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ABSTRACT

The number of peripheral segmental branches of the cervical and thoracic sympathetic

chains are more variable and larger than assumed by textbooks and literature (Groen et al.,

1987). This investigation aims to clarify and update the variable patterns of the cervical

sympathetic chain, the incidence of fused thoracic ganglia and the contributions of the

cervical and thoracic sympathetic chain to the cardiac plexus. The study involved the macro

and micro-dissection of 89 cadaveric sides (foetal, 60 and adult, 29).

The gross anatomy of the cervical sympathetic chain and variations is documented. This

study confirms previous reports that the number of ganglia in the cervical region ranged

from 2 (absent MCG) to four (double MCG) ganglia. A double MCG was found in 25.9%.

This study reports the higher incidence of the normal/typical MCG (as per textbook

definition) i.e. Type II MCG (46.6%) than the Type I MCG (27.6%) and Type III (32.8%).

The number of thoracic ganglia in this study is 8-11. Fusion of ganglia was found to be

more common in the lower thoracic chain than in the upper thoracic chain. This study

reports the origin of cardiac rami from the thoracic sympathetic chain up to the

interganglionic segment between Ts and T6 ganglia. The incidence if TCR5 was 60.4%. In

15/58 sides (25.9 %) TCR5 arose from the interganglionic segment of the chain, either above

or below the ganglipn.

An accurate knowledge of the anatomy of the sympathetic nervous system and the adjacent

structures is, inescapably a definite asset to the procedures used in interrupting the neural

mechanism (Jamieson et al.) 1952). Successful sympathetic denervation of the heart, a

field often beset with failure, is dependant on adequate morphological knowledge. It is

hoped that this study using human foetuses as Well as adult cadaveric specimens will draw

the attention to important variations that are relevant to the surgeon.

The intricate anatomical relations presented in this study attest the complex anatomy of the

sympathetic nervous system.
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CHAPTER 1

INTRODUCTION



2-----------------------------

The number of peripheral segmental branches of the cervical and thoracic sympathetic

chains exhibits great variability and is much larger than assumed by textbooks and

literature (Groen et al., 1987). Jit and MukeIjee (1960) and Bergman et al. (1988), without

mentioning incidences, discuss numerous variations of the cervical and thoracic

sympathetic ganglia with regards to their incidence, branches, distribution and connections.

Baljet et al. (1985) reported the existence of many small visceral nerves in the human fetus,

originating from every part of the thoracic sympathetic chain. However, the exact number,

origin and direction of these small branches have not yet been described. Groen et al.

(1987), having found similar variability in the pattern of the medial branches of the

sympathetic trunk concluded, "thoracic sympathetic branches in man shows a complex,

segmen~ally organized pattern. "

The cardiac sympathetic rami constitute one of the major branches issuing from the medial

aspect of the cervical and upper thoracic portions of the sympathetic chain. The cervical

cardiac nerves have dominated literature accounts of the sympathetic nerves to the heart up

to the middle of the 201h century (Kuntz and Morehouse, 1953). There are relatively fewer

accounts of the thoracic cardiac rami. Saccomanno (1943) claimed that the thoracic cardiac

rami, combined, contained twice as many fibres reaching the cardiac plexus as the larger

cervical sympathetic cardiac rami. These nerves vary in size and numbers and in the

manner in which the reach the cardiac plexus, in different specimens and bilaterally

(Saccomanno, 1943). Ellison and Williams (1969) found thoracic cardiac rami arising form

the upper four or five ganglia, slender rami running independently to the heart. The
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literature reviewed is vague with regard to the incidence and course of the thoracic cardiac

rann.

The cervical and thoracic sympathetic chains present various difficulties with regard to

identification and nomenclature. Although standard anatomy textbooks (McMinn, 1994,

Williams et al., 1995) describe the cervical sympathetic chain as consisting of 3 ganglia,

the incidence of a fourth cervical ganglion has been reported to be high enough (Axford,

1928; Kuntz and Morehouse, 1929; Alexander, 1933; Jamieson et al., 1952; Mitchell, 1953,

Ellison and Williams, 1969; Pick, 1970) to warrant a review of this standard generalised

scheme of the cervical sympathetic chain. In the thoracic part of the sympathetic chain,

gang}ia usually vary in size and occasional fusion between ganglia is seen (pick, 1970).

Groen et al. (1987) reported the number of TG as varying between 8-10. Criteria for

numbering TG require standardization.

Surgical intervention involving the sympathetic nervous system is becoming an

increasingly popular option for pain relief The increasing use of minimal access surgery

warrants a review of the value of surgical operations and the manipulation of the

sympathetic nervous system for symptomatic relief of such conditions as angina pectoralis,

severe pain from acute myocardial infarction or the aorta. Proper application, however,

requires a thorough knowledge of the complex anatomy of the sympathetic nervous system

and its variations, which must be taken into account in surgical sympathetomies.
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Detailed knowledge of the anatomy of the sympathetic ganglia' and their branches is of

utmost importance in providing insight into the identification of these fibres through a

narrow operative field. This precise anatomic description will be invaluable to the

endoscopic surgeon and the anaesthetist.

In view ofthe above, this study attempts to:

• Document the incidence and bony relations of the superior cervical (SCG), middle

cervical (MCG), inferior cervical (ICG) and cervicothoracic (CTG) ganglia.

• Re-evaluate the nomenclature and identification of cervical sympathetic ganglia

• Determine the incidence of fused thoracic ganglia

• Determine the origin and incidence of the cardiac sympathetic nerves

• In addition, the origin and incidence of other branches issuing from the medial

aspect of the cervical and thoracic chain (including the splanchnic nerves and

vascular rami in the neck) will be documented.
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CHAPTER 2

REVIEW OF LITERATURE
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A Historical Introduction

The history of the autonomic nervous system must go back to the days when man first

became aware that extreme heat or cold, sustained physical effort and emotions (such as

fear or rage and love or hate) could quicken the heart beat, hasten the rate of breathing,

redden or blanch the complexion, dry the mouth and moisten the skin. The first relevant

scientific data however, was recorded by Galen ofPergamon (AD 129-199), the Prince

of Physicians (later known as the Pioneer of Anatomy), when he introduced the

experimental method of performing original anatomical dissections and then correlating

them to physiological observations. He was amongst the first to appreciate the

sympathetic trunks, identifying them as "costal" branches of the "6th pair of cerebral

nerves" (today recognized as the glossopharyngea~ vagus and spinal accessory nerves)

(Mitchell, 1956). According to O'Malley (1964), the so called 'human anatomy' of

Galen, is based almost entirely on dissections of the Barbary ape; having occasionally

glanced at human internal organs when he tended to the wounds of the Gladiators in

Pergamon and Rome. However, subsequent anatomists, up to and including Versalius

in 1555, adopted his description.

The vagus and sympathetic nerves were clearly recognised as two separate structures

first by Estienne in 1545 and later by Eustachio, whose copper plates were engraved

around 1552 but not published until 1714 (pick, 1970). These reveal that he had a

clearer concept of the sympathetic trunks and their branches than that of his

predecessors. He described the sympathetic trunks as arising within the skull, from the

abducent nerves, and he sketched a number of ganglia along their course with various
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rami communicantes. Their relationships to the vertebrae, brachial, and sacral plexuses

were clearly depicted, and inferiorly, they were represented as converging towards the

lower end of the sacrum. Numerous branches arising from and interconnecting the

trunks were visible, especially in the abdomen (Mitchell, 1953).

Willis (1621-1675), a neuroanatomist, made important strides to our present day

anatomical knowledge and functional concepts of the autonomic nervous system. He

was the first to notice some delicate vascular filaments on the walls of the arterial circle,

at the base of the brain that bears his name (Pick, 1970). In 1664, he depicted the

sympathetic trunk as a branch of the abducent nerve and called the ganglionated chain

the "intercostal" nerve after Reid, in 1616, had given it the name 'intercostalis' because

it linked over the ribs (Sheehan, 1936). Willis gave the first detailed and reasonably

accurate description of the branches of the sympathetic trunk, including the ramI

communicantes, ansa subclavian, the prevertebral sympathetic plexuses and their

branches, and the origin and distribution of the thoracic splanchnic nerves (Pick, 1970).

He represented the greater thoracic nerve as bifurcating to end partly in the coeliac and

aortico-renal ganglia. On the right of his plate, both the lesser and least splanchnic

nerves were shown ending in the aortico-renal ganglion.

Important advances to our present day concept of the autonomic nervous system were

made in short succession during the 18th century. Francois-Pourfour de Petit concluded

in 1727 that the 'intercostal nerve' originated below the cranium (Mitchell, 1953). He

thereby disproved the erroneous idea of the cerebral origin, which had been held by

anatomists from the time of Galen until Du Petit's publication. He was the first to

describe the Claude-Bernaud-Horner syndrome when he described how the 'intercostal'
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nerves carried the 'spirits' to the eyes after he excised the superior cervical ganglion in a

dog (Mitchell, 1953).

With the development of neurology, the notion of widespread nervous control of the

body functions emerged. Winslow (1732) (after whom the opening into the lesser

peritoneal sac is named) studied in detail the morphology of the ganglia and coined the

term "nervi sympathici majores/maximi" for those nerves that he thought carried the

"sympathies" far and wide in the body (Pick, 1970). His was an anatomical

breakthrough, which obscured Willis' 'intercostal nerve' and Versalius' 'cranial nerve'.

This notion was developed amongst others by Iohnstone in 1764 who arrived, with the

aid of some very accurate anatomical observations, at the problem of the nervous

influence on visceral motion and sensitivity (pick, 1970). By the end of the 18th

century, it was clear with Bichat (1800), that what he called 'sympathetic nervous

system' controlled visceral functions while somatic functions were under the direct

control ofthe brain and spinal cord (this idea still prevails).

During the 19
th

century, the advent of the microscope as a tool of anatomical research,

hailed rapid advances in the physiological and histological fields, many of which

provided direct and indirect evidence about the anatomical arrangement of the visceral

nervous system (pick, 1970). Ehrenberg, in 1833, identified cell bodies in the

sympathetic ganglia and Valentin, in1843, provided a better account of the cells and

ganglia, differentiating the fibres of the white and grey rami, and noting that certain

fibres ended in the ganglia while others passed through them (Mitchell, 1953).
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In 1846, Beck reported that the sympathetic ganglia were connected with the cervical

and sacral nerves by grey communicating rami only, while in 1885, Gaskell recognized

that white rami communicantes connected the sympathetic trunks to the spinal cord. In

1886, Gaskell further postulated that the sympathetic outflow from the spinal cord came

from a column of cells in the lateral horn (Sheehan, 1936).

A new impetus was provided when Langley and Dickinson, in 1889, discovered the

paralyzing action of nicotine on cells of the sympathetic ganglia. From this, it became

possible to determine the positions of cell stations or synapses, and the distribution of

'preganglionic' and 'postganglionic' fibres - terms first coined by Langley in 1893.

The afferent fibres accompanying autonomic nerves were indistinguishable from other

afferent nerves; hence, he excluded them from the autonomic nervous system, which he

considered purely efferent or motor, although he acknowledged the importance of the

afferent stimuli in modifying visceral activities (Mitchell, 1953).

Today, it is well established that the two divisions of the autonomic nervous systems

are, at tract levels, very close and interaction between these two systems and the central

nervous system, especially at supra-spinal levels; is an everyday experience ffigure 1].

Moreover, the two systems share many basic structural, physiological and

pharmacological properties (pick, 1970).

The last two centuries have seen great advances in the knowledge of the sympathetic

nervous system and at the dawn of the 21 st century, deemed the minimal access era, the

attention of anatomists and surgeons has already been refocused on the morphology of

the sympathetic trunks and their branches. The need for visualization of the finer
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branches of the sympathetic trunks has prompted this anatomical study to document the

variations in the cervical and thoracic sympathetic trunks and their distribution with

respect to incidence, origin, course and relations to the cardiac plexus. It is postulated

that these variations form the basis for the varied and inconsistent results in surgical

procedures involving these nerves.

envenion
.If glye'ten
:tIIlIClse

:i~eti'""
''adrenaline and
:neradrenlline

1ft~.ls
....dder

,,;.~·eontraetitn

Figure 1: Diagram of sympathetic andparasympathetic nervous distribution to the trunk
[Martini and Timmons, 1997J
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2.1. THE SYMPATHETIC NERVOUS SYSTEM

The sympathetic nervous system, the larger division of the autonomic nervous system,

includes the two paravertebral ganglionated trunks, their branches, plexuses and

subsidiary ganglia [figure 2]. It has a much wider distribution than the parasympathetic

system, for it innervates all the sweat glands of the skin, arrector muscles of the hair, the

muscular walls of many blood vessels, the heart, lungs and abdomino-pelvic viscera

(Williams et al., 1995).

The ganglionated nerve cords extend from the base of the skull to the coccyx (McMinn,

1994). In the neck, the trunk is posterior to the carotid sheath and anterior to the

transverse processes of the cervical vertebrae; in the thorax, it is anterior to the heads of

the ribs; in the abdomen, it is antero-Iateral to the vertebral bodies of the lumbar

vertebrae and in the pelvis it is anterior to the sacrum and medial to the anterior sacral

foramina (Williams et al., 1995). Anterior to the coccyx, the two trunks meet each

other in the unpaired terminal ganglion impar (McMinn, 1994).

The ganglia of the sympathetic nervous system can be divided into 2 main categories,

paravertebral and prevertebral.

The paravertebral ganglia are situated bilaterally along the ventero-Iateral aspect of the

vertebral column; with their connecting trunks forming the sympathetic chains, which

extend from the base of the skull to the sacrum (Williams et al., 1995). The

prevertebral ganglia lie close to the medial saggital plane of the body ventral to the

abdominal aorta, e.g. coeliac ganglion [figure 2] (Williams et al., 1995). In addition to
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Figure 2: The thoracic and abdominal sympathetic trunks displaying thoracic and
abdominal autonomic plexus {AdaptedfromMartini and Timmons, 1996]

the paravertebral and prevertebral ganglia, sympathetic neurons are found in

paravisceral ganglia and intramural ganglia (Gabella, 1976). Other sympathetic ganglia

which are neither paravertebral nor prevertebral nor part of the above-mentioned group,
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are known as "intermediate ganglid' and are mainly associated with the white and

(more frequently) the grey rami communicantes and sometimes with the ventral spinal

roots (Wrete, 1941, 1959; Skoog, 1947; Boyd, 1957). Although very variable in

number and size, they are consistently found in the cervical and uppermost thoracic

segments, whereas they are often absent in the mid-thoracic and sacral segments (Boyd,

1957). Ganglia of similar structure, and presumably equivalent nature, are present

along the carotid artery and the cavernous sinus and in the orbit (Boyd, 1957).

Originally, the ganglia on the sympathetic trunks correspond numerically to the ganglia

on the dorsal roots of the spinal nerves, but fusion of adjoining ganglia occurred and in

man, there are rarely more than 22 or 23 ganglia (Pick, 1970). In the thoracic and

lumbar regions, ganglia of the sympathetic chain are numbered after the spinal nerve

with which they have major connections, not on sequential order (Williams et al, 1995).

Variations in the number, size and distribution of the sympathetic ganglia between

different species and individuals are common, and in man, the variations in the pattern

of the ganglia are particularly obvious in the neck (Becker & Grunt, 1957, Mitchell,

1953, Pick, 1970). Subsidiary ganglia in the autonomic plexuses (e.g. celiac ganglion,

superior mesenteric ganglion) are derivatives of the ganglia on the sympathetic trunks

[figure 2].
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Structure ofthe sympathetic ganglia

The structural and functional characteristics of the sympathetic ganglia· have been a

subject of an increasing number of experiments and observations in recent decades.

A capsule of connective tissue, which is continuous with the epineurium of the nerve

trunks, invests the ganglia, while connective tissue septa divide groups of ganglion

cells. The stroma is particularly thick in man (Pick, 1970): the capsule of the SCG

represents ± 30% of the weight of the ganglion.

Collagen fibrils (50nm in diameter) invest each individual ganglion cell and its satellite

cells. Among the collagen fibrils there are bundles of microfilaments «20nm in

diameter) and amorphous material. A few fibroblasts and blood vessels are also present

in sympathetic ganglia. Chromaffin and mast cells are also found, of which there are

about 24 000 in the SCG (Gabella, 1976). The total number of sympathetic ganglion

cells has not been counted in any species, but neurons have been counted in individual

ganglia, particularly in the SCG. This ganglion has been preferred by most

investigators because it is easily identified and dissected, has clear-cut limits and neat

pre- and post-ganglionic nerves (Gabella, 1976).

The great majority of nerve cells are multipolar, with the somatic dimensions ranging

from about 25 to 50~m in man. A smaller type of cell (diameter: 15-20~m) with a less

pronounced multipolar shape occurs in smaller numbers and probably corresponds to

SIP cells (Williams et al., 1995). While varying in size, the multipolar neurons display a
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more marked variation m the distribution and form of their dendritic arrays

(McLachland, 1974).

The axons of the principle ganglion cells are usually fine, non-myelinated and constitute

the postganglionic fibres, which are distributed to effector organs in a variety of ways.

According to Williams et al. (1995), the postganglionic fibres from the sympathetic

trunk may [figure 3]:

a. Pass back to corresponding spinal nerve through a 'grey rami communicantes'

(GRC); usually joining the spinal nerve trunk just proximal to 'white rami

communicantes' (WRC). Its fibres are distributed to the ventral and dorsal rami of

the spinal nerves and their branches to blood vessels, sweat glands and hair in their

zone of supply;

b. Pass in a medial branch of the ganglion to be distributed to viscera;

c. Pass to blood vessels in the neighbourhood of the sympathetic trunk and supply

these or may be carried along the vessels and their branches to the peripheral

distribution;

d. Ascend to higher level or descend to a lower level before leaving the sympathetic

trunk either in one of its medial branches, in a GRC or along an adjacent blood

vessel.
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In addition to WRC and GRC, mixed RC have been found. Some of these in the

thoracic region represent fusion of WRC and GRC, but some found in the cervical

region contain bundles of thick myelinated fibres, which are somatic efferent in

character and utilize the GRC as a convenient route to reach prevertebral muscles

(WI1liams et al., 1995).

Functional significance

The efferent postganglionic fibres, which pass in the GRC to the spinal nerve, supply

vasoconstrictors to blood vessels, secretomotor fibres to sweat glands and motor fibres

to arrectores pilorum muscles, in the areas supplied by the corresponding spinal nerve.

Those that accompany the motor nerves to voluntary muscles are probably distributed

only to blood vessels supplying muscles. Thus, most, if not all, peripheral spinal nerve

branches contain postganglionic sympathetic fibres. Those that pass to the viscera and

other structures are concerned with vasoconstriction, dilatation of the pupils or

bronchioles, glandular secretions and peristaltic movements of GIT and GUT (Williams

et al., 1995).

The peripheral autonomic nervous system is controlled by the activities of the higher

levels in the brainstem and cerebral hemispheres, viz. brainstem reticular formation,

various thalamic and hypothalamic nuclei, limbic lobe, prefrontal neocortex, and a

variety of projection pathways that connect these regions of the CNS (Williams et al.,

1995).
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2.2.1 COURSE AND RELATIONS

Standard anatomy textbooks (McMinn, 1994; Williams et al., 1995) describe the

cervical sympathetic chain as consisting of 3 ganglia, distinguished according to their

relative positions as the superior cervical ganglion (SCG), middle cervical ganglion

(MCG) and inferior cervical ganglion (lCG) which is often fused with the first thoracic

ganglion to form the cervicothoracic or stellate ganglion (CTG). The incidence of a

fourth cervical ganglion has been reported to be high enough (Axford, 1928; Kuntz and

Morehouse, 1929; Alexander, 1933; Jamieson et al., 1952; Mitchell, 1953, Ellison and

Williams, 1969; Pick, 1970) to warrant a review of this standard generalised scheme of

the cervical sympathetic chain.

The cervical sympathetic trunk lies embedded in prevertebral fascia (pick, 1970),

postero-medial to the internal carotid artery and the common carotid artery and anterior

to the transverse processes of the cervical vertebrae ffigure 4]. The intersegmental

chain, connecting the ganglia, is usually single, although Mitchell (1953) describes it as

'sometimes double'. Pick (1970) observed a double strand only in the formation of a

loop around the inferior thryoid and subclavian arteries, between MCG and ICG or

CTG.
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2.2.2 SUPERIOR CERVICAL GANGLIA (SCG)

SCG is the largest of the cervical ganglia [figure 4]. The literature reviewed revealed

much uniformity amongst anatomists with regard to the anatomy of SCG: although with

differing ranges, the average reported length (adult) is 2.8cm (Becker & Grunt, 1957;

Pick, 1970); constantly present bilaterally (Potts, 1925, Jamieson et al., 1952); and

commonly associated with the internal jugular vein and the internal carotid artery

(Becker & Grunt, 1957; Pick, 1970). Only Bergman et al. (1988) reported a double

SCG. The SCG extends from the base of the skull (pick, 1970; Williams et al., 1995) to

the 2nd or 3rd cervical vertebra (potts, 1925). Mitchell (1956) described SCG lying

between the 2nd to 4th cervical transverse processes. Becker and Grunt (1957) describe,

in a series of 100 adult sides, a variable relation of SCG to the cervical vertebrae: CI -2

(290,/0); CI -3(61%); C2-3(6%); Cl (1%); C2 (1%); C2-4(2%).

It is believed to be formed by the coalescence of four ganglia, corresponding to the

upper four cranial nerves. It is related anteriorly, to the sheath around the internal

carotid artery and posteriorly, to the longus capitis and longus colli muscles. The

internal carotid nerve ascends from the upper pole of the ganglion to the cranial cavity

while the lower pole is united by the connecting trunk to the MCG or CTG (Williams et

al., 1995). It may communicate with the vertebal neural plexus and the descendes

cervicales nerves (Ellison and WilIiams, 1969). The branches of the ganglion may be

divided into medial, lateral and anterior groups (Williams et al., 1995).

Lateral branches: These consist of GRC to the upper four cervical nerves and to

certain cranial nerves (Williams et al., 1995), viz. filaments run to the inferior ganglion
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of the vagus, hypoglossal, spinal accessory and glossopharyngeal nerves and some

fibres are distributed to the meninges in the posterior cranial fossa (Mitchell, 1956;

Pick, 1970).

Medial branches: These are the laryngopharyngeal and the cardiac branches. The

larygngopharyngeal branches supply the carotid body and pass to the side of the

pharynx where they join branches of the glossopharyngeal and vagus nerves to from the

pharyngeal plexus. The cardiac branch arises by two or more filaments from the lower

pole ofSCG.

Anterior branches: The anterior branches ramify onto the common carotid and

external carotid arteries and their branches.
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2.2.3 MIDDLE CERVICAL GANGLION (MCG)

It is in respect to the ganglia lying between the SCG and CTG (or ifunfused, ICG) that

the most diversification of opinion exists. MCG is the smallest of the three cervical

ganglia and varies greatly in its occurrence, shape and position (pick, 1970). It is

occasionally absent, as such, being replaced by minute ganglia in the sympathetic trunk;

or it maybe fused with the SCG (Williams et al., 1995). "It is usually at the level of the

6th cervical vertebra, anterior to the inferior thYfoid artery [figure 5], or it may lie

opposite the CTG" (Williams et al., 1995). It is probably formed by the coalescence of

the 5th and 6th cervical segments, judging by the postganglionic rami which pass to the

5th and 6th cervical nerves, but also the 4th and 7th
.
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Figure 5: Diagrammatic illustration ofMCG, leG and the formation ofthe Ansa Subclavia
(NOTE: The relationship ofMCG and the inferior thyroid artery)

[Adaptedfrom Williams et al., 1995J
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MCG may be absent entirely (Potts, 1925; Axford, 1928; Pick and Sheehan, 1946;

Bergman et aI., 1988; Williams et al., 1995), or it may occur as a single or double

structure (Potts, 1925; Axford, 1928; Pick and Sheehan, 1946; Pick, 1970; Williams et

al., 1995). In the literature reviewed, there exists indefinite references to a "high" and a

"low" MCG; "thyroid ganglion of Haller (or Krause)", "MCG of Arnold (or Luschka)"

"intermediate ganglion of Jonnesco" and the vertebral ganglion (Axford, 1928; Kuntz

and Morehouse, 1929; Alexander, 1933; Jamieson et al., 1952; Mitchell, 1953, Ellison

and Williams, 1969; Pick, 1970; Bergman et al., 1988); many authors feeling that only

one, or the other type, is present in any single chain.

Interestingly, literature is vague with regards to the 'normal or typical' MCG, located at

the level of the 6th cervical vertebra, as described in standard textbooks. Jamieson et al.

(1952) reported the varying location of this ganglion from Cs-T1 vertebrae. He

differentiated a MCG from an ICG by the intimate association of the MCG with the

inferior thyroid artery as it intersects the cervical sympathetic chain [figure 5]. He also

defined a 'high' type MCG as one "lying completely or partially at the level of the

transverse process of C6 vertebrae or at a slightly higher level; while a ganglion, which

lies entirely inferior to this transverse process, is considered a 'low' type MCG".

Axford (1928) reported the higher incidence of the 'low' MCG than the 'high' which he

described as "an ovoid thickening on longus colli muscle, at the level of the 5th or 6th

cervical transverse process, being most often related to the carotid tubercle of

Chassaignae" [figure 6].

According to Pick (1970), MCG may be located anywhere between the 4th and 6th

vertebra but rarely at the level of the 3rd and 7th
. He further describes a vertebral
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[Adaptedfrom Becker and Grant, 1957J

ganglion (corresponding to the 'low' MCG) lying on the vertebral ansa, at the level of

the 7th cervical vertebra, which is fonned on the posterior loop ofthe ansa subclavia and
"-

issues the vertebral nerve. It does not give off rami communicans. Ellison and

Williams (1969), however, describe this ganglion as almost constantly present;

"although usually single, it maybe found in two parts: one closely related to the

vertebral artery and the other antero-medial or antero-Iateral to it". The vertebral

ganglion may communicate with the vagus or phrenic nerves and may give rise to the

middle cervical cardiac sympathetic nerve (Mitchell, 1956). It gives grey rami to the 6th
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and 7th spinal nerves. Mitchell (1953) describes the vertebral ganglion as constantly

present on one or the other of the cords interconnecting MCG and ICG.

Some authors (Axford, 1928; Wollard and Norrish, 1933) have suggested that the 'low'

MCG is a detached portion of either a 'high' MCG or ICG. Mitchell (1956) however,

reported that the dimensions of the 'low' MCG however, did not vary inversely in size

with the absence or presence of the 'high' MCG or ICG which should be expected were

it a detached portion of one or the other.

Several authors (Axford, 1928; Sheehan, 1933; Woollard and Norrish, 1933;

Saccomanno, 1943; Bonica, 1953) comment on the higher incidence of the 'low' MCG

or vertebral ganglion, even though they refer to it by varying terminology. In the

literature reviewed however, actual numerical incidences of the different types of MCG

are seldom cited. It is assumed that this is the same ganglion described by Jonnesco, in

1923, as the "intermediate" ganglion, but as previously reported by Pick (1970), this

term is inappropriate as it is used to describe ganglia on RC or on ventral nerve roots.

Lazorthes and Cassan in 1939 suggested that the vertebral ganglion and CTG be

described together as CTG but Pick (1970) responds: "vertebral ganglion is entirely

cervical and never cervico-thoracic."

Literature reports varying relationships of MCG to the inferior thyroid artery: located

anterior and slightly superior to the inferior thyroid artery (Mitchell, 1956; Becker and

Grunt, 1957; Williams et ai, 1995); posterior to the inferior thyroid artery (White and

Smithwick, 1942; Pick, 1970). Jamieson et al (1952) reported the intersection of the

inferior thyroid artery and the cervical chain to occur at or below the level of the 7th
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cervical vertebra, thus related to the 'low' MCG. In his series of 100 sides, the artery

passed posterior to the sympathetic chain in 55% and anterior in 41% of cases.

MCG, when situated at the level of the 6th cervical vertebra, usually supplies rami to the

5th and 6th cervical nerves, and at times also to the 4th and 7th (Williams et al., 1995).

When this ganglion is absent or in close proximity to ICG, these cervical nerves derive

their rami directly from the sympathetic trunk. When the ganglion lies close to ICG, it

plays a subsidiary role of furnishing rami, its chief function being to supply the cardiac

plexus (potts, 1925).

MCG also gives off thyroid and cardiac branches. The cardiac branch, the largest of the

sympathetic cardiac branches is derived from the ganglion itself or more frequently

from the sympathetic trunk cranial or caudal to it (Williams et al., 1995). It is

connected to the CTG by two or more cords, which are very variable in their disposition

(Mitchell, 1956). The posterior cord usually splits to enclose the vertebral artery, thus

forming the vertebral ansa [figures 4 and 5]. The anterior cord loops down anterior and

then, inferior to the first part of the subclavian artery, medial to the origin of the internal

thoracic artery and supplies rami to them (pick, 1970). This loop is called the ansa

subclavia [figures 4 and 5]. It is intimately related to the cervical pleural and generally

consists ofmore than one filament.
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2.2.4 INFERIOR CERVICAL GANGLION (ICG)

ICG, when unfused, lies the level of C7 vertebra or the area opposite the upper part of

the thoracic vertebra [figures 5 and 7]. It is commonly situated just behind the

subclavian artery usually at the point of origin of the vertebral artery. It is imperfectly

separated from the first thoracic ganglion and is most times fused with the latter (Kuntz,

1929). This ganglion supplies rami to the 7th and 8th cervical nerves and to the 1st

thoracic nerve.

The incidence of an unfused ICG varies in the literature reviewed. Most authors report

an incidence in the range of 12.5%-20%: Perlowand Vehe (1935), 8/48 sides (16.7%);

Jamieson et al. (1952), 18ltoo sides (18%); Pick & Sheehan (1946), 5/25 sides (200,/0); Jit

and Mukerjee, 2°ltoo sides (20%) and Ellison and Williams (1969), 3/24 sides (12.5%).

Becker and Grunt (1957) however reported the presence of an unfused ICG in 711t14

sides (62.3%), thus explaining their most frequent pattern of cervical chain differing

from the classical concept [figure 7].

Lazorthes and Cassan in 1939 suggested that the vertebral ganglion and leG be

described together as CTG but Pick (1970) responds: «ICG is entirely cervical and

never cervico-thoracic."
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Figure 7: Illustration ofcervical sympathetic chain displaying an unjUsed leG on the
left side (Note: this was the most common pattern ofcervical chain noted by Becker and

Grunt. 1957) {Adaptedjrom Becker and Grunt. 1957J



29

2.2.5 CERVICO-THORACIC GANGLION (CTG)

This is an irregular shaped ganglion [figure 4], much larger than the MCG, being

probably formed by the coalescence of the lower 2 cervical segmental ganglia (typically

forming ICG) with the first thoracic ganglion. Sometimes this fusion may include the

second thoracic ganglion (Kuntz, 1927, Saccomanno, 1943, Pick and Sheehan, 1946;

Jit and MukeIjee, 1960, Ellison and Wllliams, 1969; Pick, 1970). The 'low' MCG,

ICG, 1st and 2nd thoracic ganglia were reported to be fused to form an unusually large

CTG by lit and MukeIjee (1960).

The reported incidence of CTG varies amongst authors; most authors citing an

incidence between 75%-88%: Mitchell (1953), 70%; Pick & Sheehan (1946), 80%; lit

& MukeIjee (1960), 80%; Jamieson et al. (1952), 82%; Perlow & Vehe (1935), 83.3%;

Ellison & Williams (1969), 88%; however, Becker and Grunt (1957) report an incidence

of 37.7%. In addition, some authors do not distinguish between an ICG and CTG

(Groen et al., 1987).

CTG lies at the junction of the cervical and thoracic portions of the sympathetic trunk.

The ganglion rests against the transverse process of C7 vertebra, the neck ofthe first rib,

the first intercostal space and occasionally, in the upper portion of the neck of the 2nd

rib. The ganglion lies immediately lateral to the lateral border of the longus colli and

between the base of the transverse process of the 7th cervical vertebra and the neck of

the first rib, which is posterior to it.
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White et al. (1952) described a definite isthmus (a macroscopically visible union

between the lCG and Tl components of CTG) [figure 4] in all specimens in his series,

while Becker & Grunt reported the incidence of a definite isthmus or 'waist' to be only

37.7% (43/114 sides).

The major portion of the ganglion lies medial to the costocervical trunk of the

subclavian artery and is commonly pressed against the C7 and Tl spinal nerves

(Jamieson et al., 1952). The vertebral artery and its associated veins lie anterior to it.

Variations of the relationship of CTG to the vertebral artery to have been reported by

Perlow and Vehe (1935): anterior, 4.2%; media~ 47.9010; anteromedial, 33.3%;

posterior, 4.2% and posteromedial, 10.4%.

The interganglionic cord joins CTG with MCG above and the 2nd thoracic ganglion,

below. Inferiorly, it is separated from the posterior aspect of the cervical pleura by the
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Figure 8: Relations ofCTG [Adaptedfrom Netter, 1990]
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suprapleural membrane; while the branches of the costocervical trunk lie near its lower

pole. Passing down the lateral side of CTG is the supreme intercostal vein and the

superior intercostal artery (Williams et aI., 1995) ffigure 8].

CTG sends GRC to the 7th and 8th cervical, and the 1st thoracic nerves; GRC to the 7th

cervical nerve may vary from one to five in number, with 2 being the usual number

(Williams et al., 1995). Pelow and Vehe (1935) describe rami from CTG to C8 and Tl,

only.

CTG also gives off a ramus that ascends medial to the vertebral artery and anterior to

the transverse process of the 7th cervical vertebra and after communicating with the 7th

nerve, sends a branch upwards through foramen transversarium to the seventh vertebrae

(Williams et al., 1995). This is presumably the vertebral nerve.

The Ansa Subclavian (AS)

According to Pick (1970), the transition of the cervical and thoracic sympathetic chains

is marked by the loop around the subclavian artery (the ansa subclavia). Classically, AS

has been described as arising from the MCG, looping the subclavian artery and

terminating in either the ICG or CTG (Becker and Grunt, 1957) ffigures 4, 5 and 7].

The posterior loop of the AS is double and forms a loop around the origin of the

vertebral artery (Saccomanno, 1943). AS is seldom single and usually consists of two

or more filaments of varying size (Mitchell, 1953). The posterior cord usually splits to

enclose the vertebral artery and "often contains the vertebral ganglion" (Ellison and

Williams, 1969). The anterior cord loops down anterior to and then posterior to the 1st
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part of the subclavian artery, which it supplies (Jamieson et al., 1952). Becker and

Grunt (1957) reported AS terminating superiorly in the 'low' MCG/vertebral ganglion

(70.9%) and the 'high' MCG (23.3%). In a few cases, it arose from the upper pole of

the ICG or CTG, "looped around the subclavian artery, and returned to the parent

ganglion and even less frequently, directly from the sympathetic trunk" (Becker and

Grunt, 1957).
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2.3 THORACIC SYMPATHETIC CHAIN

2.3.1 COURSE AND REIJATIONS

The thoracic portion of the sympathetic chain is continuous at the root of the neck,

behind the vertebral and subclavian arteries, with the cervical sympathetic chain. It lies

anterior to the heads of the ribs for most of its extent [figures 9 and 10]. In the lower

part of the thorax, it inclines medially to lie on the sides of the bodies of the lower 2

thoracic vertebrae. It leaves the thorax behind the medial lumbocostal arch to become

continuous with the lumbar sympathetic chain (Hollinshead, 1956).

The sympathetic trunk lies lateral to the hemiazygos system of veins on the left side

[figure 10] and the azygos vein of the right side [figure 9]. Both chains lie immediately

against the pleura and, usually, in front of the intercostal vessels; thus faoilitating the

removal of the chain without injury to the vessels (Hollinshead, 1956). The venous

pattern however may be variable and in the upper part of the thorax, the first intercostal

vein typically passes in front of the chain (Hollinshead, 1956).
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2.3.2 THORACIC GANGLIA (TG)

The thoracic region is characterized by a segmental arrangement of the sympathetic

ganglia; and further, by grey and white rami to each thoracic nerve (potts, 1925).

Beginning below the second thoracic ganglion (T2G) of the sympathetic chain, ganglia

tend to be rather regularly segmental at least as low as the 10th
. TG usually vary in size

and occasional fusion between ganglia is seen (pick, 1970). Groen et al. (1987)

reported the number of TG as varying between 8-10. Fusion ofganglia affects the point

ofentry oframi to the sympathetic trunk or ganglia (potts, 1925).

Criteria for numbering TG require standardization. Since rami and the splanchnic

nerves do not always originate from the sympathetic ganglia of the chain but also from

the interganglionic segments (potts, 1925; Braeucker, 1927; Pick and Sheehan, 1946;

Kuntz, 1953; Mitchell, 1953; Wrete, 1959; Pick, 1957, 1970) and since the variability in

the number, size and location of the ganglia is well know (Groen et al. 1987); a direct

determination of segmental connections is difficult [figure 11]. Various investigators

have numbered TG according to:

a) The spinal nerve to which they are attached via:

i) WRC (Zuckerman, 1937; Sheehan and Pick, 1943);

ii) GRC (Langley, 1896);

iii) Both WRC and GRC (Groen et al. 1987);
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Figure 11: The thoraCiC sympathetic chains and their relations [Netter, 1990}

b) The closest segmental artery (Wrete, 1959);

c) Sequentially, after identifying:

i) The eTG (lit and MukeIjee, 1960);

ii) The third thoracic ganglion (Sheehan and Pick, 1942).
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The ganglia lies slightly below the level of the intercostal nerve and therefore the rami

run somewhat upwards and laterally (Hollinshead, 1956)[figure 12]. Standard

textbooks however still distinguish the rami more lateral to be usually the WRC,

consisting of preganglionic fibres coming to the chain; while the more medial ramus as

the GRC formed by the postganglionic fibres leaving the chain to join the thoracic nerve

(Williams et al., 1995). Sometimes grey and white rami may be fused to form a single

Sympathetic Chain

Internal.lntercostal
Membrane

External
Intercostal

Muscle·

Internal
Intercostal·

Muscle

Rami
Communicantes

Internal Intercostal
Muscle

Innermost
Intercostal Muscle

Posterior
Intercostal Vein

Intercostal
Nerve

Sympathetic
Ganglion

Figure 12: Relations ofTG in the intercostals space [AdaptedfromMoore, 1995]

<mixed' rami communicantes (pick, 1970; Groen et aI., 1987).
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In gross dissection, it is impossible to distinguish white from gray rami due to variations

in location, composition and number of rami communicantes. Furthermore, histological

differentiation is based on the ratio of myelinated to unmyelinated fibres within gray

and white rami (pick, 1970; Groen et aI., 1987). This remains technically difficult.

Wrete (1959) reported that GRC and WRC could only be distinguished

macroscopically, with much difficulty, in fresh tissue. In addition, the identification of

TG macroscopically, is further complicated by ganglionic fusion and anomalies in

segmental arterial patterns (Groen et al., 1987).

Groen et al. (1987) defined a thoracic segment as that part of the thoracic sympathetic

trunk, which is connected via RC with one spinal nerve, without discriminating between

grey and white rami communicantes. RC are subject to variation in size and direction

towards the spinal nerve (Hovalaque, 1927, Kuntz, 1953, Mitchell, 1953, White and

Sweet, 1969), although Sheehan and Pick (1943), Pick and Sheehan (1946) and Pick

(1957, 1970) distinguish in the adult a fixed pattern of these rami, especially in the

cranial part of the thoracic sympathetic chain (Groen et al., 1987). Groen et al. (1987)

differentiated three types of rami based on their course towards the spinal nerve (viz.

ascending, descending, transverse), noting no distinct pattern and inter- and intra­

individual variations.

In the thoracic region, there tend to be two RC to each sympathetic ganglion except at

the two extremes [figure 12]. Occasionally these RC are combined to form a single

trunk, and occasionally there may be more than two RC (Hollinshead, 1956). In the

lower part of the thoracic sympathetic chain, the ganglia tend to be connected not only

to the corresponding nerve but also to the nerve below. Pick and Sheehan (1946) found

this to especially true in more than 50% of cases for the 10th thoracic ganglion.
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According to Pearson and Sauter (1971), GRC of the upper thoracic ganglia often split

into 2 bundles, the larger bundle joining the corresponding nerve while the smaller

ascends behind the neck ofthe rib above and joins the next higher nerve.

Rami communicantes to the upper thoracic portion of the chain vary more than

anywhere else in the thorax (Hollinshead, 1956). Johnson and Mason (1921) found, for

instance, that while there were always at least two RC attached to the first thoracic

nerve, there were sometimes as many as five. Perlow and Vehe (1935) found that in 3

out of 38 sides the 1st thoracic nerve received a grey ramus from the 2nd thoracic

ganglion (presumably, the nerves of Kuntz). Ehlich and Alexander (1951) stated that

most bodies show such a connection. The nerve ofKuntz was originally described as an

inconstant intrathoracic ramus, which joined the second intercostal nerve to the ventral

ramus of the first thoracic nerve, proximal to the point where the latter gave a large

branch to the brachial plexus (Kuntz, 1927). Subsequently, a variety of sympathetic

interneuronal connections up to the fifth intercostal space were reported and descrilDed

as the Nerves ofKuntz (Ramsaroop et al., in press).

In addition to RC, which connects the chain or ganglia to the spinal nerves, the thoracic

sympathetic chain gives off a series of visceral or splanchnic branches. Thus, a variable

number of thoracic splanchnic nerves leave the chains especially in the upper part of the

thorax.. They are very fine branches.

The medial branches of the upper five ganglia are very small: they supply filaments to

the thoracic aorta and its branches. On the aorta, they form a delicate plexus (thoracic

aortic plexus) together with filaments from the greater splanchnic nerve. Twigs from

the 2
nd

to the 5
th

ganglia pass to the deep part of the cardiac plexus (Hollinshead, 1956).



41

Medial branches of the lower seven ganglia are large; they distribute filaments to the

aorta, and unite to form the greater, lesser and lowest splanchnic nerves, the last of

which is always not identifiable.

2.4 CARDIAC SYMPATHETIC NERVES

The sympathetic cardiac nerves may be conveniently divided into cervical and thoracic

cardiac nerves (Kuntz and Morehouse, 1930). The literature reviewed reports cardiac

sympathetic nerves to be highly variable in their topography (Kuntz and Morehouse,

1930; Mizeres, 1972).
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The cervical cardiac nerves have dominated literature accounts of the sympathetic

nerves to the heart up to the middle of the 20th century (Kuntz and Morehouse, 1953).

The cervical cardiac nerves descend through the cervical region, enter the thorax and

then join the cardiac plexus [figure 13].

The thoracic cardiac rami (TCR), in general, are arranged segmentally and only those

arising from the upper four or five thoracic segments enter the cardiac plexus directly

(Saccomanno, 1943) and contain, combined, twice as many fibres reaching the cardiac

plexus as the larger cervical sympathetic cardiac rami. These nerves vary in size and

number and in the manner in which they reach the cardiac plexus, in different

specimens and bilaterally (Saccomanno, 1943).

The superior cervical cardiac sympathetic ramus arises by two or more filaments from

the lower pole of SCG [figure 14]. It is believed to contain only efferent fibres; the

preganglionic outflow being from the upper thoracic segments of the spinal cord; and to

be devoid of any visceral pain fibres from the heart [figure 15]. It runs down the neck

behind the common carotid artery and in front of longus colli muscle; it crosses in front

of the inferior thyroid artery and recurrent laryngeal nerves. The intra-thoracic course

on the right side then differs slightly from the left. The right nerve, at the root of the

neck, passes posterior to the subclavian artery and postero-Iateral to the brachiocephalic

trunk to reach the posterior aspect of the arch of the aorta, where it joins the deep part of

the cardiac plexus (Williams et al., 1995). The left nerve, in the thorax, runs in front of

the left common carotid artery and across the left side of the arch of the aorta to join the

superficial part ofthe cardiac plexus (Williams et al., 1995).
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The middle cervical cardiac ramus, the largest of the sympathetic cardiac branches is

derived from the MCG itself or more frequently from the sympathetic trunk cranial or

caudal to it (Mitchell, 1956). On the right side, it descends behind the common carotid

artery and at the root of the neck runs either in front of or behind the subclavian artery.

It then descends on the trachea and joins the right half of the deep cardiac plexus

(Williams et al., 1995). The vertebral ganglion may give rise to the middle cervical

cardiac sympathetic nerve (Potts, 1925).

An inferior cervical cardiac ramus arises from tl)e CTG. It descends behind the

subclavian artery and along the front of the trachea to join the deep part of the cardiac

plexus. Behind the subclavian artery, it communicates with the middle cardiac nerve. It

is often replaced by a varying number of fine filaments from the CTG and the ansa

subclavia (Williams et aI., 1995).

When the 1st thoracic ganglion is unfused is also gives off cardiac filaments but when a

CTG is present its cardiac branches contain rami from both ganglia (Mitchell, 1953).

The presence of cardiac nerves arising from the upper four TG was first recorded by

Weber, in 1815, on a dissection of a calf (pick, 1970) while Mitchell (1953) accords its

discovery in man, to Swan in 1830. It was, subsequently, rediscovered almost a century

later, by Baeucker in 1927. Ionesco and Enachesco (1927) found them to be best

developed in the Articdactyla (lambs and calf). They dissected human foetuses and 2

adult cadavers and came to the conclusion that these nerves arise from the 2nd to the 5th

thoracic sympathetic ganglia, bilaterally.

Jit and Muketjee (1960) describe one or two cardiac branches from CTG to the deep
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plexus and from T2G or the immediate cord (abovelbelow), in the majority of cases and

in 3 cases from the left T3G and in one case T4G. Kuntz and Morehouse (1929), having

dissected still born foetuses, young cadavers and one adult cadaver, reported cardiac

rami form the 2nd and 3rd TG below eTG, and 'in many instances' from the 4th and
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sometimes from the right 5th TG. Kuntz (1933) described cardiac nerves from the upper

four TG in the rhesus monkey. Mitchell (1953) also describes the origin of thoracic

cardiac nerves from the second to the fourth ganglia and occasionally from the fifth TG;

however, the frequency of this origin is not stated. Perman (1924) traced the cardiac

nerves in the calf and lamb from the third to the sixth thoracic ganglia but failed to trace

any cardiac nerves below the level of the second TG in man. Anufriew (1926) and

Schurawlew (1927) observed cardiac nerves arising from up to the T2G on the left side.

Riegele (1926) in the ape found cardiac nerves from up to the T4G on the right side.

Alexander (1933) reported fibres running to the heart from the dorsal ganglia as low as

the fifth. Cannon et af. (1926) demonstrated nerves arising form the medial aspect of

the chain up to 3 or 4 ganglia below CTG. Ellison and Williams (1969) found thoracic

cardiac rami arising form the upper four or five ganglia, slender rami running

independently to the heart. The literature reviewed is vague with regard to the

incidence and course ofthe TCR.

Table 1: Lowest root ofTCR
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The cardiac plexus is situated at the base of the heart, and is divided into superficial and

deep parts, which are closely connected (Mitchell, 1956). Mizeres (1963) has

emphasized the unity of the cardiac plexus, division of which into the superficial and

deep parts, he considered an artefact of dissection.

Successful sympathetic denervation of the heart, for the relief of pain, a field often beset

with failure, is dependant on adequate morphological knowledge of cervical and

thoracic cardiac rami (Ellison and Williams, 1969). There is presently an increased

interest in the anatomy of the cardiac contributions from the thoracic sympathetic chain

and its role in cardiac pain pathways.

Angina of effort is similar in origin to intermittent claudication, just as the sympathetic

nerves, which conduct pain impulses to the brain, are similar to the somatic sensory

fibres (Ross, 1958)[figure 15]. They arise from peri-arterial and epicardial nerve

endings in the heart and pass by way of the deep and superficial cardiac plexuses and

the middle and inferior cervical nerves to the MCG and ICG through which they pass

without interruption and continue down the ganglionated trunks to enter the spinal cord

by way of the white rami communicates of the upper 4 or 5 thoracic roots (Ross, 1958).

It is probable that other routes exist, running directly from the deep plexus to the upper

four or five thoracic ganglia, but little is known of these alternate pathways (Ross,

1958).
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2.5 OTHER MEDIAL BRANCHES

2.5.1 SPLANCHNIC NERVES

The thoracic sympathetic chain gives rise to three splanchnic nerves 'proper' which

arise from the lower eight ganglia [figure 16]. The greater splanchnic nerve (GSN) is

formed by branches of the T5-9 sympathetic ganglia, the lesser splanchnic nerve (LSN)

from TlO-ll ganglia and the least splanchnic nerve (Isn) from T12 ganglion. These

splanchnic nerves contain predominantly visceral efferent fibres as well as pain

conducting visceral afferent fibres (McMinn, 1994).

The GSN consists mostly of myelinated, preganglionic, visceral afferent fibres. It is

formed by branches of the 5th to the 9th or 10th thoracic ganglia; but fibres in the higher

branches may be traced upwards in the sympathetic trunk as far as the 1sf./200 ganglion

(Hollinshead, 1956). Its roots of origin may vary from 1 to 8, with 4 being the most

usual (lit and MukeIjee, 1960; Groen et al., 1987). It descends obliquely on the bodies

of the vertebrae, supplies fine branches to the descending aorta and perforates the crus

of the diaphragm and ends mainly in the coeliac ganglion, but partly in the aortico-renal

ganglion and suprarenal glands (Jit and MukeIjee, 1960).

Filaments from the 9th and 10th and sometimes the lOth and 11th ganglia form the LSN,

which pierces the diaphragm with the GSN and joins the aortico-renal ganglion (lit and

Mukerjee, 1960).
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Figure 16: Origin ojsplanchnic nerves from the thoracic sympathetic chain
[Agur, 1991]

The Isn or 'renal nerve' arises from the last thoracic ganglion (Mitchell, 1956). It enters

the abdomen with the sympathetic trunk: and ends in the renal plexus (Jit and Mukerjee,

1960). De Sousa (1955) has further described a fourth (accessory) splanchnic nerve but

its existence has yet, not been confirmed and is doubtful (Mitchell, 1956).

The uppermost root of GSN is reported to be from T4G or TsG ganglion (Kuntz, 1934;

Mitchell, 1953; Reed, 1951; Jit and Mukerjee, 1960), while its lowest root can be as low
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as Tl2G ganglion (Hollinshead, 1956).

Edwards and Baker (1940) noted the origin of the LSN as high as T7G, with the origin

from TlOG and TuG, being most frequent. Reed (1951) however, in an adult series,

reported the origin ofthe LSN to be from T9G-Tl2G; and the origin oflsn to be from

either TuG and/or Tl2G. Jit and MukeIjee (1960) found lsn arising predominantly from

a single root in 37% of cases. Pain fibres of the upper abdominal viscera reach the

sympathetic chain via the GSN and LSN from coeliac plexus. It is postulated however,

that pancreatic pain fibres through the coeliac and superior mesenteric plexuses

(Hiraoka et aI., 1986) [figure 17].
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Figure 17: Autonomic pathway to the abdominal viscera [ Nener, 1990J
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2.5.2 VASCULAR BRANCHES
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Figure 18: Diagrammatic illustration ofthe sympathetic pathways to blood vessels
[Netter, 1990J
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Postganglionic fibres may reach blood vessels at the cervicothoracic inlet, directly or

may be carried through branches of the brachial plexus for variable distances before

passing to more peripheral vessels in the upper limb. In man the levels of outflow of

preganglionic fibres is not known, but most observers place the· segmental limits

between T2G-T3G and T6G-T7G segments [figure18].

SCG supplies vascular branches to the internal and external carotid arteries (Mitchell,

1956). The branches from SCG to the external carotid artery arise four to six filaments

that form a rich plexus around the artery and its branches. The internal carotid nerve is

the direct upward continuation of the upper pole ofSCG (Williams et al., 1995)

MCG supplies vascular branches to the external carotid, common carotid, thyrocervical

trunk, inferior thyroid, ascending cervical and vertebral arteries (Mitchell, 1956; Pick,

1970). In addition, Mitchell (1956) describes the vertebral ganglion (also known as the

'low' MCG) distributing filaments to the vertebral and subclavian arteries (Mitchell,

1956). Classically, the ansa subclavia is described as arising from the MCG, looping

around the subclavian artery and terminating in either the ICG or SG (Becker and

Grunt, 1957) via two or more cords (Williams et aI., 1995).

CTG contributes branches to the blood vessels, which form the plexus on the subclavian

artery, and its branches (pick, 1970). The plexus around the subclavian artery is derived

from these branches and the ansa subclavia; extends to the first part of the axillary

artery but fibres may extend further, though not in large numbers (Mitchell, 1970).

According to Pearson and Sauter (1971) the extension of the subclavian plexus, which

passes to the internal thoracic artery, is joined by a branch from the phrenic nerve. The

plexus on the vertebral artery is derived mainly from a thick branch from CTG, which
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ascends behind the vertebral artery to foramen transversarium of the sixth cervical

vertebra, reinforced by branches from the cervical sympathetic trunk (Jit and Mukerjee,

1960).

Aortic Plexus

"The walls of the thoracic aorta are invested by a conspicuous network of nerves.

However, it is not known to what extent these nerves actually terminate in the aorta or

are just conveyed along the course of this blood vessel to other destinations" (pick,

1970).

The arch and ascending aorta are supplied by the cardiac rami (Pick, 1970). The

thoracic sympathetic trunks contribute a number of branches to the descending aorta.

The medial branches of the upper five thoracic ganglia are very small: they supply

filaments to the thoracic aorta and its branches. On the aorta, they form a delicate

plexus (thoracic aortic plexus) together with filaments from the greater splanchnic nerve

(Hollinshead, 1956). The aortic plexus is usually described as continuing through the

diaphragm to join the coeliac or the abdominal aortic plexus, but to what extent this is

true is not clear. Some surgeons have suspected that this may be important contribution

to the abdominal innervation, but it should be emphasized that anatomically the thoracic

aortic plexus is extremely poorly developed, and is in no manner comparable to the

density to that about the abdominal aorta (Hollinstead, 1956).

0;
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2.5.3. LARYNGO-PHARYNGEAL BRANCHES

The larygngo-pharyngeal branches, arise from the SCG and the chain immediately

below. These supply the carotid body and pass to the side of the pharynx where they

join branches of the glossopharyngeal and vagus nerves to from the pharyngeal plexus.

These communicate in a plexiform manner on the connective tissue of the external to

the pharyngeal constrictors. From here rami extend cranially and caudally to be

distributed to the larynx and pharynx (Williams et al., 1995).

2.5.4 PULMONARY BRANCHES

The pulmonary plexus lies on the anterior and posterior aspects of the bronchial and

vascular structures in the hila of the lungs, the anterior plexus being much smaller than

the posterior plexus. According to Mizeres (1963), these plexuses are continuous

extensions of the cardiac plexus being distributed along the right and left pulmonary

arteries. The efferent sympathetic fibres are postganglionic fibres from the 2nd to the 5th

thoracic ganglia of the sympathetic trunk. The anterior part of pulmonary plexus is

formed by branches of cardiac sympathetic nerves as well as direct sources from the

trunk. The posterior part of the pulmonary plexus is formed by rami the cardiac plexus

as well as 2nd to the 5th or 6th thoracic ganglia (Williams et al., 1995).

2.5.5 OESOPHAGEAL PLEXUS

The oesophageal plexus is formed largely from filaments from the vagal trunks. The

sympathetic contribution to the oesophageal plexus is minor and arises from the GSN

and thoracic aortic plexus (pick, 1970).
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2.7 EMBRYOLOGY

As regards the embryology of the peripheral visceral afferent neurons, it is now widely,

though not uniformly accepted that their cells of origin develop from the primordial

spinal and cranial ganglia, which are derivatives of the neural crest (pick, 1970).

This theory, first postulated by Kuntz, believes in an outgrowth of the sympathetic cells

from the neural tube along the ventral roots and rami communicantes. Within the pale

mesoderm, the primordia of the ganglia of the sympathetic trunks are present in the

form of aggregates of large and deep stained cells in the lower thoracic and upper

abdominal regions along the dorso-Iateral aspects of the aorta. The sympathetic trunks

form continuous columns extending from the rostral to the sacral regions of the embryo.

Rami communicantes are also present during this stage. Cells, with an appearance

identical to that of the primordia sympathetic trunks, derived partly from the neural tube

and partly from the spinal ganglia pass along the ventral and dorsal spinal roots to form

the primordial sympathetic trunks (Mitchell, 1953).

According to Kuntz (1953), the cervical sympathetic trunk does not develop from the

primordial cervical spinal segments but is formed from a cranial extension of the

thoracic sympathetic trunk, as well as by local cell proliferation. The segmentation of

the thoracic and abdominal sympathetic, which begins in human embryos at 10mm in

length, is not apparent in the cervical region of those of 15mm in length but may clearly

be recognized in human embryos of 10mm in length in which individual sympathetic

ganglia are connected by distinct internodal rami (Kuntz, 1953).

W¥3£fi¥!$;;r 6, X $@ 2 a Uti$!(
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During the early stages of development the sYmpathetic primordial, due to the curvature

of the embryo is in such close proximity to each other that that they appear to be

continuous column of loosely aggregated cells. Secondary segmentation and the

fonnation of internodal rami occurs later; the details of this process is not certain,

especially in the lower thoracic and lumbar regions, where irregularity in the number

and position of SYmpathetic ganglia is a well known fact (pick, 1970). According to

Pick and Sheehan (1946), each primordial ganglionic mass divides into a cranial and

caudal portion, and the ultimate fate of these portions determines the number and

position ofthe SYmPathetic ganglia at various spinal levels ffigure 19]:

o.

c.

b.

d.

",. 4", s

Figure 19: Schema illustrating the development ofpossible variations ofthe
ganglionated chainfrom the primordial cell column [Pick, 1970]
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a. The two portions merge together again (or really never divide), forming a single

ganglion with connections to only one spinal nerve, a type of ganglion truly

segmental and most commonly occurring in the upper thoracic regions;

b. A 2nd possibility would be the fusion of the caudal half of one primordial mass

with the cranial half of the next lower mass, resulting in ganglia with

connections to 2 spinal nerves. Such ganglia are not segmental and are typically

in the lower thoracic regions in man.

c. Thirdly, the fusion of positions of more than two primordial masses may take

place and result in the formation of ganglia with connections to three or more

spinal nerves. This arrangement is exemplified best by SCG and lCG, and is

likewise common in the lumbar region in man.

d. A fourth arrangement would result from the persistence of one or both portions

of the primordial mass as a separate ganglion, thereby producing additional

ganglia or complete duplication. Finally, an entire primordia mass or part of it

may seemingly be absent when the rami communicantes usually connected with

it are issued directly from the internodal ramus ofthe sympathetic trunk.

The primordia of the prevertebral plexus appears in the rostral abdominal region, in

human embryos of 6mm in length, as a result of the ventral outgrowth of the primordial

sympathetic trunks along the lateral aspects of the aorta (Pick, 1970). A similar

displacement of cells from the upper thoracic primordial sympathetic trunks towards

these preverertebral plexuses takes place at some later stage. Thus in the human

embryos of 10mm in length an anlage of prevertebral plexuses, including the splanchnic

nerves are quite conspicuous (Pick, 1970). The autonomic ganglia and ganglionic
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plexus of the cranial region have~ according to Kuntz (1953)~ a similar embryological

history.

Starting at the end of the fourth week, the neuroblasts in the mantle layer of the spinal

cord become organized into four columns that run the length of the cord: a pair of

dorsaValar columns and a pair of ventraVbasal columns (figure 20]. Laterally the alar

and basal columns are separated by a groove called the sulcus limitans; dorsally and

Figure 20: The formation oftwo ventral motor (basal) columns and two dorsal
sensory (alar) columns throughout most ofthe spinal cord [Larsen, 1993J
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ventrally they are separated by acute thinning of the neural tissue called, respectively,

the roof plate and the floor plate. The cells of the dorsal column develop in association

neurons which will interconnect the motor neurons of the ventral columns with the,

neuronal processes that soon grow into the cord from the sensory neurons of the dorsal

root ganglia. In most regions of the cord-at all 12 thoracic levels, at the lumbar levels

(Ll-3) and at the sacral regions (S2-4)- the neuroblasts in more dorsal regions of the

basal columns segregate to form distinct intermedio-Iateral cell columns [figure 19].

The thoracic and lumbar intermedio-Iateral cell columns contain central autonomic

motor neurons of the sympathetic nervous system, whereas the intermedio-Iateral cell

column in the sacral region contain central autonomic motor neurons in the

parasympathetic system.

Not all peripheral sympathetic neurons are located in the chain ganglia. The peripheral

ganglia of some specialized sympathetic pathways develop from neural crest cells that

congregate next to major branches of the dorsal aorta. One pair of these prevertebral

and pre-aortic ganglia originates from the cervical neural crest and forms at the root of

the celiac trunk. Other, more diffuse ganglia develop in association with the superior

mesenteric artery, the renal arteries, and the inferior mesenteric artery. These are formed

by thoracic and lumbar neural crest cells [figure 21].
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Figure 21: Postganglionic fibres emanating from cervical and thoracic chain ganglia follow
blood vessels to structures in the head andpharynx and the heart and lungs

{Adaptedfrom Larsen, 1993]
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CHAPTER 3

MATERIALS AND METHODS
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GENERAL

The cadaveric material used in this study of the medial branches of the cervical and

thoracic sympathetic chains (in accordance with the Human Tissue Act, 51 of 1989) was

obtained from the Department of Anatomy at the Universities of Durban-Westville and

Natal and the Department ofHuman Biology, Technikon Natal.

The research was conducted at the Department of Anatomy, University of Durban­

Westville, with clearance from both the Ethics Committee and Research Committee of the

University ofDurban-Westville.

3.1 MATERIALS

This study utilised 48 cadavers: 31 preserved foetuses without morphological abnormalities

(gestational ages: 16 weeks to full term) and 17 adult cadavers [n=89 sides: right, 43

(foetal, 30; adult 13); left, 46 (foetal 30; adult, 16)]. Five adult sides (4 right and 1 left)

were undissected due to pleural adhesions and 2 foetal sides (1 right and 1 left) were

undisseeted due to tissue damage.

The dissections were conducted at both macroscopic and microscopic levels using surgical

equipment and micro-dissectors, with the use of a light dissecting microscope and loupe

lens.
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This sample was used in this investigation as follows: 

• Cervical ganglia and the cervical sympathetic chain [nz 58 sides: foetal, 42; adult, 16] 

• Thoracic ganglia [n=85 sides: foetal , 56; adult, 29] 

• Cardiac rami [n= 58 sides: foetal, 42; adult, 16] 

• Splanchnic nerves [n=48 sides: foetal, 32; adult, 16] 

3.2 GROSS ANATOMICAL DISSECTION 

3.2.1 THORACIC DISSECTION 

The thoracic dissection was performed prior to any cervical dissection. 

A midline vertical incision was made from the jugular notch to the umbilicus. Two 

transverse skin incisions were then made: 

i) From the jugular notch to the shoulder tip; 

ii) From the xiphoid process of the sternum, along the inferior border of the rib cage as 

fur laterally as the mid-axillary line. 

The skin flaps were reflected laterally and the muscle attachments along the mid-axillary 

line on the rib cage were removed. The intervening intercostal muscles were cut, followed 

by the ribs, in the mid-axillary line. The rib cage was could then be reflected superiorly. 
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The sterno-clavicular and the 1st sterno-costaljoints were mobilized. The attachments ofthe

scalene muscles on the first rib were detached. The anterior rib cage was removed.

The lungs were removed by excision ofthe pulmonary vessels and bronchi at the hilum. All

fatty tissue was disposed off and the supra-pleural membrane and costal pleura overlying

the sympathetic chain was stripped away, from the first rib to the costo-diaphragmatic

recess (at the level ofTI0/11 vertebra). The diaphragm was excised as close to its costal

and pleural attachments as possible. In the foetuses the abdomen was then eviscerated

while in the adults the specimen was the divided at the level of the umbilicus (for ease of

use).

3.2.2 CERVICAL DISSECTION

In 21 foetuses and 8 adult specimens the cervical sympathetic chain was further dissected

[n=58 sides: right, 29 (foetal. 21; adult 8); left, 29 (foetal, 21; adult, 8)].

A midline skin incision was made from the midpoint of the body of the mandible to the

midpoint of first transverse incision of the thoracic dissection. The skin and fascia was

reflected as far laterally as possible. The sternocleidomastoid and strap muscles ofthe neck

were removed. The contents of the carotid sheath were mobilized. The major venous

structures, viz. the subclavian vein and brachiocephalic trunk, were removed. The cervical

plexus was identified. The cervical sympathetic chain was then followed upwards from the

thoracic inlet and micro-dissected to reveal the finer branches ofthe sympathetic chain.
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The medial branches from the cervical and thoracic segments of the chain were traced.

Detailed drawings were made ofeach chain as it was studied in situ.

3.3 HISTOLOGY

Fused ganglia, segments of cardiac rami and of the interganglionic segments between the

leG, T1 and T2, were biopsied and stained using haematoxylin and eosin (H and E) by the

technicians at the Lancet Laboratories in Lome Street, Durban. The authenticity of the

biopsied structures was confirmed histologically.

3.3 NOMENCLATURE

3.3.1 IDENTIFICATION OF GANGLIA

Cervical Ganglia

The superior cervical ganglion, a constantly occurring ganglion, was identified as the

uppermost cervical ganglion located near the base of the skull (Glabella, 1976). The

cervicothoracic ganglion or the inferior cervical ganglion was identified by its location and

macroscopic connections (lit and Mukerjee, 1960). All ganglia residing on the cervical

sympathetic chain between these ganglia were regarded as middle cervical ganglia (Axford,

1928; Becker and Grunt, 1957).
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Thoracic Ganglia

Thoracic ganglia were identified, according to the method proposed by Groen et al. (1987),

by their macroscopic spinal nerve contributions (i.e. rami communicantes) without

differentiating between grey and white rami. By naming ganglia according to their

distribution to spinal nerves one is effectively designating a ganglion according to its

developmental origin (Bradley, 1951). In instances were a ganglion contributed rami

communicantes to more than one spinal nerve, it was regarded as a fused ganglion.

3.3.2 IDENTIFICATION OF CARDIAC RAMI

The cardiac rami were named according the ganglion from which they arose. The rami

arising from the inter-ganglionic segments of the sympathetic chain were named after the

closest ganglion located on the sympathetic chain.
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3.4 STATISTICAL ANALYSIS

In addition to the incidence (right and left) of all medial branches observed, the following

morphometric parameters were documented:

• Length (foetal and adult specimens) and width (adult specimens) ofcervical ganglia

(SCG, MCG, ICG and CTG)

•.. Length of the interganglionic chain (in adult specimens) between: SCG and MCG,

SCG and CTG, MCG and CTG.

For statistical comparisons of measurements and incidence, standard deviations and p-

values were calculated using t-test: two-sample assuming equal variances with Microsoft

Excel Officeil.2000. A p-value < 0.05 was considered significant in all statistical

comparisons.

Weighted means were calculated from incidence and sample sizes cited in literature using

the following formula:
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CHAPTER 4

RESULTS
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4.1 SAMPLE

Thirty-one foetal and seventeen adults were included in this study with a total of eighty-

nine sides (right, 43 and left, 46), as indicated in table 2 [figures 22 and 23].

Table 2: Foetal and adult sampling

100 ,--------------------­
90 -t--------------­

80 -t--------------­

70 -t---------------­

60 +----­

50 +----­

40 +---­

30
20
10
o

Foetal

I .RIGHT

Adult Total

III LEFT • TOTAL

Figure 22: Graphic representation ojsample distribution (n=89)



71-------------

A.

B.

• Adult • Foetal

11 Right

Figure 23: Graphic representation ofthe sample distribution of(n=89):
A) foetal vs. adult, and B) right vs. left
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4.2 CERVICAL SYMPATHETIC CHAIN

The cervical sympathetic chain was examined in 29 specimens [n=58 sides: right, 29

(foetal, 21; adult, 8); left, 29 (foetal, 21; adult, 8)].

4.2.1 COURSE AND RELATIONS

The cervical part of the sympathetic chain was found to be located anterior to the

prevertebral muscles and fascia, and postero-lateral to the carotid vessels enclosed in the

carotid sheath [Plate 1]. Along its entire cervical course, the vagus nerve (enclosed

Plate 1: Antero-lateral view oJ
left cervical sympathetic chain
demonstrating its relations
(adult)

KEY:
SCG Superior Cervical

Ganglion
CSC Cen'ical Sympathetic

Chain
CCA Common CarotidArt.
X Vagus Nerve (reflected)
XII Hypoglossal Nerve
AC Ansa Cen'icalis
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within the carotid sheath) was located medial to the sympathetic chain. The vertebral 

artery crossed the lower part of the cervical chain, from medial to lateral, at the level of 

its origin from the subclavian artery. The chain was observed to incline medially at the 

level of the thoracic inlet. 

However, in one adult specimen (1. 7%) the cervical sympathetic chain, on the right 

side, split from the inferior pole of SCG, into two cords. Each limb of this double chain 

terminated inferiorly in a ganglion (lCG and MCG), at the level of the seventh cervical 

vertebra [Plate 2]. The ansa subclavian was formed by cords passing anterior and 

posterior to the subclavian artery, joining these two ganglia. 

PWte 2: An/ero-Iateral view DJ 
right sympathetic chain 
demonstrating the split chain 
arising from the lower pole DJ 
SCG (adult) 
(Note: pharyngeal branches 
arising from the sympathetic 
cord) 

KEY: 
SCG Superior Cel1'ical 

Ganglion 
CSC Cen'ical Sympathetic 

Chain 
lCA Internal Carotid Artery 

(rejlected) 
VN Vagus Nen'e (rejlected) 
BP Brachial Plexus Roots 
PB Pharyngeal branches 
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The number of ganglia of the cervical sympathetic chain varied from two to four. The 

incidence of these was [figure 24) : 

• Two ganglia: 11 sides (18.9%); 

• Three ganglia: 32 sides (55 .2%) and 

• Four ganglia: 15 sides (25 .9%). 

All ganglia residing on the cervical chain between SCG (always present) and ICG/CTG 

(one or the other was always present) were designated MCG. MCG was the most 

variable of the cervical ganglia. 

% 

70,---------------------------------. 

50+-----------------

40+----------------

20+----

10 +----

O~--------__ ----------~--------~ 
2 Ganglia 3 Ganglia 4 Ganglia 

Figure 24: Number of ganglia in the cervical sympathetic chain 



1-

{/lJIe J . inuden<. v f cervical ganglil 

RIGHT LEFT TOTAL 
GANGLION 

Foetal (n=21) Adult (n=8) Total {n=29/ Foetal (n=21) Adult (n=8) Tottll[n=29/ (11=58) 

SCG 21 (100.0) 8 (100.0) 29 (100.0) 21(100.0) 8 (100.0) 29 (100.0) 100 (5~) 

MCG 18 (85.7) " 7 (87.5) 25 (86.2) 17 (810) 5 (62.5) 22 (75.9) 81.1 (4i? 

ICG · 2 (9.5) 3 (37.5) 5 (17.2) 2 (9.5) 2 (25.0) 4 (13.8) 15.5 (9,1 

CTG 19 (90.5) 5 (62.5) 24 (82.8) 19 (90.5) 6 (75.0) 25 (86.2) 84.5(49~ 

100 
W 
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~ 60 
Z 
W 40 0 a: 20 w 
D-

o 
SCG MCG ICG CTG 

CERVICAL GANGLIA 

11 Right • Left 

Figure 25: Incidence of cervical ganglia 



____________________________________________________ 76 

4.2.2 SUPERIOR CERVICAL GANGLION 

SCG was present in all specimens [Plates J and 2]. It was consistently spindle shaped, 

with a long vertical axis, lying on tne longus capitis muscle. 

The relation of SCG to the cervical vertebrae is indicated in Table 4. SCG was found to 

be located between Cl-C4 vertebrae; with a position between Cl-C) being the most 

predominant (48.3%). However, it should be noted that the incidence ofSCG above C4 

vertebra was 98.3%. In the adult specimens, SCG was always located below Cl 

vertebra, primarily between C2-C) in 5 sides (625%) and the intervertebral discs 

between Cl -2 and Cz-C) in 4 sides (50%) 

Table 4: Vertebral location oJ SCG 

VERTEBRAL VERTEBRAL 
RIGHT (n~19) LEFT(n~29) 

TOTAl. 

LEVEL SPAN 
Foetal lIt1u/1 

TOll1/ 
Foetul IId,,/1 

Totnl (n~) 
(11=21) (11=8) (n=21) (n=8) 

10.3 6.9 17 2 3.5 3 .5 
C,,~,-C. 2 • 1 D 10.4 (6) 

(3) (2) (5) (I) (i) 

6.9 69 10.3 ilU 
Cl-C. 2V. ID 8.6 (5) 

(2) (2) (3) 13} 

3.5 3.5 
C, IV 1.7(1) 

(I) liJ 

6.9 3.5 ill 3 31.0 10.3 H~ 25.9 
Cl c-,l-C ~~ >3 IV, 2D 

(2) 0) ( 3) (9) (3) (I J) (15) 

3.5 3.5 3.5 3.5 
C2-C.,,, IV. ID 

(I) (Ij (I) 
3.4 (2) 

(f) 

3.5 3.5 
C ... C, 2V. 2D 

(I) ! i) 
I. 7 (1) 

C,-c, 55.2 55.2 41.4 H-I 48.3 
l V. ID 

(16) ( /6) (12) (J .'J (28) 

NOle: Actua1figllr€5gh;en in 0 Key: v'= vSrferoral body; D= disc; f-F intervertebral disc; .= to 
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The mean length and width of SCG, in the adult specimens (Table 5) was 26.7 ±

4.46mm and 7.81 ± O.67mm, respectively. No significant differences were observed

between right and left sides [p value: length, 0.18; width, 0.10]. The mean length of

SCG in the foetal specimens was 9.47 ± 1.77mm [range: right, 4.67-10.32 ± 1.64mm

(mean: 8.81mm); left, 4.88-11.28 ± 1.93mm (mean: 8.73mm)]. No significant

differences were observed between right and left sides [p=0.90].

Table 5: Range ofdimensions ofSCG in the adult specimens

SCG was found posterior to the carotid sheath and anterior to the pre-vertebral fascia on

longus capitis muscle [Plates 1 and 2]. In the foetal specimens, the lower pole of SCG

was located immediately above the bifurcation of the common carotid artery [Plate 3].

In the adult specimens the SCG was found posterior to the internal carotid artery. The

Plate 3: Antero-lateral view of left
sympathetic chain demonstrating the
relationship of SCG to the bifitrcation
ofthe common carotid artery (foetus)

KEY:
SCG Superior Cervical Ganglion
CSC Cervical Sympathetic Chain
CCA Common Carotid Artery
X Vagus Nerve
~ Bifitrcation ofccA
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internal carotid nerve, the direct upward continuation of the SCG, consistently arose 

from its superior pole of the ganglion. 

Lateral somatic branches from SCG were observed to spinal nerves C1-C4. 

Communicating rami from SCG to the last four cranial nerves (glossopharyngeal, 

vagus, spinal accessory and hypoglossal nerves) were also found . The incidence of 

these were: glossopharyngeal nerve: 34.5% (right, 27.6%; left, 41.4%); vagus nerve: 

39.7% (right, 44.8%; left, 34.5%) [Plate 4]; spinal accessory nerve: 22.4% (right, 

17.2%; left, 27.6%) and hypoglossal nerve: 63.8% (right, 65.5%; left, 62.1%). 

Plate 4: Antero-lateral view a) 
the left cervical sympathetic 
chain demonstrating the 
communicating ramus between 
SCG and the vagus nerve in a 
foetus. 

KEY: 
SCG Superior Cerl'ical Ganglion 
CSC Cen'ical Sympathetic Chain 
X Vagus Nen'e 
B-X Ramus connecting Vagus 

Ne,ve and SCG 



Superior Cervical Ganglion MCG Middle Cervical Ganglion
Cenlico-thoracic Ganglion SCCR Superior Cervical Cardiac Ramus
j\;fiddle Cervical Cardiac Ramus XlI Hypoglossal NenJe
Brachial Plexus Trunks CarotidArtery
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4.2.3 MIDDLE CERVICAL GANGLION (MCG)

In the 58 cervical chains investigated, the incidence of MCG was 81.1% (47/58 sides) as

indicated in Tables 3 and 7 [Plate 5, figures 25 and 26]. Of the 47 chains in which

MCG was present, a single MCG was found on 32 sides (55.2%) while a double MCG

was present in of 15 sides (25.9%) [Figure 26].

Plate 5: Antero-lateral view of left sympathetic chain demonstrating Type Il
MCG (foetus) (Note: the origin ofSCCR andMCCR)

KEY:
SCG
CTG
lvJCCR
BP



_____________________80

Table 6: Vertebral location ofMCG

Note: Percentage given in ().

Type III

Type 11

Type 1

Double

Single

Present

Key: C=cervical vertebra; H = intervertebral disc

o 20 40 60

PERCENTAGE

80 100

Figure 26: Incidence and variations ofMCG

Based on the vertebral locations of MCG [Table 6], the classical textbook definition

(Williams et al., 1995) and the studies of Axford (1928) and Jamieson et al. (1952),

three types ofMCG were differentiated [Table 7]:

Type I: an MCG lying above the superior border of the 6th cervical vertebra

(above C6) - 'high' MCG;
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Type 11: a MCG lying on the body/transverse process of the rJh cervical vertebra

(at C6) - 'typical/normal' MCG;

Type Ill: a MCG lying below the inferior border of the (}h cervical vertebra

(at C6-7 and C?J - 'low' MCG.

When present, Type III MCG was found below the lower border of C6 and on C7

vertebral bodies, with the vertebral artery passing postero-laterally, before entering

foramen transversarium of C6 vertebra. Ansa subclavian formed a loop between this

ganglion and CTGIICG. The inferior thyroid artery was closely related to Type II MCG

and passed anterior to it [Plate 6]. Ansa subclavian formed a loop between this

ganglion and CTGIICG. In 2 cases, the posterior limb of the ansa subclavian formed a

loop through which the inferior thyroid artery passed (ansa thyroidea). The Type I

MCG was found between the levels of Cs and the superior border ofC6 vertebrae. Both

Type I and Type II MCG distributed rami communicantes to Cs and C6 spinal nerves.

Type 11 and Type III MCG also distributed rami to C7and Cg spinal nerves.
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Plate 6: Anterior view of the left cervical sympathetic chain in a foetus
demonstrating the relationship of the inferior thyroid artery to type 11
MCG

Key: ITA Inferior Thyroid Artery MCG 11 Type lJ MCG
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The Type Il MCG was found to have a higher incidence (46.6%) than the Type I MCG

(27.6%) and Type ID (32.8%), as indicated in Table 7. Of the 15 chains in which a

double MCG was found, in 8 sides [13.8%: right, 5 (8.6%); left, 3 (5.2%)] Types I and

Il MCG were present; in 4 sides [6.9%: right, 2 (3.5%); left, 2 (3.5%)] Types I and III

MCG were present; while in 3 sides [5.2%: right 1(1.7%); left 2 (3.5%)] Types Il and III

were present. Therefore, a total of 62 MCG was found [right, 33; left, 29] [figures 27

and 28].

Due to the variations ofMCG, different patterns of cervical chains were observed in the

58 chains studied:

I. Two ganglia: 11 sides (18.9%): These comprised 11 cervical chains with ICG or

CTG only [figures 24 and 27];
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n. Three ganglia: 32 sides (55.2%): These comprised 32 cervical chains with SCG

and ICG/CTG and only one ofthe following:

a. MCG Type I: 4 chains [6.9%: right, 4 (6.9%); left, 0] [figures 24 and

27]

b. MCG Type 11: 16 chains [27.6%: right, 9 (15.5%); left, 7 (12.1%)]

[figures 24 and 27]

c. MCG Type Ill: 12 chains [20.7%: right, 4 (6.9%); left, 8 (13.8%)]

[figures 24 and 28]

m. Four ganglia: 15 sides (25.9%). These comprised 12 cervical chains with SCG

and ICG/CTG and only one ofthe following combinations:

a. MCG Types I and 11: 8 chains [13.8%: right, 5 (8.6%); left, 3 (5.2%)]

[Figures 24 and 28]

b. MCG Types III and I: 4 chains [6.9%: right, 2 (3.5%); left, 2 (3.5%)]

[figures 24 and 28]

c. MCG Types 11 and Ill: 3 chains [right, 1 (1.7%) and left, 2 (3.5%)]

[figures 24 and 28]



Types of
ganglia

TypeJ:
18.9%

MCG 1----7;":'1

MCG 11

MCGIII~~

Typella:
6.9%

MCGI

MCG 11

Type JIb:
27.6%

Figure 27: Diagrammatic illustration cervical chain Types 1, JIa and lIb
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Type/IIa:
13.8%

MCGI

MCG" ----,.,~

TypeIIIc:
5.2%

Type/le:
20.7%

~~-tVlCG '"

TypeIIIb:
6.9%

Figure 28: Diagrammatic illustration cervical chain Types Ilc, IIla, IlIb and lIfe
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Two shapes for MCG were documented:
r

• Crescentric: 47/62 (75.8%)~ [Type I: 1°/62 MCG (16.1%): right, 7h3(21.2%)~ left

3/29 (1O.3%)~ Type Il: 18/62 (29.0%): right, lOh3 (30.3%)~ left 8/29 (27.6%)~ Type

Ill: 13/62 (20.8%): right, 4/33 (12.1%)~ left 9/29)].

• Ovoid: 15/62 (24.2%)~ [Type I: 6/62,9.7%: right, 4h3 (12.1%); left 2/29 (6.9%)~ Type

IT: 9/62,14.5%: right 5h3 (15.2%) ~ left 4h9 (13.8%)~ Type Ill: 6/62,9.7%: right, 2h3

(6.1%)~ left 4/29 (13.8%)].

In the adult specimens, the mean distance from the lower pole of SCG to the upper pole

of the Type I MCG, Type Il MCG and Type Il MCG was 22.4mm, 55.2mm and

64.4mm, respectively ffigure 29].
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-

-
--

78.7mm

Figure 29: nzustration ofmean distance ofMCa (Fypes I & D) and CTa from sca (adult)

Key: SCG: Superior Cervical Ganglion; MCG1: T.J!pe 1 MCG; MCGJI: T.ype 11 MCG; CTG: Cen'ico­
thoracic ganglion; C: Cervical vertebral; T: Thoracic vertebra



89----.:.._-------------------

Table 8: Range ojdimensions ojTypes L II and IIIMCG in the adult specimens

;\(It1~j'
Note: The mean lengths and widths UJ'e indicated in O.

The adult dimensions of Type I, 11 and Il MCG are recorded in Table 8. The mean for

the length and width of MCG were, respectively: Type I MCG: 6.75±4.24mm,

3.17±0.83mm; Type IT: 7.87±2.81mm, 3.73±1.01mm and Type IT MCG: 8.54±2.24mm,

3.84±1.lOmm. There was no significant difference in the size of the different types of

MCG in the adult fp-values: Length: Type I vs. Type Il, 0.65; Type I vs. Type Ill, 0.39;

Type Il vs. Type Ill, 0.64; Width: Type I vs. Type Il, 0.46; Type I vs. Type Ill, 0.38; Type

Il vs. Type Ill, 0.86]

The range for the length of MCG in the foetal specimens were: Type I: 1.0-4.37 ±

0.88mm (mean, 3.92mm); Type IT: 1.17-4.53 ± 0.78mm (mean, 3.83mm); Type ill:

1.09-4.46 ± O.99mm (mean, 3.84mm). There was no significant difference in length of

the different types of MCG in the foetal specimens fp-values: Type I vs. Type Il, 0.77;

Type I vs. Type Ill, 0.85; Type Il vs. Type Ill, 0.98].
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4.2.4 INFERIOR CERVICAL GANGLION (ICG)

In the 58 cervical chains investigated, an unfused lCG was present in 9 chains (15.5%)

[Table 3, Figure 22]. lCG was unilaterally present in 7 cadaveric specimens [24.1%:

right, 4 (13.8 %) and left, 3 (10.5%) and in only one foetal cadaver was the lCG present

bilaterally (3.5%).

lCG, typically ovoid in shape, was located at the level of the lower border ofC7 vertebra

or on the disc between C7 and T1 vertebrae. The origin of the vertebral artery, from the

subclavian artery, was located immediately posterior to lCG. [Plate 7]

The range of the length and width of the adult lCG was, respectively: 6.37-14.11 ±

3.38mm (mean, 9.86mm); 2.13-5.16 ± 3.66mm (mean, 3.66mm).
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Plate 7: Antero-lateral view of the left cervical sympathetic chain
demonstrating the leG in an adult specimen (Note: The vertebral artery
crossing, from medial to lateral, posterior to the chain)

Key:
ICG
r~

Inferior Cervical Ganglion
Vertebral Artely

SA
CSC

Subclavian Artery
Cervical Sympathetic Chain
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4.2.5 CERVICO-THORACIC GANGLION (CTG)

In the 58 cervical chains investigated, the ICG and 1st thoracic ganglion was fused in 49

cases (84.5%) to form the CTG, as indicated in Table 3 [figure 25]. It was present

bilaterally in 19 specimens (65.5%).

CTG was, typically, located on the infero-Iateral border of C7 vertebra, the supero-

lateral border of T1 vertebra, the neck of the 1st rib and the adjacent part of the 1st

intercostal space [figure 30]. However, in 17 of the 38 foetal specimens in which CTG

was identified, it was located only on the neck of the 1st rib, the lateral surface of the

body of the 1st thoracic vertebra and the adjacent part of the 1st intercostal space.

Parietal pleural covered the anterior surface ofthe ganglion.

Figure 30: Illustration oflocation ofCTG

The lateral relations of CTG were, from medial to lateral: the supreme intercostal vein,

the superior intercostal artery and the T1 root of the brachial plexus [plate 8]. The
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subclavian artery arched over the superior border of CTG immediately deep to the upper 

pole of eTG was the Cs root of the brachial plexus. 

Plate 8: An/ero-lateral view of right cervical sympathetic chain demonstrating the 
relations ojCTG in afoetus. (Note: origin of the superior intercostal artery) 

KEY: 
eTG Cervicothoracic Ganglion Sf A Superior lnlereos/al Artery 
SA Subclavian ArtecV SlY Supreme Intercosta l Vein 
C S.6. 7 R C5,6, 7 Brachial Plexus Roots 
TG2 2"" Thoracic Ganglion 

TI R Tl Brachial Plexus Root 
R2 1"d Rib 

NK NenJesojKuntz LT Lower Trunk Dj Brachial Plexus 
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The cervical sympathetic chain contmued into the cervical region from the superior pole

of CTG. The mean distance of CTG from the lower pole of SCG, Type I MCG, Type 11

MCG and Type ill MCG respectively, was: 78.7mm, 53.2mm, 11.6mm and 4.1mm

[figure 29].

Three different shapes of CTG were differentiated, ViZ. spindle, dumbbell and an

inverted 'L' shape, as indicated in Table 9. The dumbbell and inverted 'L' shapes

demonstrated a definite 'waist' (i.e. a macroscopically visible union of the ICG and Tl

components of the CTG). This definite waist was, therefore, present in 35/49 CTG

(71.4%).

Table 9: Incidence ofdifftrent shapes oferG

Table 10: Range ofdimensions ofCTG in the adult specimens

Note: Length, p=O.26; Width, p=O.98
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The mean length and width ofCTG in the adult specimens (Table 10) was 16.51mm and

6.65mm, respectively. There was no statistically significant difference in the length and

width of the right and left sides ofthe adult CTG fp value: length, 0.26; width, 0.98].

The length of the foetal CTG ranged between: right, 4.67-1O.32±1.97mm (mean,

7.22mm) and left, 4.88-11.28±2.06mm (mean, 7.50mm). There was no statistically

significant difference between the right and left sides (p=0.65).

Numerous branches radiated out from CTG. Of the lateral somatic branches to the

brachial plexus, rami communicantes to the ventral rami of Cs and T1 spinal nerves

were consistent while rami communicantes to C6 and C7 spinal nerves varied [Plate 9].

Plate 9: Antero-lateral view
of left cervical chain
demonstrating the rami
communicantes to the
brachialplexus in an adult

Key:
CTG Cervico-thoracic

Ganglion
RC Rami Communicantes
C5,6, 7,8CenJical Ventral

Rami



Middle Cervical Ganglion
Cervicothoracic Ganglion
Subclavian Artery
Ansa Subclavian
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The ansa subclavian (AS)

The AS was constantly present in all specimens [Plates 10 and ll]. It comprised

anterior and posterior limbs that joined the CTGIICG to the Type IT MCG, when

present. When Type IT MCG was absent AS attached superiorly to the Type ill MCG.

When both Type IT and lIT MCG were present AS always attached to the Type IT MCG

and when both were absent it attached directly to the cord of the cervical sympathetic

chain. The ansa contributed to the plexus on the subclavian artery.

Plate 10: Antero-Iateral view of left
sympathetic chain in a foetus,
demonstrating the formation of the ansa
subclavian (Note: Type III MCG)

Key:
MCG
CTG
SA
AS
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Plate 11: Antero-lateral view oj
Cervical Sympathetic Chain in
an adult demonstrating the
formation ofthe ansa subclavian

Key:
CCA Common Carotid Artely
SA Subclmlian Artery
AS Ansa Subclmlian
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4.3 THORACIC SYMPATHETIC CHAIN

The thoracic sympathetic chains in 17 adult [right, 13 sides; left, 16 sides (4 right and 1

left side were excluded due to pleural adhesions)] and 28 foetuses (right, 28 sides; left,

28 sides) were examined [n=85: right, 41; left, 44].

4.3.1 COURSE AND RELATIONS

The thoracic sympathetic chain commences at the CTG or ICG and is continuous with

the cervical sympathetic chain posterior to the subclavian arteries. Medial to the chain

on the right side is the azygos vein and on the left side, the hemiazygos. The thoracic

sympathetic chain lies posterior to parietal costal pleura. The lateral branches consisted

of the rami communicantes to the intercostal nerves (ventral rami) while the medial

branches comprised of numerous visceral rami, including the cardiac rami, splanchnic

nerves and vascular branches [Plate 12].

The upper part of the chain (up to T6 vertebra) is located on the neck ofthe ribs, against

the lateral surface of the vertebral bodies and the intervening intercostal space. The

lower part of the chain lies on the vertebral bodies and the intervening intercostal space.

At the level of the diaphragm, the chain deviates medially, to lie on the bodies of Tll­

T12 vertebra as it pierces the diaphragm.
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Plate 12: Antero lateral view oJ 
right thoracic sympathetic chain 
demonstrating the medial 
deviation of the chain inforiorly. 

Key: 
CTG Cen'icorhoracic Ganglion 
7SC Thoracic Symparhetic Chain 
GSN Greater Splanchnic Nerve 
TG Thoracic Ganglion 
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4.3.2 THORACIC GANGLIA (TG)

The upper thoracic ganglia were, typically triangular, when unfused, with the apices

directed laterally [Plate 12]. Macroscopically, WRC and GRC connecting to the

ganglia could not be differentiated.

The ganglia of the proximal part of the sympathetic chain were located slightly below

the level of the intercostal nerve, so that the rami coursed upwards to the intercostal

nerve. The ganglia of the lower part of the thoracic sympathetic chain were located just

above the .level of the spinal nerve so that the rami coursed downwards to the intercostal

nerve.

The T1 ganglion (T1G) was unfused in 9/85 cases (10.6%) in which the thoracic

sympathetic chain was investigated. In the remaining 76/85 cases (89.4%), T1G was

found fused with the ICG. T1G was located against the body of T1 vertebra in 5 cases

and on the intervertebral disc between T1 and T2vertebrae in 4 cases.

The second thoracic ganglion (T2G) was the only TG that was never fused in this series

and was located:

a.) Opposite the lower border of T2 vertebra (i.e. below the below neck of second

rib) in 66/85 sides (77.6%: right, 36/41 sides (87.8%); left, 3°/44 sides (68.2%)];

b.) On the neck of second rib in 19/85 sides [22.4%: right 5/41 sides (12.3%); left, 14/
44

sides (31.8%)].
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T3G-T9G showed a regular pattern, being located at the neck of the rib below and the

adjacent part of the intercostal space. Fusion of ganglia was noted at varying levels.

Fusion ofganglia

Three types ofganglia were observed:

a.) A ganglion connecting to only one spinal nerve

b.) A ganglion with connections to two spinal nerves

c.) A ganglion with connections to three or more spinal nerves

In accordance with the studies of Pick (1957; 1970), types a. and c. are regarded as

fused ganglia. The number of ganglia present in the thoracic sympathetic chain ranged

from 8 to 11, as indicated in Table 11. The decrease in the number of ganglia was due

to fusion. The incidence of fused ganglia at each level is indicated in Table 12 [figure

28] [plate 13].

Table 11: Number ofthoracic ganglia

Note: % in (); n=85 (right, 41: foetal 28, adult 13; left, 44:foetaI28, adult 16)
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Table 12: Prevalence offused ganglia

Note: % in (); n=85 (right, 41: foetal 28, adult 13; left. 44: foetal 28, adult 16) Key: -: fused ganglia
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8-9
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:::i 7-8
(!)
z 6-7c(
(!)
Q 5-6
wrn 4-5~
I.L

3-4

2-3

1-2

CTG

0 20 40 60 80 100

PERCENTAGE

Figure 31: Summary ofincidence offused ganglia
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Plate 13: Antero-lateral view of right thoracic sympathetic chain
demonstratingfUsed ganglia

Key:
CTG
RC
IN
T4-5G
T6-7G

Cervicothoracic Ganglion
Rami Communicantes
Intercostal Nerve
Fused T4 and T5 Ganglia
Fused T6 and T7 Ganglia
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TlOG to T12G showed the most variation in incidence. Here the fusion of ganglia was

frequent, with all 3 ganglia being seldom present. These ganglia also inclined medially

and so were located on the vertebral body of T11 and T12.

Rami arose from the anterior, lateral and posterior surfaces of the ganglia and either

ascended or descended to reach the intercostal nerve. Rami were also distributed to the

antero-Iateral aspect of the vertebral bodies and intervertebral disc [plate 14].

Plate 14: Anterior view o/thoracic ganglion demonstrating the
rami to the intervertebral disc and vertebral body .

Key:
TG Thoracic Ganglion
VB Vertebral Body
B-VB Rami to Vertebral Body & Intervertebral Disc
R Rib
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4.4 CARDIAC SYMPATHETIC NERVES

The cervical and thoracic cardiac rami were recorded bilaterally in 58 sides [right, 29

(foetal, 21; adult, 8); left, 29 (foetal, 21; adult, 8].

Cardiac sympathetic rami were differentiated according to their ongms from the

cervical and thoracic parts of the sympathetic chain into three groups: cervical cardiac

sympathetic rami (CCR), cervicothoracic cardiac rami (CTCR) and thoracic cardiac

rami (TCR). The origin of the cardiac rami from the sympathetic chain was found to be

highly variable and asymmetrical. These results are summarized in Table 13 and

Figure 32.

Table 13: Summary ofthe origin and incidence ofcardiac sympathetic nerves

Key: SCCR: Superior Cervical Cardiac Ramus, MCCR: Middle Cervical Cardiac Ramus
CTCR: Cervico-thoracic Cardiac Ramus, TCR: Thoracic cardiac Ramus '
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Figure 32: Summary ofthe incidence and origin ofcardiac sympathetic nerves
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4.4.1 CERVICAL CARDIAC SYMPATHETIC RAMI (CCR) 

The 3 cervical cardiac rami were recorded from the cervical sympathetic chain: 

superior cervical cardiac ramus (SCCR), middle cervical cardiac ramus (MCCR) and 

inferior cervical cardiac ramus (ICCR). 

i. Superior Cervical Cardiac Ramus 

The incidence of SCCR was 100%, as indicated in Table 14. SCCR arose from the 

SCG [Plate i5] in 31/58 sides [53.5%: right, 55 .2% (16/29 sides); left, 51.7% C5h9 sides)]. 

The origin from the interganglionic segment of the chain, below the ganglion, was 

observed in 27/58 sides [46.6%: right 44.8% (13/29 sides); left 48.3% e4h9 sides)] [figure 

33]. In these, the distance from the lower pole of SCG to the origin of SCCR ranged 

from 4.8mm-19.3mm (mean distance: 17.3mm). 

Table 14: incidence and origin ofSCCR 

RIGHT (0-29) LEFT (0=29) TOTAL 

Origin G IG Total G IG Total (0"'58) 

Foetal 
13 8 21 11 10 21 42 

(%) (44.8) (27.6) (72.4) (37.9) (34.5) (72.4) (72.4) 

Adult 
3 5 8 4 4 8 16 

(%) (10.5) (17.2) (27.6) (13.8) (13.8) (27.6) (27.6) 

16 t3 29 15 14 29 ·58 
TOTAL 

(55.2) (44.8) (100) (51.7) (48.3) (100) (100) 
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Plate IS: Antero-lateral view of left cervical sympathetic chain 
demonstrating the ganglionic origin of SCCR in an adult. (Note: a 
communicating ramus between SCCR and the Hypoglossal Nerve) 

KEY: 
SCC 
sceR 
XII 
B-,l71 
X 
leA 
csc 

Superior Cervical Ganglion 
Superior Cen)ical Cardiac Ramus 
Hypoglossal Nerve 
Ramus to Hypoglossal Nerve 
Vagus Nen'e 
I nternalCarot id A rtery(rejlected) 
Cervical Sympathe fi c Chain 
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• Ganglionic . Interganglionic 

Figure 33: Incidence of origin of SCCR (n =58) 

The SCCR courses down towards the heart and deviated medially. It then passes deep 

to the common carotid trunk. It then passes deep to the brachiocephalic trunk, on the 

right and the common carotid artery, on the left, and joins the cardiac plexus deep to the 

arch of the aorta. In 36/58 sides (62.1 %) the SCCR communicated with the MCCR. 
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ii. Middle Cervical Cardiac Ramus

The incidence of MCCR was 51/58 sides (87.9%), as indicated in Table 13. In 41

(70.7%) sides the MCCR arose from the MCG [Table 15]. In all cases of ganglionic

origin, the MCCR arose from Types II and III MCG: Type Il MCG in 24/58 sides

[41.4%: right, 44.8% (13h9 sides); left, 37.9% (llh9 sides)] and Type III MCG [Plate 16]

in 17/58 sides [29.3%: right, 24.1% Ch9 sides); left, 34.5% eOh9 sides)] in [figure 34].

Type I MCG (present in 16 sides) did not give rise to any MCCR. Type 11 MCG

(present in 27 sides) gave rise to a MCCR in 24 cases. Type III MCG (present in 19

sides) gave rise to MCCR in 17 cases. In only 2 cases (left) in which Type III MCG

was present, did not give rise to a MCCR. In 3 sides in which a Type II MCG was

present, the MCCR arose from the interganglionic segment of the chain below the

ganglion. The position of this origin ranged from 3.8-4.2mm (mean distance, 3.96mm)

below the lower pole of the ganglion.

The origin from the interganglionic segment of the chain, below the ganglion, was

observed in 1°/58 sides [17.2%: right 13.8% (4h9 sides); left 20.7% (6/29 sides)] {figure

34].

The MCCR was the thickest of all the cervical cardiac rami. It passed posterior to the

common carotid artery and descended behind the subclavian artery to enter the cardiac

plexus on the arch ofthe aorta.
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Table 15: Origin and incidence ofMCCR

Left

Right

Interganglionic

Ganglionic

0010 20% 40% 60010 80% 1000/0

Percentage

Figure 34: Incidence and origin ofMCCR (n=58)
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Plate 16: Antero-lateral view of left cervical sympathetic chain
demonstrating the ganglionic origin ofMCCR in an adult.

KEY:
MCG
MCCR
RC
B-A7I
C5,6,7,8

Aliddle Cervical Ganglion Type JII
A1iddle Cervical Cardiac Ramus
Rami Communicantes
Ramus to Hypoglossal Nerve
Cen'ical Spinal Nerves (ventral rami)
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4.4.2 CERVICO-THORACIC CARDIAC RAMUS (CTCR)

Due to the low incidence of an unfused ICG e/58 sides: 15.5%), the ICCR and CTCR

will be considered together. The cardiac rami arising from the ICG are referred to as

the ICCR and the CTG are regarded as the CTCR. ICCR 'proper' (i.e. ICCR arising

from an unfused ICG) could only be investigated in 9 sides (5 right and 4 left) due the

low incidence ofICG documented in this study.

Table 16: Origin and incidence ofICCR

Key: G= ganglionic origin; lG=interganglionic origin

90'~

80%

70%

60%
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40%

30%

20%

10%

0%

Figure 35: Incidence and origin oflCCR (n=9)
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The incidence of ICCR was 77.8%, as indicated in Table 16. ICCR arose from the ICG

in 4/9 sides [44.5%: right, 60% e/5 sides); left, 25% e/4sides)] [figure 35].

CTCR 'proper' were investigated in all sides that had a CTG [49/58 sides (84.5%): right,

24h9 sides (82.8%); left, 25/29 sides (86.2%)].

Table 17: Origin and incidence ofCTCR

Key: G= ganglionic origin; IG=interganglionic origin

The incidence of CTCR was 100%, as indicated in Table 15. CTCR arose from the

CTG [Plates 17 and 18] in 41/49 sides [83.7%: right, 87.5% e 1
h4 sides); left, 80.0% eO/25

sides)] [figure 36]. In 37 cases (90.2%) of this ganglionic origin two CTCR arose from

the ganglion, while in the 4 cases (9.8%) only one ramus was noted. In 3 of these cases

a second ramus was found arising from the chain below CTG. In 8/49 sides (16.3%)

CTCR arose from the interganglionic segment of the chain below the ganglion. The

position of this origin ranged from 1.2-2.6mm (mean distance, 2.1mm) below the lower

pole of the ganglion.
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90.2% 

Ganglionic Interganglionlc 1 Ramus 2 Rami 

Figure 36: Incidence and origin olCTCR 

CTCR and ICCR passed posterior to the subclavian artery and arch of the aorta and 

contributed to the plexus located posterior to the arch of the aorta. 
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Plate 17: Antero-lateral view of adult cervical sympathetic
chain demonstrating the ganglionic origin of CTCR in an
adult.

KEY:
CTG
CTCR
SA
AS
X
B-X

Cervicothoracic Ganglion
Cervicothoracic Cardiac Ramus
SubclmJian Artely
Ansa Subclavian
Vagus Nerve
Vagal Branch to Cardiac Plexus
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LATERAL 

Plate 18: Antero-lateral view of right sympathetic chain demonstrating the 
origin of the CTCR in an adult 

Key: 
CrG Cen 'icolhoracic Ganglion 
CTCR Cervicolhoracic Cardiac Ramus 
rl TI ventral ramus 
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4.4.3 THORACIC CARDIAC SYMPATHETIC RAMI

In the thoracic region, cardiac rami (TCR) arose from TIG-T5G.

Four TCR arose from thoracic sympathetic chain below the CTG [Figure 37]. The

origin of these cardiac rami was from both the ganglion and from the interganglionic

segment. TCR were named sequentially after identifying CTCR or TCR1.

Due to the low incidence of an unfused 1st thoracic ganglion (T1G) (9/58 sides: 15.5%),

the TCR1 'proper' (i.e. cardiac ramus arising from an unfused T1G) could, therefore,

only be investigated in 9 sides (5 right and 4 left).

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
TCR4 TCR5

Figure 37: Incidence ofTCR
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Table 18: The origin and incidence ofTCR1

Key: G= ganglionic origin; IG=interganglionic origin

The incidence of TCR1 was 88.8%, as indicated ID Table 18. TCR1 displayed a

ganglionic origin in 6/9 sides [66.6%: right, 80.0% (4/5 sides); left, 50.0% e/4 sides)]

[figure 38]. In 2/9 sides (22.2%) TCRl arose from the upper half of the interganglionic

segment ofthe chain below TIG.

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
Ganglionic Interganglionic Absent Right Left

Figure 38: Origin and incidence ofreR]
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The incidence of TCR2 was 84.5%, as indicated in Table 19. TCR2 displayed a

ganglionic origin in 29/58 sides [50.0%: right, 51.7% e5
/29 sides); left, 48.3% e4

/53

sides)] [figure 39].

In 20/58 sides (34.5%) TCR2 arose from either the lower half of the interganglionic

segment of the chain above or the upper half of the chain below the ganglion. The

origin of the ramus from the interganglionic segment was as follows: between T2G and

T3G, 13ho sides [65%: right, 5/8 sides (62.5%); left 81t2 sides (66.6%)]; between CTG and

T2G, 5/20 sides [25%: right, 3/8 sides (37.5%); left 2/12 sides (16.6%)]; between T2G and

fused T3-4G, 2/20 sides [10%: right, °/8 sides; left 2/12 sides (16.6%)].
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Table 19: Origin and incidence ofTCR2

Key: G= ganglionic origin; IG=interganglionic origin

Absent

Interganglioni

OOk 10% 20% 300k 40% 50% 60% 700k 800/0 90%

Incidence

Figure 39: Incidence and origin ofTCR2
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Plate 19: Anterolateral view of right thoracic sympathetic chain
demonstrating the origin ofthoracic cardiac rami in afoetus.

Key:
TG Thoracic Ganglia
TCR Thoracic Cardiac Rami
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The incidence of TCR3 was 70.7%, as indicated in Table 20. TCR3 displayed a 

ganglionic origin in 25/58 sides [43.1%: right, 37.9% (lIh 9 sides); left, 48.3% e4
/53 

sides)] ffigure 40]. 

In 16/58 sides (27.6%) TCR3 arose from either the lower half of the interganglionic 

segment of the chain above or the upper half of the chain below the ganglion. The 

origin of the ramus from the interganglionic segment was as follows: between T 2G and 

T3G, l°h6 sides [62.5%: right, 4h sides (57.1 %); left % sides (66.6%)]; between T3G and 

T4G, 6/16 sides [37.5%: right, 3/7 sides (42.9%); left 3/9 sides (33.3%)]. 

Table 20: OriKin and incidence ofTe R, 
RIGHT (n=29) LEFf(n=29) TOTAL 

Origin G IG Total G IG Total ("=58) 

Foetal 9 6 15 11 8 19 34 

(%) (31.0) (20.7) (5 J.7) (37,9) (27,6) (65 ,5) (58,6) 

Adult 2 1 3 3 1 4 7 

(%) (6,9) (3,5) (10,3) (10.3) (3,5) (13 ,8) (12.1) 

TOTAL 11 7 18 14 9 23 41 

(%) (37,9) (24.1 ) (62.1 ) (48,3) (31.0) (79,3) (70,7) 

Key: G- ganglionic origin; JG- interganglionic origin 

Left 

Rght 

Absent 

Interganglioni 

0% 10% 20% 30% 40% 50% 60% 70% 80% 

Incidence 

Figure 40: Incidence and origin ofTeR, 
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The incidence of TC~ was 82.9%, as indicated in Table 21. TC~ displayed a 

ganglionic origin in 311s8 sides [53.5%: right, 48.3% C4
/ 29 sides); left, 58.6% C7

/s3 

sides)] ffigure 41]. 

In 17/s8 sides (29.3 %) TC~ arose from, either the lower half of the interganglionic 

segment of the chain above or the upper half of the chain below the ganglion. The 

origin of the ramus from the interganglionic segment was as follows: between T 3G and 

T4G, 3ft7 sides [17.7%: right, % sides (25%); left 1/9 sides (11.1%)]; between T4G and 

TsG, 11/17 sides [64.7%: right, s/8 sides (62.5%); left % sides (66.6%)]; between T4G and 

fused TS-6G ganglia, 2/17 sides [11.8%: right, 1/8 sides (12.5); left 119 sides (11.1%)]. 

Table 21: Origin and incidence ofTeR, 

RIGHT (n=29) LEFf(n=29) TOTAL 
Origin 

G IG Total G IG Total (n=58) 

Foetal 12 6 18 13 8 21 39 

(%) (414) (20.7) (62.1) (44.8) (27.6) (72.4) (67.2) 

Adult 2 2 4 4 1 5 9 

(%) (6.9) (6.9) (13.8) (13.8) (3.5) (17.2) (15.5) 

TOTAL 14 8 22 17 9 26 48 

(%) (48.3) (27.6) (75.9) (58.6) (31.0) (89.7) (82.9) 

Key: G- ganglionic origin; IG- interganglionic origin 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 

Incidence 

Figure 41: Incidence and origin ofTeR. 
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The incidence of TCRs was 60.4%, as indicated in Table 22. TCRs displayed a 

ganglionic origin in 2°/ 58 sides [34.5%: right, 31.0% C / 29 sides); left, 37.9% (11 /29 sides)] 

[figure 42] . 

In IS/58 sides (25.9 %) TCRs arose from, either the lower half of the interganglionic 

segment of the chain above or the upper half of the chain below the ganglion. The 

origin of the ramus from the interganglionic segment was as follows : between T sG and 

T6G, 14hs sides [93 .3%: right, 717 sides (100%); left 7/8 sides (87.5%)]; between TsG and 

fused T6•7G ganglia, Ih ssides [6.7%: right, °h sides; left 1/ 8 sides (12.5%)]. 

Table 22: Incidence and origin ofTCRs 

RIGHT (n=29) LEFf(n=29) TOTAL 
Origin 

G IG Total G IG Total (n=58) 

Foetal 8 7 15 11 8 19 34 

(%) (27.6) (25 .0) (51.7) (37.9) (27.6) (65.5) (58.6) 

Adult I 1 1 
0 0 0 0 

(%) (3.5) (3.5) (1.7) 

TOTAL 9 7 16 11 8 19 35 

(%) (31.0) (24.1) (55.2) (37.9) (27.6) (65.5) (60.4) 

Key: G- ganglionic origin; JG- interganglionic origin 

left 

Rght 

Absent 

Interganglioni 

0"10 10"/. 20% 30'% 40% 50% 60% 70% 60% 90% 100"/. 

Incidence 

Figure 42: InCidence and origin ofTCRs 
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4.4.5 CARDIAC PLEXUS 

The cardiac plexus received both sympathetic and parasympathetic fibres. All 

sympathetic contributions from the cervical and thoracic sympathetic chains were 

found to arborize directly in the deep cardiac plexus. This plexus is located posterior to 

the arch of the aorta and anterior to the left bronchus at the bifurcation of the 

pulmonary trunk. Fibres from this cardiac pJexus were seen to pass forwards onto the 

anterior surface of the arch of the aorta and postero-Iaterally to the bronchi. Thus, the 

' superficial ' cardiac plexus and the pulmonary plexus received indirect branches from 

the sympathetic chain via the ' deep' plexus. 
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4.5 OTHER MEDIAL BRANCHES

4.5.1 SPLANCHNIC NERVES

The splanchnic nerve patterns were investigated in 16 foetal and 8 adult specimens

[n=48 sides: right, 24 and left, 24].

As indicated in Table 23, the GSN was always present whereas the LSN and Isn were

inconsistent: LSN, 87.5% [right, 91.2%; left, 83.3%]; Isn, 45.8 [right, 41.7%; left,

50.0%] [Plates 20 and 21].

Table 23: Incidence ofsplanchnic nerves

y·.>im(.i~c(tl§44)?//
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Thoracic Sympathetic

Thoracic Ganglia
Greater Splanchnic

Lesser Splanchnic

Plate 20: Antero-Iateral
view of right sympathetic
chain demonstrating the
splanchnic nerves in a
foetus with an accompany
schematic diagram

Key:
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T
GSN
Nerve
LSW

~-------------1\

\------------1=.\

,..---------,
, ---,------
r-----------"1
\_-----------(.:.

,..-----------(., .,
,------

...........

---------1',---,.- § ,
\ _...f- J

\_---------- (

: "!

.................................. :
~ ..

----j ';,'.·1)··..···..··..··········..······..····\..
,-------- '\ J

, Y :

\_-----------
/ .,y::::::::..:::::::..::..:..::::::......J

. )

; .........::::::::::::::::::::::::::!

---------1\·..,.---- : ,
, ul
\_-----------? :~.

--­".-----,
, ---\_-------

-----­,.-.----,
\_-------

,------,
\_---------



129---------------------

Plate 21: Antero-lateral view of left sympathetic chain demonstrating the
splanchnic nerves in a adult with an accompany schematic diagram

Key:
TSC Thoracic Sympathetic Chain
T Thoracic Ganglia
GSN Greater Splanchnic Nerve
LSN Lesser Splanchnic Nerve
A Aorta
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The number of roots of GSN varied from 2-8, as indicated in Table 24, with a range of

3-5 being most common e9
/48 sides (81.3%): right, 19h4 sides (79.2%); left, 2°h4 sides

(83.4%)]. There was no correlation between number of roots of GSN with the absence

of the LSN and lsn [plate 22].

Table 24: Incidence ofthe number ofroots ofGSN

The range of roots values [Table 25] was: GSN, T3-Tll; LSN, T8-T12; lsn, TlO-12.

Table 25: Range ojrootvaluesfor GSN, LSN, Isn
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The incidences of the highest and lowest roots ofGSN are indicated in Tables 26 and
27.

Table 26: Incidence ofhighest root ofGSN

Table 27: Incidence oflowest root ofGSN
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Plate 22: Antero-lateral view oj
left thoracic sympathetic chain
demonstrating the origin of GSN
and LSN in a foetus.

KEY:
CTG
T2,3G
T8,9,lO
Ganglion
A
GSN
LSN
R8
RC

Cervicothoracic Ganglion
Fused T2 & T3 Ganglion
Fused T8, T9 & TIO

Aorta
Greater Splwlchnic Nerve
Lesser Splanchnic Nerve
Eight Rib
Rami Communicantes
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4.5.2 VASCULAR BRANCHES

The vascular branches of the cervical and upper thoracic parts of the sympathetic

chain were examined in ten foetuses and four adult specimens [n=28].

4.5.1 Vertebral Artery

CTG contributed a consistent lateral branch to the vertebral artery, which ran upwards

to enter foramen transversarium, together with the vertebral artery [Plate 23]. In 2

foetuses (2 left sides), the vertebral nerve was formed by 2 rami arising from the upper

pole of CTG. The ICG and T1G, unfused on 1 foetal side (left), each contributed a

ramus to form the vertebral nerve, which accompanied the vertebral artery into the

vertebral foramina.



134
---------------------

Plate 23: Antero-lateral view of a foetal left cervical
sympathetic chain demonstrating the vertebral nerve and
branches to the common carotid artery

KEY:
CTG
*MCG

SA
CCA
B-CCA
VA
VN
UT, MI', LT

Cervicothoracic ganglion
MCG (under inferior thyroid
artery)
Subclavian Artery
Common Carotid Artery
Branches to CCA from MCG
Vertebral Artery
Vertebral Nerve
Upper, Middle and Lower Trunks
ofBrachial Plexus
2nd Thoracic Ganglion
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4.5.2 Subclavian Artery

Rami from CTG winding around the subclavian artery were recorded in 20h8 sides

[71.4%: right, 12h4 sides (42.9%); left, 8/24 sides (33.3%)]. In 7/24 sides [29.2%: right,

5h4 (20.8%), left, 2h4 (8.3%)] of these 2 rami to the subclavian artery was recorded.

Where the ICG and T1 ganglion were unfused, a ramus from the right T1 ganglion was

recorded to the subclavian artery. No rami were recorded from the unfused ICG.

The ansa subclavian was distinctly separate from the above branches and was observed

in 100% of cases and comprised anterior and posterior limbs that formed a loop around

the subclavian artery. In 18/28 sides [64.3%: right, 8/28 (28.6%); left, 11/28 (39.3%)]

the ansa subclavian contributed to the plexus around the subclavian artery [Plate 24].
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Plate 24: Antero-Iateral view ofleft sympathetic chain demonstrating the plexus
around the subclavian artery.

Key:
SA Subclavian Artery
CTG Cervocothoracuc ganglion
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4.5.3 Carotid Arteries

Rami from SCG to Internal Carotid Artery (ICA) were recorded in 16h8 sides [57.1%:

right, lOh8 (35.7%); left, 6h8 (21.4%)]. Rami from CTG to ICA were recorded in 19/28

sides [67.9%: right, 8/28 (%); left, 1l/28 (%)]. In the case of the unfused ICG and T1

ganglion, no rami to the ICA were recorded at this level. The rami arose from the SCG.

A ramus from the SCG in 3/28 sides [10.7%: right 1h8 (3.6%); left, 2/28 sides (7.1%)] and

from the MCG in 1h8 sides [3.6%: right, 0; left, 1/24 (3.6%)] to the common carotid

trunk, just proximal to its bifurcation [Plate 23].

4.6.4 Brachiocephalic Trunk

In the adult specimens a ramus to the brachiocephalic trunk was recorded in 4/8 sides

(right, 3; left,!). Each had a different origin, from the: MCG, 1/8 sides (12.5%); ICG,

1/8 sides (12.5%); T1 ganglion, 1/8 sides (12.5%); the interganglionic chain between the

SCG and MCG, 1/8 sides (12.5%). This ramus was only present on one foetal side and

arose from the MCG.

4.6.5 Intercostal Arteries

Branches to the superior intercostal artery were observed in all specimens. These arose

directly from the CTG. The thoracic sympathetic chain supplied branches to the

posterior intercostal arteries along its course in the thorax. These displayed no pattern

and comprised numerous fine branches.



138-------------------------------

4.5.6 Aorta

Fine filaments were distributed to the aorta from the thoracic sympathetic chain and

GSN. The direct branches from the chain were very slender rami and flimsy while the

branches from the GSN were larger [Plate 25].

Plate 25: Antero-lateral view
of the left sympathetic chain
demonstrating the aortic
branches from the chain.

Key:
A Aorta
A-B Aortic branches
CTG Cervicothoracic

Ganglion
TSC Thoracic Sympathetic

Chain
B Branches from GSN
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4.5.7 Miscellaneous

Rami were also noted to the phrenic nerve were noted in 20.7% (right, 37.9%; left,

31.0%). In addition, the cervical part of the sympathetic chain distributed rami to the

pharynx. These were numerous from the upper part of the cervical chain and arose SCG

and the chain below this ganglion [Plate 26]. Pulmonary branches were noted to arise

from the cardiac plexus and passed forwards onto the arch of the aorta and postero-

laterally to the bronchi.

Common CarotidArtery
PharJ~gealbranches

Thyroid Gland

Plate 26: Antero-lateral view
of left sympathetic chain
demonstrating the pharyngeal
branches arising from the
SCG and the sympathetic cord
(adult)

KEY:
SCG Superior
Ganglion
CSC Cervical
Chain
CCA
PB
TG

Cervical

Sympathetic
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4.6 HISTOLOGICAL ANALYSIS

There is no definitive method of differentiating between sympathetic and

parasympathetic ganglia. Analysis of the microstructure of the different parts of CTG

and fused thoracic ganglia revealed that all parts exhibited the characteristic features of

ganglia described by Stevens and Lowe (1993) and contained ganglionic tissue. There

was no point which could have been an interganglionic segment of chain.

The ganglion exhibited typical characteristics: large neuron cell bodies, nisle substance,

large nuclei with prominent nucleoli. Ganglion neurons are surrounded by glia called

satellite cells. In between the clumps of ganglion cells are small bundles ofaxons. Only

the myelinated axons are actually visible. The ganglion is surrounded by a capsule of

dense irregular connective tissue containing many closely packed fibroblasts. This

capsule is the equivalent of the perineurium of the peripheral nerve. The histology of

the interganglionic segment between ICG and T1G confirmed the absence of ganglionic

cell bodies and thus the presence ofunfused ganglia.

Examination of the microstructure of the cardiac rami revealed that these exhibited

characteristic features of peripheral nerves as aoutlined by Stevens and Lowe (1993). It

also confirmed the cardiac rami were nerve tissue [plate 27]. Myelin is visible as long

tapering profiles with granular or foamy texture. The nuclei of Schwann cells, which

make the myelin are visible and are typically long and tapering.
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Plate 27: Histological slides demonstrating the ganglionic cells (a) and a longitudinal
section ofthe cardiac ramus (b).
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CI-IAPTER 5

DISCUSSION
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5.1 Sample

The sample comprised a greater number offoetal specimens than adult specimens [60 sides

(67.4%) vs. 29 sides (32.6%»). The foetal study has the advantage ofhaving, in a relatively

small specimen, a unique overall view ofthe sympathetic nervous system from its origin in

the spinal nerves to its termination (Groen et ai, 1987). Furthermore, a comparison

between the foetal stage (from 15mm) and the adult is feasible because the arrangement of

the sympathetic nerves does not change in further development (Kuntz, 1953; Pick, 1957).

In the human foetus the dimension of the sympathetic components are relatively large in

comparison to the adult (Kuntz, 1953; Pick, 1970; BaIjet and Drukker, 1981). In addition,

the foetal parietal pleura is thinner and more transparent Thus, the pleura may be stripped

away without sacrificing the finer branches of the sympathetic chain. There is no pleural

thickening from co-existent lung disease that is often prevalent in the adult specimens.

Moreover, adult specimens are not as readily available and accessible.

The only disadvantage in the use offoetal specimens is that morphological comparisons of

foetal dimensions need to be made within each developmental stage for it to be purposeful.

The great difficulty with this is that such information is not available in the literature

reviewed. Hence, this study records only the length offoetal cervical ganglia. The lengths

and widths ofadult cervical ganglia have been documented and can be compared to other

studies.
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5.2 CERVICAL SYMPATHETIC CHAIN

5.2.1 Course and relations

The course and relations ofthe left and right cervical sympathetic chains conformed to that

of the descriptions in standard textbooks (Williams et ai, 1995; McMinn, 1994). The

cervical chain was found posterior to the carotid sheath and anterior to prevertebral fascia,

lying on the transverse processes ofthe cervical vertebrae.

The literature reviewed is unclear as to the incidence ofa double sympathetic chain in the

cervical region. Although Mitchell (1953) observed the chain to be 'sometimes' double, no

evidence of incidence is provided. Pick (1970) describes the double chain only in the

formation of the ansa subclavian or the loop around the inferior thyroid artery. This study

observed such a 'double chain' in the formation ofthe ansa subclavian in all specimens. In

addition to these, this study records a double cervical chain in one adult specimen,

extending from the SCG to the ICG.

This study confirms previous reports that the number of ganglia in the cervical region

ranged from 2 (absent MCG) to four (double MCG) ganglia (Axford, 1928, Jamieson et al.,

1952; Beckerand Grunt, 1957; Ellison and Williams, 1969).
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Table 28: Reported incidence ofcervicalganglia

5.2.2 Superior Cervical Ganglia

As indicated in Table 28, the constant, bilateral SCG documented in this senes,

corroborates the results of numerous authors (Mitchell, 1953; Becker and Grunt, 1957;

Pick, 1970). This study further confirms the findings ofBecker and Grunt (1957) that it is

never seen as a multiple structure and is the most invariable of the cervical ganglia, thus

refuting the claims ofLaubmann (1931) who describe it as being double, or multinodular in

"occasional" foetal chains.
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Although various authors have reported differing ranges for SCG, literature is in agreement

as to the average size of the adult SCG (28mm) (Jamieson et aI, 1952; Becker and Grunt,

1957). This dissertation reports the mean length of SCG to be 25.68mm. A comparison

of foetal dimensions is meaningless unless a comparison at each foetal age is made. This is

not possible, as such details are not provided in literature.

The close relationship of the bifurcation ofthe common carotid artery to the lower pole of

SCG in the foetus can probably be explained by differing foetal growth rates.

Literature reports the location of SCG to range between CI-C4vertebrae. Jamieson et al.

(1952) reported the extent of SCG between cervical vertebrae: CI-C3, 61 %; C1-C2, 29%;

Cr C3, 6%; Cl, 1%; C2, 1% and C1-C4, 2%. Mitchell (1956) described SCG lying between

the 2nd to 4th cervical transverse processes. Becker and Grunt (1957) describe, in a series

of 100 adult sides, a variable relation of SCG to the cervical vertebrae: CI-2 (29%); CI-3

(61 %); C2-3 (6%); Cl (1 %); C2 (1 %); C2-4(2%). This study records the SCG located

between CI-C4 vertebrae (Table 3); with a position between CI-C3 being the most

predominant (48.3%), in accordance with the findings of Becker and Grunt (1957) and

Jamieson et al. (1952). In addition, it should be noted that the incidence of SCG above C4

vertebra was 98.3%. This corroborates the findings of Jamieson et al. (1952) and Becker

and Grunt (1957), who report a location above C4 vertebra in 98% in both studies. In the

adult specimens SCG was always located below Cl vertebra, primarily between C2-C3 in 5

sides (62.5%) and the intervertebral discs between CI-2and C2-C3in 4 sides (50%) (i.e. all
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adult SCG, in this series was located above the 4th cervical vertebra). This study further

reports SCG spanning over 2 vertebrae in 69% ofcases.

In current surgical practice, resection of the SCG and its branches or of the entire cervical

sympathetic trunk, from the SCG to CTG, is rarely practiced. Nevertheless, its importance

as an anatomical landmark, its preference over other sympathetic ganglia in histological

studies and its contributions to mediastinal and the cervical plexus, remains pivotal in

understanding sympathetic pathways
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5.2.3 Middle Cervical Ganglion

The nomenclature of MCG varies widely in the literature reviewed. According to the

textbook definition ofMCG «it is usually at the level ofthe 6th cervical vertebra" (Williams

et al., 1995). This study documented a varying location for MCG and has differentiated

three types based on their vertebral location:

Type I: an MCG lying above the superior border ofthe 6th cervical vertebra (above

Cr) - 'high'MCG;

Type H: a MCG lying on the body/transverse process ofthe 6h cervical vertebra (at

C6) - 'typical/normal'MCG;

Type Ill: a MCG lying below the inferior border of the 6h cervical vertebra

(atC6-7andC-;J - 'low' MCG.

The 6th cervical vertebra was used as the reference point because the conventional textbook

definition of MCG is that is usually found at the level of C6 vertebra or may lie opposite

CTG (level ofC7 vertebra) (Williams et al., 1995).

This study records the overall incidence ofMCG to be 81.1%. This compares favourably

with the results of Becker and Grunt (1957) (81.1% vs. 87.7%). The weighted mean

incidence calculated from the literature reviewed (Table 24) was 72.6%.

A double MCG was present in 25.9%. This differed widely from the results ofBecker and

Grunt (1957) and Jamieson et al. (1952) of 55.3% and 2%, respectively. This study,
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however, confirms the findings of Jamieson et al.(l952) that two 'low' MCG (Types II and

lII) may be found on a single cervical chain. This study reports the bilateral incidence of

MCG to be 31% C8
/47 sides) comparing favourably with the result of 39010 reported by

Becker and Grunt (1957).

It should be noted that this study reports the higher incidence of the normaVtypical MCG

(as per textbook definition), Type IIMCG (46.6%) than the Type IMCG (27.6%) and Type

III (32.8%). Ofthe 15 chains in which a double MCGwas found, in 8 sides [13.8%] Types

I and llMCG were present; in 4 sides [6.9OJIo] Types I and mMCG were present; while in 3

sides [5.2%] Types II and III were present. Therefore, a total of62 MCG was found.

Type II MCG has been combined with Type I MCG to facilitate a comparison with the

reviewed literature. A comparison of frequency of occurrence of Types I and II with Type

III MCG, reported in literature and in this study is indicated in Table 29.

Table 29: Comparison o[incidences o[Types 1& IIMCG
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The weighted mean incidence for the 'high' MCG calculated from the literature reviewed

(Table 29) differs significantly from the incidence reported in this study (40.4% vs. 74.2%).

When compared to individual authors however similarities where noted in that Jamieson et

al. (1952) and Pick and Sheehan (1946) reported a higher incide.nce ofthe 'high' MCG. It

should be noted that if the normal/typical MCG was excluded from the 'high' MCG (as it

should be) then this study reports the incidence of a 'high' MCG as 27.6% and a 'low'

MCG as 31.8%. Ifthis is compared to the literature reviewed then similarities where noted

with the findings of Kirgis and Kuntz (1942) and Jamieson et al. (1952) who reported

incidences for a 'high' MCG of32% and 35%, respectively.

The results of this study show a greater frequency ofMCG lying at or below the level ofC6

vertebra (Types Il and Ill), in keeping with the results ofKirgis and Kuntz (1942), Mitchell

(1953) and Becker and Grunt (1957), who describe this MCG as occurring more frequently.

Only Pick and Sheehan (1946) and Jamieson et a1.(1952) report a greater incidence of the

"high" MCG (Type I MCG).

Several other authors also comment on the greater frequency of the 'low'l'vertebral'

ganglion but fail to provide numeric evidence (Axford, 1928, Sheehan, 1933, Woollard and

Norrish, 1933, Saccomanno, 1943, Bonica, 1953). It should however be noted that various

authors have used different vertebral levels to distinguish a high and a low MCG, e.g.

Becker and Grunt (1957) defines a 'high' MCG' as any ganglion lying at C6 vertebra or

above; Jamieson et a1.(1952) defines a 'high' MCG as any ganglion lying above the

transverse process of C6 vertebra; Axford (1928) defined a 'high' MCG as occurring at the
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level of the 5th or 6th cervical vertebra. Our results compared favourably with Jamieson et

al. (1952) who reported the varying loci ofMCG from C5 to C7.

The 'low' MCG is frequently referred to as the "vertebral ganglion" because of its frequent

association with the vertebral artery. Some authors have suggested that the vertebral

ganglion merely represents a detached portion ofthe MCG or ICG (Axford, 1928; Woolard

and Norrish, 1933). However, Mitchell (1953) and Becker and Grunt (1957) report that

this ganglion does not vary inversely in size with either the MCG or the ICG. This study

corroborates this finding. The term 'vertebral ganglion' is inappropriate because the

vertebral nerve arises from the CTG.

On the other hand, the term 'intermediate ganglion' purported by Jonnesco (1923) is inapt

as well since this term is used to describe ganglia found on the rami communicantes and the

ventral rami especially to the limb plexuses. Lazorthes and Cassans (1939) suggestion that

the 'low' MCG be grouped together as CTG is badly chosen as the 'low' MCG cannot be

regarded as a detached portion ofCTG. Furthermore, the 'low' MCG is entirely cervical.

This study concurs with the observation of Potts (1925) that the Types II and III

(low/vertebral) MCG supplies the cardiac plexus. The study also confirms the close

relation ofthe vertebral artery to the Type IllMCG.
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The term "thyroid ganglion ofHaller (or Krause)" has been applied to the 'high' MCG and

is unsuitable because the ganglion is not closely related to the thyroid gland or to the

inferior thyroid artery and furthermore there exists more than one thyroid artery.

The literature reviewed presented inconsistencies with regards to the vertebral levels ofthe

'high' and 'low' MCG. The cervical ganglia are recorded according to their positions

relative to each other on the cervical chain viz. superior, middle and inferior ganglia.

Differentiating MCG into Type 1, 11 and Type III seems more appropriate because while it

still maintains its name relative to the other cervical ganglia, Type I, Type II and Type III

(not used previously in literature) will establish a common vertebral location for

comparison. Hollinshead (1968) suggests the terms supero-middle and infero-rniddle.

In the adult specimens, the mean distance from the lower pole of SCG to the upper pole of

the Type I MCG, Type II MCG and Type III MCG was 22.4mm, 55.2mm and 64.4mm,

respectively [figure 29]. Jamieson reported the length ofchain from the upper pole of SCG

to the upper pole ofMCG to be 57mm. He did not differentiate between the different types

of MCG. Without differentiating between the three types of MCG, this study records a

distance of 45.6rnm between the lower pole of SCG and the upper pole of MCG. The

distance between the lower pole of MCG (Type II) and the upper pole of CTG recorded in

this study compares favourably with that reported by Jamieson et al.(l952) (12.6rnm vs.

15mm).
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The 'was no statistically significant differences in the mean length and width of adult Types 

I, 1I and III MCG [6.75mm, 3.17mm vs. 7.87mm, 3.73mm vs. 7.54mm, 3.84mm]. These 

concurred with the results of Becker and Grunt (1957) of 7 -8mm in length but differed 

widely from the results of Jamieson et af. (1952) who reported the length of 'low' MCG, 

14mm; 'high' MCG, 3mm. Our results support the results of Beck er and Grunt (1957) and 

Mitchell (1953) that the average size of the different types ofMCG remains fairly constant 

regardless if one or the other is present. 

This study also concurs with Axford (1928), Jamieson et a/'(1952), Mitchell (1953) and 

Becker and Grunt (1952) that there is sufficient evidence to include two types ofMCG as a 

constant entity in the cervical sympathetic chain. 
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5.2.4 Inferior Cervical Ganglion

Statistics on the occurrence of a separate ICG and Tl ganglion vary; Perlow and Vehe

reported its presence in only 8 of 48 sides (16.7%); and Jamieson et al. (1952) 18 in 100

sides. Becker and Grunt (1957) described as separate ganglion in 62.3% ofsides.

This study records the overall incidence ofICG to be 15.5%. Histology confirmed that no

ganglion cells were present in the cord connecting this ganglion to the 1st thoracic ganglion.

The weighted mean incidence calculated from the literature reviewed (Table 28) was 29.8%

and differed significantly from the findings of this study. When compared to individual

authors, similarities were noted in the findings ofPerlow and Vehe (1935), Jamieson et al.

(1952) and Jit and Mukerjee (1960) who reported incidences of 16.7%, 18% and 22%,

respectively.

Jamieson et al. (1952) report a bilateral incidence of 9% while this dissertation records a

bilateral incidence of 3.5%. The average length and width differed from the results of

Jamieson eta/. (1952) [9.86mm vs. 15mm and 3.66mm vs. 6mm].

It is not particularly important if one is dealing with an ICG or the upper end of a CTG­

connections and relations are similar (Hollinshead, 1968).

; aihl.aill &J1Hifi
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5.2.5 Cervico-thoracic Ganglion

This study records the overall incidence of CTG to be 84.5%. The weighted mean

incidence calculated from the literature reviewed (Table 28) was 74.5% and differed from

the findings ofthis study. When compared to individual authors, similarities were noted in

the findings of Jamieson eta!. (1952), Perlow and Vehe (1935), and Ellison and Williams

(1969) who reported incidences of 82%, 83.3% and 88%, respectively. Mitchell (1953)

without calculating a weighted mean estimates the incidence of CTG to be between 75­

80%. Only Becker and Grunt (1957) quote an incidence of 37.7% [Table 24], differing

widely from this generally accepted view. The bilateral incidence ofCTG reported in this

study was 65.5%, confirming the result of66% reported by Jitand Mukerjee (1960).

This dissertation records three shapes of CTG, inverted 'L' shape, spindle and dumbbell

shapes with a higher incidence ofthe inverted 'L' shaped CTG (42.8%) as compared to the

spindle and dumbbell shapes (28.6%, each). Jit and Mukerjee (1960) described extreme

variability in the shape of the CTG: irregular, 26%; dumbbell, 16%; inverted 'L' shape,

16%, club shaped, 8%; quadrilateral, 5%, semilunar, 3%, spindle, 2% and rectangular, cone

shaped, globular and fusiform, each 1%. Pelow and Vehe (1935) described CTG in their

series as club shaped. A comparison of the reported incidence ofshapes ofCTG presents

certain difficulties, as previous authors do not provide an illustratioh oftheir various shapes

and how they distinguish between them e.g. irregular vs. club shaped; spindle vs. ovoid;

quadrilateral vs. rectangular, fusiform vs. globular, etc. Furthermore, the name 'stellate

ganglion', frequently attributed to CTG is inappropriate because the ganglion is never star



156--------------------------------

shaped. In addition, all other sympathetic chain ganglia are named according to their

positions; either relative to each other (as in the cervical region) or according to their

connection to the spinal nerves (as in the thoracic region). CTG seems a more appropriate

term because it aptly describes the position of the ganglion at the junction between the

cervical and thoracic regions.

The inverted 'L' and the dumbbell shapes showed a definite isthmus between the ICG and

T1 ganglia components. Thus, this study records a definite constriction or 'waist' in 71.4%

es
/49) of CTG. White et al. (1952) described a consistent, definite isthmus between the

ICG and T1 components of CTG, while Becker & Grunt (1957) and Jit and Mukerjee

(1960) reported the incidence of a definite isthmus to be only 37.7% (43/114) and 37.5%

e%o); respectively.

The mean length and width of CTG, in the adult, was found to be 16.51mm and 6.65m,

respectively. This length of CTG compares favourably with the results of Jamieson et

al.(1952) and Jit and Mukerjee (1960) of 22mm, 8mm and 20.5mm; respectively while

Becker and Grunt (1957) reported the length ofCTG to be 28mm.

CTG lesions result in interruption of sympathetic fibres to the head, neck, arm and certain

viscera. Preservation of CTG is clinically important to avoid complications of Homer's

syndrome and cardiac arrhythmias. Ganglia residing superior to the 2nd rib are diligently

preserved during limited sympathectomy (indicated for palmar hyperhydrosis, chronic

regional pain syndromes).



157--------------------------------

The ansa subclavian

The ansa subclavia (also called the ansa Vieussens) joined the upper end of the CTG to

MCG or directly to the chain and was constantly present in all specimens concurring with

the findings of Jit and Mukerjee (1960). It comprised anterior and posterior limbs that

joined the CTGIICG to the Type IT MCG, when present. When Type IT MCG was absent

AS attached superiorly to the Type III MCG. When both Type IT and III MCG were

present AS always attached to the Type IT MCG and when both were absent it attached

directly to the cord of the cervical sympathetic chain. The ansa contributed fibres to the

plexus around the subclavian artery as reported previously by Jamieson et al. (1952).

The most common pattern of the cervical chain noted by Becker and Grunt (1957) is

illustrated in figure 7 (literature review), while the variations in the chain in this series is

indicated by figure 42. The most frequent chain (55.3%) documented by Becker and Grunt

(1957) was only present in 13.8% of chains in this series (Type IIJa). The most frequent

chain pattern documented in this series was Type IIb (27.6%).
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Types of
ganglia

TypeJ/Ja:

13.8%

Type I:
18.9%

Type lIe:

20.7%

Type lIb:
27.6%

MCGII

TypeJlIc:

5.2%

TypeIIa:

6.9%

MCGI

Type/JIb:

6.9%

Figure 42: Diagrammatic illustration cervical chain Types
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5.3 THORACIC SYMPATHETIC CHAIN

5.3.1 Course and relations

The course and relations of the thoracic sympathetic chain conformed to that described in

the literature reviewed. The thoracic part of the chain is continuous at the root of the neck

with the cervical sympathetic chain.

The sympathetic trunk lies lateral to the hemiazygos system ofveins on the left side and the

azygos vein of the right side. Both chains lie immediately against the pleura and, usually,

in front ofthe intercostal vessels; thus facilitating the removal ofthe chain without injury to

the vessels (Hollinshead, 1956). The venous pattern however may be variable and in the

upper part ofthe thorax, the first intercostal vein typically passes in front ofthe chain.

The upper part ofthe chain (up to T6 vertebra) is located on the neck ofthe ribs, against the

lateral surfuce of the vertebral bodies and the intervening intercostal space. The lower part

of the chain lies on the vertebral bodies and the intervening intercostal space. At the level

of the diaphragm, the chain deviates medially, to lie on the bodies ofTn-T12 vertebra as it

pierces the diaphragm.

Knowledge of the structure of the thoracic sympathetic trunk (ganglia and interganglionic

segment), rami communicantes, and visceral (splanchnic) nerves assume great clinical

importance to the surgeon perfonning limited sympathectomy via minimally invasive

surgery. Recent literature on the physiological and clinical significance ofthe branches of
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the sympathetic chain for such varied conditions such as hyperhydrosis, angina pectoris and

pancreatitis have demanded a re·examination of the precise anatomy and topographical

relations ofthe ofthe sympathetic chain.

5.3.2 Thoracic ganglia

While the cervical ganglia are given names relating to their positions on the sympathetic

chain such a system of nomenclature cannot be applied to TG on account of their number

and are therefore classified according to their segmental levels (Ellison and Williams,

1969). Pick and Sheehan (1946) have mentioned that in the thoracic region the segmental

pattern of the trunk ganglia is often blurred by varying degrees of fusion or splitting of

primordial cell masses. They found that occasionally the fourth ganglion is fused with the

:fifth and less often with the third ganglion.

The number of thoracic ganglia in this study is 8-11. Groen et al. (1987) reported the

number ofTG as varying between 8-10. lit and Mukerjee (1960) reported the number of

TG as: 11, 71%; 12 TG, 23%; 10 TG, 4%; 13 TG,2%. Other investigators have reported

(without providing incidences) 9-13 TG, in the adult (Hovalaque, 1927, White et aI, 1952;

Kuntz, 1953; Mitchell, 1953; Wrete, 1959; Pick, 1970). Toni and Frignani (1955) report

the number of TG, in the foetus, to be 6-13. Fusion of ganglia was found to be more

common in the lower thoracic chain than in the upper thoracic chain. This study records

the following ganglia to be frequently fused with its neighbouring ganglion: 19G, TlOG,

TllGand T12Gwith an incidence of T9-10G, 52.9%; TIO-llG, 34.1% and Tll-12G, 43.5%.
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The presence of the number ofganglia less than 12 is explained by fusion i.e. a merging of

previously separated ganglia or a non-dihiscence ofprimordial ganglionic masses (Pick and

Sheehan, 1946, Mitchell, 1953).

According to Pick's schema (figure 29), based on the embryological development of the

ganglia, Types a, b and c ganglia were observed in this study. When types b and c were

a.

c.

b.

d.

Figure 43: Schema illustrating the development of possible variations of the
ganglionated chain from the primordial cell column [Adaptedfrom Pick, 1970J

observed to be the only ganglion contributing to more than one spinal then it was

considered fused and explained the occurrence of less than 12 ganglia. The Type d

ganglion was not observed. The Type d ganglion represents the non-dehiscence of

primordial masses and explains the observations ofsome authors ofmore than 12 ganglia.
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An enumeration of ganglia in foetuses and adults is meaningless because of their fusion­

related variability (Groen et aI., 1987). In order to determine sympathetic segments

according to Pick (1956, 1970) an extensive histological examination of all rami

communicantes is necessary. This method can hardly be used in macro and microscopic

dissection in view of the difficulty of differentiating grey from white rami (Wrete, 1959;

Low and Dyck, 1978). Moreover rami are often mixed (pick and Sheehan, 1946; Mitchell,

1953). Groen et al. (1987) suggests: 'a true comparison between foetal and adult stages and

between specimens within each stage can be based upon a constant factor i.e. the thoracic

spinal nerves and their connections with the sympathetic trunks. '

Interest in the connections of the thoracic sympathetic chain has been centered especially

on those of the upper portion, because of the importance of these from the point ofview of

sympathectomies of the upper limb for such conditions such as hyperhidrosis, Raynaud's

Disease, etc. If the fibres to the limb are to be interrupted by excision of a limited portion

of the chain, or by section of the RC themselves then the anatomy of the RC becomes

important (Hollinshead, 1956). Unfortunately, they vary more in the upper thoracic portion

of the chain than anywhere else in the thorax. It is not possible to distinguish between

white and gray rami communicantes macroscopically by their relationship to sympathetic

ganglia. Wrete (1959) claimed that the distinction between white and gray rami becomes

blurred in preserved tissue and is only faintly visible on fresh material. The number oframi

communicantes and additional neural connections to the thoracic intercostal nerves is

variable. Histological differentiation of gray and white rami remains technically difficult
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and maybe inaccurate. Criteria for numbering TG require standardization for accurate

identification.

The ascending course of rami described by Pick, 1970, is not in agreement with the

findings ofPotts (1925; Groen et aI, 1987). Contrary to the findings of Kuntz (1953),

Mitchell (1953), Pick (1957, 1970), Groen et al.(1987) demonstrated no preference of

specific types of rami communicantes for a distinct region of the sympathetic chain. This

study confirms the findings of Groen et al. (1987) that each region showed no preference

for particular types of rami (i.e. posterior, antero-Iateral) but did note that the rami in the

upper thoracic chain ascend to meet that spinal nerve while in the lower chain the rami

ascend and descend to meet its connecting spinal nerves.

The thoracic arterial pattern exhibits fewer variations. The method proposed by Wrete

(1959) utilizing segmental arteries for identification appears to have merit and is worthy of

re-evaluation. Wrete considers the numbering should be quite independent if

communicating rami, which are highly variable in their course. He suggests each ganglion

should be named after the space between the intercostal arteries. His suggestion is not free

from objections since there may be 2 ganglia in a space or a space may be devoid of a

ganglion. Furthermore variations in the arterial pattern exists.
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5.4 CARDIAC SYMPATHETIC NERVES

Cardiac rami are generally named according to the ganglion nearest its point oforigin from

the sympathetic trunk (Ellison and Williams, 1969).

According to Mitchell (1956), in the classical anatomical textbooks (1772 to 1920), only

the cervical cardiac nerves are shown as 3 distinct trunks arising from the corresponding

ganglia descending downwards to the deep cardiac plexus: "The important anatomical

discovery ofthe thoracic cardiac nerves which form direct connections between the upper

4 or 5 thoracic ganglia to the heart was made concurrently by Braeucker and Jonnesco and

Enarchesco in 1927" (White and Smithwick, 1942). Subsequent reports on the extent of

the origin of TCR vary amongst authors, from SCG: toT2 (perman, 1924); to T3 (Kuntz

and Morehouse, 1930) and to T4/S (Mizeres, 1972). The literature reviewed is vague

regarding the incidence of cardiac rami, particularly with regards to the thoracic cardiac

ramI.

This study reports the origin of TCR from the thoracic sympathetic chain up to the

interganglionic segment between Ts and T6 ganglla. The incidence ifTCRs was 60.4%. In

15/58 sides (25.9 %) TCRsarose from the interganglionic segment ofthe chain, either above

or below the ganglion. The origin of the ramus from the interganglionic segment was as

follows: between TsG and T6G, 14lts sides [93.3%: right, 717 sides (100%); left 7/8 sides

(87.5%)]; between TsG and fused T6-7G ganglia, Ilts sides [6.7%: right, °h sides; left 1/8
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sides (12.5%)]. It should be noted that this study records an interganglionic origin

occurring between T5 ganglion and a fused T6-7G ganglion (6.7%).

Cannon et al.(1926) demonstrated cardiac nerves bilaterally from the first 3 or 4 ganglia

below CTG. They suggested from their physiological investigations, that some nerves,

which are too small to be observed in gross dissections, might be present at still lower

levels.

Ellison and Williams, 1969, reported the infrequent symmetry in the thoracic cardiac

nerves and concluded that "though various features are commonly present on both sides the

first dissection in the cervicothoracic sympathectomy is no reliable guide to the detailed

anatomy on the second side".

The results ofthis study corroborates the inter- and intra-individual variability in the origin

of cardiac sympathetic nerves documented by Ellison and Williams (1969). The study

confirms the great variability in the origin of CCR as demonstrated by Mizeres (1972).

Variability in the origin of the cardiac nerves was also seen in the thoracic region.

Furthermore, CCR and TCR were also noted to arborize in the deep cardiac plexus. The

superficial plexus was not clearly distinguishable from the deep plexus concurring with the

independent studies of Mitchell (1956) and Mizeres (1972) who suggests that the

superficial and deep cardiac plexuses are created by artificial dissection. No direct

branches from the sympathetic chain were traced to the pulmonary plexus. The branches
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traced to the bronchi from the cardiac plexus appear to support the view that these TCR

should be more accurately named cardiopulmonary nerves. A detailed study of the

pulmonary plexus is warranted.

The success of limited T2-4 sympathectomy in relieving pain at rest, of patients with

intractable angina pectoris, appears to indicate that a significant afferent pain pathway from

the heart is selectively interrupted (Khogali et aI, 1999). Cardiac sympathetic denervation

via video assisted thoracoscopic surgery is reported to be successful with increased

exercise tolerance time, ECG improvement, some degree of anti-ischaemic effect,

reduction in angina symptoms, decreased incidence of tachy-arrhythmias, unaffected left

ventricular function and an improved quality of life with a one year follow up (Wettervik

et aI, 1995). Importantly, the patients do not lose their warning signal ofan angina attack

and were able take the necessary pharmacological action (Khogali et aI, 1999). It is

interesting to note that the variability in pattern of the cervical ganglia, CCR and cardiac

plexus does not appear to impact on the outcome of limited thoracic sympathectomy for

pain relief

However, the complexity of cardiac pam pathways is not fully understood. A

physiological study of the role ofthese nerves in cardiac pain together with a clinical series

is warranted to contribute to defining the afferent and efferent cardiac pathways,

particularly the contributions of the CTG and first thoracic ganglion to the cardiac plexus.
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5.5 OTHER MEDIAL BRANCHES

5.5.1 Splanchnic nerves

This study records the following incidence of the splanchnic nerves: GSN; 100%; LSN,

87.5% [right, 91.2%; left, 83.3%]; lsn, 45.8% [right,41.7%; left, 50.0%]. The constant

presence ofGSN concurred with the reports ofprevious authors (Table 30).

Table 30: Reported incidence ofGSN, LSN and lsn

KEY: GSN =Greale,.Splandmic Nerve; LSN & Lesse,. Splandmic Nerve, lsn =Least SplanchnicNerve; ASN =Accessory Splanchnit: nelVe

The weighted mean incidence of LSN calculated from the literature reviewed (Table 30)

was 95.1OAI. This study reports an incidence of 87.5%. When compared to individual

authors, similarities were noted in the findings oflit and Mukerjee (1960) and Naidoo et al.

(in press) who reported incidences of 86% and 92.1%; respectively.
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The weighted mean incidence oflsn calculated from the literature reviewed (Table 30) was

55.2% and differed significantly from the result of this study (45.8%). When compared to

individual authors, similarities were noted in the findings of lit and Mukerjee (1960) and

De Sousa Pereira (1926) who reported incidences of37% and 46%; respectively.

The number of roots of GSN varied from 2-8, with the number of roots ranging from 3-5

being most common e9
/48 sides (81.3%): right, 19124 sides (79.2%); left, 20124 sides (83.4%)].

Jit and Mukerjee (1960) found the origin of the GSN to vary from 1-8 roots with 4 being

the most common (31 %). There was no correlation between number of roots ofGSN with

the absence of the LSN and lsn. A comparison between the incidence of the number of

roots between this series and the series documented by Jit and Mukerjee is given in Table

31.

Table 31: Comparison ofnumber ofroots ofGSN

In the foetus, Groen et a1. (1987) found the GSN to arise from 1-4 large branches most

frequently from T8-9 ganglia with highest origin being T6 and the lowest being Tll
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ganglion. Intra-individual differences in the origin and number of the splanchnic nerve

rami were frequently observed.

Edwards and Baker (1940) employed more flexible criteria In the classification of

splanchnic nerve origin, allowing for the absence of a single root of origin from one

ganglion e.g. T5, 6, 8, 9,10. On the other hand, ifthe GSN arose from ganglia T5, 8, 9,10 or

T4, 5, 7, 8, 10 with the absence of two or more ganglionic roots, it was not classified as

normal. They found in 100 cases that the GSN conformed to the so-called "normal pattern"

in 23% and that the nerves were rarely bilaterally symmetrical, originating most frequently

from T7-9 ganglia.

In 16.7% the highest root of GSN was above the T5 ganglion. This has clinical

implications, given the widely discussed technique of undertaking splanchnicectomy from

the T5 ganglion distally, as employed by Stone and Chauvin, 1990 (Naidoo et aI, in press).

This approach overlooks important nerve contributions and thereby may compromise

clinical outcome.

Jit and Mukerjee (1960) found the LSN in 86% of cases with the number of roots varying

from 1-4. The most common roots were from T10 and T11 ganglia. Wittmoser (1995) and

Reber (1987) recorded that the branches formed by thoracic ganglia found in the 9th-11 th

intercostal spaces were destined for the upper abdomen in general and the pancreas in

particular. In the foetus, Groen et al. (1987) observed the LSN originating via 1-2 rami

from thoracic segments T1 0 and T11 (range T1 0-T12).
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The advent of minimally invasive and video assisted surgery has rekindled interest in the

variable patterns of the splanchnic nerves. It is postulated that the inconsistent results of

splanchnicectomies for the palliation of abdominal pain for conditions such as chronic

pancreatitis and pancreatic carcinoma may be due to anatomical variations in the splanchnic

neural pattern (Naidoo et aI., in press).

In the light of the described GSN variations, it is suggested that the procedure to effect

splanchnicectomy be undertaken from the level of the T3 ganglion (Naidoo et aI, in press).

In patients where recurrence of pain occurs following splanchnicectomy, it may be

postulated that the medial collateral branches - often under appreciated by the surgeon­

provide an alternate neural pathway via the aortic and oesophageal plexuses to the upper

sympathetic chain. The reported early results following the discussed technique attests to

the value of the thoracoscopic procedure as well as the completeness of denervation

afforded by this method (Moodley et aI, 1999).



171---------------------------

5.5.2 Vascular branches

CTG contributed a consistent lateral bmnch to the vertebral artery, which mn upwards to

enter foramen transversarium, together with the vertebral artery. This is in keeping with the

results ofMitchell (1953) and Pick (1970). The vertebral nerve contributes fibres around

the vertebral artery. The plexus thus formed however does not follow the vertebral artery

into the skull but is replaced in the upper part of the neck by another plexus whose sensory

fibres are derived from the SCG via the 2nd and 3rd spinal nerves (Hollinshead, 1968).

Rami from CTG winding around the subclavian artery were recorded in 71.4% with 2 rami

existing in 29.2% of these. Where the ICG and T1 ganglion were unfused, a ramus from

the right T1 ganglion was recorded to the subclavian artery. No rami were recorded from

the unfused ICG.

The ansa subclavia was distinctly separate from the above branches and was observed in

1000.!o of cases and comprised anterior and posterior limbs that formed a loop around the

subclavian artery. In 18/']2, sides [64.3%: right, 8/28 (28.6%); left, 11/28 (39.3%)] the ansa

subclavia contributed to the plexus around the subclavian artery thus confirming the results

of Jamieson et al. (1952) that it passed to the subclavian artery, and form a sympathetic

plexus around this artery.
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This study corroborates the findings of Mitchell (1956) and Pick (1970) that the SCG,

MCG and CTG contribute rami to the common carotid artery, the internal and external

carotid artery and its branches.

This study further records branches from the chain between MCG and T1 ganglion,

inclusive, to the brachiocephalic trunk in 17% of specimens. These rami were present in

half ofall the adults dissected in this series.

The removal ofthe CTG was for many years the operation ofchoice in attempts to alleviate

the symptoms of Raynaud's disease. 'Stellectomy' and removal of the upper segments of

the thoracic chain resulted in postganglionic or anatomical denervation ofthe blood vessels

to the upper limb and in view ofthe ensuing selectivity to epinephrine, which has been said

to occur after postganglionic denervation, was for some time abandoned by many surgeons.

In recent years, however, a number of clinicians have reverted to the postganglionic

denervation as the one giving most favourable and long-term results (Hollinshead, 1968).

The peri-vascular sympathetic contributions issued proximally to the subclavian artery and

the brachiocephalic trunk may represent alternate neural pathways to the upper limb and

account for the inconsistent and unpredictable results obtained at surgery. Moreover, the

close relationship of the sympathetic nerves with blood vessels needs to be considered in

the management of conditions such as axillary hyperhidrosis and high sympathetic

dystrophy. These relations may be important landmarks for easier identification of these
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nerves, especially in this millennium of minimally InVaSIVe surgery and a further

investigation is essential.

5.5.3 Miscellaneous

Communications to the phrenic nerve were not noted. This study concurs with the

inference oflit and Mukerjee (1960) that "it is doubtful ifMitchell's (1953) statement that

the 'ganglion (CTG) or the ansa subclavia invariably communicates with the phrenic nerve'

is true.'

During the course ofthis investigation, branches to the pharynx were noted. In view of the

sympathetic contributions to the pharynx that was noted it is suggested that the innervation

of the pharynx and larynx be investigated.

Direct contributions to the pulmonary plexus were not noted. However, this study records

contribution from the cardiac plexus to the pulmonary plexus. In light of the observations

in this study and the studies by Mitchell (1956) suggesting that the pulmonary plexus is a

continuation of the cardiac plexus an investigation of the innervation of the lungs is

warranted.
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CHAPTER 6

CONCLUSION
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The course and relations of the cervical and thoracic sympathetic chain were confirmed

to be similar to currently accepted norms. This study records a double cervical

sympathetic chain extending from the lower pole of SCG to the upper pole ofICG in one

adult side. The incidence ofthis occurrence is unclear in the literature reviewed.

This study confirms the constant presence ofSCG, located between CI-C4 vertebrae; with

a position between CI -C3 being most predominant (48.3%). However, it should be noted

that the incidence of SCG above C4 vertebra was 98.3%. In the adult specimens, SCG

was always located below Cl vertebra, primarily between CZ-C3 (62.5%) and the

intervertebral discs between CI-Z and CZ-C3 (50%).

This study also concurs with Axford (1928), Jamieson et al.(1952), Mitchell (1953) and

Becker and Grunt (1952) in that there is sufficient evidence to include 4 ganglia as a

constant entity in the cervical sympathetic chain.

A total of 62 MCG was found. A double MCG was present 25.90,/0. This study

differentiates between three types ofMCG (Types 1, n& llI). It should be noted that this

study reports the higher incidence of the normal/typical MCG (as per textbook

definition), i.e. Type II MCG (46.6%) than the Type I MCG (27.6%) and Type III

(32.8%). Of the 15 chains in which a double MCG was found, in 13.8% Types I and Il

MCG were present; in 6.9% Types I and III MCG were present; while in 5.2% Types Il

and III were present.
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It is proposed that previous terminology used to distinguish the two types ofMCG, viz.

'high' and 'low', intermediate, thyroid or vertebral, be disregarded in view of their

inaptness and inconsistencies amongst authors.

This dissertation records the overall incidence oflCG to be 15.5%, in keeping with the

reported incidence in literature.

The incidence of CTG was 84.5%. Three shapes of CTG were recorded: inverted 'L'

shape, spindle and dumbbell shapes. The inverted 'L' shaped CTG had a higher incidence

(42.8%) than the spindle and dumbbell shapes (28.6%, each). A definite isthmus

('waist') between the ICG and Tl ganglia components of CTG was demonstrated in the

inverted 'L' and the dumbbell shapes (71.4%). The term 'stellate ganglion', frequently

attributed to CTG is inappropriate because the ganglion is never star shaped. CTG seems

a more appropriate term because it aptly describes the position of the ganglion at the

junction between the cervical and thoracic regions.

The number of thoracic ganglia in this study is 8-11. This study records a frequent fusion

of Tg(i and TlOG and TIIG and T12G. Fusion ofganglia was found to be more common

in the lower thoracic chain than in the upper thoracic chain.

The incidence ofCCR and TCR are documented. This study further reports the origin of

TCR from the thoracic sympathetic chain up to the interganglionic segment between TsG

and T6-~ganglia.
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The incidence of the splanchnic nerves were: GSN; 100%; LSN, 87.5% and lsn, 45.8%.

Vascular branches from the cervical sympathetic chain were documented to the

subclavian, vertebral , common carotid, internal carotid and external carotid arteries.

This study further records branches from the chain between MCG and Tl ganglion,

inclusive, to the brachiocephalic trunk in 17% ofspecimens.

An accurate knowledge of the anatomy of the sympathetic nervous system and the

adjacent structures is, inescapably a definite asset to the procedures used in interrupting

the neural mechanism (Jamieson eta/., 1952). Successful sympathetic denervation ofthe

heart, a field often beset with failure, is dependant on adequate morphological

knowledge. It is hoped that this study using human foetuses as well as adult cadaveric

specimens will draw the attention to important variations that are relevant to the surgeon.

The intricate anatomical relations presented in this study attests the complex anatomy of

the sympathetic nervous system
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APPENDIX A

Specimen details
SP.NO TAG NO C-R(mm) COMMENTS

FOETUS 1 3001 266

2 3002 310

3 3003 265 TISSUE DAMAGE -RIGHT

4 3004 300

5 A 207

6 B 276
7 C 295
8 D 167

9 E 305
10 F 400
11 G 315
12 H 340
13 I 265
14 J 315
15 L 267
16 M 299
17 P 327
18 NI 107 TISSUE DAMAGE -LEFT
19 NlO 392
20 NIl 156
21 N12 189
22 NB 413
23 N2 222
24 N3 305
25 N4 410
26 N5 153
27 N6 123
28 N7 264
29 N8 173
30 N9 311
31 0 276

ADULT 32 UND 1999C
33 UND 1999D PLEURAL ADHESIONS -RIGHT
34 UND 1999A
35 UND 1999B PLEURAL ADHESIONS - LEFT
36 UND 1999E
37 UND2000G PLEURAL ADHESIONS -RIGHT
38 UND2000C
39 UND2000E PLEURAL ADHESIONS -RIGHT
40 NTECH 1999A
41 NTECH 1999B
42 NTECH1999C
43 UDW3006 PLEURAL ADHESIONS -RIGHT
44 UDW3005
45 UDWN33
46 UDWN34
47 UDWN35
48 UDWN36



APPENDIXB
SCG LENGTHS AND WIDTHS

SP.NO TAG NO
LENGTH WIDTH

RIGHT LEFT RIGHT LEFT

FOETUS 1 3001 9.32 10.23

5 A 8.97 8.65

6 B 4.67 4.88

7 C 10.19 10.63

8 D 5.61 6.11

11 G 7.34 7.51
12 H 10.32 11.28
13 I 8.44 8.56
14 J 10.27 11.04
15 L 9.67 4.88
16 M 6.22 6.21
17 P 9.98 9.77
19 NW 9.73 9.64
20 NIl 10.03 9.66
22 NB 9.54 9.61
23 N2 8.94 9.11
24 N3 9.56 9.72
25 N4 10.08 10.64
26 N5 7.95 7.43
27 N6 10.22 10.01
28 N7 7.92 7.82
29 N8 8.66 8.32
30 N9 7.28 7.09

ADULT 32 UND 1999C 18.38 17.99 6.35 6.89
34 UND 1999A 32.51 27.73 8.66 7.45
36 UND 1999E 27.88 27.96 7.56 6.93
44 UDW 3005 29.53 17.99 7.92 7.83
45 UDWN33 28.11 27.61 8.39 7.76
46 UDWN34 30.18 28.91 8.8 7.92
47 UDWN35 28.73 28.33 8.69 7.94
48 UDWN36 26.92 28.94 7.88 7.94



APPENDIX C

MCG lengths and widths
LENGTH WIDTH

I 11 III I 11 III

FOETAL 4.37 4.53 4.46
3.96 4.38 4.34
4.28 4.08 4.12

4.1 3.75 4.12
4 4.38 4.15

3.98 4.12 4.04
4.12 4.41 3.96
4.18 3.98 4.31
4.23 4.15 3.79
4.16 3.74 1.09
4.28 3.93
4.24 3.83

1 4.43
4.45
4.32
3.85
3.42
3.85
3.25
2.44
1.17

ADULT 9.81 9.88 9.86 3.67 5.44 5.76
8.54 9.44 9.72 3.62 4.24 3.64
1.91 8.84 9.05 2.21 3.85 4.72

8.15 8.92 3.12 3.54
8.65 9.76 3.42 3.83
2.27 8.92 2.29 2.84

3.54 2.53



APPENDIXD

CTG length and widths
RIGHT LEFT

SP. LENGm WIDTH LENGm WIDm
FOETUS 1 10.32 11.28

5 9.24 7.95
6 6.56
7 6.15
8 5.84 10.84
11 10.08 4.95
12 5.26 6.06
13 10.26 8.80
14 7.89 5.68
15
16 6.28 5.46
17 4.93 8.82
19 5.03 7.11
20 6.52 5.52
22 4.67
23 6.00 9.25
24 7.78 10.14
25 8.39 6.30
26 5.81 7.25
27 7.66 9.96
28 9.75
29 5.53
30 4.88

ADULT 32 21.25 10.18 20.94 9.03
34 15.85 8.78 14.86 4.77
36 17.63 7.19
44 19.77 4.26 12.69 4.71
45 15.08 3.35 9.48 8.31
46 17.66 7.62
47 14.99 4.66
48
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MCG lengths and widths
LENGTH WIDTH

I 11 III I 11 III
FOETAL 4.37 4.53 4.46

3.96 4.38 4.34
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4.1 3.75 4.12
4 4.38 4.15

3.98 4.12 4.04
4.12 4.41 3.96
4.18 3.98 4.31
4.23 4.15 3.79
4.16 3.74 1.09
4.28 3.93
4.24 3.83

1 4.43
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2.44
1.17
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