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ABSTRACT

The sympathetic chain serves asa major hub for distribution of both sensoryand
motor innervation of smooth muscle, cardiac muscle and glands throughout
the entire body. The sympathetic chain, along its course from the base of
the skull to the tip of the coccyx, includes numerous ganglia that house cell
bodies of postsynaptic neurons. The cervical portion of the sympathetic chain
includes superior, middle, inferior/stellate and vertebral ganglia. As a group,
these ganglia are subject to significant anatomical variation in their location
and even presence. While the superior cervical ganglion appears to be the
most consistent of these ganglia, there remains a discrepancy in the literature.

Specifically, the superior cervical ganglion has been reported to be doubled
but this appears to have been perpetuated without clear documentation.
This discrepancy was brought to our attention during a detailed dissection
of the retropharyngeal region that exposed the superior cervical ganglion and
structures at the skull base, including what appeared to be a ganglion anterior
to the carotid sheath. This dissection matched exactly the earliest report of
a doubled superior cervical ganglion. However, histological examination
revealed the mass anterior to the carotid sheath to be a retropharyngeal lymph
node. Based on this finding, consistent with large-scale studies of the cervical
sympathetic chain, we posit the original observation was of a lymph node and
not a doubled superior cervical ganglion.
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INTRODUCTION

he autonomic nervous system (ANS) includes efferent and afferent

circuits among both the central and peripheral nervous systems. The
ANS utilizes two major pathways, sympathetic and parasympathetic, to
monitor and regulate the viscera (smooth muscle, cardiac muscle and glands).
A notable feature of the efferent circuits of these systems is the utilization
of two neurons between the central nervous system and peripheral targets.
For the sympathetic pathway, this includes preganglionic neurons in the
interomediolateral cell column of the spinal cord, extending from the first
thoracic segment to about the second lumbar segment (i.e. T1-L2). Axons
of preganglionic neurons leave the spinal cord and enter the sympathetic
chain via white rami. The sympathetic chain extends from the base of the
skull to the tip of the coccyx and includes numerous ganglia along its course
that contain the cell bodies of many postganglionic neurons. While axons of
preganglionic neurons may synapse within the chain or pass through to reach
other (pre-aortic) ganglia, the sympathetic chain serves as an important hub
to distribute both efferent and afferent axons of the sympathetic pathway to
viscera throughout the entire body.

However, there is some discrepancy between the literature and textbooks of
anatomy on duplication of the superior cervical ganglion (SCG). Specifically,
in Morris’ Human Anatomy (12) it is noted that “Occasionally the ganglion
[SCG] is double, with an anterior portion lying superficial to the carotid
sheath and a posterior portion deep to the sheath”. However, no further
description or documentation of this finding is provided, and no reference is
cited. Further, reference to a duplicated SCG is made in texts of anatomical
variation (13; 14). In the latter, a citation is made to Lang (15). Specifically,
that “the superior cervical ganglion can be duplicated”. However, this
statement cannot be found in Lang’s book. Additionally, a doubled SCG is
included as an anatomical variant on radiopedia.org (16). Taken together, it
appears that the observation of a duplicated SCG is not substantiated by any
photographic evidence or histological confirmation. Further, a number of
large-scale studies of the cervical sympathetic chain suggest that such a claim
may have been made in error (4; 2).

CASE REPORT

In humans, the sympathetic chain typically includes between 20 and 23
ganglia [1]. Developmentally, the sympathetic chain begins as a continuous
column of ganglia with neurons present at every spinal level. However, these
ganglia fuse unevenly, and this leads to the absence of ganglia at certain spinal
levels. This is most notable along the cervical portion of the sympathetic
chain: while there are eight cervical nerves/segments there are typically only

three or four cervical chain ganglia. At the root of the neck there is an inferior
cervical ganglion, composed of fused ganglia of C7-8 [2] (Figure 1). This

Figure 1) The cervical sympathetic chain. The sympathetic chain (black
arrowheads) is utilized to distribute both efferent and afferent axons everywhere
in the body. The cervical chain extends from the root of the neck, where it sits
anterior to the anterior scalene muscle (AS), to the base of the skull and includes
the superior cervical ganglion (SCG), the middle (M), stellate (S) and vertebral
ganglia (V). The sympathetic chain has connections to all spinal nerves via
gray rami (gray arrowheads) and the T1-L2 spinal nerves by both white (white
arrowhead) and gray rami. The cervical chain gives rise to a number of wvisceral
branches (red arrowheads), an internal carotid nerve (yellow arrowhead), an
external carotid nerve (green arrowhead) and the ansasubclavia (blue arrowhead)
interconnecting the M and St ganglia. The SCG is intimately related to cranial
nerves [X, X and XI and has interconnections to these nerves. Abbreviations:
AS - anterior scalene, B - brachiocephalic artery, CC - common carotid artery, EC
- external carotid artery, IC - internal carotid artery, IX - glossopharyngeal nerve,
P - pyramidal lobe, S - subclavian artery, T - trachea, X - vagus nerve, XI - spinal
accessory nerve.
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ganglion is often fused with the T1 ganglion (40-80% of subjects), forming a
stellate ganglion. Additionally, in most subjects there is a vertebral ganglion.
This ganglion sits anterior or medial to the vertebral artery [2] (Figure 1).
The middle cervical ganglion is composed of fused ganglia for C5-6 and is
typically found at the level of the arch of the inferior thyroid artery. This
ganglion is frequently absent (absent in ~37% of subjects - 2; absent in
26% of subjects [3], but ganglion cells may be displaced inferiorly in the
sympathetic chain or to lower ganglia [4]. The superior cervical ganglion
(SCQ) is composed of the fused ganglia of C1-4 [1] (Figure 1). The SCG is
the largest of the cervical ganglia and includes over 1 million neurons [5].
The SCG is the most consistent of the cervical ganglia - it is typically located
posterior to the carotid sheath and internal carotid artery at the level of
CV2-3 and is present in 100% of subjects [2,6-10]. The consistency of the
SCG is emphasized by two larger studies of the cervical sympathetic chain.
In dissection of 100 cervical sympathetic trunks, the SCG was present in all
subjects as a single ovalshaped mass [4]. In a further study of 114 cervical
chains, the SCG was identified in all subjects and never found as a multiple
structure [2]. We interpret this observation to indicate that no duplication
of the SCG was found in these specimens. However, there is a report of
bilateral ectopic SCG. In this case, the SCG was situated more inferiorly in
the neck at the level of the carotid bifurcation on the right side and at the
level of the thyroid gland on the left [11-15].

The aforementioned discrepancy in duplication of the SCG between texts
and quantitative studies was brought to our attention during dissection
of the retropharyngeal area in a 60-year-old male (cause of death listed as
cardiopulmonary arrest) revealing what we initially identified as a doubled
SCG (Figure 2). In this specimen, we identified the sympathetic chain and
SCG posterior to the carotid sheath and internal carotid artery (Figure 2);
green, asterisk). Additionally, there was another mass situated anterior to the
carotid sheath that appeared to be connected to the sympathetic chain via 1 or
2 thin branches (Figure 2); yellow. Interestingly, our observations appeared to
match exactly the description in Morris’ textbook. We hoped to confirm this
observation and the SCG and the anterior mass were excised and processed
for histological study. Microscopic examination of hematoxylin and eosin-
stained tissues sections [17] from these masses revealed the mass posterior
to the carotid sheath to include numerous neuronal profiles, characterized

Figure 2) Dissection of the retropharyngeal region. Shown in A is a low
magnification view of the dissection. The retropharyngeal region was approached
from the medial aspect to expose the cranial nerves at the skull base and all the
branches from the external carotid. The sympathetic chain is colored green; the
mass anterior to the carotid sheath is indicated in yellow. Green and yellow wires
were passed lateral to these structures to aid in their visualization. The region
indicated by the white box in A is shown at higher magnification in B. In B,
the arteries are colored red. The SCG is indicated by the asterisk. The proximity
of the SCG and the yellow mass along with their fascia connections, makes it
appear to be a doubled SCG. The spinal accessory nerve is indicated by the
magenta arrowhead, the glossopharyngeal nerve is indicated by the open cyan
arrowheads. The superior laryngeal nerve is indicated by the blue arrowhead;
the internal laryngeal nerve is indicated by the closed cyan arrowhead and the
external laryngeal nerve is indicated by the white arrowhead. Abbreviations: A
- ascending pharyngeal artery, AP - ascending palatine artery, CC - common
carotid artery, F - facial artery, IC - internal carotid artery, L - lingual artery, O
- occipital artery, P - posterior auricular artery, PM - posterior meningeal artery,
S - superior thyroid artery, SCM - sternocleidomastoid muscle, X - vagus nerve.
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by large irregular somata, eccentric nuclei and prominent nucleoli (Figure
3). Many neurons had cytoplasmic accumulation of lipofuscin (asterisk in
Figure 3). There were intermingled axonal profiles and numerous satellite
cells. Together, these features are consistent with an autonomic ganglion.
The mass anterior to the carotid sheath had a connective tissue capsule
forming septa that could be seen to penetrate the parenchyma (Figure
3). The parenchyma had a darker staining cortical zone with compact
lymphocytes and occasional nodules (Figure 3, arrowheads). There was also a
deeper, medullary region that contained only diffuse lymphocytes. Based on
these histological features and location, this is most likely a retropharyngeal
lymph node. Indeed, confusion of SCG with retropharyngeal lymph nodes
is recognized [18-20].

i |

Figure 3) Histological examination. Shown in A and B are H&E stained
sections of the SCG (at the level of the asterisk in figure 2). The low magnification
view (A) shows numerous large cellular profiles surrounded by many smaller cells
and fibers. The box in A is enlarged in B. This higher magnification view reveals
the larger cells to be multipolar neurons (arrowheads) with eccentric nuclei. Many
of these neurons contained lipofuscin (asterisk). Shown in C and D are H&E
stained sections through the mass situated anterior to the carotid sheath. The low
magnification view reveals a connective tissue capsule surrounding a parenchyma
with a basophilic cortex and a more eosinophilic medulla. The box in C is shown
at higher magnification in D. Two lymph follicles are indicated by the solid black
arrowheads.

CONCLUSION

The burden of proof for a doubled SCG would require both gross anatomical
and histological confirmation. The gross anatomical proof should include
location and continuity with the sympathetic chain through gray rami. The
histological proof should include clear identification of neuronal profiles
and organization consistent with an autonomic ganglion. This burden has
not been met by the texts noted previously; the claim of a doubled SCG is
unsubstantiated. Given the lack of descriptions and photographic evidence
for doubled SCG, we call into question the statement that doubled SCG
has been identified and documented. Instead, we believe the original
statement was based on the scenario we have described above: a SCG
and a retropharyngeal lymph node. The authors hope that future texts of
anatomical variation can correct this unsubstantiated claim that has been
perpetuated since at least 1942.
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