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Detection of the Stellate and Thoracic Sympathetic Chain
Ganglia with High-Resolution 3D-CISS MR Imaging

A. Chaudhry, "’ A. Kamali, ““D.A. Herzka, “*K.C. Wang, ““J.A. Carrino, and "*’A.M. Blitz

ABSTRACT

BACKGROUND AND PURPOSE: Despite the importance of the sympathetic nervous system in homeostasis and its putative role in
various disease states, little is known regarding our ability to image the sympathetic chain and sympathetic chain ganglia, perhaps owing to
their small size. In this retrospective study, we sought to evaluate the normal anatomy of the sympathetic chain ganglia and assess the
detectability of the sympathetic chain and sympathetic chain ganglia on high-resolution 3D-CISS images.

MATERIALS AND METHODS: This study included 29 patients who underwent 3D-CISS MR imaging of the thoracic spine for reasons
unrelated to abnormalities of the sympathetic nervous system. Patients with a prior spinal operation or visible spinal pathology were
excluded. The sympathetic chain ganglia were evaluated using noncontrast 3D-CISS MR imaging. Statistical analyses included t tests and
measures of central tendency. The Cohen « statistic was calculated to evaluate interrater reliability.

RESULTS: The stellate ganglion and thoracic chain ganglia were identified in all subjects except at the TIO—TI1 and T11-T12 levels. The
stellate ganglion was found inferomedial to the subclavian artery and anterior and inferior to the transverse process of C7 in all subjects.
Thoracic sympathetic chain ganglia were identified ventral to the costovertebral junction in all subjects from T2 to T10. There was strong
interobserver agreement for the detection of the sympathetic chain ganglia with k > 0.80. The size, shape, and location of these structures
corresponded with gross anatomic and surgical observations.

CONCLUSIONS: The thoracic sympathetic chain ganglia can be identified on precontrast 3D-CISS MR imaging. This technique may aid in
the initial evaluation of stellate ganglion and/or sympathetic chain ganglia size and signal change for comparison in future studies.

ABBREVIATION: SCG = sympathetic chain ganglia

he autonomic nervous system is composed of a sympathetic

component, responsible for the “fight or flight” response, and
a parasympathetic portion, known for “rest and digest” functions.
The sympathetic component differs in structure from the remain-
der of the peripheral nervous system. The sympathetic chain is
generally divided into 2 nerve trunks that extend the entire length
of the vertebral column along its lateral aspect.' The stellate
ganglion provides sympathetic supply to the head, neck, and up-
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per limbs, while the sympathetic chain ganglia (SCG) provide key
innervations to the thoracic viscera, including the heart.'™ The
stellate ganglion receives nerve fibers from the C6, C7, and T1
nerve roots with occasional contributions from T2, T3, and T4.
The thoracic sympathetic chain receives nerve fibers from nuclei
located within the lateral gray horn of the T2-T8 spinal segment
that leave the spinal cord in the anterior rootlets of thoracic
nerves, then traverse the white communicating rami, to enter the
sympathetic trunk, synapsing onto their target postganglionic
neurons in the paravertebral thoracic sympathetic ganglia. The
postganglionic fibers traveling to the upper limb originate from
the middle cervical ganglion, the stellate ganglion, and the upper
thoracic ganglia; join the thoracic nerves through the gray rami
communicantes; and then enter the brachial plexus and travel
along different nerves to their end targets.””

Stellate ganglion and SCG blocks are performed for various
conditions, including complex regional pain syndrome, posther-
petic neuralgia, herpes zoster, causalgia, or intractable angina.'
An SCG block can also be performed to treat patients with vaso-
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spasm (eg, primary or secondary Raynaud phenomenon), phan-
tom pain, cardiac arrhythmias (including long QT syndromes),
and primary hyperhidrosis.' > Patients are generally referred for
SCG block due to persistence of symptoms (pain, vasospasm, hy-
perhidrosis, and so forth) despite medical management.**'® An
SCG block is routinely performed in the clinical setting with
sonography, fluoroscopy, or CT used to provide anatomic land-
mark guidance. However, the SCG itself is never directly visual-
ized before the procedure.'® Although the efficacy of interven-
tions is well-established, a considerable proportion of patients do
not see improvement and/or resolution of symptoms (eg, contin-
ued pain in up to 27.2%-33% in patients treated with SCG radio-
frequency ablation for complex regional pain syndrome and re-
currence of symptoms within 7 weeks in >66% of cases).'' The
reasons for the lack of short-term and long-term treatment ben-
efit are not well-understood. Authors have suggested several pos-
sibilities, including incomplete SCG block secondary to anatomic
variation.>!'"'* In other words, it is possible that in some failed
cases, the SCG was not directly and/or incompletely targeted be-
cause the structure itself was not actually visualized and was in a
location variant from the commonly described one.

The peripheral components of the sympathetic nervous sys-
tem have not been previously well-characterized on cross-sec-
tional imaging, to our knowledge. There are only 2 small case
series that identified the sympathetic chain ganglia on TI1-

2,12

weighted MR imaging,”'* primarily identifying the location of
only the stellate ganglion.

The 3D-CISS refocused gradient-echo MR imaging sequence
is a high-spatial-resolution technique performed to evaluate in-
tracranial and spinal nerves.'>*° 3D-CISS MR imaging generates
images with contrast ideally proportional to the ratio of T2/T1
relaxation time, generating what appear to be heavily T2-
weighted images.'® In our experience, 3D-CISS MR imaging be-
fore intravenous contrast administration provides visualization
in vivo of the sympathetic chain ganglia within the paravertebral
fat. In this retrospective observational study, we aimed to evaluate
the normal anatomy of the stellate ganglion and thoracic sympa-
thetic chain ganglia and assess the detectability of each of the
thoracic sympathetic chain ganglia on noncontrast CISS images.

MATERIALS AND METHODS

Study Group

This observational study was approved by the Johns Hopkins
University institutional review board, and informed consent was
waived in this Health Insurance Portability and Accountability
Act—compliant retrospective study. Initially, 29 subjects under-
went high-resolution CISS clinical MR imaging for the evaluation
of either back pain or CSF leak. Subjects with other spine pathol-
ogy, including 2 spinal tumors and 3 cases of prior spinal opera-
tions, were excluded from the study. Subjects were included in the
study if the entire thoracic spine, including the thoracic inlet, was
imaged. Studies were evaluated for image quality, and 1 scan with
images degraded by motion artifacts was excluded. On the initial
review of images, the SCG was noted to enhance uniformly on
postcontrast images and became indistinct from surrounding tis-
sue. Therefore, only precontrast CISS images were used to collect
data on the SCG; 6 scans with only postcontrast images were ex-
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Subjects who Underwent High-
Resolution CISS MRI Including the
Entire Thoracic Spine and Thoracic
Inlet

(N=29 Identified on Initial Screen)

Exclusion of Subjects with
Underlying Spine Pathology
*Spinal Tumor (N=2)

*Prior Spine Surgery (N=3)

Subjects Included in the Study
(N=24)

FIG 1. Flow diagram of included subjects. Of the 29 subjects
screened, 24 were included in this study.

cluded from the study for this reason. Only the first valid exami-
nation was included for each subject when multiple examinations
had been performed. Ultimately, 24 examinations of 24 subjects
were included for evaluation (Fig 1).

Imaging Protocol

The scans were obtained at 3T field strength with 0.6-mm isotro-
pic image resolution. Typical imaging parameters were the fol-
lowing: TR/TE, 5.11/2.26 ms; 0.6-mm isotropic voxels; flip angle
range, 25°-45° FOV, 380 X 80 mm (read X phase encode); 320 X
80 acquisition matrix. Twenty-four subjects (10 men, 14 women)
met the inclusion criteria.

Study Design

From the cohort of 24 patients who met the inclusion criteria, 480
normal thoracic sympathetic chain ganglia and 48 stellate ganglia
were evaluated. Quantitative image analysis was performed by 2
independent readers blinded to each other’s interpretation. The
first reader, reader A, is a fellowship-trained radiologist with >6
years of experience. The second reader, reader B, is a first-year
neuroradiology fellow. The detectability of the sympathetic chain
ganglia was evaluated using precontrast enhanced 3D-CISS MR
imaging. The expected location of the SCG was extrapolated from
anatomy and surgical literature.*” Both readers were credentialed
neuroradiologists and had reviewed the anatomic literature be-
fore this study, to reach a consensus regarding the expected loca-
tion of the sympathetic chain ganglia. A training or washout pe-
riod was not attempted due to the limited number of subjects who
met the inclusion criteria. The stellate ganglion is most commonly
located anterior to the C7 vertebra transverse process, below the
subclavian artery, superior to the first rib.®” The thoracic SCG are
located at the costovertebral junction anterior to the head of the
ribs.”” Confirmation of stellate ganglion and the SCG was made,
ensuring connection of the SCG with spinal nerves and intercon-
nection within the SCG chain on multiplanar (sagittal and coro-
nal) reconstructions. The stellate ganglion is not entirely spheric
or ellipsoid. Therefore, a calculation of volume using the largest
diameter in each 3D plane would be misleading. Instead, the
authors opted to quantify size consistent with reports in the ana-
tomic literature.”>'~*® The largest 2 axial dimensions of the gan-
glion were recorded (in millimeters), and surface area was subse-
quently obtained. Both readers were aware of the study objectives,



FIG 2. Axial oblique reformatted 3D-CISS MR imaging at C7 demon-
strates the stellate ganglion (arrow) posterior to the subclavian artery
(asterisk). The technique of measurement is demonstrated on the
patient’s left (double-sided arrows). The stellate ganglion was found
inferior and anterior to the transverse process of C7 in all patients.

both reviewed the studies at different locations and times, and
both were blinded to subjects’ clinical data.

Statistical Analysis

Statistical analysis was performed using MedCalc for Windows,
Version 12.5 (MedCalc Software, Mariakerke, Belgium). After
controlling for subject sex, we performed measures of central ten-
dency (mean, median) and a paired ¢ test to assess differences
between the mean sizes of the left and right SCG and to discern
whether there was a difference in the observed size of the SCG
between the right and left sympathetic chains. Additionally, a k
test was performed to evaluate interrater reliability.

RESULTS

In our cohort of 10 men and 14 women (mean age, 51.7 years), the
stellate ganglion and thoracic chain ganglia were successfully
identified in all subjects except at the T10-T11 and T11-T12 lev-
els. The subjects enrolled in the study tolerated the MR imaging
procedure well, and there were no acute complications during or
immediately after this study.

Precontrast CISS demonstrated the stellate ganglion and SCG
to be isointense relative to gray matter noted in the spinal cord.
The stellate ganglion (Fig 2) and thoracic SCG (Figs 3 and 4) were
present in all subjects in the expected location. The stellate gan-
glion (also referred to as T1 in anatomic texts®) was the largest of
the sympathetic chain ganglia, with mean sizes of 36.62 *= 9.63
mm? on the right and 36.90 * 8.9 mm? on the left. These size
estimates were concordant with an anatomic study performed by
Zhangetal.” The next 2 largest SCG were at T2 (13.70 * 5.94 mm”®
on the right and 13.56 = 5.25 mm? on left) and T3 (10.23 = 2.85
mm? on the right and 10.21 = 2.42 mm? on the left, Fig 3). The
size of the SCG decreased in a craniocaudal direction from the
stellate ganglia to the thoracolumbar junction (Fig 5). The T4-
to T10-thoracic chain ganglia ranged from 4.1 to 19.35 mm?>.
Table 1 summarizes the mean size and SD of the thoracic SCG.
The 2-tailed P value demonstrated no significant difference
between the mean values of the right and left sympathetic chain

FIG 3. Axial oblique CISS MR imaging through the thoracic spine
illustrates the sympathetic ganglion (white arrow), rami communican-
tes (dashed white arrow), and the ventral ramus (black arrow) and
intercostal nerve (dashed black arrow).

2nd Rib

FIG 4. Coronal reformatted CISS through the upper thoracic region
demonstrates the relationship of the second thoracic SCG (down
arrow) with respect to the first and second ribs. The third SCG (up
arrow) is seen just lateral to a venous flow void (arrowhead). The
relationship of the SCG to adjacent venous structures is variable.

ganglia with a P = .82 (95% CI, —0.108 to 0.088). There was
strong interobserver agreement for detection of the SCG with
k > 0.8.

DISCUSSION

Isotropic or near-isotropic high-resolution 3D-CISS imaging
provides the capability of visualizing structures not typically seen
with standard spine MR imaging techniques. Our study shows
that stellate and thoracic sympathetic chain ganglia can be readily
characterized on precontrast 3D-CISS MR imaging. Our results
demonstrate the stellate ganglia to be the largest of the SCG with a
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FIG 5. Sagittal oblique CISS through the paravertebral region ori-
ented so that anterior is to the left of the image. The connection of
the sympathetic chain ganglia (solid and open arrows) via the sympa-
thetic chain (arrowhead) is visible. The rami communicantes (dashed
arrow) are seen in continuity extending posteriorly toward the neural
foramina.

Table 1: Summary of the mean size and SD of the thoracic SCG

SCG Mean (mm?) SD (mm?)
Stellate ganglion 36.76 9.27
T2 13.64 5.60
T3 10.22 2.64
T4 9.24 1.50
T5 8.80 1.07
T6 8.32 0.83
T7 8.05 0.75
T8 7.85 0.80
T9 7.60 0.84
TI0 7.33 0.86

gradual decrease in size of the SCG at subsequent levels. Addition-
ally, the stellate ganglia were noted to be the most lateral in loca-
tion, with gradual medialization of the sympathetic chain trunk,
with lower thoracic levels situated most medially. These findings
are consistent with gross anatomic studies.®”*'>° Prior studies
have reported the size of the stellate ganglia, which vary ranging
from 10 to 250 mm? (Table 2). The SCG size observed in our
cohort, 35 mm?, falls within the range reported by Hogan and
Erickson,” Moore,”* Kiray et al,”> Zhang et al,” and Marcer et al.*

No prior systematic study identifies and characterizes the sym-
pathetic chain ganglia using 3D-CISS technique. Two small case
series previously reported by Hogan and Erickson® and Slappen-
del et al'? have attempted to identify the stellate ganglion using
MR imaging (with cohorts of 10 and 8 subjects, respectively).
Both studies used T1-weighted imaging to demonstrate the stel-
late ganglion; however, these studies did not demonstrate the re-
mainder of the thoracic sympathetic chain ganglia.
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Table 2: Size of the stellate ganglion reported by prior studies

Author Length Width Height
(Year of Publication) (mm) (mm) (mm)
Anatomic/surgical specimen
Moore (1954)** 25 10 5
Kiray et al (2005)* 20.6 83 3.9
Zhang et al (2009)” 19.3 6.3
Marcer et al (2012)* 18.5 8.17 45

MRI-based measurement

Hogan and Erickson (1992)* 10 (in largest dimension)

Abnormalities of the SCG have been implicated in various
conditions, including primary hyperhidrosis, reflex sympathetic
dystrophy, Raynaud phenomenon, and so forth. Multiple inter-

Ventionall,2,4,5,8— 14

and surgical**~? studies have reported resolu-
tion of clinical symptoms following SCG ablation, nerve block, or
surgical resection of the sympathetic chain. However, none of
these studies document pre- or postprocedure in vivo visualiza-
tion of the SCG. The results of this pilot study show that 3D-CISS
MR imaging is a safe and feasible technique that can reliably char-
acterize the SCG. The knowledge derived from our study delin-
eates the precise location of stellate ganglion and thoracic SCG.

There are several limitations of our study. This is a retrospec-
tive study and thus has disadvantages that are inherent to the
design, including selection bias. Our cohort included only those
patients who underwent high-resolution imaging for back pain or
CSF leak, a population that may not be representative of the nor-
mally distributed population. Sample size is another limitation of
the study, which may result in under- or overestimation of the
mean size of the SCG at various levels. However, because our data
appear to be congruent with the anatomic literature, the degree of
variance between our results and the overall population may not
be large. “Experimenter effect” is another potential limitation of
this study. Because both readers were aware of the aim and design
of this study, the measurement and final consensus of imaging
characteristics could have been biased. Thus, our findings should
be confirmed with a larger normally distributed patient cohort
free of the aforementioned limitations.

CONCLUSIONS

The thoracic sympathetic chain ganglia can be readily seen and
well-characterized on precontrast 3D-CISS MR imaging. This
technique can aid in the initial evaluation of potential stellate
and/or SCG pathology and allow posttreatment follow-up.
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