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 Background: This aim of this study was to investigate the effects of one-side cervical sympathetic block on early inflamma-
tory response in severe trauma patients.

 Material/Methods: Thirty severe trauma patients with injury severity score (ISS) of 16 to 25 were randomly divided into treatment 
and control groups (n=15 each). Patients in the treatment group underwent a right-side stellate ganglion block 
(SGB) using 8 mL 0.75% ropivacaine for 4 times, with the first injection within 12 hr of admission and the oth-
er 3 injections were 12 hr, 24 hr and 48 hr later. The same procedures were performed for the control group 
except that normal saline was injected instead of ropivacaine. Blood was collected before injection and at 6 hr, 
24 hr, and 72 hr after the first SGB for serum interleukin (IL)-1b, IL-4, IL-6, IL-10 and TNF-a measurement.

 Results: The concentrations of IL-1b, IL-6, and TNF-a between 24 hr to 72 hr after SGB were all significantly lower than 
those in the control group (all P values <0.01). However, there was no significant difference in the concentra-
tions of anti-inflammatory IL-4 and IL-10 between treatment and control groups. There was no obvious impact 
of SGB on breathing and circulation except for a slower heart rate 10 to 50 min after injection (P<0.01).

 Conclusions: SGB regulates early inflammatory response through inhibition of the proinflammatory cytokines IL-1b, IL-6, and 
TNF-a during severe trauma. SGB has no impact on the levels of anti-inflammatory cytokines IL-4 and IL-10.
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Background

Systemic inflammatory response syndrome (SIRS) occurring 
during the early phase of severe trauma is one of the most 
important causes of complications and even death. The com-
plicated pathophysiologic response of the neuro-endocrine-
immune network involved in the mechanism of SIRS induced 
by trauma plays a key role in the development of and recov-
ery from trauma[1–3]. The primary task for trauma medicine 
is to provide effective regulation, preventing early injury and 
death, and facilitating subsequent therapy and organ recovery.

The cytokine response plays a critical role in the development 
of SIRS in that pro-inflammatory cytokines (IL-1b, TNF-a, IL-6, 
IL-8, IL-12, IL-18, G-CSF and GM-CSF) are released excessive-
ly. With the significant increase of pro-inflammatory cytokines 
during the initial phase of trauma, anti-inflammatory cytokines, 
including IL-4, IL-10, IL-11 and IL-13, are usually released to 
down-regulate the pro-inflammatory arm of the immunity al-
terations. Normally, the production of pro- and anti-inflamma-
tory cytokines is in balance to maintain biological homeostasis.

Studies into the treatment for SIRS have been focused on tar-
geting anti-inflammatory factors through TNF-a-converting en-
zyme inhibition, gene therapy, blood purification, and other 
approaches. Numerous studies have demonstrated that anti-
inflammatory therapies that target a single factor lack efficacy 
in clinical practice due to the complicated network composed 
of inflammatory factors and the cascade effects induced by the 
over-release of inflammatory factors. Nuclear factor-kB (NF-kB) 
has attracted much attention in gene therapy studies and has 
been regarded as the new potential target in anti-inflamma-
tory studies. However, there is so far no report of the clinical 
application of NF-kB regulation. Blood purification, which in-
cludes blood filtration and blood plasma replacement, is an 
effective therapy for the treatment on SIRS and multiple or-
gan dysfunction syndrome (MODS) by specifically clearing up 
many kinds of inflammatory factors. The principle of blood pu-
rification is to eliminate excessive cell factors and rebuild the 
body’s immunity to gain control. However, there are limitations 
of blood purification, and the technique itself needs to be im-
proved. The duration, blood flow volume, the area and diam-
eter of the filter should be optimized; the balance of anti-in-
flammation and pro-inflammation response/immunity cannot 
be controlled; and the production and release of inflammatory 
factors cannot be regulated. All of these limitations limit the 
curative efficacy of blood purification. In addition, blood pu-
rification is expensive and the equipment demands stringent 
management and maintenance, which hinders the wide ap-
plication of this therapy.

As a mature and effective therapy, stellate ganglion block 
(SGB) has been used in the treatment of angina pectoris, 

bronchial asthma, gastritis, dysmenorrhea, primary hyperten-
sion, scleroderma and nearly 100 other diseases related to 
multiple organs, in which the neuro-endocrine-immune sys-
tem is considered to be involved [4–7]. Recent animal stud-
ies indicate that SGB reduces the mortality of mice with burn 
injuries [8], suggesting that SGB may be useful in the regu-
lation of early stress reaction induced by trauma. Therefore, 
we speculate that SGB could aid in the recovery of multi-
trauma patients.

In the present study, SGB was performed on severe trauma pa-
tients, and the impact of SGB on vital signs and inflammato-
ry factor levels of SIRS during the early phase of severe trau-
ma were investigated.

Material and Methods

Patients

Enrollment and grouping of patients

The protocol of this study was approved by the Ethics Review 
Board of Southwest Hospital. Written consent was given by 
the patients or their next-of-kin relatives before treatment. 
According to the enrollment and exclusion criteria, severe 
multi-trauma patients who were enrolled from March to 
December, 2009 into the First Aid and Trauma Center were 
randomly divided into the SGB treatment group or the sa-
line group (control).

The enrollment criteria

Trauma patients, men or women between 20–60 years old, 
meeting the following criteria were enrolled: patients with clear 
past medical history, no severe basic diseases such as coro-
nary heart disease, hypertension, diabetes, chronic obstruc-
tive pulmonary disease, etc.; no history of administration of 
adrenergic receptor-related medications; multi-trauma with 
injury severity score (ISS) of 16~25; duration between time 
of injury to admission did not exceed 12 hr; blood pressure 
and breathing could be maintained without drugs or respira-
tor; and Glasgow Coma Scale >12.

Exclusion criteria

Trauma patients with the following criteria were excluded: 
women who were pregnant or nursing; patients with other se-
vere chronic diseases such as hepatic, kidney, and cardiovas-
cular diseases; patients with psychiatric disorders or severe 
nervous breakdown; patients who required surgery as treat-
ment; patients with poor compliance during treatment; pa-
tients with failed SGB; and patients with bleeding tendency.
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SGB procedure

The severe trauma patients who were enrolled according to 
the enrollment criteria were hospitalized in the trauma inten-
sive care unit (TICU). Electrocardiogram, blood pressure, and 
oxygen saturation were monitored and other conventional 
treatments (fluid infusion, blood transfusion, diuresis, dehy-
dration, maintenance of fluid, electrolyte and acid-base, anti-
biotics) were administered as routine procedure. The patients 
were randomly divided into treatment or control groups. During 
the procedure, the patients were in supine position with a thin 
pillow beneath the neck to facilitate locating the tuberosity 
on the transverse processes of the 6th cervical vertebra, which 
marked the point for needle insertion. After skin antisepsis, 
the right tuberosity from the transverse processes of the 6th 
cervical vertebra was located by pressing the left thumb on 
the sternocleidomastoid muscle, common carotid artery, in-
ternal carotid vein, and sternohyoid muscle to the lateral side 
from the inner edge of the sternocleidomastoid muscle and 
1 to 2 centimeters below the thyroid cartilage. With the left 
thumb pressing the tuberosity, a size 7 puncture needle with 
a connecting tube was inserted vertically from the edge of the 
thumb to the tuberosity. Eight milliliters of 0.75% ropivacaine 
(saline in control group) was injected if there was no back-
flow of blood or cerebrospinal fluid after the needle reached 
the transverse processes. The needle was pumped back from 
time to time during the injection. The injection was stopped 
and patient was excluded if there was back-flow of blood or 
cerebrospinal fluid. The needle was withdrawn after the in-
jection and the injected position was compressed for 4 to 5 
min. A successful injection was marked by the appearance of 
Horner syndrome on the right, which included the contrac-
tion of purples, blepharoptosis, enophthalmos, blush and adi-
aphoresis, palpebral conjunctival hyperemia, and rhinobyon. 
Patients without Horner syndrome were excluded in this study. 
Patients were monitored by electrocardiogram and for blood 
pressure and oxygen saturation. Respiratory rate (RR), systol-
ic blood pressure (SBP) and heart rate (HR) were recorded be-
fore and at the time of SGB, as well as 10 and 50 min after 
SGB under calm conditions. SGB was performed 4 times, with 
the first injection within 12 hr of admitting, and other 3 injec-
tions were 12 hr, 24 hr and 48 hr later.

Blood collection and cytokine measurements

Three milliliters of blood were collected in serum separate tubes 
(BD, Franklin Lakes, USA) before and at 6 hr, 24 hr, and 72 hr 
after the first SGB. Complete clot samples were centrifuged at 
111.8 g for 1 min and kept at -70°C until analysis. Serum IL-1, 
IL-4, IL-6, and IL-10 were measured with BD Biosciences ELISA 
kits (Cat # San Jose, CA, USA) and TNF-a were tested by R&D 
Systems ELISA kit (Cat #, Minneapolis, MN, USA,) according 
to the manufacturers’ instructions. The intra-assay CV of IL-1, 
IL-4, IL-6, IL-10 and TNF-a is 2.6~3.3%, 3.7~6.9%, 4.1~10.8%, 
2.1~2.7%, and 3.1~8.5%, respectively. The inter-assay CV is 
3.11~5.86%, 2.6~7.4%, 7.9~10.9%, 5.8~10.8%, and 7.3~10.6%, 
respectively). The OD value of 450 nm was detected by ELISA 
plate reader (BIO-RAD Laboratories, Inc., Hercules, CA, USA).

Statistical analysis

All the data are expressed by x
_
±SD and were analyzed by SPSS 

13.0 (Chicago, USA). The t test was used for comparison of data 
from corresponding time points among groups. One-way vari-
ance analysis was used for the comparison of data from dif-
ferent time points among groups. P values of <0.05 was con-
sidered as significant.

Results

Clinical data

According to the enrollment and exclusion criteria, 30 patients 
were enrolled and were randomly divided into SGB group (treat-
ment group, n=15) and saline group (control group, n=15). All 
patients had severe multi-trauma and there was no significant 
difference in the age, sex ratio, ISS score, and time from inju-
ry to the initialization of treatment between the 2 groups (P 
values all >0.05) (Table 1).

Effect of SGB on respiratory function

After SGB, there was no significant difference in the respiratory 
rate, PH value, PaO2, PaCO2 and SpO2 of the patients (P>0.05), 

Groups
Treatment	group 

(SGB group) (n=15)
Control group 

(saline group) (n=15)
P-value

Age (yr)  38.00±10.68  37.40±10.98 P>0.05

Gender (male/female) 14/1 14/1 P>0.05

ISS score  19.73±3.34  18.62±3.34 P>0.05

Duration between injury and SGB/sham treatment (h)  5.87±2.13  5.40±2.35 P>0.05

Table 1. Clinical characteristics of patients in the treatment and control groups (x
_
±SD).
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which indicates that SGB did not affect the respiratory function 
of the patients in the early phase of injury (Table 2).

Effect of SGB on circulation parameters

There were no significant changes in systolic pressure between 
10 and 50 min after SGB, or before and after SGB (P>0.05). 
The HR of the patients from the treatment group was signifi-
cantly decreased at 10 and 50 min after SGB (P<0.01), where-
as no significant difference of HR was detected before and af-
ter stellate ganglion injection (SGI) from patients in the control 
group (P>0.05) (Table 3).

SGB	lowered	serum	pro-inflammatory	factors

IL-1b

In the control group, serum IL-1b concentration demonstrat-
ed a significant decrease 72 hr after the first SGI (P<0.01). 
In the treatment group, IL-1b concentration was significant-
ly decreased as early as 24 hr after SGI (P<0.01) and further 
decreased at 72 hr (P<0.01) after SGI. The concentrations of 
IL-1b at 24 hr and 72 hr after SGB in the treatment group 
were significantly lower than in the control group (P<0.01) 
(Figure 1).

IL-6

There was significant decrease in serum IL-6 concentrations 
at 72 hr after SGB/SGI in the treatment and control groups 
(P<0.01). In addition, IL-6 concentrations were significantly de-
creased at 24 hr and 72 hr after SGB in the treatment group 
compared to the control group (P<0.01) (Figure 2).

TNF-a

There was no change in TNF-a concentration at any time point 
before or after SGI in the control group. However, in the treat-
ment group, the concentration of TNF-a was significant de-
creased at 24 hr and 72 hr after SGB compared to controls 
(P<0.01) (Figure 3).

Effect	of	SGB	on	serum	anti-inflammatory	factors

IL-4

The concentration of IL-4 was not altered within 72 hr after 
SGI in the control group. Although the IL-4 concentration de-
creased slowly within 72 hr after SGB in the treatment group, 
the result was not statistically significant as analyzed by vari-
ance analysis. There was no significant difference in IL-4 

Groups
Respiratory rate 

(/min)
pH value P (O2) (mmHg) P (CO2) (mmHg) SpO2 (%)

Control group

 Before SGI  16.5±3.3  7.36±0.07  106.8±27.0  35.7±3.8  96.7±2.1

 10 min after SGI  15.7±3.8  7.34±0.03  108.0±26.0  37.4±3.1  97.3±3.2

 50 min after SGI  16.4±3.7  7.35±0.04  107.8±25.5  36.7±4.9  96.1±2.3

Treatment group

 Before SGB  16.3±2.8  7.35±0.04  105.9±21.0  35.5±4.6  96.1±2.2

 10 min after GB  16.4±2.6  7.36±0.08  103.0±22.3  36.0±4.9  97.0±3.0

 50 min after SGB  15.9±2.8  7.38±0.06  107.9±24.0  36.4±4.8  96.5±3.5

Table 2. Changes in respiratory parameters in patients before and after stellate ganglion injection (SGI) (sham or SGB) (x
_
±SD, n=15).

Comparison within the group, or between two groups, P>0.05.

Groups 
SBP (mmHg) HR (/min)

Before SGI 10 min after SGI 50 min after SGI Before SGB 10 min after SGB 50 min after SGB 

Control group  117.5±21.3  115.5±24.8  121.8±26.5  116.8±13.2  118.9±11.7  116.1±8.5

Treatment group  109.5±11.2  105.5±10.8  108.2±10.7  115.9±10.48  101.6±3.6*  104±4.6*

Table 3. Changes in circulatory function parameters before and after stellate ganglion injection (SGI) (sham or SGB) (x
_
±SD, n=15).

* P<0.01, vs. before SGB treatment.
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concentration at any time point after SGB between control 
and treatment groups (Figure 4).

IL-10

The concentration of IL-10 was significantly decreased at 72 
hr compared to 24 hr after SGB/SGI in the treatment and 
control groups (P<0.01). However, the concentration of IL-10 
at any time point after SGB did not significantly differ in the 
treatment group compared with the control group (Figure 5).

Discussion

Severe trauma is usually induced by the overreaction of stress 
response, involving a complicated network of the neuro-en-
docrine-immune system. In general, the integration and feed-
back of neural, endocrine and immune systems allow the body 

to respond to trauma in a manner aimed at resuming the ho-
meostasis of the body system. However, this ability to pro-
tect and regulate has its own limitations. Once the body fails 
to react appropriately to severe trauma, the overreaction or 
underreaction leads to a stress reaction disorder, followed by 
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even more severe systemic injury [9] such as SIRS. Unregulated 
stress/inflammatory response is considered the key initiation 
step in the deterioration of the disease and remains the fo-
cus of therapy [10]. If SIRS can be impeded and controlled, the 
success rate for the treatment of severe trauma can be great-
ly improved and mortality can be considerably reduced [11].

The sympathetic nervous system, which derives from the nu-
cleus ceruleus of the brainstem, plays an important role in the 
interaction of neural and immune systems. The post-gangli-
onic sympathetic nerves, which travel through the paraverte-
bral ganglia and prevertebral ganglia, release noradrenaline 
in different tissues. The concentrations of brain noradrenaline 
and serum cortisol are proportionately increased in order to 
maintain the reflex circuit of the hypothalamus-pituitary-adre-
nal (HPA) and sympathetic nerve systems. Under physiological 
conditions, the immune organs are innervated by the sympa-
thetic nerves, and adrenergic receptors are expressed on the 
surface of almost all the granulocyte. Sympathetic nerve activ-
ity strongly affects immune function [12–16]. To block sympa-
thetic nerves, the use of cervical sympathetic block has had a 
long history of usage and can affect the regulation of the neu-
roendocrine-immune network to facilitate the recovery of body 
homeostasis from the unbalanced stasis induced by stress.

Interestingly, the stimulation of parasympathetic nerves may 
also suppress systemic inflammatory response [17,18]. Our pre-
vious study demonstrated that the mortality and inflammato-
ry response of animals may be decreased by blocking sympa-
thetic nerves through SGB [8]. Due to their unique anatomical 
structure and physiological functions, the sympathetic nervous 
system (SNS) and HPA, which play central roles in neuroendo-
crine regulation, were found to have similar regulatory func-
tion [19]. The main functions of sympathetic nerves include 
increased contractility and rate of heartbeat, constriction of 
splanchnic vessels, dilation of bronchial smooth muscle, inhi-
bition of gastrointestinal activity, and sphincter constriction. 
SGB restrains the activity of the central and peripheral sym-
pathetic nerves, and corrects the pathological hyper-function 
of the sympathetic activity to restore normal levels and main-
tain homeostasis. It has been demonstrated that SGB reduc-
es the fluctuation range of heart rate and blood pressure of 
rabbits during cerebral ischemia and reperfusion [20], indi-
cating that SGB attenuates the over-excitation of the sympa-
thetic nerve center (located in the hypothalamus) induced by 
stress stimulation. SGB also decreases serum IL-6 and IL-8 lev-
els of rabbits during cerebral ischemia and reperfusion inju-
ry [21]. These animal experiments indicate a tight connection 
between sympathetic nerves and inflammatory factors, which 
exerts important impact on stress reaction.

TNF-a, IL-1b, and IL-6 are important proinflammatory factors 
and are important for the induction and development of SIRS. 

IL-1 is produced by macrophages and is one of the key cyto-
kines in acute inflammatory response. IL-1 autoregulates its 
expression, as well as other proinflammatory factors, adhe-
sion molecules, and chemotactic factors such as IL-6, IL-8 and 
TNF-a [22]. IL-6 induces the synthesis and release of other in-
flammatory factors and enhances the functions of IL-1. TNF-a 
is produced by monocytes and macrophages and stimulates 
the synthesis and release of IL-1 and IL-6 from hepatocytes, 
which induces the cascade effect [23]. TNF-a participates in 
the development of trauma, post-traumatic infection, and 
neurologic damage, and also predicts the prognosis of trau-
ma [24–26]. Previous animal studies suggest that sympathet-
ic nerve block reduces the concentration of TNF-a, IL-1b, and 
IL-6 in SIRS [8,27].

In the current study, we found that SGB significantly suppressed 
the induction of IL-1b, IL-6, and TNF-a levels caused by trau-
ma. The concentrations of IL-1b at 24 hr and 72 hr after SGB 
were significantly lower in the treatment group compared to 
the control group (P<0.01), suggesting that early treatment of 
SGB significantly inhibited the synthesis/secretion of serum 
IL-1b. IL-6 is the index for the degree of damage in the early 
phase of trauma. The significant effect of SGB on the reduction 
of serum IL-6 concentration also appeared at 24 hr and 72 hr 
after SGB in the treatment group compared with the control 
group (P<0.01), suggesting that SGB inhibited the synthesis/
secretion of IL-6. The change of serum TNF-a concentration in 
the control group was not obvious, whereas in the treatment 
group, TNF-a was significantly lower at 24 hr and 72 hr after 
SGB than that of the control group (P<0.01), indicating that 
SGB suppressed the synthesis/secretion of TNF-a, facilitated 
the recovery of TNF-a stasis, and might be important for the 
improvement of trauma prognosis [28].

The human body is a complex system with a strong sense of 
self-regulation. In SIRS, in order to suppress the synthesis and 
release of proinflammatory factors and maintain homeosta-
sis, the body not only initiates the anti-inflammatory response 
(which depends mainly on the glucocorticoid receptor pathway 
exerting limited protection [29,30]), but also passively gener-
ates many anti-inflammatory factors such as IL-4 and IL-10. 
The proinflammatory factors were drastically altered after SGB, 
which leads to various bodily adjustments. It has been sug-
gested that IL-4 enhances the functions of macrophages and 
IL-10 restrains the cellular immunologic response, facilitating 
the generation of antibodies and inhibiting the release of pro-
inflammatory factors, including TNF-a and IL-6 [31]. However, 
in the present study we found that SGB did not significant-
ly affect serum IL-4 and IL-10 concentrations compared with 
controls (P>0.05). It seems that production of proinflammato-
ry factors but not of anti-inflammatory factors is affected by 
SGB. We speculate that this may be related to our intervention 
in the early stage, when anti-inflammatory factors generate 
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passively and at lower levels. Further investigations in this 
area should be performed.

With the recent introduction of the concept of inflammasome 
into the inflammatory response induced by trauma, SGB reg-
ulation can be further investigated. Inflammasome is a multi-
protein complex located in the cytosol [32] and is the essential 
platform for the activation of caspase-1. Inflammasome modu-
lates the process and activation of many inflammatory factors 
such as IL-1b, IL-18, and IL-33 [33]. Nucleotide-binding and oligo-
merization domain-like receptors are important pattern-recog-
nized receptors located in cytosol, which accomplish the com-
position of inflammatory factors of inflammasome [34] on the 
stimulation of stress. The body can be considered as an aggre-
gation of many kinds of inflammasome. The aggregation is kept 
in balance if the stress is minor. However, if the stress becomes 
overwhelming, the body will initiate systemic inflammasome 
to fight against the immunity in order to restore homeostasis. 
Once the balanced status of core composition anti-inflamma-
tory and proinflammatory factors is broken, the body can be in-
jured by autoimmunity. Thus, no single treatment can act to re-
store the balanced status and may have the opposite result. SGB 
works through the regulation of the neuroendocrine-immune 
system in assisting the body to regulate and control the recov-
ery of the balanced point of inflammasome, and hence proves 
to be an effective method. The sympathetic nervous system 
and HPA play central roles in neuroendocrine regulation. Being 
a key neurotransmitter of sympathetic nerves, norepinephrine 
may be one of the main molecules involved during the cytokine 
response by SGB, and its role warrants further investigations.

As expected, the breathing, blood pressure and heart rate of 
severe trauma patients were affected by the sympathetic nerve 
block. This is the primary problem to consider before initiating 
sympathetic nerve block. Breathing and circulation are affect-
ed in various degrees of trauma patients. The amount of blood 
loss, the mechanism and location of the injury, and shock con-
dition all influence the efficacy of treatment. Therefore, we first 
excluded patients who required medication to maintain blood 
pressure or a respirator for breathing. Second, we preserved 

the conventional treatment of trauma. Third, the sympathetic 
nerve block was performed in the trauma intensive care unit 
in order to assure close monitoring of patients, who could be 
treated immediately in case of complications.

The current study demonstrates that sympathetic nerve block 
restored the heart rate increase induced by trauma back to nor-
mal condition, and slightly reduced systolic pressure, which was 
not significantly lower than before the SGB. These results are 
consistent with previous reports [8,19], and can be explained 
by the fact that sympathetic nerve block maintains the func-
tions of vegetative nerves, normalizes the abnormal tension 
of vessels, and preserves normal blood pressure. In addition, 
our study also found that sympathetic nerve block did not af-
fect the breathing rate or blood gases, which is consistent with 
the study of Parris et al [35]. Some studies have reported that 
the decrease in PaO2 was due to the block of phrenic nerves 
by the diffusion of local anesthetic drug [36], but not due to 
the weakness of the activity of diaphragm muscle by block of 
sympathetic nerves.

Conclusions

Increasing attention in clinical practice is being paid to the oc-
currence and development of SIRS induced by severe trauma. 
Studies on the mechanism of SIRS indicate that the injury to 
the body originated from the cascade amplification of the neu-
roendocrine-immune network activated by stress. Molecular 
studies have suggested the involvement of ILs and TNF-a in 
SIRS. We observed in the current study that SGB suppressed 
the expression of proinflammatory factors during early sys-
temic inflammation induced by severe trauma, but the mech-
anism is still unclear and needs to be further investigated. 
Nonetheless, SGB is an effective and simple treatment that 
can be used as a potential therapy for SIRS.
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