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Objective To compare the efficacy of ultrasonography guided stellate ganglion block (US-SGB) with that of blind
SGB in management of the stroke patients with complex regional pain syndrome (CRPS) type 1.

Method Forty-two patients with post-stroke CRPS were randomly assigned to either US-guided SGB (22 patients)
or blind SGB group (20 patients). The mean age of US-guided SGB and blind SGB groups was 61.3+5.6 years and
59.1+4.5 years. We performed two blockades at 7-day intervals on the affected side of patients with CRPS. Pain
intensity, using a visual analog score (VAS), score of CRPS clinical severity, and the amounts of affected hand
swelling with a hand volumeter were assessed before, 2 weeks and 4 weeks after treatment.

Results In both groups, VAS and the amount of hand swelling were significantly decreased after 2 weeks and after
4 weeks. Between two groups, VAS difference of US-guided SGB group and that of blind SGB group were 2.61+1.09,
1.88£0.62 at 2 weeks and 3.67£1.03, 3.13+£0.62 at 4 weeks, respectively. US-guided SGB group showed more
significant improvement in mean change of VAS compared to the blind SGB group (p-value<0.05).

Conclusion Both US-guided SGB and blind SGB techniques were effective in relieving pain in subacute stroke
patients with CRPS. US-guided SGB was better in pain relief but has no advantages in reduction of hand swelling

in this study.
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INTRODUCTION

Complex regional pain syndrome (CRPS), the current
diagnostic label for the syndrome historically referred to
as reflex sympathetic dystrophy, causalgia, and a variety
of other terms, can be difficult to treat." CRPS manifests
as persistent burning pain on a limb, with a region of in-
tense allodynia, hyperalgesia, and objective evidence of
local autonomic dysfunction and trophic changes.? Dys-
function of the sympathetic nervous system is believed to
be attributed to changes in microcirculatory disturbances
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resulting from extensive sprouting of noradrenergic sym-
pathetic fibers in the sensory ganglia and the peripheral
nerves.””

Stroke is a common cause of CRPS, and between 1.5%
and 61% of patients following stroke have been reported
to develop CRPS.** Various management modes for CRPS
have been introduced but only a few techniques have
been effective. The sympathetic nervous system has been
implicated in the pathophysiology of CRPS, and con-
sequently, sympathetic nerve blockade (SGB) is widely
used for the treatment of CRPS.’

Classical “blind” injection of anesthetic at the C6 level
has along history, but its reliability in achieving blockade
of the sympathetic trunk and stellate ganglion remains
uncertain. In addition, blind injection is associated with
a variety of adverse effects and complications, such as in-
travascular injection, formation of hematomas and tem-
porary paralysis of the recurrent laryngeal nerve.'*"

A method of stellate ganglion blockade under ultra-
sonography (US) guidance was described in 1995, but
only recently gained popularity. Kapral et al.”” found that
compared with the blind technique, ultrasonography-
guided SGB used a lower volume of local anesthetics (5
ml rather than 8 ml) and there were more rapid onsets of
Horner’s syndrome. Application of US for sympathetic
nerve blockade has proven to be useful for the swift and
accurate placement of local anesthetics on a targeted
area. Thus, it might reduce the required volume of local
anesthetics compared with blind technique.

The purpose of this prospective study was to evaluate
the effectiveness of US-guide SGB by comparing with the
blind SGB in post-stroke CRPS patients in reducing pain
and swelling of the affected limb.

Table 1. Clinical Characteristics of Subjects

MATERIALS AND METHODS

Among 59 patients with the presence of CRPS following
a cerebrovascular accident (CVA), patients whose CVA
occurred in 2009 or 2010 were selected.

The inclusion criteria were the presence of regional
pain and sensory changes of hemiplegic unilateral up-
per extremity following a stroke; pain was associated
with findings such as abnormal skin color, temperature
change, abnormal sudomotor activity or edema; no dis-
tribution of the pain of a single nerve in the extremity.
Seventeen subjects were excluded from this study if they
had a history of upper extremity cellulitis, other auto-
nomic nerve disease, peripheral nerve disease, bleeding
disorder or severe cognitive impairment.

We therefore studied 42 patients with CRPS following
stroke [19 right (45.3%) and 23 left (54.7%)] and patient
signed informed consent. All 42 patients had the modi-
fied diagnostic criteria for CRPS as International Associa-
tion for the Study of Pain (IASP)." Twenty-five patients
were women (59.6%) and 17 (40.4%) were men. All pa-
tients were divided randomly into US-guided SGB group
(22 patients) and blind SGB group (20 patients). The
mean age was 61.3+5.6 (range 34-77) years and 59.1+4.5
(range 36-71) years and the mean duration since stroke
occurred were 2.8+1.1 (range 1-7) months, 2.3+0.9 (range
1-6) months, respectively (Table 1).

Kapral et al.'” reported that US-guided SGB, by com-
paring with the blind technique, used a lower volume of
local anesthetics and proved to be more effective. In this
study, the blind SGB group patients and US-guided SGB
group patients received the procedure using a volume of
10 ml of 0.5% lidocaine or 5 ml of 0.5% lidocaine, respec-
tively. SGB was performed two times with an interval of 1

Blind group (n=20)

US-guided group (n=22)

Male/female (n)
Age (mean age+SD)
Ischemic/hemorrhage
Stroke duration (mean+SD, months)
CRPS stage (n)

1

2

3-4

11/9 14/10
59.1+4.5 61.3%5.6
12/8 13/9
2.3+0.9 2.8+1.1
18 (90%) 21 (87.5%)
2 (10%) 3 (12.5%)

0 0

SD: Standard deviation, CRPS: Complex regional pain syndrome
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week between each treatments."”

The anterior paratracheal approach was used in the
procedure on the cervical sympathetic chain without
fluoroscopic guidance in blind group. A 22-gauge, 5-cm
needle was perpendicularly inserted to the skin until
bone contact was made and then withdrawn to rest an-
teriorly to the precervical fascia. The patient was encour-
aged to lie in the supine position for 3 minute after the
injection and then developed injected-sided Horner’s
syndrome."

In US-guided group, procedure was performed using
same needle at same posture. After passing through the
skin and subcutaneous tissue and stabilizing the needle,
a 3-12 MHz linear array probe of HD11-XE® (Philips,
Washington, USA) was used to verify the position of the
needle. The needle was shown to be aiming towards the
thyroid tissue anteriorly and then the esophagus posteri-
orly. At this point the needle was withdrawn, reinserted
obliquely, and advanced with real-time US so that the
needle tip lay anterior to the longus coli muscle (anterior
to C6 transverse process) (Fig. 1). After negative aspira-
tion, 5 ml of lidocaine 0.5% were injected.

The primary outcome was evaluated by pain intensity
and the amount of hand swelling. Pain intensity was
evaluated by using a 10 cm visual analog scale (VAS) in

Fig. 1. Ultrasonography imaging of the left stellate gangli-
on & prevertebral fascia (asterisks). Needle was advanced
with real-time ultrasonography so that the needle tip will
lie anterior to the longus coli. Th: Thyroid, LCo: Longus
coli muscle, LCp: Longus capitus muscle, CA: Carotid ar-
tery, SCM: Sternocleidomastoid muscle, TP: Transverse
process.

which 0 represents ‘no pain’ and 10 represents ‘the high-
est pain! Determination of the volume of the hands (hand
volume) was assessed by a hand volumeter. The hand
volumeter set (8x13x28 c¢m) used was made of translu-
cent material (acrylic), “Hand Volumeter” (Volumeter
Unlimited, Phoenix, USA) and filled with room tempera-
ture water.

The volunteer was positioned beside the instrument
during the procedure and the hand also positioned verti-
cally, to avoid contact with the sides of the equipment.
The hand was immersed slowly into the volumeter until it
was immersed into water 2 cm above wrist crease. Addi-
tionally, the severity score for CRPS that was introduced
by Harden in 2010 was evaluated as secondary outcome
measure (Appendix 1).'° All these parameters were
checked before procedure, after 2 weeks and 4 weeks fol-
lowing the SGB.

Statistical analysis

Statistical analysis was performed using Statistical Pack-
age for Social Sciences 11.0 version SPSS V11.0K (SPSS
Inc., Chicago, USA). The Wilcoxon signed-rank test was
used to compare VAS values and difference of hand vol-
ume before, 2 weeks and 4 weeks after the blockade for
all patients and for each group. The Mann-Whitney U test
was used for group comparisons on the mean differences
of VAS values, hand volume and score of CRPS clinical
severity. Null hypotheses of no difference were rejected if
p-values were less than 0.05.

RESULTS

Patient demographics are summarized in Table 1.
There were no significant differences in characteristics
included hemi-side, bone scan findings, and CRPS stage
between the two groups. Within each group, VAS values
were significantly decreased after two weeks and after
four weeks (p-value<0.05) (Table 2). Between each group,
VAS reductions were 2.61+1.09, 1.88+0.62 at 2 weeks and
3.86+1.03, 2.97+0.62 at 4 weeks, respectively. The US-
guided SGB group showed more significant improvement
in mean change of VAS compared with the blind SGB
group (p-value<0.05) (Table 3).

SGB significantly improved in dealing the swelling of
hand in both treatment groups at 2 weeks and 4 weeks,
following SGB compared to pretreatment (p-value<0.05)
(Table 3). Between each group, differences of hand vol-
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Table 2. Changes of Visual Analogue Scale

Before injection 2 weeks after injection 4 weeks after injection
Blind group 5.09+1.13 3.21+1.44 2.12+1.06*
US-guided group 5.24+1.61 2.63%1.64* 1.38+0.98*
Values are mean+standard deviation
US: Ultrasonography
*p<0.05
Table 3. Intergroup Comparison of the Efficacy by Stellate Ganglion Block
2 weeks after injection 4 weeks after injection
Blind group US-guided group Blind group US-guided group
A VAS 1.88+0.62 2.61+1.09* 2.97+0.62 3.86+1.03*
A Volume of Hand (ml) 61.21+36.43 67.38+27.73 86.67+33.94 95.65+25.83
A Score of CSC 1.91£1.40 2.33%1.22 3.23%1.30 3.69+1.63

Values are meantstandard deviation

VAS: Visual analogue scale, US: Ultrasonography, CSC: Clinical score of CRPS, A: Difference compared with baseline

data
*p<0.05

ume were 61.2+36.4, 67.4+27.7 at 2 weeks and 86.7+33.9,
95.7+25.8 at 4 weeks. There were no significant differ-
ences between the two groups.

Additionally, score of CRPS clinical severity between the
two groups didn’t significantly decrease (p-value>0.05)
(Table 3).

In US-guided group, no adverse effects to the procedure
itself were documented during the procedure or follow-
up period, but 2 patients from the blind group experi-
enced a formation of hematoma on injected site. There
were no long term sequelae.

DISCUSSION

The primary goal of this study was to evaluate the ef-
fects of US-guided SGB treatment on CRPS following
stroke. Treatment produced a statistically significant dif-
ference in pain reduction and improvement of edema of
upper extremity in both groups. However, US guided SGB
was better in pain relief but has no advantages in reduc-
tion of hand swelling comparing with blind SGB.

The number of studies of SGB in the literature is lim-
ited. Cepeda published review in 2002, they concluded
that there are questions as to the efficacy of local anes-
thetic sympathetic blockade in treating CRPS because its
efficacy is based mainly on case series.” Many imaging
devices have been studied for enhancing the accuracy
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of SGB to prevent serious side effects. Among these,
computerized tomography and MRI are considered to
be time-consuming and expensive, and above of all, are

impractical for most practitioners.'™"

Fluoroscopy has
gained popularity for its convenience and the relatively
familiar real-time imaging, but fluoroscopy still cannot
prevent improper injections into other important ana-
tomical structures, such as the esophagus, which may be
accidentally punctured, leading to infection of the neck."
Ultrasonography imaging can easily identify soft tissue
around the sympathetic ganglion and this study showed
that only two patients in blind group experienced short-
term complications on the injected site.

This study showed improvement of hand swelling in
both groups but no advantages in reduction of hand
swelling comparing with blind SGB. It may be that the
etiology of post-stroke hand swelling is obscure. Vaso-
motor dysfunction, part of the unilateral disturbance of
the autonomic nervous system that may follow stroke
was mentioned as a causative factor.”’ However, other
possible explanations for post-stroke hand swelling are
impaired lymphatic or venous drainage due to loss of
muscle tone and of muscle pump activity. The possibility
of increased capillary permeability in paretic limbs as the
cause of post-stroke hand swelling was also raised.” It
follows that the role of sympathetic vasomotor dysfunc-
tion in post-stroke hand swelling formation is unclear.



Efficacy of Ultrasonography Guided Stellate Ganglion Blockade

Therefore, reduction of hand swelling might be affected
by various factors as well as SGB in our study.

We report that US-guided SGB successfully relieved
pain in patients with CRPS following stroke, as indicated
by a significant reduction in VAS values for all patients
following the block. A relatively small sample and a wide
range of conditions causing upper extremities pain fol-
lowing stroke limited in this study. The other weaknesses
of this study were the lack of long-term results of the
blockades and the lack of analysis based on CRPS stage.
Further additional studies on these limitations will be re-
quired to identify the SGB efficacy which is related to the
degree of symptoms. Despite these limitations, this study
is a preliminary study which reveals that the efficacy of
US-guided SGB is superior to blind SGB in post-stroke
CRPS. US-guided sympathetic block treatment may be
particularly helpful in cases when pain limits a patient’s
participation in stroke rehabilitation.

CONCLUSION

US-guided stellate ganglion block may improve the
efficacy and safety of the procedure by direct visualiza-
tion of the related anatomical structures and accordingly
the risk of thyroid gland and vessels, vertebral artery, or
esophagus injury may be minimized. Also ultrasound
guidance will allow direct monitoring of the spread of the
local anesthetics.

We concluded that treating post-stroke CRPS with US-
guided SGB successfully decreased VAS values compared
to the classical blind approach technique. Additionally,
compared with blind SGB, US-guided SGB can reduce
the volume of anesthetic required to achieve therapeutic
effect compared with blind SGB.
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Appendix 1. Clinical Score of CRPS

Self-reported symptoms Signs observed on examination

Allodynia, hyperpathia 1 Hyperpathia to pinprick 1
0 0
Temperature asymmetry 1 Allodynia 1
0 0
Skin color asymmetry 1 Temperature asymmetry by palpation 1
0 0
Sweating asymmetry 1 Skin color asymmetry 1
0 0
Asymmetric edema 1 Sweating asymmetry 1
0 0
Trophic changes 1 Asymmetric edema 1
0 0
Motor changes 1 Trophic changes 1
0 0
Decreased active range of motion 1 Motor changes 1
0 0
Decreased active range of motion 1
0

1=presence, 0=absence

Total: 17 points
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