studies demonstrate 
that sympathetic system ablation vasodilates cerebral 
vasculature and decreases the incidence of symptomatic 
vasospasm.
Conclusions This scoping review suggests that CSB 
may be a viable option for treatment and prevention of 
CAV/DCI in patients with aSAH, although the included 
studies were heterogeneous, mostly observational, and 
with a small sample size. Further research is needed to 
standardize the technique and prove its effectiveness to 
treat patients suffering of CAV/DCI after aSAH.

INTRODUCTION
Cerebral aneurysm rupture is a devastating disease 
that results in significant morbidity and mortality.1 
Aneurysm rupture results in aneurysmal subarach-
noid hemorrhage (aSAH) and a rapid increase in 

intracranial pressure that may cause sudden death. 
Patients who survive the initial subarachnoid 
hemorrhage are at risk of additional brain injury.

Delayed cerebral ischemia (DCI) is the second- 
leading cause of death and disability in patients 
suffering from aSAH, and DCI is strongly associ-
ated with cerebral arterial vasospasm (CAV), which 
reduces cerebral blood flow (CBF) and causes 
cerebral infarction.2 However, fewer than half of 
patients with radiographic CAV develop DCI,3 
which indicates that the pathophysiology of DCI is 
more complex than reduced CBF due to CAV.

While the pathophysiology of DCI remains 
incompletely understood, it is likely multifactorial 
in etiology. Microvessel vasoconstriction, micro-
thrombosis, oxidative tissue damage, and cortical 
spreading depolarization as well as large vessel 
vasospasm all likely contribute to neurological 
deterioration.4 Clinical trials designed to treat CAV 
using mechanical or pharmacological vasodilation 
have failed to show an improvement in clinical 
outcome,5 6 and, at this time, oral nimodipine is 
the only class I and level of evidence A medication 
that has been shown to be an effective preventa-
tive treatment for DCI.7 A recent network metanal-
ysis concluded that nimodipine and cilostazol are 
likely the most effective treatments in preventing 
morbidity and mortality in patients with aSAH.8 
Interestingly, nimodipine does not reduce CAV, 
which suggests that this drug more likely inhibits 
cortical spreading ischemia and has fibrinolytic 
activity that reduces microthrombi.4 9 Despite 
modest evidence, standard aSAH management 
includes maintenance of euvolemia, induced hyper-
tension, and transarterial mechanical or pharma-
cological vasodilatation in patients with refractory 
symptoms.10 New knowledge and treatments for 
DCI are sorely needed.

Cerebral arteries are innervated by sympathetic 
nerve fibers that originate from the ipsilateral 
cervical sympathetic trunk (figure 1).11 Cervical 
sympathetic system activation vasoconstricts the 
cerebral arteries, while its inhibition vasodilates 
them. Experimental and small human studies have 
shown that surgical or pharmacological cervical 
sympathetic block (CSB) increases CBF and 
improves neurological outcomes after aSAH.12 13 
aSAH results in massive sympathetic nervous system 
activation that likely contributes to CAV of large 
and small cerebral arteries that reduces CBF.14–16 In 
addition, aSAH causes disrupted autoregulation,17 
a physiological process that is partially mediated by 
the sympathetic nervous system. Both vasospasm 
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and autoregulation disruption have been associated with worse 
neurological function following SAH.18 19

Despite this knowledge of cerebral artery innervation by the 
cervical sympathetic system and its activation in aSAH patients, a 
CSB to treat DCI is understudied. Leriche and Fontaine20 showed 
that a stellate ganglion block reversed cerebral vasoconstriction 
following cerebral vasospasm. Despite the success of this physi-
ology based treatment, this regional anesthetic technique has not 
been broadly adopted. The lack of robust validating data and the 
low safety profile of this intervention might have contributed 
to its lack of adoption. Previously, regional nerve blocks were 
performed using a landmark technique and carried a potential 
for increased side effects. However, modern ultrasound guided 
regional anesthetic techniques and improved procedural skills 
of regional anesthesiologists allow nerve blocks to be routinely 
performed with high levels of efficacy and safety. Whether 
modern, ultrasound- guided percutaneous CSB is a viable treat-
ment for CAV and DCI remains to be determined.

Recently, observational studies have used CSB in patients with 
DCI. This scoping review was undertaken to explore the litera-
ture on cervical sympathectomy to treat cerebral CAV and DCI, 
summarize descriptive data of included studies, and help identify 
knowledge gaps that may require further study.

METHODS
Our scoping review follows the Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses Extension for Scoping 
Reviews (PRISMA- ScR) guidelines.21We conducted a scoping 
review to define the state of the literature on cervical sympathec-
tomy for CAV/DCI treatment and to identify knowledge gaps to 
guide future studies.

Literature search and eligibility criteria
We conducted a thorough literature search using Embase, 
PubMed, Cochrane Database of Systematic Reviews, Cochrane 
Central Register of Controlled Trials, Scopus, Web of Science 

until February 18, 2022 to identify abstracts, conference 
proceedings, and full- text papers pertinent to cervical sympa-
thectomy and cerebral vasospasm. Fully reproducible search 
strategies for each database can be found in online supplemental 
appendix.

We searched for Animal/Adult patients (at least 18 years old) 
receiving a CSB to treat CAV. We had no exclusion criteria. 
The search strategy is uploaded in full in online supplemental 
appendix.

Study selection process
The results of each electronic search were downloaded into the 
reference manager EndNote V.X9 (Clarivate Analytics). Dupli-
cates were searched for by authors and titles, and were deleted 
before the screening process began. Two reviewers (AMB and 
BDH) independently screened and identified titles and abstracts 
for inclusion, and differences were decided by consensus. Any 
ambiguous citations were retained for full- text review. The 
results of the included articles are compiled in tables 1–3. Per 
PRISMA- ScR guidance, evaluation of quality of included studies 
was not performed

RESULTS
This search strategy yielded a total of 1563 results. The study 
selection/elimination outline is presented in the PRISMA flow 
diagram (online supplemental figure 1). Six human and six 
experimental studies were identified published from 2003 to 
2022.

Human studies
We found 15 studies published from 1938 until 197522–34 
that reported the use of a sympathetic block to treat patients 
with cerebrovascular disorders. The studies enrolled patients 
diagnosed with stroke for various etiologies. The differential 
diagnosis of hemorrhagic, embolic and thrombotic stroke was 
made based on clinical signs and their development over time, 
patients’ age and spinal fluid findings, not on imaging findings. 
During the period from 1938 until 1975, we identified a total of 
607 patients across these 15 studies who received a sympathetic 
nerve block for cerebrovascular events.

The majority of these studies used a proxy measure for success 
of the block, that is, if the block resulted in a unilateral Horner’s 
syndrome, an easily recognized manifestation of cervical sympa-
thectomy.26–28 35 36 In online supplemental table 1, we list these 
early studies with their main characteristics and findings.

Table 1 summarizes the characteristics of modern era human 
studies included in this review (total 177 patients), and table 2 
contains the measurements and outcomes of these studies.

Evidence for changes in cerebral artery diameter after the 
block
Modern era studies (published after 2000) have found some 
support for the hypothesis that CSB improves CBF using non- 
invasive imaging techniques. Treggiari et al13 used digital subtrac-
tion angiography (DSA) to diagnose CAV, then performed a CSB 
and repeated a DSA postblock that showed an improvement in 
cerebral perfusion in all patients. The imaging detected a statis-
tically significant decreased filling time on the blocked side and 
reduced circulation time compared with baseline and compared 
with the opposite side in the proximal intracranial carotid 
arteries, and distally, a nearly complete opacification of previ-
ously hypoperfused regions. Interestingly, at the selective cath-
eterization, the vessel diameter was unchanged compared with 

Figure 1 Cervical sympathetic trunk anatomy anterior view of the 
neck where the cervical sympathetic trunk lies. The vessels have been 
removed to show the ganglia of the cervical sympathetic trunk and their 
relationship to the cervical vertebrae. Library. P

rotected by copyright.
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baseline, suggesting the importance of downstream vasodilation 
in increasing perfusion.

In support of this idea, Pileggi et al37 found vasodilatation 
of distal circulation after the block, measured by CTA. Using 
transcranial Doppler (TCD), Samagh et al38 found a significant 
decrease in middle cerebral artery (MCA) systolic and mean 
velocities, and Lindegaard ratio after a CSB. The same authors at 
DSA found a statistically significant increase in the mean vessel 
diameter measured at the mid‐M1 segment of MCA, mid‐A1 
segment of ACA, and a decreasing trend in mean parenchymal 
filling time and mean venous sinus filling time after CSB. These 
findings, are indicative of small vessel vasodilation and increased 
cerebral perfusion, although the studies did not assess CBF 
directly.

Other studies have similarly shown reduced TCD velocities in 
the MCA after CSB, which is consistent with vasodilatation of 
this arterial bed after treatment.38–42 However, TCD is subject 
to differences in operator technique and may be confounded by 
variables such as hemodilution and collateral blood flow.

Arterial caliber is correlated with improved cerebral perfu-
sion, but cerebral perfusion is best assessed using CT perfusion 
(CTP) or other advanced MRI and positron emission tomog-
raphy imaging techniques. Only one study has determined 
whether CSB results in a change in CTP parameters, and these 
authors measured improved cerebral perfusion as revealed by an 
improvement of the mean transit time from 4.5 s to 3.0 s after 
treatment.43

In summary, the available evidence consistently points to cere-
brovascular dilatation, preferentially in distal beds, with variable 
changes in large- vessel diameter.

We did not calculate a magnitude of effect of the block on 
cerebral artery diameter across studies because the included 
studies were very heterogeneous in terms of the type of block 
performed, and the imaging modality used to measure changes 
in arterial diameter before and after the block.

Evidence for improvement in neurological status
Treggiari et al13 noted an immediate clinical improvement with 
complete symptom resolution in six out of nine patients. Jain et 
al42 reported an improvement in Glasgow Coma Score 30 min 
after the block and favorable outcome as measured by Glasgow 
Outcome scale in 73% patients at 6 months. Samagh et al38 
found neurological improvement in 25% patients receiving a 
CSB Zhang et al39 randomized patients to receive or not a CSB 
before the occurrence of CVA/DCI; they found that at 6 months, 
54% of patients in the CSB group had a favorable clinical course 
outcome as measured by the Glasgow Outcome Scale compared 
with 32.6% in the control group (p=0.001). Although relatively 
few, these studies support the hypothesis that CSB may lead to 
improved cerebral perfusion that translates into improved clin-
ical outcomes. Nevertheless, most of these studies did not have 
a control group. Prospective and randomized studies are needed 
to determine whether CSB affects clinical outcomes in patients 
with DCI followed ruptured aSAH.

Prospective and randomized evidence for CAV and DCI 
prevention
There is only a single randomized controlled trial that has tested 
if CSB results in improved clinical outcomes after aSAH.39 

Table 1 Human studies characteristics

First author, 
year Type of study Indication Level

N of patients, 
age

Sympathetic block 
technique Local anesthetic

Successful block 
measure:

SS vs continuous
Unilateral vs 
bilateral

Treggiari, 
200313

Prospective, 
observational

Vasospasm following 
aSAH

Superior 
cervical 
ganglion block

9
41±17

Fluoroscopy 5 mL of 0.5% 
bupivacaine 
with 50 mcg of 
clonidine

Horner’s syndrome SS
Unilateral
 

Jain, 201142 Prospective, no 
control

Vasospasm following 
aSAH

SGB at C6* 15
45.5±13.6

Surface landmarks 
using anterior 
paratracheal 
approach

10 mL of 0.5% 
bupivacaine

Ipsilateral Horner’s 
syndrome, 
increase in skin 
temperature.

SS
Unilateral
on side showing 
maximum mean 
CBFV

Wendel, 
202040

Retrospective Refractory vasospasm 
after aSAH

SGB at C6* 37
49.9±11.1

Surface landmarks 
using anterior 
paratracheal 
approach

8–10 mL of 0.2% 
ropivacaine with 
or without 150 
mcg clonidine

– SS
Unilateral
Bilateral (11)
Repeated (13)

Pileggi, 202137 Retrospective Refractory vasospasm 
after aSAH

SGB at C7 10
mean age 50.2 
years, range 
37–66

Fluoroscopy 5 mL of 0.5% 
ropivacaine 
continuous: 0.2% 
ropivacaine at 5 
mL/h

Anhidrosis and 
temperature 
change on skin of 
the ipsilateral side 
of face

SS and continuous
Bilateral (7)

Zhang, 202139 Randomized 
controlled trial

Patients undergoing 
neurosurgical clipping 
after aSAH

SGB at C7 SGB (n=50) 
51.43±2.22
Non- SGB (n=52) 
53.76±1.74

Ultrasound 8 mL of 0.375% 
ropivacaine

Horner’s syndrome SS
Repeated

Samagh, 
202238

Prospective,
Observational

Patients with clinical 
and angiographic 
evidence of 
vasospasm post 
aneurysmal clipping

SGB at C6 * 20 Ultrasound 10 mL of 0.5% 
bupivacaine on 
the ipsilateral side 
of the vasospasm

Horner’s syndrome SS

*The authors describe performing a SGB at C6, nevertheless it should be noted that the middle cervical ganglion is located at C6.
aSAH, aneurysmal subarachnoid hemorrhage; CBFV, cerebral blood flow velocity; MCA, middle cerebral artery; SGB, stellate ganglion block; SS, single shot.
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Enrolled patients were randomized to either standard medical 
therapy or ultrasound- guided CSB on the day of ruptured aneu-
rysm treatment by neurosurgical clipping; the block was repeated 
on postoperative days (POD) 2, 4, and 6.

Velocities as measured by TCD in the MCA and in the basilar 
artery were the same at baseline in both groups and significantly 
increased from POD 1 to POD7; nevertheless, these increases 
were significantly lower in the group of patients receiving a CSB 
(p<0.05). In addition, velocities in both groups reached a peak 
at POD7, but while in the group not receiving a block, the higher 
increase was more than a 100%, in the CSB group, the average 
increase was 50% compared with baseline. The authors also 
measured different inflammatory markers of early brain injury 
and in both groups, markers levels were the same at baseline, 
increased on POD 1 and POD3 compared with baseline, but this 
increase was lower in the group of patients receiving a block 
(p<0.05). At 6 months, patients in the CSB group had better 
neurological outcomes as measured by the Glasgow Outcome 
Score than patients in the control group (p=0.001). These find-
ings pivot toward a role of a CSB in possibly reducing the occur-
rence and severity of vasospasm and its devastating neurological 
consequences. Nevertheless, these results need to be interpreted 
with caution because CAV/DCI were never diagnosed by imaging 
modalities or clinical findings. The authors report increases in 
velocities as measured by TCD compared with baseline, which 
were higher in the group of patients not receiving a block, 

but radiologic or clinical vasospasm were never systematically 
diagnosed.

Animal studies
Key physiological concepts elaborated in human studies have 
been reported in detail in several animal species suggesting 
that the neurogenic control of cerebral vasculature by the 
cervical sympathetic system is a deeply evolutionarily conserved 
mechanism.

Nevertheless, preclinical models also carry many limitations 
that can limit the interpretability of the results. In particular, 
the arterial supply to the cerebral circulation varies inconsis-
tently across species, making it difficult to assess whether similar 
arteries are affected in preclinical models and clinical SAH. 
Furthermore, there is no standardized method of simulating the 
human equivalent of aSAH. Direct injection of autologous or 
heterologous whole blood into the subarachnoid space or in the 
cisterna magna are the most commonly used methods of SAH, 
and do not involve the spontaneous rupture of an intracranial 
aneurysm, as is observed in clinical cases, making translation 
to clinical observations challenging.44 Finally, preclinical treat-
ment success is often only measured by the degree of vasospasm 
or brain injury rather improvement in functional behavioral 
outcomes in animal models.45Bearing in mind these limitations, 
animal models of aSAH and CAV support a mechanistic link 

Table 2 Human studies: CBF measurements+neurological findings

First author, year
Diagnosis of 
vasospasm Time of imaging Imaging findings Neurological changes

Treggiari, 200313 DSA To diagnose vasospasm 
and after the block

At DSA: arterial delay, from 0.9± 0.6 to 0.2 ±0.3 s (p<0.05) and 
parenchymal defect from 2.5 ±1.5 to 1.1 ±1.5 s (p<0.05) after the 
block
No change in vessel diameter

Clinical improvement with complete 
symptom resolution in six patients

Jain, 201142 TCD Before the block, 10 and 
30 min, 2- 6- 12 and 24 
hours after the block

Ipsilateral to CSB: MCA mean velocity, from 134 (8, SE) to 110 (6) 
at 6 hours and 113 (6) cm/s (p<0.001) at 24 hours after the block; 
ACA mean velocity: from 106 (6) to 94 (5) at 6 hours and 96 (5) cm/s 
(p<0.001) at 24 hours after the block. Contralateral to CSB: mean 
MCA velocity, from 96 (4) to 85 (4) cm/s (p<0.001) at 6 hours; ACA 
mean velocity from 74 (5) to 69 (5) cm/s (p<0.001) at 6 hours, in 
both vessels persisting for12 hours after the block

Improvement in GCS after 30 
min (p=0.002); 73% patients had 
favorable outcome as measured by 
GOS at 6 months after SAH

Wendel, 202040 TCD Before the block, and 
at 2 and 24 hours after 
the block

Ipsilateral MCA velocity: from 160±28 to 127±34 at 2 hours to 
137±38 cm/s *at 24 hours after the block corresponding to a 20 and 
15% reduction, respectively. No change in contralateral MCA

At ICU discharge, 24 of the 37 
patients were significantly disabled 
(GOS≤3), and at the 6 months 
follow- up they were moderately 
disabled (GOS 4).

Pileggi, 202137 Cerebral 
angiography

Before the block;
after the block in selcted 
patients

Angiographic vasodilation on the distal circulation Average modified Rankin Scale at 
discharge was 3 implying moderate 
disability

Zhang, 202139 TCD in the MCA 
and basilar 
arteries

The day before surgery 
(POD 0) and on POD 
1- 3- 7

In both groups, velocities in the MCA and basilar arteries were 
higher on POD1 and POD3 compared with POD0, but the increase in 
velocities were lower in the group receiving a block (p<0.05).

Patients who received a block had 
better neurologic prognosis score 
and neurological function 6 months 
after surgery.

Samagh, 202238 TCD and DSA Before and after the 
block

TCD: reduction in ipsilateral MCA systolic velocity (from 150±22 to 
140±24 cm/s, p=0.005), mean velocity (from 120±23 to 108±25 
cm/s, p=0.025), and Lindegaard ratio (from 2.57±0.46 to 2.34±0.50, 
p=0.022) after the block.
DSA: increase in the mean vessel diameter measured at the mid‐A1 
segment of ACA (from 0.109±0.049 to 0.124±0.0517 cm, p=0.002), 
mid‐M1 segment of MCA (from 0.174±0.046 to 0.189±0.041 cm, 
p=0.003); decreased mean parenchymal filling time (from 3.18±0.37 
to 3.13±0.36 s, p=0.1) and venous sinus filling time (from 3.60±0.97 
to 3.50±0.76 s, p=0.1)

Neurological improvement in 5 
(25%) patients

ACA, anterior cerebral artery; CSB, cerebral blood flow; CTA, CT angiography; DSA, digital subtraction angiography; GCS, Glasgow Ccoma Score; GOS, Glasgow Outcome Score; 
MCA, middle cerebral artery; POD, postoperative day; SAH, subarachnoid hemorrhage; SE, standard error; TCD, transcranial Doppler.
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between cervical sympathectomy, improved regional blood flow, 
and neurological improvement

The details of the animal studies are shown in table 3.
Studies in cats and rabbits46–48 found evidence for a reduction 

in the incidence and severity of vasospasm following SAH in 
animals who had a sympathectomy compared with animals who 
did not, suggesting that sympathectomy can prevent the develop-
ment and severity of vasospasm. Consistent with this hypothesis, 
better neurological function postsympathectomy was associ-
ated with wider arterial diameter on cerebral angiography49 or 
on histological analysis50 compared with non- sympathectomy 
controls. In rabbit and rodent models, several molecular factors 
(ie, nitric oxide, endothelin 1)49–51 have been implicated in the 
development of vasospasm after SAH and the therapeutic effects 
of a CSB, however, these mechanistic insights have yet to trans-
late into clinical practice.

Experimental manipulations are more accurate and complete 
than in human studies because most investigators12 46–48 50 
performed a cervical sympathetic trunk transection, therefore, 
the extrinsic sympathetic innervation to the cerebral arteries was 
completely ablated. Furthermore, all the studies had a control 
group of animals where sympathectomy was not performed. 
Taken together, animal studies suggest that the complete abla-
tion of the sympathetic system changes vessels diameter and 
decreases the incidence of vasospasm, highlighting the impor-
tance of neurogenic regulation of cerebral vasculature.

DISCUSSION
This scoping review suggests that CSB may increase CBF by 
vasodilating the microcirculation and improves neurological 
outcomes in humans suffering of CAV after aSAH. Experimental 
models of CAV support the human findings. Therefore, a simple 
and non- invasive technique, such as CSB, may be a valuable 

treatment and a potential preventative intervention for CAV/
DCI in patients after aSAH.

This intervention carries a very low risk of complications. Of 
the study included in this review, Treggiari et al13reported three 
patients having transient changes in voice, one of swallowing 
discomfort and one patient of headache lasting 12 hours after 
the procedure. Zhang et al39 reported two patients with tran-
sient hoarseness immediately after the block that disappeared 
within 10 minutes. A study including 2000 CSB performed for 
reasons other than CAV, found no serious complications, and the 
blocks were all performed with a surface landmark technique.52

Despite promising results, it is important to underscore that 
the studies included in this review have many limitations. First, 
investigators did not test a uniform type of block, as most studies 
report doing a stellate ganglion block, but also included middle 
and superior cervical ganglion blocks. Second, the technique 
varied. Blocks were performed either by anatomical landmarks, 
by fluoroscopy and only two studies used ultrasound guid-
ance.38 39 Third, a variety of doses, volumes and durations (ie, 
single shot vs continuous) of local anesthetic were used. Forth, 
most studies were observational, had a small sample size and 
lacked a control group.

Considering these limitations, before drawing conclusions 
about the effectiveness of this technique to improve neurolog-
ical outcomes in patients with CAV after aSAH, it is critical to 
generate new knowledge about this procedure to validate its effi-
cacy and optimize its technical aspects. Here we discuss key areas 
of uncertainty to be addressed by future studies.

Determine which aSAH patients are likely to benefit from a 
CSB
For any procedure, it is important to understand if it should 
be applied broadly to an entire group of patients or whether 

Table 3 Animal studies characteristics

First author, 
year Animal No of animals/groups Type of block/approach Assessments and findings

Endo, 197946 Cats Control (5); sympathectomy (5) Bilateral superior cervical 
ganglionectomy and 
carotid artery perivascular 
sympathectomy

At electron microscopy observation of distribution and morphology of basilar 
artery nerves: milder vasospasm and of shorter duration

Bunc, 200047 Rabbits Control (5);
SAH (9);
SAH+alpha blocker (9); 
SAH+sympathectomy (7)

Alpha blocker and bilateral 
cervical sympathectomy

At computer image analysis of basilar artery intima histologic specimen: 
vasospasm prevention after alpha blocker and bilateral cervical 
sympathectomy

de Souza Faleiros, 
200648

Rabbits Control (9);
SAH (16);
SAH+sympathectomy (16)

Bilateral superior and inferior 
cervical sympathectomy

At cerebral angiography: vasospasm prevention after bilateral cervical 
sympathectomy

Chun- jing, 201349 Rabbits Control (6);
SAH (6);
SAH+sympathectomy (6)

Cervical sympathetic block At cerebral angiography: increase in basilar artery diameter; improved 
neurological function; higher levels of nitric oxide and nitric oxide synthetase 
activity

Hu, 201450 Rats Control (20);
Sham, saline into the 
subarachnoid space (20);
SAH(20);
SAH+sympathectomy (20)

Right cervical sympathetic 
trunk transection

Increase in diameter, perimeter, and cross- sectional area of the middle 
cerebral and basilar artery at histological sections under the microscope; 
reduction in plasmatic vasoconstrictor endothelin 1and increase in vasodilator 
calcitonin gene- related peptide; hippocampal inhibition of pro- apoptotic 
protein Bax and upregulation anti- apoptotic Bcl- 2 expression; Reduction in 
motor and behavioral deficits

Dagistan, 201912 Rats Control (7);
Sham; saline into the 
subarachnoid space (14);
SAH (14);
SAH+sympathectomy (14)

Left cervical sympathetic 
trunk transection

Decrease SAH induced c- fos expression; reduced the SAH- induced increases 
calcitonin gene- related peptide, substance P and vasoactive intestinal peptide 
in trigeminal ganglion and in the brainstem

SAH, subarachnoid hemorrhage.
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only a subset of patients is likely to benefit. Treggiari et al13 
found that the sympathetic block successfully reversed mild 
to moderate symptoms of cerebral vasospasms, but it had 
no effect in patients with severe CAV and DCI. Since the 
morbidity related to vasospasm is associated even with mild 
symptoms, one would expect that CSB would be beneficial in 
patients with mild symptoms. To date, circulating or neuro-
imaging biomarkers have not been evaluated as triage tools 
to CSB therapy, and future studies should test whether these 
commonly acquired biosignatures may be useful to define 
patient populations likely to benefit from CSB.

Regional anesthetic technique as alternative or 
complementary treatment
Whether a CSB may replace or compliment neurointerven-
tional surgery procedures to promote cerebral artery vasodilata-
tion remains to be investigated by future studies. The potential 
advantages of CSB are promising. First, the effects of CSB last 
longer than the short- lived action of intra- arterial vasodilators, 
above all when using a long- acting local anesthetic and/or when 
inserting a periganglionar catheter.

Second, a CSB does not result in systemic vasodilatation and 
hypotension that plagues neurointerventional surgeons and 
anesthesiologists during transarterial vasodilator infusion, which 
may reduce the risk of an ischemic stroke during vasodilator 
treatment.

Third, a CSB has a reduced risk of causing an ischemic stroke 
compared with neurointerventional procedures that have an 
inherent risk of stroke due to catheter placement in the cervical 
or cerebral arteries.

Fourth, the vasodilatory effects of a CSB may be more 
pronounced in the distal cerebral arteries, which are also 
innervated by the sympathetic nerves.13 37 While neuroint-
erventional balloon angioplasty may treat a target artery in 
vasospasm, it does not directly treat vasospasm in more distal 
vessels that are too small and numerous to individually target. 
By contrast, a CSB appears to have a vasodilatory effect on the 
cerebral circulation distal to the cervical internal carotid artery 
that is targeted by the procedure. CBF was never rigorously 
and directly assessed after a CSB, therefore, future research 
should focus on clarifying the mechanism of action of the 
block on the cerebral circulation.

Last, a CSB is a relatively low- cost treatment that may be 
performed at the bedside, which compares favorably with 
neurointerventional procedures. A cost- effective study should 
compare the cost of a CSB to a neurointerventional procedure.

A CSB can also be used as complementary intervention to 
already available pharmacological treatment with proven effi-
cacy on DCI/CAV.

Timing of the block
CSB reduces the sympathetic tone of cerebral arteries, but it 
remains unclear whether this procedure is best used as treat-
ment in patients who have developed CAV/DCI or as a preven-
tative treatment in all aSAH patients. The existing literature 
has largely enrolled patients with refractory CAV and DCI 
after failure of standard treatments, so the benefits of CSB are 
currently considered as a treatment rather than as a preventative 
measure. However, Zhang et al39 randomized aSAH patients to 
medical therapy vs a CSB early in their hospitalization before 
the typical onset of CAV and DCI. They found that CSB patients 
had favorable neurological and functional outcomes 6 months 

after treatment, which suggests that CSB may effectively prevent 
DCI. Larger future prospective and randomized studies are 
needed to determine if CSB reduces the frequency of CAV/DCI 
in aSAH patients and to verify that it results in favorable long- 
term outcomes.

Block duration
The risk of CAV and DCI on average lasts up to 14 days after 
aSAH, with an unpredictable duration. The effect of a single 
CSB can persist for only few hours, even when using local 
anesthetic with a longer duration of action. Prior studies have 
reported that repeated injections are necessary for CAV and DCI 
treatment on the recurrence of neurological symptoms in aSAH 
patients.20 22 24–32 40 Future studies should investigate the safety 
and efficacy of a CSB with the insertion of a periganglionar 
catheter placed to allow for prolonged and continuous infusion 
of local anesthetic, which could in theory continue during the 
entire CAV and DCI window.

Type of local anesthetic and volume
As shown in table 1, previous studies used either 0.5% bupi-
vacaine13 38 42 or various concentrations of ropivacaine.37 39 40 
Some authors added clonidine as adjuvant to the local anesthetic 
to prolong the effect of a single shot injection,13 and one group 
of authors used an indwelling catheter to prolong the effect of 
the block.37 Ultrasound guidance, facilitating the correct needle 
placement and the visualization of the spread of the injectate to 
the targeted structures, allows the use of a small volume of local 
anesthetic while maintaining the same degree of efficacy.

CONCLUSION
Cerebral aneurysm rupture and aSAH is a severe disease, and 
CAV and DCI account for much of the morbidity and mortality. 
The literature summarized in this review suggests that CSB may 
be a viable and preventative treatment for CAV/DCI in these 
patients, but the data come from studies limited by great hetero-
geneity, small sample size and the lack of a control group.

There is an urgent need for additional studies to determine 
how CSB influences CAV, DCI, and patient outcomes, patient 
selection, and the optimal CSB technique to maximize patient 
benefit before the block can be safely and widely implemented.
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Supplement Table: 1936- 1975 human studies characteristics  

First 

Author, 

yr  

 

Type of study  Indication 

 

Level 

 

N° of 

patients,  

age 

 

Nerve 

finding 

technique  

Local 

anesthetic 

 

SS vs continuous 

Unilateral vs 

bilateral  

 

Results  

Leriche, 

1936  

Case report Embolic stroke 

and cerebral 

vasospasm 

SGB 2,  

 

58 and 56 

Surface 

landmarks 

10 ml 1% 

procaine 

SS 

Unilateral  

Repeated 

Resolution of 

neurological 

symptoms in 

both patients  

Mackey, 

1938 

Prospective, 

observational 

Apoplexy SGB, 

Side of the lesion, 

between 

Transverse 

process of 1
st
 

thoracic vertebra 

and 1
st
 rib 

10, 

 

Age range 

26-67 

Surface 

landmarks 

30 ml 1% 

procaine 

SS 

Unilateral 

Repeated  

Improvement 

in 

neurological 

symptoms 

within 

minutes after 

9 injections 

Volpitto, 

1943 

Prospective, 

observational 

CVA SGB, 

Side of the lesion, 

Posterior approach   

12, 

 

- 

Surface 

landmarks 

5 ml 2% 

procaine  

SS 

Unilateral 

 

Partial to 

complete 

neurological 

recovery in 8 

out of 12 

patients * 

 

Gilbert, 

1948 

Prospective, 

observational 

CVA SGB, 

Side of the lesion, 

Transverse 

process of C7 

25,  

 

Age range 

41-80 

Surface 

landmarks 

10 ml 1% 

procaine 

SS 

Unilateral 

Repeated 

Neurological 

improvement 

in 19 out of 

25 patients 
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De Sousa 

Pereira, 

1949 

Prospective, 

observational 

Acute cerebral 

embolism and 

thrombosis  

Surgical cervical 

ganglion 

sympathectomy, 

perivascular 

(carotid and 

vertebral) 

sympathectomy, 

middle cerebral 

ganglion block   

 Surface 

landmarks 

procaine Surgical 

sympathectomy uni 

and bilateral  

 

Block Unilateral and 

repeated 

improvement 

of 

neurological 

symptoms of 

various 

degree 

Searles, 

1950  

Prospective, 

observational,  

Control group 

Cerebral 

embolism and 

thrombosis 

SGB at C7 

(posterior, and 

anterolateral) 

55  Surface 

landmarks 

10 ml 2% 

procaine 

SS 

Unilateral 

Repeated (total 127 

injections) 

Thrombosis: 

neurological 

improvement 

in 45% of 

cases, 

mortality 

reduction 

from 58 to 

35%.  

 

Embolisms: 

neurological 

improvement 

in 37% of pts, 

no change in 

mortality  

 

Amyes, 

1950 

Prospective, 

observational 

Control group 

Acute cerebral 

embolism and 

thrombosis 

SGB, 

Side of the lesion, 

At C7 

44,  

age range 

7-76 

Surface 

landmarks 

10 ml 2% 

procaine 

SS 

Unilateral 

Repeated 

Neurological 

improvement 

in 28 patients 

within 1hr ** 
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Naffziger 

1950 

Prospective, 

observational 

Cerebral 

embolism, 

thrombosis 

and vasospasm  

SGB 

Side of the lesion, 

At C7 

155 Surface 

landmarks,  

anterior 

2-3 ml  

1% procaine 

Unilateral 

SS 

And Repeated; 

Catheter  

complete 

clinical 

recovery in 

91 pts (59%), 

partial 

recovery in 

37 patients 

(24%) and 

poor recovery 

in 27 patients 

(17%) *** 

Ruben 

1950 

Prospective, 

observational 

CVA 

(thrombosis, 

hemorrhage, 

embolus, old 

CVA) 

SGB 

Side of the lesion, 

At C7 

100; 

-  

Surface 

landmarks, 

anterior 

10-20 ml 1% 

procaine, 

0.1 % 

pontocaine, 

1% ciclaine 

Uni/bilateral 

SS 

Repeated 

 

Neurological 

improvement 

in 75% of  

patients 

Gatenby 

1952 

Prospective, 

observational 

CVA 

(thrombosis, 

hemorrhage, 

embolus) 

SGB 

Side of the lesion, 

At C7 

6, 

age range 

38-71 

Surface 

landmarks, 

anterolateral 

10 ml 1% 

procaine 

Unilateral 

SS 

Repeated 

 

Immediate  

neurological 

improvement 

in pts with 

cerebral 

embolism and 

thrombosis 

Millikan 

1953 

Prospective, 

observational 

CVA 

(thrombosis, 

hemorrhage, 

embolus) 

SGB 

Side of the lesion, 

At C7 

27; 

 

age range 

39-70+ 

Surface 

landmarks, 

anterolateral 

10 ml 1% 

procaine 

Unilateral 

SS 

Repeated 

 

No difference 

in terms of 

neurological 

improvement 

or death  

Ruben 

1953 

Prospective, 

observational 

CVA 

(thrombosis, 

hemorrhage, 

embolus) 

SGB 

Side of the lesion, 

At C6 **** 

58; 

-  

Surface 

landmarks, 

anterolateral 

10-20 ml 1% 

procaine 

Unilateral 

SS 

Repeated 

 

Neurological  

improvement 

in more than 

60% of pts 
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De 

Takats, 

1954 

Prospective, 

observational 

CVA SGB 

Side of the lesion, 

At C7 

30; 

-  

Surface 

landmarks 

10 ml 

procaine 

SS 

Unilateral 

Repeated 

2 pts catheter 

5 pts bilateral 

 

Immediate  

neurological 

improvement 

in 32 out of 

55 patients 

Shenkin, 

1969 

Prospective, 

observational 

Control group 

Non 

hemorrhagic 

stroke 

Surgical superior 

cervical 

ganglionectomy. 

32 patients;  

 

surgical stellate 

ganglionectomies:  

24 patients 

56 

 

Surgical  - Surgical superior 

cervical 

ganglionectomy: 14  

bilateral 

 

surgical stellate 

ganglionectomies:  8 

bilateral 

Reduction in 

mortality and 

better 

neurological 

outcomes at 3 

months 

Suzuki, 

1975 

Prospective, 

observational 

Vasospasm 

following 

aSAH 

Perivascular 

sympathectomy of 

the cervical 

internal carotid 

artery and superior 

cervical 

ganglionectomy 

11 

 

Age range 

36-63 

Surgical  - Surgical  

Bilateral (2) 

Clinical 

improvement 

in 9 patients 

CVA: cerebrovascular accident; SGB: stellate ganglion block; SS: single shot 

*Improvement in patients diagnosed with cerebral thrombosis and cerebral vasospasm, no improvement in 4 patients suspected of having brain 

hemorrhage.  The authors drilled the skulls of 2 patients and noticed an increase in the caliber of the pial vessels immediately after the block, limited to 

the side of the block, and also involving the scalp and dural vessels.  

** Better neurological outcomes in patients diagnosed with cerebral embolism and in those who received the block within a few hours after the onset of 

symptoms. Following SGB, in 5 of the 7 patients who had an electroencephalogram, the tracing improved in the form of return of alpha activity, and 

voltage reduction of slow delta waves. 

*** All patients diagnosed with cerebral vasospasm had a complete clinical recovery.  Following clinical improvement, the authors noted a 

corresponding improvement in the electroencephalogram in 35 cases who had a tracing before and after SGB. 

****  The authors describe performing a SGB at C6, nevertheless it should be noted that at C6 lie the middle stellate ganglion, so technically they 

performed a middle stellate ganglion block 
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Search Results 

 

 

Databases  Results 

Embase (Embase.com from Elsevier)  505 

PubMed 344 

Cochrane Database of Systematic Reviews 1 

Cochrane Central Register of Controlled Trials (CENTRAL) 25 

Scopus (Elsevier) 463 

Web of Science (Clarivate Analytics) 225 

 

Embase  
 

No. 

Query 

Results 

505 

#3 
#1 AND #2 

658,964 

#2 
'subarachnoid hemorrhage'/exp OR 'cerebrovascular accident'/exp OR 'brain 

circulation'/exp OR 'stroke*':ti,ab,kw OR 'acute cerebrovascular lesion':ti,ab,kw 

OR 'acute focal cerebral vasculopathy':ti,ab,kw OR apoplexy:ti,ab,kw 

OR apoplexia:ti,ab,kw OR 'ischemic seizure*':ti,ab,kw OR 'ischaemic seizure*':ti,ab,kw 

OR 'cerebral vasospasm*':ti,ab,kw OR 'subarachnoid hemorrhage*':ti,ab,kw 

OR 'subarachnoid haemorrhage*':ti,ab,kw OR 'cerebral perfusion':ti,ab,kw 

OR 'cerebral hypo-perfusion':ti,ab,kw OR 'cerebral blood circulation*':ti,ab,kw 

OR 'cerebral blood flow*':ti,ab,kw OR 'cerebral hypoperfusion':ti,ab,kw OR 'cerebral 

circulation*':ti,ab,kw OR 'cerebrovascular circulation*':ti,ab,kw OR 'cerebrum 

circulation*':ti,ab,kw OR 'brain blood circulation*':ti,ab,kw OR 'brain 

circulation*':ti,ab,kw 

8,967 

#1 
'stellate ganglion block'/exp OR 'stellate ganglion block*':ti,ab,kw OR 'cervical 

sympathe*':ti,ab,kw OR 'cervical block*':ti,ab,kw OR 'sympathetic block*':ti,ab,kw 

OR 'sympathetic nerve block*':ti,ab,kw OR 'cervicothoracic sympathetic 

block*':ti,ab,kw 
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PubMed 
 

("stellate ganglion block*"[tw] or "cervical sympathe*"[tw] or "cervical block*"[tw] or 

"sympathetic block*"[tw] or "sympathetic nerve block*"[tw] or "cervicothoracic sympathetic 

block*"[tw]) AND ("Subarachnoid Hemorrhage"[Mesh] or "Stroke"[Mesh] or "Cerebrovascular 

Circulation"[Mesh] or "stroke*"[tw] or "acute cerebrovascular lesion"[tw] or "acute focal 

cerebral vasculopathy"[tw] or apoplexy[tw] or apoplexia[tw] or "ischemic seizure*"[tw] or 

"ischaemic seizure*"[tw] or "cerebral vasospasm*"[tw] or "subarachnoid hemorrhage*"[tw] or 

"subarachnoid haemorrhage*"[tw] or "cerebral perfusion"[tw] or "cerebral hypo-perfusion"[tw] 

or "cerebral blood circulation*"[tw] or "cerebral blood flow*"[tw] or "cerebral 

hypoperfusion"[tw] or "cerebral circulation*"[tw] or "cerebrovascular circulation*"[tw] or 

"cerebrum circulation*"[tw] or "brain blood circulation*"[tw] or "brain circulation*"[tw]) 

 

 

 

Cochrane Library 
 

ID Search Hits 

#1 ("stellate ganglion block*" or "cervical sympathe*" or "cervical block*" or "sympathetic 

block*" or "sympathetic nerve block*" or "cervicothoracic sympathetic block*"):ti,ab,kw 478 

#2 MeSH descriptor: [Subarachnoid Hemorrhage] explode all trees 603 

#3 MeSH descriptor: [Stroke] explode all trees 10589 

#4 MeSH descriptor: [Cerebrovascular Circulation] explode all trees 1607 

#5 ("stroke*" or "acute cerebrovascular lesion" or "acute focal cerebral vasculopathy" or 

apoplexy or apoplexia or "ischemic seizure*" or "ischaemic seizure*" or "cerebral vasospasm*" 

or "subarachnoid hemorrhage*" or "subarachnoid haemorrhage*" or "cerebral perfusion" or 

"cerebral hypo-perfusion" or "cerebral blood circulation*" or "cerebral blood flow*" or "cerebral 

hypoperfusion" or "cerebral circulation*" or "cerebrovascular circulation*" or "cerebrum 

circulation*" or "brain blood circulation*" or "brain circulation*"):ti,ab,kw 63875 

#6 #2 OR #3 or #4 or #5 64242 

#7 #1 AND #6 26 

 

 

 

 

Scopus  
 

TITLE-ABS-KEY ( "stellate ganglion block*"  OR  "cervical sympathe*"  OR  "cervical 

block*"  OR  "sympathetic block*"  OR  "sympathetic nerve block*"  OR  "cervicothoracic 

sympathetic block*" )  AND  TITLE-ABS-KEY ( "stroke*"  OR  "acute cerebrovascular 

lesion"  OR  "acute focal cerebral vasculopathy"  OR  apoplexy  OR  apoplexia  OR  "ischemic 

seizure*"  OR  "ischaemic seizure*"  OR  "cerebral vasospasm*"  OR  "subarachnoid 

hemorrhage*"  OR  "subarachnoid haemorrhage*"  OR  "cerebral perfusion"  OR  "cerebral 

hypo-perfusion"  OR  "cerebral blood circulation*"  OR  "cerebral blood flow*"  OR  "cerebral 

hypoperfusion"  OR  "cerebral circulation*"  OR  "cerebrovascular circulation*"  OR  "cerebrum 

circulation*"  OR  "brain blood circulation*"  OR  "brain circulation*" )  
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Web of Science  
 

(TS=("stellate ganglion block*" or "cervical sympathe*" or "cervical block*" or "sympathetic 

block*" or "sympathetic nerve block*" or "cervicothoracic sympathetic block*")) AND 

(TS=("stroke*" or "acute cerebrovascular lesion" or "acute focal cerebral vasculopathy" or 

apoplexy or apoplexia or "ischemic seizure*" or "ischaemic seizure*" or "cerebral vasospasm*" 

or "subarachnoid hemorrhage*" or "subarachnoid haemorrhage*" or "cerebral perfusion" or 

"cerebral hypo-perfusion" or "cerebral blood circulation*" or "cerebral blood flow*" or "cerebral 

hypoperfusion" or "cerebral circulation*" or "cerebrovascular circulation*" or "cerebrum 

circulation*" or "brain blood circulation*" or "brain circulation*")) 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Reg Anesth Pain Med

 doi: 10.1136/rapm-2022-103999–7.:10 2022;Reg Anesth Pain Med, et al. Bombardieri AM


	Modelling attending physician productivity in the emergency department: a multicentre study
	Abstract
	Methods
	Study design
	Study setting
	Study protocol

	Measures
	Data analysis

	Results

	Cervical sympathectomy to treat cerebral vasospasm: a scoping review
	Abstract
	Introduction
	Methods
	Literature search and eligibility criteria
	Study selection process

	Results
	Human studies
	Evidence for changes in cerebral artery diameter after the block
	Evidence for improvement in neurological status
	Prospective and randomized evidence for CAV and DCI prevention
	Animal studies

	Discussion
	Determine which aSAH patients are likely to benefit from a CSB
	Regional anesthetic technique as alternative or complementary treatment
	Timing of the block
	Block duration
	Type of local anesthetic and volume

	Conclusion
	References


