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PART I. 

P H Y S I O L O G Y O F T H E 

AUTONOMIC NERVOUS SYSTEM. 

IN.TRODUO,TION. 

NOMENCLATURE 

Throughout the history of the development 

of our knowledge of what to now generally known as 

the autonomie nervous system many terms have been 

used. In 1712 WINSLOW (I) fire, used the term 

"sympathetic: nerves ". This was due to the theory 

that owing to their widespread connections they 

could affect a large area of the body and that it was 

through them that the "sympathies" of the body were 

brought about. 

JOHNSTONE (2) (1764) advanced the 

ganglion theory. This was that in the ganglia, both 

cerebrospinal and sympathetic, voluntary movement 

was changed into involuntary movement. These 

nerves through which the involuntary movements were 

carried out were known as the "ganglion nerves ". 

en/ 
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Even when it was shown that cerebro- spinal ganglia 

were afferent nerves the term "ganglion nerves" was 

still avnlied to the autonomic nervous system. 

BICHAT (3) (1800, 1801) conceiving 

the life of the organism to be divided into: - 

(1) an animal life controlled by voluntary 
nerves and 

(2) a vegetative life controlled by what was 
known then as the sympatheti cs, 

renamed these nerves and their ganglia "the vegata- 

tive nervous syçy&'. This terminology is still 

current in French literature. 

By the middle of the nineteenth century 

the terminology,. of Winslow had returned but it in- 

cluded certain unnamed branches of the fifth, se- 

venth, ninth and tenth cranial nerves under the 

one term sympathetic nervous system. 

LANGLEY (4) (1898 - 1903), though not' 

unmindful of its dependence on the rest of the ner- 

vous system, was led,'by his results, mainly deriv- 

ed by the use of nicotin, to propose a new term the 

autonomic nervous system. In 1905 he sub -divided 

the autonomic nervous system into:- 



(i) Sympathetic ganglia and nerves (i.e.) the 
thoraco- lumbar outflow. 

(ii) Parasympathetic nerves. 

(a) cranial. 

(b) sacral. 

(iii) Myenteric and subnuc:ous plexuses of the 
alimentary tract. 

This division of autonomic nervous system:. 

into sympathetic and parasympathetic has never been 

questioned, but to put the plexuses of the alimen- 

tary tract into a separate group has been questioned. 

However as he states in 1921 (5) "The classifica- 

tion is, I thinks still advisable, for the central 

connection of the enteric nerve cells is still un- 

certain and evidence has been obtained that they 

have autonomic and reflex functions which other peri- 

pheral nerve cells do not possess ". 

Throughout this paper Langley's classi- 

fication will be used: - 

(i.e.) sympathetic refers to the thoraco- 
lumbar outflow. 

(i.e.) parasympathetic either to the cranial 
or sacral outflow. 

while the terms myenteric and submucous will be used 

to describe the nerve plexuses in the wall of the 

alimentary canal. 

HISTORI CAI,/ 
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HISTORICAL SURVEY. 

(i) ANATOMICAL, 

it is to WINSLOW in 1732 that the cre- 

dit must be given for describing as a separate en- 

tity certain visceral nerves which he called the 

sympathetic nerves. He differentiated these from 

the cerebro-spiral nerves. 

The next advance was in 1884 when 

DASTRE & MORAT (6) included in the description 

of the "sympathetic system" certain unnamed branches 

of the fifth, seventh, ninth and tenth cranial 

nerves't . 

Two years previous to this BREMER 1882 

(7) described three types of nerve fibres supplying 

skeletal muscle:- 

(i) coarse myelinated. 

(2) fire myelinated, 

(3) unmyelinated. 

HUBER & DeWITT considered the latter to be sympa- 

thetic in origin and vasomotor in function. 

The work of GASKELL (8) (1886 -1889) 

contributed largely to a better understanding of the 

nerves in question. He pointed out that only cer- 

tain/ 
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certain cerebro- spinal nerves had visceral rami, and 

in addition showed that the efferent fibres in these 

visceral rami which he designated collectively as 

the visceral nerves, arise in the central nervous 

system in homologous columns of cells which are in- 

terrupted by the development of the nerves to the 

limbs. This was the first division of the nerves 

into, a cranial- thoracom lumbar and a sacral outflow& 

He also showed that the sympathetic system did not 

receive fibres from every spinal nerve. Another 

feature he discussed was the possibility of dilatory 

fibres to the blood vessels via the somatic nerves. 

Finally LANGLEY and his co-workers 

(1898-1903 -1921) by the uoe of nicotin poisoning 

added a vast amount of knowledge not only from an 

anatomical and physiological, but also from a phaa 
logica? view -point. 

( II) PHYSIOLOGICAL. 

CLAUDE' BERNARD (9) and BROWN SÉQUA.RD 

working independently showed in 1852 that stimu- 

lation of the cervical sympathetic nerve in the rab- 

bit produced vaso- constriction while section of the 

nerve produced vaso- dilation. In 1871 

OWSJANNIKOFF/ 



0íWSJANNIKOFF demonstrated by transecting the brain 

stem at various levels the presence of a vaso -motor 

centre in the medulla oblongata. 

Since Gaskell's suggestion in 1886 much 

work has been done cn the possibility of verso -dila- 

tory fibres and the bulk of the evidence seems to 

show that there are fibres present which when suit- 

ably stimulated p roduce va.so- dilation, but whether 

they are specific vaso-dilation fibres belonging to 

the parasympathetic system is another matter. 

Since BAYLISS & STARLI'I'G'S work in 

1900 aoncerning gut movement much controversy has 

been raised regarding the part played by the frankly 

sympathetic and parasympathetic nerves and that 

played by the enteric nervous system. This question 

will be gone into more fully in a discussion of the 

role of the autonomic nervous system in relation to 

the alimentary canal. 

(ITT) EdBRYOLOGI GAi,. 

The autonomic nervous system is related 

developmentally to the central nervous system.. The 

early workers such as BALFOUR (1877) HIS (1890) 

MARSHALL (1893) all supported the theory that the 

cells which make up the primordia of the sympathetic. 

trunks/ 
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trunks and prevertebral plexus are derived exclus- 

ively from the spinal ganglia or neural crests. It 

was not until 1908 that CAJAL expressed the opi- 

nion from his findings that cells could be traced 

passing via the ventral roots from the neural tube 

to the sympathetic ganglia. The tendency at pre- 

sent is to believe that with regard to the sympathe- 

tic nervous system the cells are derived both from 

the neural crests and neural tube. With regard 

to the parasympathetic system especially the plex- 

uses related to the vagus the position is not all 

clear. This conception that the sympathetic trunk 

is derived from the neural tube is a wide departure 

from the older teaching but "it is more logical to 

assume that the sympathetic neurons are derived from 

the ventral portion of the neural tube which is a 

source of efferent neurons, than from the spinal gan- 

glia or neural crests which are essentially a 

source of afferent neurons ". (KUNTZ) (18) 
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JHAPTER I. 

ANATOM Y. 

The autonomic nervous system may be re- 

garded as the division of the nervous system which 

includes all the neurones lying outside the central 

nervous system and cerebro_spirPl ganglia, except 

those associated with the special sense organs, and 

the cells through which these outlying neurones are 

functionally connected with the central nervous 

system. certain centres in the brain stem which 

are functionally superimposed on the aggregates of 

neurones in the central nervous system which send 

their axons out to the outlying neurones, are also 

regarded as autonomic centres. The outlying neu- 

rones are situated in the autonomic ganglia. The 

connecting neurones lie in the general visceral 

efferent nuclei in the brain stem and in the cord 

in the int ermedi o- lateral columns of the spinal 

cords. Their axons cone into synaptic relation 

with the cells in the outlying ganglia. Thus we 

have the division pre-g ̀;.rglioni.c and post- gangliordc 

fibres. The visceral afferent fibres which are 

closely/ 
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closely related functionally to the visceral effe- 

rent fibres are not regarded as part of the autono- 

mic nervous system. These fibres make up part of 

the posterior nerve root, have their oeil bodies 

situated in the posterior spinal ganglia, send 

fibres into the spinal cord where they come in di- 

rect relationship to the cells of the visceral ef- 

f erent neurones in the intermediolateral column. 

There are probably no intercalated neurones. 

The autonomic nervous system can be, ana- 

tomically at least, divided into three parts: - 

(1) Sympathetic. 

(2) Parasympathetic, which is further sub - 
divided into, 
(a) cranial 
(b) sacral. 

(3) Enteric plexuses. 

It is impossible in a paper such as this 

to discuss all aspects of autonomic nervous system, 

thus I wish to confine myself to a description of 

the anatomy and physiology, where they are known, 

of only those portions which have a direct bearing 

on the six cases illustrating the surgical impor- 

tance of this system. The sympathetic portion of 

the autonomic nervous system consists of ganglionic 

trunks/ 
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Fig. r. Diagram showing relation between preganglionic 
and postganglionic fibers. (From Essentials of Physiology, 

Bainbridge and Menzies.) 

FIG. I . 
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trunks which lie along the ventre -lateral aspects 

of the vertebral column and extend from the base of 

the skull to the coccyx. Each trunk i3 made up of 

a series of ganglia (vertebral or sympathetic gan- 

glia) connected by longitudinal fibres. They are 

arranged segmentally except in the cervical region. 

They are connected with the spinal nerves 

by the rami communicantes of which there are two 

types:- 

(1) white rami. 

(2) grey rami. 

The white rami are not so extensively distributed 

as the grey, as they arise from the spinal nerves 

Thoracic 2nd. (Th. 1) to Lumbar 2nd. (L 3). The 

white rami consist of the white medullated axons 

of the neurones -In the intermediolateral columns 

which pass into the sympathetic ganglia. From the 

sympathetic ganglia grey rami arise which pass to 

every spinal nerve in the body (FIG. 1). They 

consist mainly of the fane non- nedullated axons of 

the cells of the vertebral ganglia, but in certain 

areas there are also fasiculi of white medullated 

fibres present. These are the pre -ganglionic fibres 

of the sympathetic ganglia which lie outside the 

vert ebral/ 
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Pig. a (left). The paths of the retlex..n, Path of the onlinary - spinal reflex( h, path 
of the sympathetic spinal noes. (Fra(' The Syhnpnunit . \Yams System in Dino,., 
lattgdon Broom.) 

Fig. 3. Dingru of spinal segment showing the somatic and .. visceral nerve nun 
(Penm Physiology, vl.vle and d &Snnxn.) 

FIG. II. 
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vertebral chain (i.e.) coeliac, splanchnic etc. In 

addition the rami communicantes contain sensory 

nerve fibres from the posterior nerve roots. These 

fibres pass into the ganglia but make no synaptic 

relationship with the cells within the ganglia, but 

pass on directly to the spinal cord. 

The somatic spinal reflex consists of 

three elements: - 

(1) The excitor element, the anterior horn 
neurone which sends its axon to a muscle 

(2) The receptor element with its cell in the 
spinal ganglion and a distal process 
sending in a peripheral sense organ and 
a central process ending in relation to 
the posterior horn. 

(3) A connector element consisting of an in- 
tercalated neurone lying wholly within 
the spinal cord. 

The latter not only connects the efferent and affe- 

rent neurones at the same levels, but may pass up 

or down the cord bringing neurones at different 

levels into functional relationship. 

In the autonomic system reflex the pre - 

ganglionic fibres play the role of the connector 

element; the post -ganglionic the excitor element. 

Fins. II ) Just as the connector elements in the 

somatic system may ascend or descend in the spinal 

cord, so may the pre- ganglionic fibres ascend or 

descend! 



FIG. III. The Course of Preganglionic Sympathetic 
Fibres. 
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Fig. 4. A diagrammatic representation of the various nays in which the respective neurones may be arranged. While the preganglionic fiber must obviously be a single unit, the postganglionic neurone may be arranged through 
the medium of one or more substations. In the case of the involuntary nene supply to the adrenals there are no 
postganglionic fibers, as the supply is directly through the 
preganglionic. (Modified from Physiology, de Sousa.) 

FIG. IV. 
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deeoerd in the sympathetic trunk. There is not 

however a definite receptor element in each auto - 

nomic nervous System reflex as in the somatic and 

this is probably the reason why somatic reflexes 

are localized and accurate, while visceral re- 

flexes, in general, produce more diffuse effects. 

THE COURSE OF PRL-GANGI,.IONIC SYMPATHETIC FIBRES. 

The pre -ganglionic fibres in the sympa- 

thetic system arise in the intermediolateral 

column of the spinal cord. They pass to the gan- 

glion corresponding to the segment from which they 

have arisen, and there they take one of four 

routes. (PIUS. III &. IV) 

(1) They may end in relation, to the ganglio- 
nic oells. rl?b) 

(2) They may pass through the ganglion giv- 
ing perhaps a branch off to it and end 
in a pAnglion of a lower segment. 

(3) They pass through the ganglion and end 
in a nanglion of a higher segment. 
FIG ft llla) 

(4) They pass through the ganglion to termi- 
nate in one of the peripheral ganglia. 
(FI 111.-) 

The preganglionic fibres as they pass from the 

anterior nerve roots to the ganglia are known as 

the/ 
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the white rami communieantes. Usually it is a dis- 

tinct nerve bundle from the grey rami, but in many 

cases the two are intimately mixed. 

It is obvious from a casual study of the 

autonomic system that the post -ganglionic fibres 

far exceed in number the pre- ganglionic fibres (1.4 

the neurones in the autonomic ganglia are greater 

than the number of pre -ganglionic fibres. There - 

fore, one is forced to conclude that pre -ganglionic 

fibres come into relation with more than one gan- 

glionic cell. Not very much work has been done on 

the subject, however, but BILLINGSLEY & RANSON 

(10) (1918) by carefully executed actual counts of 

the preganglionic fibres in the upper internodal 

portion of cervical sympathetic nerve, and of the 

neurones in the superior cervical sympathetic gan- 

glion showed that ratio of pre- ganglionic fibres 

to ganglionic neurones was 1:32. This cannot be 

taken as an actual number for all preganglionic 

fibres, but it gives definite proof that the pre - 

ganglionic fibre comes into relationship with more 

than one ganglionic cell. That, it gives off 

branches to ganglia through which it passes en 

route, but does not end, has not been definitely 

settled. 



FIG. V. 

Ganglion cell of Lumbar ganglion (Cajal 
silver nitrate) 
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THE AUTONOMIC GANGLION CELLS. 

The neurones in the autonomic nervous sys- 

tem are, in general, aggregated in ganglia which 

are enclosed and more or less definitely delimited 

by a connective tissue capsule. The cell bodies of 

the neurones in all the larger ganglia are enclosed 

in delicate cell capsules which are made up of a 

layer of small endothelial cells and a non - cellular 

membrane with which the endothelial cells lie in 

close relationship. (FIG. 4p. Surrounding the cell 

capsules and separating them one from another is a 

varying amount of interstitial connective tissue. 

In the smaller mammals such as pig, dog, cat and 

rodents this is small in amount. In man it is al- 

most negligible in the new -born, but increases in 

amount with age until at the age of forty to fifty 

and over, each cell is widely separated by a defi- 

nite pericellular area of connective tissue. Embedded 

in the connective tissue are the intraganglionio 

blood and lymph vessels. Slit -like lymph spaces 

occur in close relationship to the cell capsule and 

their relationship to the endothelial cells of the 

cell capsule "suggests that those cells play an 

important part in the metabolic interchange of food 

material/ 
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material and degenerative processes involving the 

ganglionic cell ". KU TZE (11 ) ( 1'929) . The 

ganglion cells however of the terminal ganglia (e.g.) 

in the alimentary wall do not have these capsules 

but are merely surrounded by connective tissues. 

The ganglion cells do not seem to be ar- 

ranged in any special manner although here and 

there definite oeil columns can be distinguished. 

This, however, is not common. 

Similarly, the bundle of nerve fibres 

-aich enter the ganglia may run a more or less de- 

1nite course, while again they interlace with one 

mother in a most complex fashion. The terminal 

branches of fibres of extrinsic origin which termi- 

nate within a ganglion ramify among the ganglion 

cells and form an intercellular plexus of fine 

fibres. 

The dendrites are of two types: - 

(1) long dendrites which penetrate the cell 
capsule and ramify widely in the in- 
terstitial connective tissue. 

(2) short dendrites, the majority of which 
ramify intercellularly. 

While an extrinsic fibre may come into 

functional relationship with more than one ganglion 

cell, yet it has never been shown definitely that 

one/ 
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one ganglionic cell comes into relationship with 

another ganglionic cell (i.e.) the dendrites of 

the cell are only in relationship to the extrinsic 

fibres not to any intrinsic ganglionic fibres. 

This has an important feature in that it 

means that the autonomic ganglia are only nerve 

cell centres, not centres wherein reflexes can 

occur. If the ganglion is deprived of its conne- 

tion with the central nervous system it is func- 

tionless. This statement is not true for the 

ganglion cells i n the wall of the alimentary canal 

and it was this and the resulting different physio- 

logy of these ganglia which led LANGLEY to classi- 

fy them in a different group from the sympathetic 

or parasympathetic. 

In man, the ganglionic cells are multi- 

polar, although bipolar and unipolar have also 

been described in the ciliary ganglion. In size 

and form they vary widely; they may be angular 

and not definitely elongated, again they may be 

both flattened and elongated. The position of the 

ganglia seem to determine the shape of the indi- 

vidual sells. According to SPIEGEL & ADOLF 

(1! (19`2) their size varies from 20 -65 microns. 
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THE INTERNAL STRUCTURE,. 

A short account of the internal structure 

of the ganglion cells seems to be relevant here, as 

a knowledge of the normal is essential before the 

pathological changes can be discussed. Unfortunate- 

ly the methods for showing up the internal structure 

of cells are strictly limited and the pathology 

which has been carried out by research workers so 

far, appears to have been mie(ireeted, as I can 

find no reference in the literature to histological 

studies carried out on ganglia removed from patients 

suffering from an obvious defect in the autonomia 

nervous system such as Raynaud's Disease, inter- 

mittent claudication etc. All the pathological 

studies have been on tissue from persons who have 

died from chronic wasting disease, acute febrile 

infections and traumia lesions. 

INTERNAL STRUCTURE. 

(1) NBUROFIBRILS. 

According to CAJAL (13) the neurofib- 

rillar substance in the majority of the autonomic 

ganglion cells in mammals consist in a perinuclear 

network which is fairly compact and a peripheral 

network/ 



18, 

network which is less compact. Occasionally, but 

not usually, there can be seen interlacing fibres 

which connect the two. The peripheral network in 

some Yells can be seen extending both into the 

axons and the dendrites. The arrangement of these 

networks is very variable as shown by MICHAON 

Who attempted to classify the ganglion cells 

of mammals by the different configurations of the 

neurofibrillar substance. He also showed that they 

are not of homogenous structure, but vary in size, 

configuration and probably composition. The pre- 

sent state of knowledge prevents any conclusions 

being drawn from these findings. 

CROMIDIAI. SUBSTANCE. 

(romidiai substance is a common consti- 

tuent of the autonomic ganglion oeil. Like the 

neurofibrils it varies in amount, size of granules 

and position. In some cells it is perinuolear, in 

others peripheral and all stages of gradation be- 

tween the two are met. It appears about the 7th - 

8th month in foetal life; in the new -born it 

shows all the varieties of the adult oeil, while as 

the cell grows older or degenerates the ohromidial 

substancq,/ 
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eubetnace is said to aggregate into larger granules. 

The changes are more likely due to cell activity 

than to age as it is believed that there is a close 

relation between the chromidial substance and the 

activity of the cells. 

NUCLEUS. 

The nucleus of the autonomic ganglion cell 

is not distinctive. It is large, oval or rounded 

in outline, relatively little stainable substance 

except a nucleolus. It exhibits a reticular struc- 

ture in some specimens. The usual situation is 

more or less central, but peripheral nuclei are not 

uncommon. There is a definite nuclear membrane. 

Bi- nucleated cells although common in 

the sympathetic ganglions of rodents are not common 

in adult sympathetic ganglia of mammals. According 

to SPIEGEL & ADOLF (1920) bi- nucleated cells 

are not uncommon in young children, uncommon in 

middle age and rare in old age. LAIGNEL - LAVAMSE 

(1906) regarded those as reserve cells capable of 

division without further nuclear changes. The oc- 

currence of two cells within the one cellular cap- 

sule supports this view. 

AXOAS./ 
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AXONS. 

The axon commonly arises from an implan- 

tation cone or axon hillock whidh is free from 

chromidial substance. Neurofibrils may be traced 

from the cell body, through the axon hillock and 

down the axon for a variable distance. The majority 

of axons arising from the autonomic ganglion celle 

are slender unmyelinated fibres though myelinated 

fibres are not uncommon. The ratio of myelinated 

to unmyelinated fibres vary in the different verte- 

brates, and in the different species in the same 

clase. No data is available to indicate either the 

significance of myelinated fibres nor if they dif- 

fer functionally from the more common unmyelinated 

fibres. They are relatively more common, however, 

in the grey rami passing to peripheral nerves than 

to the plexuses supplying the viscera. 

Since the majority of autonomic ganglion 

cells are post-ganglionic neurones in visceral 

efferent chains their axons terminate in relation 

to the tissue elements innervated by them viz. 

muscle and gland (sells. 

The fibres supplying smooth muscle com- 

monly form plexuses around the fasiculi. Fine 

fibres/ 
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fibres arising from these. plexuses pass into the 

fasiculi run parallel to the muscle fibres, in rela- 

tion to whi cl. they end by means of delicate terminal 

nodules. 

The autonomic fibres supplying cardiac 

muscle also form plexuses around the fasiouli and 

end in a similar manner to those in smooth muscle. 

The node of termination of the fibres in 

skeletal muscle will be described under the innerva- 

tion of skeletal muscle. 

DENDRITES. 

The autonomic ganglion cells vary widely 

with regard to the distribution and morphological 

characters of the dendrites. The dendrites repre- 

sent extensions of the cell body. They are usually 

broad at the base and taper distally; branch fre- 

quently, are tortuous in their course, and exhibit 

varicositis throughout their length. Neurofibrils 

may be traced from the cells extending through the 

dendrites to their terminations. The character and 

distribution of the dendrites were used as a basis 

for classification of the autonomic neurones by 

T, C ., Cap: in 1896. Although his conclusions are no 

longer upheld, his work is of interest historically 

as/ 
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as it was the first attempt r) a norphological 

basis to distinguish the cells physiologically. 

His first type included neurones with numerous 

small branching dendrites. Those he regarded as 

efferent in function. His second type included 

neurones with relatively few but long slender den- 

drites which branched sparingly and passed out of 

the boundaries of their respective ganglia and 

which he thought were sensory. Numerous other work- 

ers have attempted to classify the ne'rnres with 

regard to their dendrites, (CAJAL, 1905; micaiAmoN 

1911; MIJLLER, 1924; PINES, 1927) but the results 

f all these attempts only emphasize the variability 

and add little to the knowledge of functional rela- 

tionship of the cells. 

As previously stated, although 1v. ., 

(1905) among others, statesthat they have found den- 

drites of one autonomic ganglion cell coming into 

relationship with another ganglion cell, the bulk of 

histological evidence Bhows that there is no rela- 

tionship between the cells of the ganglion. 



23 

C HAP TER II. 

GENERAL AL PHYSIOLOGY OF THE ILUTONOMIC 

NERVOUS SYSTEM. 

A. FUNCTIONAL CONNECTIONS of the AUTONOMIC 
NERVOUS SYSTEM with the CENTRAI, 

NERVOUS SYSTEM. 

Although the nervous control and regula- 

tion of the vital functions of the body are carried 

out through the autonomic nervous system, this 

system is in no way functionally independent of the 

central nervous system. The preganglionic fibres 

have been shown to be analagous to the intercalated 

neurones in the spinal cord, and without the presence 

of the ganglion neurones cannot function. 

LAGENDORFF (lb) (1901) and LADY & ANDERSON (17 ) 

(1904) demonstrated this when they excised the 

superior cervical sympathetic ganglion and anastom- 

osed the preganglionic and post -ganglionic fibres 

at operation, but no functional regeneration occur- 

red. 

The 
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The autonomic ganglion cells are anala- 

gous to the anterior horn cells and just as these 

cannot function without the intercalated neurones so 

the ganglionic cells cani,ot function if the pregan- 

glionic fibres are divided. The exception to this 

is the independent action of the myenteric plexuses 

of the alimentary canal. 

PIl-YSIOLOGICAl SIGNIFICANCE OF GANGLIONIC 
vE RONES. 

The first fact to be considered in this 

respect is that a preganglionic fibre comes into 

functional relationship with more than one neurone. 

The exact number varies probably with each fibre, 

but that they are numerous was shown by 3ILLINGSI3Y 

& R1NSON (1n) who found the ratio of preganglion- 

.e and post- ganglionic fibres in the superior cer- 

vical sympathetic to be 1 :32. This widespread 

synaptic relationship may be regarded as an adap- 

tation to bring about a relatively diffuse effect 

to a single visceral efferent impulse and also to 

correlate the functions of the areas supplied by 

different fibres of the autonomic nervous system. 

The autonomic ganglia are essentially 

and/ 
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and only relay stations in the visceral efferent 

pathways for although SCHULTZ (1900) observed that 

effective stimulation of post -ganglionic fibres re- 

quires a stimulus of greater intensity than pre - 

ganglionic fibres and (1926) showed that 

post -ganglionic and preganglionic required different 

strengths of FtiRRADIC current to produce stimula- 

tion, no evidence can be obtained which seems to in- 

dicate that impulses are modified quantitatively by 

passing through a ganglion. 

Impulses cannot arise in the ganglion 

itself for no afferent neurones make synapes there. 

Indeed there are no afferent neurones belonging to 

the autonomic nervous system. The afferent part of 

the autonomic reflex consists of both visceral and 

somatic afferent components of the cerebrospinal 

nerves. 

Again the myenteric plexuses of the alimen- 

tary canal offer an exception to this general state- 

ment. 

B. THE/ 
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3. THE ANTAGONISTIC ACTION OF SYMPATHETIC A.ND 

PARASYN:PATHETIC N -RUES. 

The ;.ntagonistic action of the sympathetic 

and parasympathetic fibres has been long known. It 

was on this more than on the different anatomical 

distribution that led L'1NGLEY to classify the au- 

tonomic nervous system into sympathetic and para- 

sympathetic. The distribution of the sympathetic 

fibres throughout the body is fairly well establishe, 

but that cannot be said for the parasympathetic. 

The action of the sympathetic nerves 

throughout the body are not the same. For while 

stimulation of them causes vaso-constriction it also 

causes inhibition of gut movement. On the other 

hand, stimulation of the parasympathetic causes vaso- 

dilation - nd increased peristalsis. The dual inner- 

vation o internal organs such as the heart, lungs 

and viscera lead to the hypothesis that every struc- 

ture in the body which received sympathetic nerves 

also received parasympathetic. This almost seems 

essential to explain certain physiological phenomena, 

but no anatomical evidence has come forward to sup- 

port it. Thus there is at present no known pathways 

whereby/ 
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whereby all the blood vessels in the body receive 

parasympathetic fibres,and the sweat glands which 

receive a profuse supply of sympathetic fibres have 

never been shown to have a parasympathetic supply. 

Therefore it cannot be accepted as yet that every 

structure in the body receives both parasympathetic 

and sympathetic nerves. 

In the alimentary canal the sympathetic 

and parasympathetic nerves contain both types of 

fibres, for stimulation of the sympathetic causes 

not only relaxation of the gut (inhibition), but 

also closure of the sphincters (excitation) while 

stimulation of the parasympathetic causes increased 

peristalsis (excitation) and relaxation of the 

sphincters (inhibition). This is probably the best 

example of the antagonistic action of the parasym- 

pathetic and sympathetic and the necessity of the 

maintenence of a perfect balance between the two 

sets of fibres. 

The close analogy between this and the 

crossed innervation of somatic muscles is very stril- 

ing. In the somatic muscles, for movements to be 

carried out perfectly not only have the actual 

muscles used in the movement to be excited but their 

antagonists/ 
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antagonists have to be inhibited. So it is with 

the structures supplied by the autonomic nervous 

system. Increased tone in the sympathetic means a 

decreased tone in the parasympathetics and vice 

versa. 

REGUI, ',TION OF AUTONOMIC FUNCTION THROUGH 
HI IaR CENTRES. 

Although the nervous reactions mediated 

through the autonomic nervous system is essentially 

reflex, yet it is well known that there are higher 

centres mainly situated in the hypothalmus and 

wall of the 4th. ventricle. 

It would appear that these centres are 

superimposed on the lower autonomic mechanisms over 

which they exercise a regulatory influence and thus 

play an important role in the general functioning 

of the visceral organs. As would be expected this 

control seems to be greater in the mammals and birds 

tan in the lower vertebrates. 

It does not seem relevant to discuss this 

aspect and I only intend to give a list of the func- 

tions which have been proved by experimental evidence 

to/ 
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to be controlled by centres in the diencephalon. 

(a) Control of the smooth musculature of the 
eye. 

(b) Temperature regulation. 

(c) Vaso- motility. 

(d) Secretory activity of the salivary, 
lacrimal, sweat, sebaceous and other 
glands. 

(e) Water elimination. 

(f) Carbohydrate and protein metabolism. 

(g) Trophic regulation of the skin and subcuta- 
neous fatty tissue. 



CHAPTER III. 

INNERVATION OF BLOOD VESSELS. 

The nerve supply to the blood vessels con- 

tain both afferent and efferent fibres. The affe- 

rent fibres distributed to the blood vessels are com- 

ponents of the sensory cerebrospinal nerve roots... 

The efferent are mainly sympathetic with possibly 

parasympathetic fibres, the former being vaso-con- 

strictors, the latter vaso- dilators. The large 

vessels of the trunk, (i, e.) the aorta and inferior 

vena cava are supplied directly by the autonomic 

fibres nearest them, in the thorax from the sympathe- 

tic ganglia and cardiac plexus, in the abdomen by 

rami from the plexuses along the aorta. The ves- 

sels in the head and neck are supplied mainly from 

the cervical sympathetic ganglion. The vertebral 

artery is supplied however, from the inferior cervi- 

cal ganglion and rami from the 2nd. thoracic gang- 

lion* 

It is with the supply to the peripheral 

vessels that we are most interested. The older 

anatomists/ 
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anatomists were conversant with the fact that the 

peripheral arteries are joined by nerves along their 

route. GOERING in 1836 described the supply as 

vascular rami which arise from somatic nerve trunks 

at an acute angle, join the blood vessels, especially 

at points where the latter divide, and spread out in 

the superficial layers of the vessel walls. FREY 

(1874 -1876) stated definitely that the blood vessels 

are supplied by the nerves nearest them. KRAMER & 

TODD (1914) corroborated these results and gave a 

very detailed account of the nerve supply to the 

upper extremity. Notwithstanding this evidence 

and arising from results obtained at operations es- 

pecially by LERICHE and his co- workers it was main- 

tained that the sympathetic nerve supply to the ves- 

sels passed by means of long fibres running the en- 

tire length of the vessel, (i.e.) fibres to the lower 

limb arose from the lumbar ganglia became included 

in the plexus around the common and external iliac 

arteries and passed via the femoral artery to a more 

peripheral distribution. HIRSCH (20) (192 5) with 

careful dissection under moderate magnification of 

silver impregnated arteries showed that this assump- 

tion was entirely unwarranted, for not only were there 

no/ 
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no long fibres, but even a plexus derived from the 

aorta running for any length along the common iliac 

artery could not be demonstrated. The external il- 

iac is supplied by branches from the genito- femoral, 

the femoral by branches from the femoral, and saphe- 

nous nerves and the other arteries by-their accom- 

panying nerves. (FIG.VI) HIRSCH rightly main- 

tains that, if there were any long fibres of any num- 

ber, they would have been demonstrable by the techni- 

que he used. The findings of HIRSCH not only 

shows that the peripheral arteries are supplied by 

the the nerves nearest them, but also that the sup- 

ply is far greater than was thought and that this 

supply is maximal to the smaller unnamed arteries and 

arterioles. The branches of the nerves contain both 

myelinated and unmyelinated fibres and it is legi- 

timate to suppose that they are sympathetic and sen- 

sory cerebro- spinal in origin. 

DISTRIIUTIOP?/ 
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D TRIBUTION of NERVE FIBRES in the VESSEL WALLS. 

The nerves of the arteries and veins are 

arranged in a more or less definite manner in the 

vessel wall. MICHAILOW (21) (1908) described 

three plexuses: - 

(i) "Adventitial" plexus situated in the ad- 
ventitial coat. 

(ii) "Border" plexus situated between the ad- 
ventitia and the media. 

(iii) "Muscular" plexus situated in the media. 

Certain other investigators have not recognised a 

border plexus, nor do they think it correct to con- 

sider nerve fibres in the media as forming a 

plexus. However, they all agree that both the ad- 

ventitia and the media contain nerve fibres. No 

nerve supply to the intima has been described. 

ADVENTITIA. 

According to HIRST (22) (1926) slen- 

der rami arising from the somatic nerves pass to- 

wards the vessel. Having reached the surface of 
the vessel wall they run but for a short distance, 

if at all, along it before entering the adventitia. 
They are usually in close relationship to the vasa 

vasorui/ 
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FIG. VII. (By courtesy of Prof. Fraser) 

The distribution of nerve fibres in the 

adventitial coat, 



vasorum, but this is probably rather a convenient 

pathway of entrance than a functional relationship, 

Having penetrated the adventitia the rami break up 

into larger or smaller bundles which run longitudi- 

nally in t he outer coat, the majority of fibres run- 

ning distally and the others proximally. (FIG.V1I) 

The fibres are partly myelinated and part- 

ly unmyelinated. These fibres form a plexus in 

which the, fibres are more profuse in the peripheral 

portion than towards the media, This increase is 

due to the larger myelinated fibres which are in 

greater abundance in the outer layer of the adventi.- 

tta, than in any other part of the vessel wall. 

Fibres arising from the plexus pass into the media., 

MEDIA. 

The fibres in the media are described as 

forming an encircling plexus around the vessel, 

They are derived from_ two sources. 

(l) Fibres from the plexus in the adventitia, 

(2) Extrinsic fibres which pass through the 
adventitia, without coming into rela- 
tionship wiht the plexus there, 

The fibres in the media are less numerous that in 

the adventitia, but there is a relatively larger 

proportion/ 



Flu. 311.- Drawing from a longitudinal section of the radial artery of a dog after 
degeneration of t. he spinal-nerve fibers following section of the dorsal and ventral 

nerve mots distal to the spinal ganglia, showing the distribution of sympathetic 

fiber in the advontitia and media. Nerve fibers indicated by black lines. (Kerner.) 
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proportion of fine unmyelinated fibres. 

The differentiation of these fibres into 

sensory cerebro- spinal and sympathetic was carried 

out by KERPER in 1927. By cutting the dorsal 

nerve roots of the nerves silppiying the limb and exa- 

mining the arteries after an interval of 5 weeks or 

longer when degeneration of the peripheral cerebro- 

spinal afferent fibres would be complete he found 

that the number of fibres in the adventitia were re- 

duced, but that the nerve supply to the media was ap- 

proximately unchanged. (FIG.VI Ia) The fibres which 

had disappeared from the adventitia were the larger 

myelinated fibres. On another set of animals he 

extirpated the sympathetic ganglia which supplied the 

hind limb. Examination of the arteries (pyridin 

silver impregnation method was used) after the appro- 

priate interval showed that there were practically 

no nerve fibres in the media while the majority of 

unmyelinated fibres in the adventitia had disappeared. 

Furthermore the myelinated fibres were mainly found 

in the superficial layers of the adventitia, the 

unmyelinated in the deeper portions. (FIG. VIIIb). 

From KERPER'S work it would appear that 

the blood vessels receive two sets of fibres mye- 

linated/ 
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myelinated and unmyelinated. The myelinated are 

mainly concerned with the innervation of the super- 

ficial layers of the adventitia and are components 

of the different sensory cerebro-spinal nerves. 

The unmyeiinated innervate the deeper layers of the 

adventitia and the media and are derived from the 

sympathetic ganglia. 

KERPER also records another extremely 

important observation in the same paper. In a 

third set of experiments he:- 

(1) ligated the femoral and brachial. arteries, 

(2) removed both the sympathetic ganglia and 
the appropriate nerve roots supplying 
the hind leg in animals. 

Where he had ligated, the vessels were only devoid 

of nerve fibres for a very short distance below 

the ligature, but where he had removed both afferent 

cerebro-spinal nerves and sympathetic nerves no 

nerve fibres could he demonstrated at all. This 

work only needs to be corroborated to explode once 

and for all the theory of long efferent fibres 

arising from the paravertebral plexus as a means of 

supply of sympathetic fibres to the peripheral blood 

vessels. 

With regard to the presence or not of 

ganglions c/ 
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ganglionic cells within the vessel wall this question 

can be definitely answered. In arteries, other than 

the aorta and internal carotid, no ganglion cells 

exist either superficial to or embedded in the ad- 

ventitia. None, of course, occur in the media. 

Ganglionic cells have been described in 

the superficial layers of the adventitia of the 

aorta, but, _if the aortic plexus ganglion cells are 

normal constituents and the cells which have been 

described as lying in the adventitia are probably 

cells which are related to the plexus which lies 

just superficial to it rather than to the nerve fi- 

bres supplying the actual vessel wall. 

DISTRIBUTION OF NERVE FIBRES TO CAPILLARIES. 

Capillary blood vessels are quite gener- 

ally accompanied by unmyelinated nerve fibres which 

either run singly or in small bundles. These fibres 

run in close proximity to the vessels, but actual 

points of contact have been described by relatively 

few investigators. A functional innervation of 

capillaries has, in recent years been generally con- 

ceded, partly by reason of observed anatomical re- 

lationship of nerve fibres and capillaries, but more 

especially/ 
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especially by reason of the normal physiological 

behaviour of capillaries and their responses to 

sympathetic stimulation, 

STOHR Jr. (24) (1926) investigated anew 

the nerve supply to capillaries and he believes 

capillaries receive a supply of fine unmyelinated 

nerve fibres. These fibres run in fairly close re- 

lationship to the vessel though not in actual con- 

tact with it for any considerably distance. Here 

and there the fibres seem to come in direct con- 

tact and where that occurs they become more spread 

out and less closely aggregated forming a flattened 

area. In addition, nerve fibres can be demonstrated 

terminating in contact with the capillary endothe- 

lium. He still maintains however that the capil- 

laries of the central nervous system have no nerve 

supply. The nerve fibres accompanying the capil- 

laries are derived in part from the nerve plexus 

associated with the arterial branches from which the 

capillaries arise and in part from nervea which 

ramify in the adjacent tissue, 

What are the functions of such fibres? The 

capillary wall contains no contractile tissue simi- 

lar to arteries and veins. KROGH (25)(1922) 

shored, 
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showed that in ,-wimpy, hi a the Rouget cells which 

were constant constituents of the capillary vessel 

wall could cause diminution in the lumen by their 

contractile power and stated that these cells were 

under the influence of vaso =constrictor substances 

such as adrenaline and also receive a sympathetic 

nerve supply. Several other later workers, how - 

erer, have shown that the Rouget cells are not 

necessarily essential constituents of the capilla- 

ries in mammals and KROGH'S merely assumed that 

the fibres in relation to the capillaries were 

sympathetic without any anatomical proofs. That 

they are sympathetic is suggested by the fact that 

they are unmyelinated and are finer in calibre than 

the fibres considered afferent i -n the arteries in 

vein. Furthermore KUNTZ (1927) found that they 

were still present following resection of the ven- 

tral and dorsal nerve roots. 
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C HAP TER IV. 

PHYSIOLOGY of the 1 RVES to the BLOOD V_ ' -EL 3 . 

The functional control of blood vessels 

depends in part on nervous influences, and in part 

on the effects of hormones and other substances 

carried in the blood.. The calibre of the blood 

vessel plays an im_'ortant role in the functional 

state of the tissue or organ by reason of its effect 

on the rate Of interchange of substances between the 

blood and tissue elements. When the activity of an 

organ is increased, vaso- dilation of the vessels 

occurs, when resting, the calibre of the vessels 

decreases. To what extent these changes depend on 

nervous influences a__d to what extent they "repres- 

ent the direct effect on the blood vessels of 

products of metabolism arising by reason of the 

activity of the organ" is not _mown. The vascular 

dilatation effects the capillaries more than the 

arterioles in this "activity dilatation ", and since 

the capillaries are less af_ected by nervous in- 

fluences/ 
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influences than the arterioles, the changes in 

calibre which they undergo under normal physiolog- 

ical conditions are probably quite independent of 

nervous origin: 

This dilatation on the part of the blood 

vessels in an area of activity calls for a redis- 

tribution of blood throughout the body, should the 

active area be of any considerable size such as the 

limbs in movement or the splanchnic area during 

digestion. The redistribution is brought about by 

the constriction of vessels in the parts of the 

body at rest. The sympathetic system is the means 

whereby this constriction is brought about. It 

may be said that the nervous influence, on the blood 

vessels,of the autonomic nervous system is:- 

i. Vaso- constriction via the sympathetics. 

ii. Possible vaso- dilation in some areas by 
parasympathetics. 

The chemical influence is:- 

(1). Vaso- dilation by metabolites. 

(2). Vaso- constriction by internal secre- 
tions. 

The distribution of the blood in the body 

according to its needs is carried out by vaso -dila- 

tion by the metabolites & by vaso- constriction by the 

sympathetics/ 
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sympathetics nervous system. The vaso- constrictor 

action of the sympathetic nervous system is poten- 

tiated by the presence of the vaso- constrictor 

hormonic substances, especially adrenaline, in the 

blood. 

Another phenomenon which is directly 

traceable to the activity of the vaso- constrictor 

nerves is the reaction to the external environment 

with regard to the loss. If the body is placed in 

a temperature of 70 °F there is a fall in skin tem- 

perature. The skin over the abdomen falls 2 - 4 °F 

while that over the sole of the foot 9 -10 °F. This 

fall in temperature is due to.a reflex constriction 

of the blood vessels to prevent loss of heat from 

the surface of the body. When the temperature of 

the external environment is raised to almost body 

heat, the temperature of the skin throughout the 

body rises similarly. If we discount for the present 

the possibility of vaso- dilator fibres, we may say 

the external cold produces an increased tonus of the 

sympathetic nervous system, heat a decreased tonus. 

It is interesting to note the increased 

reaction in the skin of the limbs as compared with 

that/ 
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that over the abdomen. The explanation of this is 

that (1) The heat produced by the viscera in the 

abdomen maintains the abdominal skin temperature at 

a higher level. (2) There is a greater supply of 

vaso- constrictor nerves to the vessels of the extre- 

mities. 

Whatever the explanation may be, these 

facts show that the skin of the limbs play a much 

more important part in regulating heat loss than 

was previously supposed. 

The sympathetic nervous system has always 

a certain tonus and this is well illustrated in 

relation to the blood vessels. If the appropriate 

ganglia are removed (e.g. Lumbar 2nd. - 4th. for 

the lower extremity) a vaso- dilation in the peri- 

pheral blood vessels occurs. This control can be 

affected, as has been shown, by intrinsic reflexes 

e.g. activity in certain organq.& extrinsic reflexes 

in its reaction to heat loss, etc., but it can also 

be affected by the emotions. Shame produces a 

vase- dilation which is local i.e. blushing, worry 

produces a general peripheral vaso- constriction. 

The vaso- constrictor fibres which arise 

from/ 
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from the 2nd. Thoracic (1st. Thoracic) to the 2nd. 

Lumbar (3rd. Dunbar) are controlled by a vaso -motor 

centre situated in the medulla, and it is by means 

of this centre that the distribution of blood and 

the nervous regulation of the heart is controlled 

and co- ordinated with the other functions of the 

body. 

As has been previously stated, resection 

of the sympathetic nerves leads to a vaso- dilatation 

of the peripheral blood vessels. After an interval 

which varies in different animals, these vessels 

regain a certain amount of tonus and diminish in 

calibre. The time interval is too short for this to 

be explained on regeneration of the cut nerves. 

Since there are no ganglion cells along the walls 

of peripheral arteries, it must be assumed that the 

musculature of the vessels develop a certain degree 

of tonus in the absence of nervous influence. This 

probably involves a reaction of the arterial muscula- 

ture to vaso- constrictor substances in the blood. 

303111:.E (26) (1925) showed that if only the pre- 

ganglionic fibres are cut, leaving the ganglia and 

the afferent neurones intact, this tonus was more 

promptly 
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promptly regained. This lead SCHIFF (l`)2ó) to pos- 

tulate a ganglionic influence in the absence of pre - 

ganglionic fibres, but it must be remembered that 

adrenalin acts on the neuro- muscular junction of the 

sympathetics, and is therefore more likely to be 

effective in the case where the preganglionic fibres 

are cut, for then post ganglionic fibres do not 

degenerate, than in the case where the post- ganglion- 

ic fibres and their terminations in the muscles have 

degenerated following removal of the ganglia. 

The tonus regained after removing the 

sympathetic nerve supply is never so great as is 

present in the normal vessels. 

&part from the reversed action of the 

sympathetic nerves in the presence of certain dilu- 

tions of adrenalin and in excess of calcium, there 

are two exceptions to the, "rule " that sympathetic 

nerves are vaso- constrictors. These are the coron- 

ary and pulmonary vessels. The old teaching regard- 

ing the nerve supply to the coronary vessels was 

that the amount of blood circulating through them 

was controlled by the pressure in the ascending 

aorta. Therefore, when the pressure was low and the 

activity of the heart was diminished a reduced amount 

off 
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of blood flowed through the coronary arteries. The 

coronary flow was in direct proportion to the blood 

pressure in the aorta. From a physiological stand- 

point it was impossible for the increased sympath- 

etic tonus that caused an increase in the cardiac 

activity to cause at the same time a constriction 

of the coronary vessels. For that would mean a 

diminution in blood supply as the activity of the 

organ increased. However, it was shown histologi- 

cally that the coronary vessels obtained a very 

rich supply of sympathetic fibres from the cardiac 

plexus in addition to parasympathetic fibres from 

the vagas. 

The functions of these nerves were un- 

known until ITRLP in 1924, working with the 'heart - 

lung' preparation in dogs, showed that stimulation 

of the sympathetics caused an increased coronary 

flow which was independent of the aortic blood pres- 

sure, while vagal stimulation produced a diminution 

in the coronary flow. That is, the sympathetic 

nerves to the coronary vessels are vaso- dilators 

in function, while those of parasympathetic origin 

are vaso- constrictors. A similar result can be 

shown for the pulmonary vessels. 

Taking/ 
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Taking the organism as a whole, these 

results are what one would expect, for increased 

sympathetic tonus usually means increased activity 

on the part of the cardiac and respiratory systems, 

while decreased vagal tonus means a decrease in 

their activities. In addition, it adds interesting 

light to the theory promulagated by G. SKELL in loo, 

who stated that the autonomic nervous system really 

consisted of one part, and that it was the develop- 

ment of the nerves to the limbs' buds which divides 

it up into three anatomical entities, cranial, 

thoraco - lumbar, and sacral. 

VASO- DII,.TOR FIBRES. 

That vaso- dilator fibres are present both 

in the cranial and sacral parts of the autonomic ner- 

vous system has been definitely proved, but evidence 

that every vessel receives vaso- dilator fibres has 

not been forthcoming. That some vessels, apart 

from those supplied by the parasympathetic system 

have vaso- dilator fibres has been shown. If the 

sciatic nerve is cut and sufficient time given for 

the sympathetic fibres in it to degenerate, stimu- 

lation of the peripheral end produces vaso- dilation. 

This/ 
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This has not been universally accepted as proof that 

there are specific vaso- dilator fibres. BW1IS3 

and STARLING among others, consider it to be more 

of an antidromic reflex coincident With the peripher- 

al sensory distribution. 

The only anatomical evidence lies in the 

work of KURE et al (27) (19E8), who found that if 

the dorsal nerve roots of the 6th. and 7th. lumbar 

nerves in a dog were divided between the spinal 

ganglia and the spin_a4 cord, certain fine myelinated 

fibres did not degenerate. These fibres seemed to 

to lam. ve their origin in the intermediate cell tract 

of the spinal cord. 

Our knowledge concerning the vaso- dilator 

nerve fibres is too scanty at the present for any 

Lefinite statement to be made with regard to their 

physiological significance. That they have any 

pathological importance is extremely doubtful. 



CHAPTER vg. 

INNERV.iiT :Z ON JÄ 

EX_TRINSIC NERVES. 

OESOPHAGUS. 

THE I' 4tiiii CANAL. .i 

The oesophagus receives a profuso para - 

sympathetic supply, from the vague via the recurred 

laryngeal nerve to the cervical portion, and direct- 

ly from the vagi to the thoracic portion, where the 

nerves come in close relationship to the oesophagus. 

In the lower portion, branches from the two vagi 

overlap. 

That the oesophagus recives a sympathetic 

supply is more doubtful. POTTINGER (28) states 

that the oesophagus receives only vagal fibres, 

While KUNTZ (1929) states that it receives,!n ad- 

dit Ion , snpatheti d fibres, mainly from the inferior 

cervical ganglia, but also from the superior cervi- 

cal and thoracic rami. 

CARDI A 1/ 



CARDIAC SPHINCTER, 

The Cardiac Sphincter receives both vagal 

and sympathetic fibres. 

STOMACH. 

The stomach is also supplied by both the 

vague and sympathetic nerves. The vagal supply is 

distributed generally over both surfaces, the left 

vague supplying the anterior surface, the right 

mainly the posterior. In the pre-pyloric portion 

a very free anastomosis takes place between the 

two nerves. 

The sympathetic distribution is more 

marked in the lower portion of the stomach than in 

the upper, the fibres being derived from the coeliac 

plexus. 

TH 3 SMALL INTESTINE. 

The small intestine receives both vagal 

and sympathetic fibres. 

The vagua fibres are mainly derived from 

the right vague through the division of that nerve, 

which joins the coeliac plexus. The sympathetic 

fibres/ 



fibres are derived from the coeliac and eup)rior 

mesenteric plexuses. Both fibres enter the small 

intestine through the m:. fente ie nerves which, in 

general, accompany the mmenteric arteries. The 

vagus and sympathetic fibres can be distinguished 

by their calibre and by their distribution in the 

intestinal wall. The vagal fibres, after leaving 

the coeliac plexus, form branches, run either free 

in the mesentry or with the larger blood vessels, 

but have no e sential connection with them, pene- 

trate the subserosa and longitudinal muscle layer, 

and enter the myenteric plexus. The sympathetice 

are also in relationship to the vexe s, but some 

of their fibres anastomose in the adventittal coat 

of the arteries, the others passing into the in- 

testine. The distribution in the intestine is 

twofold. Firstly, in the subserous coat; these 

are probably visceral afferent fibres. Secondly, 

in the longitudinal and circular coats. 

I,ARGW 
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LARGE INTESTINE. 

According to POTTINGER the caecum, 

ascending colon, transverse colon, descending colon 

and pelvic colon, receive only a sympathetic nerve 

supply, derived from the inferior mesenteric plexus. 

The rectum and anal canal receive both a parasympa- 

thetic and sympathetic; the sympathetic from the 

hylogast.ric plexus, the parasympathetic froid the 

nervi erigentes. 

KUI TZ, however, states that the sympathe- 

tic nerve supply to the large intestine is by the 

superior and inferior mesenteric plexuses, the 

superior innervating as far as the transverse colon 

the inferior nìeeenteric in conjunctior: with the 

pre - sacral nerve the remainder. 

The vagus innervates the large intestine 

as far as the descending colon, via fibres which . 

pass in the superior mesenteric, and from fibres 

of the coelial plexus via the inferior mesenteric. 

The remaining portion of the large intes- 

tine receives parasympathetic fibres from the 

nervi erigentes. 

INTRTNSI CV 
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The third divieion of the autonomic ner- 

vous system consists of the intrinsic neávee of 

the alimentary canal. It consists of two plexuses, 

(1) the myenteric plexus, situated between 
the longitudinal and circular muscular 
layers, and, 

(2) the eubmucous plexus, situated in the 
eubmucosa. 

Both the uyenterá c and the submucous plexuses con- 

tain numerous ganglion celle which are intimately 

connected with each other by nerve fibres. These 

nerve fibres are mainly made up of fibres arising 

from the cell e in the ganglia, but also contain 

extrinsic fibres. Vagus fibres (pre -ganglionic) 

terminate in relationship to the ganglion celle 

which are really the post -ganglionic neurones cf 

the parasympathetic nerves. The sympathetic: fibres 

on the other hand are post -ganglionic fibres. They 

make no synaptic connection with enteric nervous 

system, but terminate directly in relation to the 

tissue valich they innervate. 

The two plexuses are made up largely of 

unmyelinated fibres which vary in size. Anaetomos 

irg fibres pass freely between the two plexuses. 

Thef 
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...Ilea a vines In the email intestine of anew-bore rabbit method of de Cum m1. 
IUthedne J. 11111.) Cap.. rnVillnrY: e0.. epilhelinl MI; Lett. tetnritml bmurlt of it 
name fiber between epithelial m11e:.e1J., etllepilhrlinl pleait. 

FIG. IX. 



The ganglia are located at nodal points 

in the meshwork of fibre bundles. They vary both 

in size and in the number of their constituent neu- 

rones, conforming, in general, to the intermuscular 

spaces which they occupy. 

This enter .le nervous system stretches 

from the oesophagus to the anal canal, and, while 

conforming generally to the above description, 

vary somewhat in their morphological features in 

the different situations. 

Perhaps the most important difference 

lies in the oesophagus. Here the entire nervous 

is not so well developed as elsewhere, con- 

sisting entirely of +«.ranching interlacing fibres. 

There are no ganglionic cells. 

There is an ever -increasing colume of 

Physiological data, the interpretation of which 

seams to require the existence of local reflex 

mechanisms, but anatomical studies have failed to 

produce any positive evidence for the presence of 

afferent enteric neurones. 

Many workers, among whom are DOGI J, 

(1896) , MULLER, (1904) K_UNTZ, (1922) and HILL, (1926) 

have described fine nerve (FIG,Ix.) fibres termina- 

ting between the celle of the intestinal epithelian 

Many/ 



Many workers have c]aimed to have traced connec- 

tions between these and the enteric plexisee, but 

on thi.e point there has never been any definite evi- 

dence. There are three posehlc or1gine of these 

fibres:- 

(1) afferent fibres of extrinsic nerves, pro - 
bably vague. 

(2) dendrites of the ganglion cells of the 
eubmucosa plexus. 

(3) axons of afferent neurones which come into 
synaptic relation with the submucous 
and myenteric plexuses. 

Which of the three, or combination of the three, is 

the true interpretation cannot be decided, and so 

the anatomical proof ofa local enteric reflex arc 

muet be left undecided. 

A casual etudy of these plexuses gives a 

picture Which is very similar to the nerve net 

which is present in the lower animals, and this, in 

part, lead to the nerve net theory. This was first 

described by B THE in 1903 and supported by 

R. MULLER in 1908. C. MULLER in 1921, however, 

stated that in mammals the enteric nervous system 

was made up in part of neurones and in part of 

IIerve nets. Further work, however, failed to con - 

firm this, and the view generally held now is that 

in mammals, at least, the enteric nervous system 

consiste entirely of neurones which come into synap- 

tic relationship with each other, and that there is 

no evidence to dhow that there are any synctial 

nerve nets_ 



CHAPTER VI. 

PHYSIOLOGY OF THE NERVES OF ALI1KFI NTARY CANAL. 

OFc.OPH h GLT S 3 

The oesophagus is different from the re- 

mainder of the digestive tube for it consists of both 

voluntary and involuntary muscle. The act of 

swallowing and of passing the bolus of food to the 

stomach is first a voluntary and then an involuntary 

movement. After passing the posterior fauces the 

act becomes involuntary and the reflex concerned is 

carried out entirely by the vagus nerve, The af- 

ferent chain varies in different animals, but usually 

as in man it is the superior laryngeal. The effer- 

ent chain is the vagus. The enteric nervous system 

plays no part in this as was shown as far back as 

1876 by MOSSO. He tra sected the oesophagus at 

various levels thus throwing out of action the in- 

trinsic but retaining the extrinsic nerves. Stimu- 

lation of the central end of one vague produced a 

reflex contraction of all the segments of the oeso- 

phagus, the impulse travelling by the intact vague 

nerved 



5? 

nerve. 

No result has ever been obtained by stimu- 

lating the extrinsic sympathetic nerves to the oeso- 

phagus and functionally speaking one may say that 

the oesophagus has only one nerve supply and that is 

parasympathetic via the vagus. 

CARDIAC SPHINCTER, 

The cardiac sphincter has both a sympathe- 

tic and a pare-sympathetic nerve supply, but the ex- 

perimental evidence as to their functions is not in 

full accord. The first difficulty is that in dif- 

ferent animals the relative amount of the two sets 

of fibres varies and secondly the results of stimu- 

lation vary according to the tonus of the nervous 

system. The true physiological response would ap- 

pear to be that sympathetic stimulation causes spasm 

of the sphincter while vagal st elation. causes inhi- 

bition. The presence of a. bolus of food in the 

oesophagus stimulates the vagus; this causes a wave . 

of peristalsis to pass down the oesophagus starting 

above the bolus of food while the segment below it 

is inhibited. When the bolus reaches the cardiac 

sphincter the sphincter relaxes and the food passes 

down/ 
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down. to the stomach. The sphincter closes again 

until the next peristaltic wave is set up in the 

oesophagus. The vagus, however, contains both motor 

and inhibitory fibres to the vagus as BARTSON 

(1922) showed. In high vagal or low sympathetic 

tone (i.e.) when the cardiac sphincter is open, 

stimulation of the vagus causes contraction, in low 

vagal or high sympathetic tone, the cardiac sphinc- 

ter is closed, vagal stimulation causes inhibition, 

During the period when digestion is in 

progress in the stomach the cardiac sphincter is in 

high sympathetic tonus. The mechanism whereby this 

is maintained is unknown 

STC?,ZA.CH. 

The study of intestinal movement is beset 

by many difficulties for there are no less than four 

factors to be considered. These are:- 

(1) the extrinsic nerves - parasympathetic 
and sympathetic, 

(2) the intrinsic nerves, 

(3) the different types of gut movement, 

(a) the segmentation movement. 

(b) true peristalsis (diastalsis). 

(c) the peristaltic wave. 

(4) the depth of anaesthesia. 

The/ 
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The differentiation of just how much one factor in- 

fluences another cannot be said. Each species of 

animal varies in its response to experiments and 

this further adds to the difficulty. 

With regard to the stomach, stimulation of 

the vagal fibres usually results in peristaltic move- 

ment with inhibition of tone of the pyloric sphinc- 

ter, whi le sympathetic stimulation produces inhibition 

of the gastric musculature and closure of the pylo- 

ric sphincter. Thus both the vagus and sympathetic 

nerves contain excitory and inhibitory, fibres. 

Paradoxical results have been obtained where vagal 

stimulation produces inhibition and sympathetic ex- 

citation. Furthermore, if all the extrinsic nerves 

to the stomach be excised the stomach will still 

continue to contract and relax with a co-ordinated 

opening and closing of the pyloric sphincter. Thus 

the stomach as regards its motor activity is an auto- 

matic organ; its automatic activity being carried 

out by reflexes arising within its own walls and de- 

pending upon the intrinsic nerves. These activities 

however, are normally regulated and controlled 

through the vagi and sympathetic nerves. 

INTESTINE,/ 
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INTESTINE. 

In general,,,-ague stimulation results in 

contraction of the intestinal musculature as far as 

the distribution of vagal fibres extends 13e. from 

the pyloric sphincter to the ileacaeca1 sphincter 

according to POTTING3R, but throughout the whole 

intestine, above the pelvic colon, according to 

KUNTZ. StimulatiOn of the nervi erigentes pro- 

duces peristalsis in the rectum and anal canal. 

This contraction as was shown by BAYLISS & 

STARLING in 1913 is preceded by a wave of inhi- 

bition. On stimulation of the vagus the wave of 

inhibition followed by contracture passed down as 

far as the iléocaecal junction and then ceases. 

Sympathetic stimulation causes relaxation 

of the intestinal musculature and closure of the 

sphincters. 

On results following stimulation of and re- 

moval of extrinsic nerves it wc-.z1 d seem that re- 

moval of extrinsic nerves upsets for a time being, 

the tonicity and mo-7ements of the intestine,, at re- 

covery to the norm,., condition sooner or later 

could be e: ÿ ected, therefore, as in the stomach we 

may/ 
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may say that the intestine is an automatic organ de- 

pending upon its enteric nervous system for its co- 

ordinated movements, but that normally to obtain a 

proper functional co- ordination between the differ - 

ent parts the extrinsic nerves are necessary, 



vß 

CHAPTER VII. 

AUTONOMIC INNERVATION OF SKELETAL MUSCLE* 

Perhaps of all the branches of the autono- 

mic nervous system the innervation of skeletal muscle 

by autonomic fibres is the most difficult to assess, 
for throughout the literature there are two widely 

divergent schools of thought* There is the :school 

which states that the fibres of skeletal muscle re- 
ceive in addition to the motor fibre-from somatic 

nerves an additional fibre from the sympathetic ner- 

vous system, on the other hang?, there is the 

school 7.naintains that the muscle fibres re- 
ceive only a somatic nerve supply* 

Before going on to discuss this question 
in greater detail let us dismiss the question of 

parasympathetic supply to muscle* For the present 
although one or two workers have reported the possi- 
bility, of parasympathetic fibres in muscle there is 
only one paper of any significance and it is that of 
KURE et el (27) (1928) referred to previously* 
Those workers found that on dividing the dorsal nerve 

roots central to the ganglia there remained fine 

nyel j na t ed/ 
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myelinated fibres which did not degenerate. They 

considered these to be parasympathetic origin, but 

whether they are to be regarded as vaso dilators or 

as a parasympathetic supply to the muscle fibres 

cannot be decided from their experiments. Indeed 

their work will have to be corroborated before the 

existence of these fibres have been proved. 

In 1.879 TSCH.IRIEW (29) described the 

presence of fine unmyelinated nerve fibres .which ter- 

minated in grapelike structures ( "Terxnin& _sa,.s_ an 

aup_ell in relation to the muscle fibres. HUBER 

& de WITT described the same, but decided they 

were of sympathetic origin and vasomotor in function. 

Further workers elaborated the study of these fibres 

without very much advance until BOEK.E (30) (1909) 

recognised in ckeeletal muscle the existence of a 

system of fine unmyelinated fibres which he consider- 

ed to be unrelated to myelinated fibres. He con- 

sidered that each and every muscle fibre received an 

unmyelinated nerve fibre which terminated either em- 

bedded in the granular sole -plate of the ordinary 

motor nerve ending or occurred as an independent ter- 

mination taking one of three forms end- rings, end - 

loops or end -nets. He considered that because of 

their/ 
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Fm. 58. -A, Sympathetic erve -fiber terminating on skeletal muscle fibers. 
(Redrawn from Boche and do Baronne.) B, Motor and plate and accessory -fiber 
termination on a skeletal muscle fiber. (Redrawn from Bocke: Ztschr. f. mikr. 
Anat. Forsch., 1927, vol. 8.) 

FIG. Xa. 
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their frequent association with the motor nerve 

e:di ngs that they were efferent in character. (FIG. 

X.a,). He nPmed this system the "accessory nervous 

sy;stee . In further papers (1911 -1913) he dis- 

cussed this system more fully and on the evidence 

of degenerative experiments definitely advanced . 

the opinion that they were sympathetic in origin. 

Although BOEKE in his latest survey of the whole 

question in 1927 still supported his earlier 

findings other workers have not done so. Many 

have described these fine unmyelinated fibres ending 

in skeletal muscle, but none have been able to show 

that every muscle fibre receives such a termination. 

Indeed nearly every worker has been struck by the 

scarcity of these fibres in preparations suitably 

treated to demonstrate them. This, however, may 

be due to technical difficulties. Silver impreg- 

nation methods have been universally used, but in 

those an even impregnation is difficult to attain, 

and only a small portion of any one muscle fibre 

can he examined, But even in those specimens 

where the impregnation has been excellent and a re- 

latively large fibre of muscle examined, few or no 

fibres have been demonstrated. 

in/ 
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In 1930 I carried out some work on the 

intercostal and leg muscles of oat and rabbit in 

order to demonstrate if possible sympathetic. inner - 

vation. The methods used were:- 

(a) 

(b) 

(1) 

Silver impregnation as used by BOEKE 
(1913). 

CAIRN'S modification of KULCHITSKY. As 
this later method is not well known and 
is the best cf all the teasing methods 
for demonstrating nerve fibres in muscle 
a detailed account of it is not out of 
place. 

Tease the muscle with glass rods into 
small pieces. (The muscle must be takes 
within ten minutes of death of animal) 

(2) Fix in three parts fresh filtered lemon 
i»ice, one part formic acid. S.G.1.22. 

(3) Place tissue on clean cloth and express 
fixing fluid by gentle pressure. 

(4) Transfer to 1% sold Chloride using just 
sufficient fluid to cover tissue. Keep 
in dark 10-15 minutes. 

(5) Repeat (3). 

(6) Transfer to '_5% formic acid for 24 hours. 
in dark. 

(7) Repeat (3) 

(8) Transfer to Glycerine and store in stop- 
pered bottles. 

Although the tissue can be axamined im- 

mediately within 24 hours of placing in glycerine, 

the impregnation of gold gradually increases up to 

two months. This is very satisfactory for mammalian: 

tissue,/ 



FIG. Xb. 

Motor nerve endings in muscle (eat inter- 

costal, CAIRN'S method). 



tissue, but is not so good for cold- blooded animals, 

The specific gravity of the formic acid 

must be '1.22 ar_d the 7o'd ^h? ̂ ride of British 

make. 

By th3 CAIRN'S method by gentle teasing 

of the muscle fibres a beautiful picture of deeply picture 

rotor nerve -endings was invariably ob- 

tained, Unmyel i noted fibres were extremely rare 

in over three hundred specimens examined. No 

trace of unmyeli_neted, fibres ending on muscle could 

be found. (FIG. X b & c).Where unmyelinated fibres 

were seen they were in close relationship to capii- 

lary vessels and would follow the course of these 

vessels closely, but rarely ended upon them* 

Although the amount of material examined was not 

sufficient to come to any definite conclusions it 

seems legitimate to assume that: - 

(1) Even although the impregnation was suffi- 
cient to stain the motor nerve endings 
deeply or lightly (according to the 
time in the gold bath) unmyelinated 
fibres could only be found with rarity* 

(2) When present those fibres never termi- 
nated upon a muscle fibre, but were al- 
ways in relation to a cappilary. 

This also bears out what other workers have found 

with/ 
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FIG. Xc. Sym2_atileti:t; nerves àn ciu kele . 

(B(A) Nerve trunk. 
) Small nerve bundle breaking up into inditii- 

dual nerve fibres. 
(D(C) Sympathetic fibre to arteriole. 

) Syrn athie "nerve ending" at branching of 
arteriole. 

(E) Motor nerve ending on granular "sole plate ". 

In both FIGS. X(a) and X(b) ',,here. are n4 

sympathetic nerves i.n rei_'- .on to the muscle fibresi 

(Camera Lucida drawings). 
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with regard to the innervation of capillaries (i.e.) 

it is the exception to find a sympathetic nerve 

supply to capillaries - true sympathetic fibres 

have been shown to end on them? but these are very 

few considering the number present. 

Is there any explanation for these fine 

unmyel i nated fibres which BOEKE and others de- 

scribe? BOEKE carried out his experiments by 

dividing the ventral -and dorsal nerve roots, and 

allowing su_f.fiolent time for the motor and sensory 

nerves to degenerate, but he took no steps to pre- 

vent regeneration occurring. hINSEY (31) in 

1927 reporting the results of his own experiments 

makes an interesting suggestion "when precaution 

was used against regeneration, and at the same time 

sufficient time was given for degeneration of the 

somatic component, no sympathetic fibres ending 

hypolenmally in skeletal muscle were seen in the 

small muscles of the foot,we feel that regeneration 

may account for some of the observations made and 

recorded in published investigations by BOEKE and 

hit followers where longer degeneration times have 

been used ". 

Anatomically speaking the presence of 

sympathetic fibres cannot be accppted as being 

Prove d, 



proved, Is there any physiological data which 

would support or demand a sympathetic nerve supply 

to muscle.? 

MUSCLE TONUS, 

Following the description of the presence 

of fine unmirelirated nerve fibres in muscle and the 

acceptance that they belonged to the sympathetic 

nervous system the earliest investigators who un- 

dertook to study their functional significance na- 

turally su- wised that their influence was exerted 

on muscle tonus, Thus MOSSO in 1904 advanced 

the opiricn that they governed tonus and slow con- 

traction. De BOER (32) (1915) on the basis 

of experimental studies carried out mainly on frogs, 

stated that the tonus of muscle was mediated solely 

thrcugh the sympathetic nervous system Although 

this view was quite erroneous it focussed attention 

on muscle tonus as related tc the sympathetic ner- 

vous system. 

LANGELAAN (33) (1915) from the result 

of series of experirmetts on frogs advanced the 

following theory* Tonus of muscle consists of two 

components/ 



69. 

components: - 

(1) A "contractile" component concerned with 
movements and the assumption of posture, 

(2) A "plastic" component concerned with 
the maintenance of assumed posture. 

The former is controlled by the cerebro- spinal 

nerves, the latter by the sympathetic. 

Section of the rami communicantes to a 

limb caused loss of plasticity and lack of steadi- 

ness of movements. After section of the dorsal 

nerve roots posture is not so well maintained, When 

both rami communicantes and dorsal roots are cut, 

there is, in contrast to only a diminution of tonus, 

as in either of the first two ex_perients,a com- 

plete loss of tonus. The most important observa- 

tion made by LANGFLAAN in his paper is that fol 

lowing operation there is a complete loss of tonus 

due to operative shock and the true results of the 

operation cannot be observed until this has passed 

off. This fact is probably the explanation for 

the previous workers statinE that sympathetic de- 

nervation of a muscle lead to complete loss of tone. 

Further work has shown that the division into plas- 

tic and contractile components is not a correct in- 

terpretation of tonus and therefore LANGELAAN "S 

theory is untenable. 

HUNTER/ 



Fig. a. Fig..3. Pie 4 
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FIG. XI. 



HUNTER (34) in 1924, divided the sym 

pathetic fibres arising froa the upper thoracic 

nerves in a sea -gull and found that the adducted posi- 

tion of the wing was no longer maintained. Also if 

the dorsal roots of the lower four cervical nerves 

were divided, the limb exhibited a tendency to re- 

main in any position in which it was placed. (FIG. 

XI). If the dorsal nerve toot of the first thoracic 

was then cut, the tendency became less. apparent. 

From these observation HUNTER .agreed that "plas- 

tic" tonus of skeletal muscle was mediated through 

the sympathetic nervous system for it was lost on 

division of the rami communicantes supplying muscle, 

hut present when the dorsal nerve roots alone 7ere 

divided. In the upper limb, the bulk of the sym- 

pathetic fibres join the brachial plexus by meane 

of the first thoracic _nerve., therefore, the diminue- 

tien _of the tendency for the wing of the bird to re- 

main in any passive position following section of the 

first thoracic ° nerve, was due to the l©ss of sympathe- 

tic nerve surely contained in this nerve. 

KUNTZ & KERPER (1926) showed, however, 

that "section of the sympathetic trunk Just below the 

brachial plexus does not result in appreciable 

drooping, 



Fig. 8. Diagram to illustrate the various lines of section to prod ce decerehmte 
rigidity (A Al); to remove the nucleus of Deiters (Ii Ill); and to produce flaccid 
paral)sis (C C(. 

FIG. XII. 
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drooping of the wing, if the operation is carried 

out Tith a minimum amount of traumatic injury to 

the nerves of the brachial plexus". COATES & 

LEIGES (36) (1928) have since corroborated this 

finding. 

To explain the tendency for the deaffer- 

ented wing to remain in whatever position it is 

passively placed; it is not necessary to postulate a 

"plastic" tonus mediated through tbe sympathetic 

nervous system, for, when the dorsal nerve roots are 

cut, there is a loss of the sense of position due 

to interruption of the proprioceptive fibres present 

in these nerves. This is the more probable explana 

tior 

In a decerebrated mammal (FIG. the hypertonus 

of the extensor muscles forms a characteristic pos- 

ture of the limbs. It has been assumed by some 

that if muscle tonus is mediated entirely or in part 

by the sympathetic nervous system sympathetic de- 

nervation would either prevent the onset or bring 

about a dirinution in the degree of rigidity exhi- 

bited by the extensor muscles. 

ROYLE in 1924 reported diminished ex- 

tensor tonus in the 'let lower limb in goats in de- 

cerebrate/ 



72? 

decerebrate rigidity where unilateral lumbar gang- 

lionectomy had been previously performed. This he 

states is a fairly common result in goats. Nearly 

every other worker,before and since he published his 

paper, have fount{ that sympathetic ganglionectony 

has no obvious effect in diminishing the extensor 

rigidity in decerebrate animals. 

SPIEGEL (37) (1923) and later KUNTZ 

& KERPER (35) (1924-6) using a technique whereby 

- quantitative measurements of tonuS could be obtained 

have shown that sympathetic denervation does result 

in diminution of torus. This diminution i , how- 

ever, so slight that an elaborate method is re- 

quired to record the change. 

These results show the fallacy of the use 

of the method of decerebrate rigidity to judge 

whether the sympathetic nervous system has any funs® 

tiona:1 relationship to tonus. For while the sym- 

pathetic nervous-system may exert an influence in 

the tonus of the normal animal, to expect it to be 

demonstrable in the exaggerated extensor tonus of 

decerebrate rigidity is to consider that the sym- 

I 

pathetic influence is equally exaggerated which o.f 

1 

course is not the case. Therefore, any influence 

that" 
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that it might have, easily escapes detection unless 

accurate quantitative methods are employed. 

Following his own experimental work on ani- 

mals ROYLE applied sympathetic gä.ngl.i_onectomy and 

ramisection in the treatment of spastic paralysis. 

Since then. (1924) a mass of literature concerning 

the efficiency of the treatment has arisen. Al- 

though ROYCE has had his supporters, the bulk of 

the evidence goes to show that his assumptions, a.s 

to the benefits derived from the cperations,were 

too sanguine. As to the position at present con- 

cerning this operation and its results. FRASER 

(38) states "It is agreed that, if the method is 

"to be efficiently applied, the sympathectomy must 

"concern the ganglia or the associated rami related 

+Ito the affected limb; a periarteria.l sympathectomy 

"1 S not applicable. 

THE .+.SULTS:-, 

I believe it is now possible to offer mea- 

sured criticism of the results, ROYCE'S reports 

of his early cases were most encouraging and in a 

paper which he published in 1927 (39) he esti- 

mated that the results were an improvement on any 

other 
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other method yet suggested. VON LACKUU said that 

in his opinion the method "offers the most effec- 

tive method of relief in many cases of spastic paroy- 

sis in children ". HURL though not so sa.nguinc, 

was of the impression that certain cases were dis® 

tinctl;T benefited, particularly those in wh; ch the 

paralysis resulted from a pyramidal lesion (in con- 

trast to the Parkinsonian Type). 

So much for the protagonists; there are 

numerous adverse criticisms, but the only one to 

which. I shall refer is the report published in the 

Lancet on July 19th. 1930, subscribed by ten English 

orthopedists embodying the results of six cases on 

which. ROYLE o era ted in Qu e e n Mary's Ho sr i.tal, 

Carshr7,1ton, while he was on a visit to this country. 

Tte report says, "the operation appears to 

"have no place of value in the treatment of spastic 

"weakness ". 

PERSONAL CASES:- 

Our own cases in this series are six in 

number; all have been examples of spastic diplegia 

and all were children of ages varying from six to 

twelve years. The procedure carried out was lumbar 

sympathectomy/ 



sympathectomy. The observation of the results has 

left an impression which is frankly disappointing. 

For a few weeks succeeding the operation, there 

seemed as though there was a reduced degree of rigi- 

dity, but the phase was a passing one, and in a re- 

latively short time the condition was very much as 

it was before operation. The phase of temper ry in 

provement is ascribable in all likelihood to the 

enforced rest which follows the operation, to a 

reduction of nerve impulses subsequent to the arse's - 

thesia, and shock of the operation and perhaps in 

part the vaso -dilation which undoubtedly follows in- 

terferen_ce with the sympathetica* 

In two cases, for purposes of contrast, a 

ganglionectomy was carried out on one side, and at 

a subsequent date a Stoeffel's operation was per- 

formed on the other. I have no hesitation in say- 

ing that the results of the latter (Stoe.ffel's opera- 

tion) were infinitely better than those resulting 

from sympatheetomyJ' 

From experimental and clinical evidence it 

would appear thattonus cannot be explained as being 

mediated through the sympathetic nervous system, 

therefore, as regards tonus we have no physiological 

evidence,/ 
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evidence that skeletal muscle receives a sympathetic; 

nerve supply, 

MUSCULAR FATIGUE, 

HUNTER in 1925 reported that birds with 

one wing deprived of its sympathetic innervation 

showed the effect of this deficiency by fatigue in- 

creasing in degree during prolonged flights, Also 

birds who had both their wings deprived of sympathe- 

tic innervation were apparently exhausted after a 

few short flights, Purther work mainly by TOWER 

in 1926 and KUNTZ & KERPER in 1929 have 

failed to substantiate this finding, They say 

that "the capacity for prolonged muscular work and 

the onset and severity of fatigue were in no way 

affected by sympathectomy" (TOWER) (40); and 

"the sympathetic innervation of the muscles in ques -' 
tion did not appreciably influence their power or 

their capacity to fatigue!'. 

KUNTZ. (41), ORBELLI (42) attacked the 

problem from another aspect ;instead of denervating 

muscles of sympathetic fibres and then stimulating, 

he produced fatigue in avascular muscles and then 

stimulated the sympathetics. 

states,/ 

In his findings he 
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states that the sympathetic fibres retard the onset 

of fatigue for he found that when a muscle was 

fatigued by som_ ?tic stimulation, sympathetic and 

somatic stimulation caused the muscle once more to 

contract. Although some workers have corroborated 

this, there is so much negative evidence, that for 

the present, it cannot be accepted. 

So again p tsiologioaal evidence does not 

demand a sympathetic innervation of skeletal muscle. 



P A R T II. 

CHAPTER VIII. 

S U R G E R Y O F THE AU T O NOM I C 

NERVOUS SYSTEM. 

Up to the present it is only in the sym- 

pathetic division of the autonomic nervous system 

that surFrical interference has been undertaken. 

The first of the operations to be devised 

was th.t of perm- arterial sympathectomy. JOBULAY 

(43) in 1.899 attempted denervâtiion of certain ar- 

teries by cutting as many as possible of the nerves 

which approached them. HIGIER (1901) recommended¡ 

tearing the nerve plexus around the femoral artery 

in cases of intermittent claudication. Following 

those early attempts no attention was paid to the 

sympathetic nervous system. until LÉRICHE (44) in 

1913 once more approached the subject of peri-ar- 

terial sympathectomy. It is to LÉRICHE and his 

coworkers that we owe the first real conception of 

the indications for such a procedure. Working 

first upon such conditions as causalgias and other 1 

painful, 
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painful manifestations in the extremities he showed 

that considerable benefit could be obtained by de -. 

nuding (for 3 to 5 ems.) the main artery to the 

limb, of its adventitial coat, Since that time he 

has produced several papers showing the benefits to 

be obt<r.ined from such an operation and the condi- 

tions to which it could be applied. 

Following upon HUNTER'S work on the 

genesis of spastic paralysis ROYLE (45) in 1924 

advocated division of the rami communicantes supply- 

ing the gang? is to the lower limbs in order to re- 

duce the spastic element and to allow better condi- 

tions for re- educating the muscles. Although the 

physiologic.::i basis of this operRtion has yet to be 

proved sound, i t opened a new field in surgery for, 

when ADSON & BROWN (46) in America repeated 

ROYLE'S work they noticed the thermal changes which 

took place in the legs and applied this operation of 

ramisectomy to certain diseases which were believed 

to have their origin in vascular spasm. Finding 

that the certainty of complete rami seotomy was dif- 

ficult they introduced a third method of attacking 

the sympathetic system ganglionectomy. 

Since 1924 the subject of the autonomic 

nervous/ 
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nervous system has from a clinical stand -point under- 

gone a radical change and is now being attacked from 

an anatomical and physiological basis completely dif- 

ferent from the haphazard empirical method previous- 

ly employed, 

In the literature of the surgery of the sym 

pathetic nervous system one is amazed tc find the 

wide variety of diseases into which sympatnectomy 

has been tried as a therapeutic measure, Naturally 

a completely new field such as this passes through 

what. FRASER calls a period of "experimental opti- 

mism" and one finds references to the effect of 

sympathectomies in cases of epilepsy (Jacksonian and 

idiopathic) non -union or delayed union in fractures, 

chronic varicose ulcers, arterio- sclerosis, thrombo- 

a.ngeitis obliterans, erythromelalgia, Raynaudts dis- 

ease, intermittent claudication, causalgia, severe 

pelvic pain, retinitis pigmentosa, Hirschsprung's 

disease, dysmenorrhoea, and many other conditions. 

The sympathetic nervous system, however, 

has only two main functions:- 

(1) vaso- constrictions 

(2) Relaxation of plain muscle, and closure of 
the sphincters in the alimentary canal 
and hollow viscera such as the bladder, 

PIA/ 
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and the results following sympathectomy depends upon 

just how much those faders y, /a,yed it the production 

of the disease. Thus if vaso- constriction is the 

cause of the disease then sympathectomy will relieve 

the condition, If on the other hand no vaso -cone 

stricter element is present then sympathectomy can- 

not be of any benefit. In making this general state- 

ment it must be remembered that sympathectomy is 

followed by an increased blood supply to the part and 

therefore if the disease is influenced by an increase 

of blood to the affected part then this influence 

will be 'anifested following symp atheotoriy. 

Similarly in the alimentary canal and hol- 

low viscera. If there is any sympathetic R., para- 

sympathetic imbalance., with a hyper-sympathetic torus 

as the underlying factor then sympathectomy will pro- 

duce a beneficial result. 

In addition tc these two fundamental fac- 

tors a third indication for interference with sym- 

pathetic nerve supply to any part is pain arising 

from viscera. The sympathetic nerves have been 

:.shown to contain viscera/ afferent fibres which relay 

painful stimuli from the periphery to the central 

nervous system. If the cause of the pain cannot be 

removed then sympathectomy by breaking the reflex 

on/ 
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on the sensory side is an extremely useful pallia- 

tive measure. This has been found tc be very ef- 

fective in relieving the pain of inoperable tumours 

invading or arising in the bladder. This indica- 

tion fcr sympathectomy has to be distinguished from 

the previous two fors whereas here it is only a 

palliative measures in the previous cases it is 

curative in that it attacks the underlying cause of 

the diseases, hyper- sympathetic tcr_us. 

With those physiological principles in mind 

it is possi'le to postulate those cases that will 

he helped by syrrpath-ectorny. . 

(A) CASES WHERE VASO- CONSTRICTION IS THE 
UNDERLYING CAUSE. 

In. this group are such conditions äs:- 

(1) Raynaud's di sease. 

(2) Acroparaesthesi.a. 

(3) Angiospasm giving rise to the syndrome of 
"irterm:i.tten_t claudication". 

(B) SYMPATHETIC - PARASYMPATHETIC IMBALANCE IN 
ALIMENTARY SYSTEM AND HOLLOW VISCERA. 

(1) Hireehsprung's disease. 

(2) Retention of urine or "cord bladder". 

(3) Chronic constipation or dyschezia.. 
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(C) RELIEF OP PAM 

(I) Angina pectoris. 

(2) In inc'perally tumours of bladder and other 
pelvic. organs which are giving rise to 
severe pain, 

(3) Causalgia. 

(D) CASES in which a DECREASED BLOOD SUPPLY to 
the PART i.û a SIGPIIFICANT FEATURE in 

the PROGRESS of the DISEA.SE. 

It is essential in this group to di.stin- 

gui.sh between the cause cf the decrease in blood 

supply to the limbs. Thus if it is dependent en- 

tirely upon a vascular degeneration with a subse- 

quent thrombosis of all the vessels then wympathec- 

tomy cannot produce any beneficial results. If on 

the other hand there is an element of spasm present 

then according to the degree of spasm so will sym- 

pathectomy be of value. 

This group includes such diseases as:- 

(1) Thromb.a- angeitis obliterans, 

(2) ScIeroderma.. 

(.3) Incipient gangrene in middle age people 
without; or with only slight arterial 
degeneration, 

(E)/ 
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.T7TT??+ FT r! T A T, a 

(1) Arthritis of joints,. 

(2) Chronic varicose ulcers, 

(3) Trophic ulcers. 

MISCELLANEOUS G ROUP ,, 

This includes a vast number of diseases in 

which sympathectomy has been carried out without 

sufficient physiological evidence that such a pro- 

cedure would be of any value, The. most important 

members of this group are:- 

(1) spastic paralysis. 

(2) Erythrorrel.al gia. 

but it also includes SUCI'L diseases as epilepsy and 

dysmenorrhea in virgins for which there seems to be 

no cause. 

The benefits arising out of surgical in- 

terference with the sympathetic nervous system are 

best illustrated by cases, but before passing on to 

the individual diseases i with to refer to the pre- 

operative tests and to the technique employed in 

the three recognised operative procedures. 
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CHAPTER IX. 

THE PREOPERATIVE TESTS. 

(a) Ii VASCULAR DISEASES. 

From an appreciation of the physiology 

of the sympathetic nerves and the peripheral blood 

vessels it is apparent that eympathectomy will 

only procure relief in these diseases in which 

spasmodic contraction of the blood vessels is 

either the cause or an important factor in the 

development of the condition. The greater the 

degree of spasm the greater the ben, <fit from cym- 

pathectony. 

Previous to the introduction. of gang - 

lionectomy in 1924 little attention had been paid 

to this factor, and the operation of peri- arter - 

ial sympathectouiy was carried out on the purely 

clinical findings in cases of vascular iechaemia 

in the limbs. This was no doubt due to the fact 

that the pathology of the diseases attacked and 

the physiology of autonomic nervous system were 

only imperfectly understood and that the operation 

of/ 
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of peri- arterial eympathectomy had such a small 

operation risk, being truly a minor operation, that 

it was justifiable to carry out the proceedure in 

all cases of decreased blood supply to the limbs. 

On the introduction. however of ramisectomy and gan- 

glionectomy phe operation could no - longer be consid- 

ered a minor operation thus, it was essential to 

differentiate between those vascular iech.aemias 

which were due to a spasmodic contraction of the 

arterioles and those due to vaocul::r degeneration. 

On clinical gro ±reds alone it is not difficult to dif- 

ferentiate between the purely vascular spasms and 

the vasou1ar degenerations. A. typical Raynaud' e 

disease with gangrene can be easily distinguished 

from a gangrene arising from arterio- sclerosis, but 

there are many cases, indeed the majority, in which 

it is difficult to say whether spoom or degeneration 

is the underlying cause and impassible, should both 

factors be present, to be able to decide how much is 

due to degeneration and höw mach to vascular spasm. 

BROWN (47) in 1926 introduced the first 

method for distinguishing between vascular spasm 

and vascular degeneration. 

During acute febrile donditions the 

toxinef 
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toxins act upon the heat- regulating centre of the 

body causing a general rise in temperature. In 

addition they also by acting upon the sympathetic 

nervous system produce, in a varying degree, lose of 

sympathetic tone. The peripheral blood vessels in 

addition to supplying blood to the parts aleo play 

an important part in regulating heat nose. Thu sg if 

the temperature of the body should rise they dilate 

in order to allow more blocd to the skin and under- 

lying tissue so that heat loss by conduction and 

radiation may be increased. Working on this, BROWN 

promulgated the following test. By means of a 

thermocouple the temperature of the skin of the foot 

or hand is obtained. 

A triple thyphoid (T.A.B.) vaccine in 

doses of 5,000,000 to 75,000,000 is used to produce 

a rigor. 

The temperature of the mouth and skin of 

the foot _ re obtained. An injection (the amount 

regulated according to weight.. age, and condition of 

patient) of T.A.B. vaccine is given intravenously. 

At the height of the rigor which laste from twelve 

to forty - 'eight hours the oral and skin temperatures 

are on more taken. The rise in skin temperature 

depends/ 
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deperide upon two factore: - 

(1) the effect of the vaccine upon the heat 
regulating centre of the body. 

(2) the vaso- dilation of the peripheral 
arterioles. 

The rise in oral temperature can be taken 

as a measure of the first factor, and if the rise in 

oral temperature i e subtracted from the rise in 

skin temperature, the "vascular index ", as BROWN 

calls this figure,represente the rise Cue to vaso- 

dilatation. "The increase of skin temperature 

divided by the number of degrees increase in the 

temperature of the blood gives a figure which, it 

simple terms indicates that for every degree rise 

in temperature of the blood there is in the temper- 

ature of the skin a certain number of degrees rise 

which is largely of vaso -motor origin" (48). 

Vascular indexes of 5 to 14 are obtained 

in conditions where spasm is the predominant 

feature. In cases of thromboangeitis obliterans in 

which spasm plays a part, figures from 2 to 6 may 

be obtained. In cases or arterio - sclerosis little 

or no rise in skin temperatures occur and the 

figure may be below unity. The following are three 

examples of that is found when carried out in these 

types of cases. 

TABLE I/ 
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Where Vaso -spasm is Predominant. 

TEMPERA- BEFORE ; AFTER VASCUL.' RISE IN SK, 
TUBE ; INJEC- INJEC- DIFFER. INDEX RISE IN ME. 
oF. TION { TION 

Temp. 
of foot 

Temp. 
of mouth 

75 1 90 

98 101 

15 

3 

12 15/ 
3 zg 

5 

TABLE (II) Where Vaso -Spasm is only one factor. 

PART BEFORE AFTER 
INJEC- INJEC- DIFFER. VASCUL. RISE IN MOUTH 
TION TION INDEX 

RISE IN 8KI1 

Tempa 
of foot 75 85 10 

Temp. 
of mouth -98 101 

10/3 
. 3,3 

tA,BLE 
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TABLE 771 Where Vaso -spasm is not a Factor and 
the condition is entirely one of 
Arterial Degeneration. 

PART BEFORE AFTER DIFFER.' VASCUL. RISE IA SKIN 
INJNG- INJF.C- INDEX RISE IN liOUTH 
TION TION 

Temp. 
of foot , 

Temp. 
of mouth 

8o 

98 

82 

101 

2 

3 l 
2/ 
3 -66 

In examples (t) and (f )the vascular 

index being over 3 which BRc considers the lowest 

limit that will be benefited by sympathectomy the 

pre - operative tests indicate that eympathectomy is 

justifiable. In example (III) no vaso dilation has 

occurred and therefore cympathectomy will not pro- 

duce any beneficial results. 

While this test was of the greatest impor- 

tance in making the first effort at distinguishing 

between the va so- degenerations and the vaso - spasms 

it was found that the results could not be strictly 

adhered to. For reasons unknown some cases which 

gave a vascular index of over three were not bene- 

fited/ 



benefited by sympathectomy and others which had shovel 

no r sae in skin temperature following the ij oct1_ort 

of the vaccine, were benefited. The test does not 

give a clear indication of the amount of degeneration 

and spasm present, and the figure the "vascular index" 

is ` too a.rbitrar,, one to be depended upon ; l 

cases, Ire addition the rigor produced is very dis- 

tressing to the patient and Sunless very carefully 

controlled is liable to Le dangerous. It has been 

reported that in a series of 250 cases two deaths 

have resulted following upon severe reactions to the 

injections. 

MORTOIT & SCOTT (49) in 1930 measuring 

akin temperatures Under full, aurgieal anaesthesia 

noted that the temperature of the foot in normal 

subjects rose to between 92 -93 °F. This rise in tem- 

perature was due to complete loss of peripheral vaso- 

consbriati.on following upon loss of sympathetic 

torus due to the anaesthetic. This level they called 

the "normal vaso- dilation level". If the temperature 

of the foot did not rise to this level, then there 

must be some degree of vaso- degeneration present, 

accounting for the decrease in the amount of blood 

in the peripheral vessels. In addition, they point- 

ed out that all the vaso- constrictors going to the 

lower/ 
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lower limb were paralysed following spinal anaes- 

thesia and they advised, as a pre-operative test, the 

injection of 5 -10 cc s.., of novocaine intrathecally 

as in spinal anaesthesia. 

Taking the figure of 92 -93 °F as the "nor- 

mal vaso- dilation level" the rise of temperature 

following spinal anaesthesia they called the "vaso- 

constrictor gradient ". If the limb failed to reach 

a temperature of 92 -93 °F then some organic occlusion 

was present in the vessels and the number of degrees 

below the "normal vaso- dilation level" was known as 

the "occlusion index ". The following examples illus- 

trate there points. 

TABLE Isr. 

TEMPERATURE TUR OF FOOT. 

Before spinal anaesthetic 75°F 

After spinal anaesthetic 93 °F 

Difference 18°F 

Vaso- constrict. grad. 18 

Occlusion index 0 

In/ 
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In this case there is no occlusion due to 

organic disease, therefore, the vascular ischaemia 

will be entirely relieved by sympathectomy. 

TABLE BLE V. 

TEMPERATURE OF FOOT 

Before spinal anaesthetic 

After anaesthetic 

Difference 

Vaso- constric. grad. 

Occlusion index. 

75 °F 

85 °F 

10oF 

10 

93 -85 = 8 

In this case the ischaemia is due both to 

vascular degeneration and vascular spasm, therefore, 

sympatheetomy cannot result in a complete cure with 

a return to normal circulation in the limb, but 

considerable relief will result, relief being indic- 

ated by the ratio of vaso- constrictor gradient to 

the occlusion index. 

TABLE VI./ 
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TABLE TTI. 

TEMPERATURE OF FOOT 

Before spinal anaesthetic 7:30F. 

After spinal anaesthetic 77°F. 

Difference 2oF 

Vaso- constrictor grad. 2 

Occlusion index. 16 

In this case the ischaemia is almost en- 

tirely due to organic vascular occlusion therefore, 

sympathectomy cannot be expected to relieve the con- 

dition. 

By this test we have an absolute accurate 

measure of the amount of degeneration of the arterio- 

les present and a means .of differentiating between 

the parts played by organic disease and by spasmihthe 

production of vascular ischaemia of the lower limbs. 

While this is the most accurate test we 

have which has proved itself by results, it had two 

serious disadvantages. Firstly it can only be ap- 

plied to cases in which the lower limbs are affected 

and secondly it has all the dangers associated with 

spinal/ 
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spinal anaesthesia. 

To overcome these objections CRTON & 

SCOTT in 1931 (50) introduced the method of infil- 

trating peripheral nerves with novocaine. If the 

test was carried out on the foot, the posterior 

tibial nerve was infiltrated. This they claimed 

paralysed the sympathetic fibres in the mixed nerve 

and dilatation of the peripheral vessels occurred. 

The rise in skin temperature was taken as an indica- 

tion of increased blood to the parts. In this test 

the results of the pre- operative findings were sub- 

stantiated by operation, but in some cases the test 

failed to indicate to the proper extent the benefit 

following sympathectomy. The fault probably lies 

in that complete anaesthesia of all the sympathetic 

nerves supplying the foot is difficult by infiltra- 

tion anaesthesia, and this difficulty is increased 

when the test is performed on the hand. 

COLLER & I; DDOCK (51) in October, 1932, 

introduced a fourth method of testing - one which 

if it is reliable will replace all the others, for it 

is safe, applicable to all parts of the body, requir- 

es no special technique, and can be performed on the 

patient without hedessitating their admission to 

hospital./ 



SKIN-TEMPERATURE INDICATIONS 

A B 

4'a.. .. A)- Arnnnement of blankets r toanee lend. 161-- Arnnnemnt of rubkr altee ama 

bboketa fur mverd lend. 

FIG. XIII. (COLLER 8c MADDOCK). 

CO 

10 

E. - IB 19 E 

B AB 
-Paints of skim t mlerat ure measurement. 

FIG. XIV. (COLLER & M.ADDOCK) 



96 

hospital. 

The autonomic nervous system regulates 

the internal temperature of the body to the exter- 

nal environment. That is if the external environ- 

ment is high then the body must lose more heat and 

the method employed is by vaso- dilation of all the 

peripheral vessels bringing more blood to the sub- 

cutaneous tissues and by this means to increase 

heat loss by conduction and. radiation. If the local 

external environment is at the same temperature of 

the body then complete vaso- dilation of the peripher- 

al blood vessels will occur and the temperature of 

the limb will rise to the "normal vaso- dilation" 

level of ITRTON & SCOTT. 

The method employed in the test is as 

follows. The patient is placed in a warm room 

(Temperature 70- 73 °F.) and lies naked except for a 

perineal drape (and breast towel in the case of 

females) for one hour. At the end of this time by 

means of a thermacouple the skin temperatures of 

the hands and feet are obtained. (FIGS. XIII & XI V) 

The patient is then covered with: - 

(1)/ 
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BCDEl-l'A: CDE42I41S. ABCDEß1151Rtl9A BC 
BODY POINTS 

AVERAGE STUN TEMPERATURE OP- 
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B -ENVIRONMENTAL RESPONSE IN WOMEN. 
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FIG. XV. (COMLFR & MADDOCK ) . 
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(1) A mackintosh sheet to prevent evaporating, 
conduction, and radiation and by this 
means to raise the temperature between 
the skin and the mackintosh sheet to 
96 -98 °F. 

(2) three blankets.. If it is desired hot 
water bags may be placed around the 
patient. At the end of one hour the 
skin temperature of the feet and hands 
is taken. 

By this time the local external temperature 

is equal to the body heat, all the vessels have dila- 

ted as much as possible and the skin temperature 

depends upon the increased amount of blood following 

dilatation. 

FIG. XV. shows the average results obtained 

from six normal people of ages between 20 -60. 

TABLE VII. (Fig. .V.) 

UNCOVERED. COVERED. 

Temperature of Axilla 98° 98° 

Temperature of Abdomen 968° 980 

Temperature of leg 85° 94.3° 

Temperature of hand 86° 94.7° 

The figures 94- 94.7 0F for the hands and 

feet when covered are slightly higher than the figure 

92% 
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92 -93 °F. the normal vaso- dilation level obtained by 

MORTON & SCOTT following spinal and general anaes- 

thesia. Therefore the claim of COZIER IdiLDDOCK 

that full dilatation of the peripheral vessels can 

be obtained by raising the local external environ- 

ment is completely justified. 

PIGS. XVI and XVII show that:- 

I. The Coller and Maddock technique is as 
reliable as either BROWN'S vaccine or 
MORTON & SCOTT'S spinal anaesthetic 
test. 

TI. The pre -operative results are in close 
agreement with the poet operative 
results. 

III. The amount of degeneration and the amount 
of spasm present in arterial vessels 
can be accurately estimated by this 
test. 

Considering it has no disadvantages, is 

easy of application ana has no risks, this test 

should be the method of choice for examining cases 

of vascular ischaemias. 

A fifth test has been introduced in 

December, 1932 by JOHNSON (b2). It is different 

from all the previous tests in that it is not depen- 

dent upon skin temperatures for differentiating 

between diseases arising from occlusion and spasm 

of/ 
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FIG. XIX. 
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of the arterioles. 

His. method is as follows. A plethysmo- 

graph is made which will fit either the patient's 

toe or finger .according to the location of the dis- 

ease. This plethysmograph is attached to a pipette 

in which a ball of fluid is present. The arterial 

pulse in the digit causes increase an decrease in 

the volume of the finger and -bus is indicated by a 

oscillating movement of the ball of fluid. The 

movements are photographed. The movements are not 

an indication of increased or decreased blood to 

the part, but a ±e measurements of a change in the 

pulse volume. The arterial wall modifies the pulse 

volume in that a wall of high tension (spasm) or of 

arterio -sclerosis damps down the pulse volume. On 

the application of heat the vaso- constrictors are 

thrown out of action, the spasm of the arterioles 

is reduced and the pulse volume increases. In 

arterio- sclerosis heat has no effect on the vessel 

wall and the pulse volume does not change. By this 

means the two types of vascular ischaemias can be 

differentiated, but the degree of each present can- 

not be ascertained by such a method. (Figs. XVIII & 

XIX). Its value in the pre -operative tests of 

vascular/ 
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vascular neurosis has yet to be ascertained but 

JOHNSON, SI ?:DSO d & GILB iLT (53) have brought out 

an interesting point. It is known in animals, as 

KUNTZ has shown that the vaso- dilation following 

ganglionectomy is not permanent. The above workers 

reported a case of ganglionectomy for arthritis in 

which they claim to have shown, by the plethysmo- 

graph, that the peripheral arterioles reached a 

state o:f tonus, equal to that before the operation, 

within twenty -one days following the operation. 

The temperature of the hand however remained 2 -3 °C 

above the pre -operative level. They conclude 'tour 

experiments in this case do not show a permanent 

increase in peripheral circulation following gang- 

lionectomy and ramisectomy and are in accord with 

results of animal experiments. We feel that the in- 

creased heat following ganglionectomy is due to loss 

of sweating and evaporation and possibly other minor 

unknown factors ". 

This statement although it cannot be sup- 

ported except by animal experiments in cases where 

the arterioles are not in a state of spasmodic con- 

traction due to a hyperactivity of the vaso- constric- 

tors/ 
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vaso- constrictors, must be thoroughly examined. 

For if it were true it would mean a complete upheav- 

al of the whole of the surgery of vascular neurosis. 

By means of any of those tests, but espec- 

ially by means of spinal anaesthesia and the tech- 

nique employed by ( 0LLER & LIADDOCK an absolutely 

accurate picture of the post -operative results can 

be obtained and by these means it is possible to 

obviate operating on cases in which the benefits 

would be so negligible that to submit the patient 

to a ganglionectomy would be an unjustifiable risk. 

(b) . HIRSCHSPRUNG DISEASE. 

MORTON & SCOTT (49) in 1930 showed that 

in cases of Hirschprung's Disease the following test 

shbuld be carried out before operating. The lower 

bowel is cleared out as completely as possible. 

A barium enema is given. 5 c.c. of a percain solu- 

tion injected intrathecally. As the anaesthesia 

develops the sympathetic nerves to the large intes- 

tine become paralysed, the inhibition is lost and 

the unopposed parasympathetic cause expulsion of 

the enema. As one would expect the whole enema is 

not/ 
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not expelled completely in advanced or long standing 

cases, but if the intestine shows increased activity 

following the spinal anaesthetic lumbar ganglionec- 

tomy will result in, if not complete cure, then con- 

siderable alleviation of the condition. 
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C H A P T E R X. 

THE OPERATIONS DEVISED FOR REMOVING 

SYMPATHETIC FIBRES. 

(1) . PERT-ARTERIAL SYMPATHECTOMY. 

This proceedure first suggested by 

HIGI.rì in 1907 received its strongest exponent 

in LERICiE (44) who perfected the technique. 

The following description is taken from 

YOUNG'S (54) paper on "The Place of Peri- Arterial 

Sympathectory, of Ganglionectomy and Sympathetic 

Trunk Resection in the Treatment of certain Vascular 

Diseases and other conditions ". 

"The operation consists in the effective 

excision of the adventitial coat of an artery, for 

a distance of several centimetres. The avowed pur- 

pose is the elimination of the sympathetic nerve 

plexus distributed through this coat, particularly 

at its deepest part, and the making in this way of 

a definite and substantial breach between the cen- 

tral nervous system in the one hand and the plexuses 

distal to it. Any of the larger arteries may be 

dealt/ 
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dealt with this way, the subclavian, the axillary, 

the brachial, the iliac, the femoral, the popliteal. 

In any of these it is generally capable of being 

easily carried out, except where the wall of the 

vessel is the seat of calcareous degeneration. In 

the case of the arteries of smaller calibre it is 

more difficult. I have myself carried it out, in 

one case, upon the anterior and posterior tibial 

vessels immediately above the ankle, but there is 

no doubt that in such small vessels the separation 

and removal of the outer coat is a much more diffi- 

cult and delicate proceeding. 

The technique of the operation is simple. 

The operation can be done under a general or local 

anaesthesia. The selected vessel is exposed at the 

most convenient site, with the least possible dis- 

turbance of surrounding tissues, and the least pos- 

sible dislocation of relations. (FIG. XX.) Asso- 

ciated venous trunks and branches should be avoided 

as much as possible and the vessel itself is most 

easily dealt with if, in the region selected there 

are either no branches or a minimum of these. The 

femoral artery may be exposed in Scarpa's triangle 

or in Hunter's canal. The axillary artery may be 
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a little more difficult to expose for a sufficient 

length, because of the closely associated nerve 

trunks,. The brachial artery at mid -arm should give 

no difficulty. 

Once the vessel is exposed, and the com- 

mon sheath, within which it is associated with veins 

and nerves, has been incised for a sufficient lengti 

the adventitial coat is seized carefully with fine 

toothed forceps, and is raised a little. Thereupon 

with the point of a fine scalpel, the adventitia is 

incised and carefully separated with a fine blunt 

dissector, from the middle coat, for a distance of 

several centimetres. (FIG. XXI.) This separation 

must be systematically done, the artery being dis- 

placed gently outwards, inwards and forwards, and 

gently rolled round until it is clear that the ad- 

ventitial coat has been completely separated. 

(FIG. XXII.) This is very necessary, because if 

the operation is to be .thoroughly effective, i.e. 

if a complete breach is to be made in the sympathe- 

tic limb, no vestige of adventitial coat should be 

left behind. The segment of separated adventitia 

is cut across at both ends and removed. There is 

seldom much bleeding either from the vaso- vasorum 

or/ 
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or from minute branches. and such bleeding as does 

occur is generally easily controlled. With ordin- 

ary care there is little risk of accident ". 

Such was the technique as devised by 

LERICHE. SAMPSON HANDLEY in 1922 described a 

method whereby the same results as denuding the 

adventitial coat was obtained by injecting into 

the adventitial coats absolute alcohol. "With the 

finest hypodermic needle obtainable, 2 -3 minims of 

alcohol were injected as stated at four points 

equidistant from each other around the vessel. The 

needle was introduced obliquely and nearly parallel 

with the length of the artery. In doing this the 

artery might require to be partially rotated, to 

make the posterior injections. The alcohol in this 

way was introduced into the substance of the tunica 

adventitia and the effect of the alcohol upon the 

artery was to produce a whitish band about -" 

wide round the vessel. The band, however, did not 

cause any constriction to the vessel ". 

CAMERA in 1925 advised the injection 

of normal physiological saline into the adventitial 

coat. This raised the adventitial from the medial 

coat and greatly facilitated the stripping of the 

adventitia. 

CRITICISMS./ 
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CRITICTSMS. 

(1). Bleeding from the vaso- vasorum and 

small branches of the main artery lead to little 

difficulty. They can be easily controlled either 

by ligatures or pressure. 

(2). In vessels where the walls are un- 

duly soft and in those which are friable from athe- 

romatous changes the stripping has to be done with . 

great care. Perhaps SAMPSON HANDLEY' S method 

is best in such cases. 

(3). The operation has been criticised 

on the grounds that aneurysmal dilatation would 

occur at the site of stripping, but this is entire- 

ly unfounded as JOHT HUNTS (5 7) showed as far 

back as 1835. He decorticated the carotid arteries 

in a dog, down as far as the inti:ma. Three weeks 

later autopsy revealed that instead of the aneurysm 

which he expected, the walls of the vessels were 

surrounded by a strong band of fibrous tissue mak- 

ing them stronger than usual. 

(4). The most serious criticism to the 

operation is that it does not denervate the peri- 

pheral blood vessels of the sympathetic fibres. 

As KR TE R & TODD. (19) have shown the periphe- 

ral blood vessels receive their sympathetic fibres 

i äß,r 
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in the "instalment fore" and that no long fibres 

run from the lumbar chain down along the main ves- 

sel to the limb. All that peri -arterial sympathec- 

tomy does is to denervate only that part of the 

vascular system which ie actually denuded of its 

adventitial coat. If such is the case, and it has 

been proved by later workers beyond all doubt, how 

can the beneficial results following peri -arterial 

eympathectomy be explained. Peri- arterial eytnpathea- 

tomy does produce beneficial results ,for innumerable 

workers, since the days of LERICHE down to the 

present, have reported many cases showing improve- 

ment following the operation. LERICHE tried to 

defend the operation by saying that if no afferent 

fibres passed down, then sensory afferent fibres 

passed along the whole length of the arterioles, 

and in this way the reflex arc was broken. But, 

no anatomical proof could be found to support this. 

He then postulated that ganglion cells were present 

in the arterial walls, and that there were centri- 

petal fibres in the adventitia of the arteries 

which correlated these peripheral intra -mural cen- 

tres with the central nervous system. "The action 

of peri- arterial sympathectouiy has not 

to,/ 
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to do with motor fibres, but with centripetal asso- 

ciation fibres. In dividing them, one removes for 

some time the motor elements of the periphery from 

the regulating influence of the higher centres. 

This explains the hyperactivity of the peripheral 

ganglionic centres, which thus produce a régime of 

vaso-dilatation". (58) 

Such a hypothesis receives not the 

slightest support from either physiological or 

anatomical studies. It is better to admit that, 

for the present, a physiological explanation of 

the benefits following peri- arterial sympathectou.y 

cannot be given than to postulate hypotheses 

which however attractive in theory are not only 

unsupported by anatomical evidence, but definitely 

disproved by it. 

From several cases reported it would ap- 

pear that any interference with the sympathetic 

nervous system at any part produces a temporary 

diminution in tone of the system and perhaps this 

temporary diminution in tone breaks the vicious 

circle and allows a return to normal. 

The tendency at present is to regard 

peri- arterial sympathectomy as an unphysiological 

operation, and only to be considered where the 

condition/ 
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condition of the patient contra indicates the more 

serious operation of ganglionectoty. 

(2). RlK I SECTOMY. 

Ramisectomy, the last of the three opera- 

tions to be devised was advocated by ROflE in 1924 

for the relief of spastic paralysis. The method 

of approach and the whole technique of the opera - 

tion is similar to that of ganglionectomy. The 

only difference is that in the latter the ganglia 

are actually remo ved, while in the former only the 

rami communicantes are divided, thus isolating the 

ganglia. Therefore, the description of ganglionec- 

tomy holds as well for ramisectomy. 

(3). GANGL IOhLCTCKX, 

While it is true that ALEXANDER (59) in 

1889 performed bilateral extirpation of the supe- 

rior cervical sympathetic ganglia for epilepsy, 

and other workers perform similar operations for 

hypertdayroidism, glaucoma, and angina pectoris, 

it was not until ROYLE (45) & HUNTER (34) in 

1924 published their work on ramisectomy in re- 

lief of spastic paralysis that the surgical possi- 

bilities/ 
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Fig. 8. The relations between the thoracic and cervical 
ganglia, the subclavian artery, and the cardiac plexus are 
shown. The darkened portion illustrates that section of the 
sympathetic trunk and the ganglia, which are definitely 
removed. Occasionally the cervical portion also may be 
removed. 

FIG. XXIII. 

L 

Fig. 15. The dark portion illustrates the section of the 
lumbar trunk and the ganglia that are removed in the 
treatment of Raynaud's disease of the lower extremities. 

FIG. XXIV. 



possibilities of such a field was realised. 

There are two sites at which ganglionec- 

tonïy are carried out. 

(1) Cervical -dorsal region, where to dener- 
vate the upper limb of sympathetic 
fibres, the inferior cervical and the 
first and second thoracic ganglia are 
removed. (FIG. XXIII.) 

(2) Lumbar region, where the second, third 
and fourth lumbar ganglia are removed 
in order to either denervate the lower 
limb of sympathetic fibres or to sym- 
pathectomise the lower part of the 
large intestine. (FIG. XXIV.) 

(1) OPERATIVA( 
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(1) . OPERATIVE TECkíNZqUE of ChHVICO-THORACIC 

GANGL I ON EC TOIdY . 

At first it was thought sufficient to 

remove the inferior cervical sympathetic ganglion . 

to denervate the upper limb, and the anterior 

approach was used. As the distribution of the 

sympathetic fibres became known it was necessary 

that not only should the inferior cervical ganglion 

be removed, but al; o the let. and 2nd. thoracic. 

In order to obtain a freer access, ADSON & BROWV 

(48) introduced in 1929 the new method of "poste- 

rior approach ". It is this method as quoted by 

YOUNG (34) which is given here. 

"The patient is placed in the prone posi- 

" tion with the upper part of the trunk raised on 

" pillows and the neck flexed, the head hanging some- 

" that forwards. An incision 4 or 5 inches long is 

" made, either in the mid-line, if both sides are to 

" be done at the one sitting, or l- inches from the 

" middle -line if only one side is to be done. (FIG. 

" XXV.) In the former, once the skin and subcuta- 

neous tissue have been divided, the edge of the 

wound must be strongly retracted towards the side 

f' on which the operation is being done, and then the 

deeper/ 
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r'deeper parts are incised further out. The incision 

Tl extends from about the level of the sixth cervical 

'T spine as fur down as the level of the fourth dor- 

sal. The incision is deepened carefully and sye- 

rr temati.cally, rec: gnising the successive muscular 

layers as they are divided, trapezius, rhomboids 

,,and serrates posticus, erector spinal muscles and 

TI the lower end of splenius. The margins of the 

t wound are separated by retractors and the bony 

.r relations confirmed. 

r"One considerable difficulty is the recog- 

u rition. of the actual level of the spthous processes. 

.1 It is always somewhat difficult to be quite certain 

u which is the seventh cervical and which is the 

"first dorsal. The important one, in that its level 

u should correspond with the centre of the incision, 

" is the spinous process of the second dorsal; (FIG. 

" XIVI.) for the actual exposure of the sympathetic 

"trunk is supposed to be accomplished best after 

"excision of the transverse process of that vertebra 

"and of the innermost three or four centimetres of 

the corresponding rib. Having cleared the bony 

" surfaces at the proper level, and having indenti- 

'.fied the proper vertebral processes, the periosteum 

'rover the rib is incised and cleared from the eurfae 

off 
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FIG. XXVII. 

Fig. 6. Subperiosteal exposure of the second rib and its 
articulation with the transverse process of the second 
thoracic vertebra. The lines indicate the places where 
resection was done. 

FIG. XXVIII. 

Fig. 7. Rcposure of the second thoracic and cervico- 
thoracic ganglia, with only a small portion of the cervico- 
thoracic ganglion in the field. The method by which the 
second thoracic ganglion is elevated by traction pre- 
liminary to resection of the thoracic trunk below the 
ganglion is illustrated. The procedure is shown by which 
the cervicothoracic ganglion is drawn downward to expose 
the various communicating branches. In this particular 
case, the lower rental portion of the cervicothoracic 
ganglion is separated from the thoracic portion by a dense 
band. 

FIG. XXIX. 
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'I of the bone; (FIGS. XXVII & XXZIII.) whereafter 

u the posterior and inner 3 cans. of the rib are ex- 

cised, the corresponding transverse process of the 

u rib being simultaneously divided and removed. There 

,r aajit not to be any special bleeding. If the inter- 

TT costal artery is injured, i ; is - asily ligated. In. 

u j ury to the first and second intercostal nerves 

should be avoided. When the portion of the rib has 

T been excised, the chest cavity is opened, and the 

Tr surface of the pleura, which ought to escape injury 

Tr if ordinary care is taken, becomes at once apparent. 

"It is carefully separated from the side of the verte 

u brai column and retracted outwards and forwards. 

"The sympathetic trunk then become visible, between 

"the 2nd. thoracic ganglion below and the eervico- 

"thoracic ganglion above. (FIG. XXIX.) The latter 

"is not at first visible. 

Following exposure of the sympathetic 

"trunk, the latter is divided well below the second 

"ganglion and is carefully lifted upwards; the rami 

of communication with the second and third thoracic 

"nerves are divided, and by gentle traction on the 

T upper segment of the ganglionic trunk the lower 

portion at least of the cervico- thoracic ganglion 

"is brought into view, Rami to the subclavion are 

"divided" 
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"divided and part or whole of the cervico- thoracic 

"ganglion is taken away, after division of the as- 

" cending and other branches. The wound is closed 

"with care, successive muscular layers being sutured 

" in turn. 

"Following the operation, it is probably 

'best to keep the patient in the prone position dur- 

" ing the first few days, whereafter the dorsal cubi- 

" tus may be safely adopted. 

"NOTE: A.DSO ..... has now modified his 

"method of approach ....... he find it more conveni- 

" ent to enter the thoracic cavity through the first 

" rib rather than through the second. He believes 

in that way he is able to ensure a more complete 

" removal of the lower cervical and first thoracic 

" ganglia, and to carry out a more careful ramisec- 

" tion of any ascending fibres to the two lower 

roots of the brachial plexus." 

(2). OPIRAT 7 VFf 
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(2) . OPERATIVE TECHNIQUE. FOR LUMBAR 

GANGL ION ECTOMY. 

There are two methods of approach:- 

(1) extra- peritoneal. 

(2) trans- peritoneal. 

W. The extra- peritoneal has only one 

advantage, and that is, it i8 unnecessary to open 

into the abdominal cavity, but this is heavily out - 

weighed by the long incision that is necessary in 

order to obtain a sufficiently wide displacement of 

abdominal viscera to give effective and safe access 

to the side of the vertebral column. 

(2) . The trans-peritoneal route as advo- 

cated by ADSOI (4S) is the one now generally em- 

ployed. 

"A long vertical incision is made, either 

" medial or paramedial, and it should extend from 

" close to the pubis as far up as may be necessary to 

hT afford free access, and without limiting freedom of 

"manipulation within the abdomen. It is desirable 

u to have the patient in the Trendelenburg position 

"before the peritoneum is opened, and this position 

"is maintained throughout the special executive part 

" of/ 
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ig. 13. The incision on the right side, similar to that on left side which is illustrated in Figure 8. 

FIG. XXX. 
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of the operation. It allows of the intestine being 

u packed upwards aut of the way, and rendere access 

to the special operative field to either side 

of the lumbar epr?,n much easier. 

RIGHT LUEBAR CHAIN. 

'For exposure of the right lumbar chain, 

an incision is made close to the right lateral borin 

' der of the vena cava across the root of the mesen- 

tery of the small intestine and downwards into the 

pelvis, crossing the right common iliac vein and 

artery. This incision, which may be 15 ®20 ems. in 

length, and may be extended upwards if desired, 

" divides the parietal peritoneum, and opens up the 

,; loose sub- pe'itoneal tissue. (FIG. X.X.) The 

" caecum, small intestine and ureter are displaced 

" outwards and the edge of the vena cava, which bul- 

ges sometimes to the right of the aorta, is care- 

" fully drawn inwards. In this way the surface of 

" the psoas is uncovered, and several of the down - 

" ward descending nerves become visible. Of these, 

" the most important as a guide to the sympathetic 

chain is the genito -femoral, which is usually 

' easily recognised, being the innermost of all. 

It The/ 
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u The sympathetic trunk lies close behind and under 

u cover of the vena cava, and at its lower end passes 

+ behind the right common iliac vessels. (FIG :=1) 

T: The fourth lumbar ganglion is situated east about 

u the brim of the pelvis, and the trunk is divided 

Immediately below this ganglion. Rami of communi- 

cation with successive spinal nerves, with the 

" hypogastric nerves are divided systematically from 

u below upwards, and the cord is raised from its bed 

H gradually until the second lumbar ganglion is 

rt reached. Above this it is divided, and the whole 

.T trurk removed between the two levels named. The 

only difficulty of note that may be encountered is 

" in the avoidance of several small intervertebral 

veins, which cross the trunk at several places. 

With care, however, they can be avoided, and, even 

" if one or more are accidentally injured, the bleed - 

" ing can easily be checked, the small bleeding ves- 

" sel being at once picked up and ligated. 

" LEFT LUMBAR MAIN. 

"The exposure of the trunk on the left 

" side ought to be` even easier than on the right, 

" firstly because the vena cava is further out of the 

" way, being more to the right, and secondly because 

the/ 
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Ha. IS.-Left lnmhor g nalioneetomy. The incision through the posterior parietal 
peritoneum an the left side, permitting elevation and retraction Inwards of the 
sigmoid and descending colon. (By courtesy of Dr. Adam and the Editors of 
Surgery, (:!menai ry uml (Eateries.) 

FIG. XXXII. 

Fig. t . Further elevation of the parietal peritoneum, 
retroperitoneal layers. and large bowel on the left side ex- 

posing the psoas muscle, the genitofemoml nerve, the 
abdominal aorta, and the common iliac artery previous to 
the exposure of the lumbar ganglia. 

FIG. XXXIII. 
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the sympathetic trunk is slightly under cover of 

the left side of the aorta, which is readily and 

safely displaced a little to the right to expose it 

On tY ie side the parietal peritoneums is incised 

lateral to the root cf the sigmoid and to the at- 

:? tachment of the lower part of the descending colon. 

P (FIG, â x i,) The sigmoid and the descending 

colon are displaced well to the right along with 

the ureter, until the psoas muscle, the aorta and 

" its bifurcation, and the left common iliac vessels 

have been f.'eely exposed. The genito ®femoral nerve 

" perforating the muscle is recognised, (FIG.XXXIII) 

" and, internal to it, under cover of the aorta, the 

" sympathetic trunk is exposed from the level of the 

fourth ganglion at the brim of the pelvis, up to 

" the second ganglion, as on the other side. The 

" segment of the trunk, including these three ganglia, 

" is excised in the same way as on the other side, 

" after systematic division of the various rami of 

" communication. (FIG. IV.) On this side there 

" should be lees risk of venous bleeding, as inter- 

" vertebral venous branches of any consequence are 

" generally absent. 

" It is well to keep in mind the chain of 

" lymph nodes to either side of the vertebral column, 

Whiff 
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Fig. rz. Exposure and resection of the left lumbar 
sympathetic trunk, with the second, third, and fourth 
lumbar ganglia. 

iIne XXXIV. e 
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9 which occupies a position very closely related to 

that of the sympathetic chain. 

<<The position of the second and third 

ganglia is liable to some variation. Sometimes 

the second ganglia is placed unusually high, and is 

only reached by extending the wounds upwards suffi- 

ciently to expose the lower border of the thirc 

part cf the duodenum. This applies on either sida, 

but more particularly on the right. 

'The retroperitoneal incision is sutured, 

" the abdominal viscera are replaced in their normal 

relations, and the abdominal wall is closed in 

" layers in the ordinary manner". 

(3). PRE-SACRAL( 
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Flo. 1.- Connoetioas of the presacml nerve: (o) aemilonar ganglion; Ibl °celiac plexus; () superior mesenteric artery; (d) renal plexus; (c) renal ganglion; (f) intermenenteric 
plexus; (g) inferior mesenteric artery ; (h) middle root of presacrol nerve; (i) left lateral root 
of presscml nerve: (j) prosacml nerve; (A) branch from third lumbar ganglion: (1l branch 
from fourth lumbar ganglion; and (ro) hypogastrie nerves. (After Lauo.) 

FIG. XXXV. 
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(3) . PRE-SACRAL NEUR1 CTOMY and RRMOVAL of the 

SYMPATHETIC FIBRES of the Il1FL+'RIOR MESENTERIC 

PLEXUS. 

These operations are carried out in cases 

of Hirscheprung s Disease where the dilatation 

reaches as far as the internal sphincter, for re- 

moval of the inferior mesenteric plexus derives 

the lower portion of the large intestine of sympa- 

thetic fibres, while the pre - sacral neurectomy re- 

moves the motor fibres of the internal sphincter. 

(FIG. XXXV.) 

Pre- cacrel neurectomy is performed in 

oases of "cord- bladder" and "pelvic causalgie ". 

The method described ie that of RA1KIN & LEAR- 

MONW, who introduced the operation in 1930. As 

before, the description is taken from YOUNG'S (54) 

article. 

"The abdomen is opened through a long 

"para -medium incision centred on the umbilicus. A 

"self -retaining retractor is employed, and the 

"Trendelenburg position is adopted from the first. 

"The email bowel is packed upwards and to the right 

"in order to permit of free exposure, and to allow 

"the root of the mesentery to be drawn upwards. 

"The/ 



122. 

"The sigmoid colon is displaced to the left and 

"slightly downwards, to expose the bifurcation of 

"the aorta. The promontory of the sacrum is identi- 

fied, and in most cases the strands of the pre- 

"sacral nerve can be seen through the posterior 

"parietal peritoneum, as they descend in the middle 

"line. The peritoneum is picked up in the middle 

"line, and is incised vertically from the sacral 

"promontory to the origin of the inferior mesenteric 

"artery. 

'The two edges of the incision are raised, 

"and displaced to either side. The strands of the 

"pre-sacral nerve are not adherent to the membrane 

" and they are easily separable from the great ves- 

" sels. The pre - sacral nerve is divided below at the 

"right border of the left common iliac vein, and it 

" is advised that a ligature should be placed on its 

"distal end, on account of a small artery which ac® 

" companies it. The proximal end of the divided pre- 

" sacral nerve is raised by gentle dissection, and 

"the branches reaching it from the fourth lumbar 

" ganglia are divided on each side. Similarly the 

"branches from the third lumbar ganglia immediately 

"below the bifurcation of the aorta are divi .fled. 

"When the nerve has been raised still further, its 

"lateral/ 



Btu. t7.- Division of tho right literal 
root nid the middle net of the hyp.ga trie 

Tho nouille around the inferior 
Intawnterir artery has alxn been edit op. 

Fn:. 118.-Manner in which the whole 
of that part of the Itypogoatrio nerve to he 
removed is rtrung te behind the inferior 

xn r artery. The inferior mesenteric 
nerve,. are nhoutto be and loft 
lateral root of the 

pogoat 
ri e nerve will 

Ito divided at rho points ftwrked 

FIG. XXXVI. 

inferior 

Penner-Laaaaonu 01.01arlor. 

7 

roof 
presacrel 

of 

nerve 

Coo. Y_ -elold of operation. anti ineleion through the Ie.terinr parietal peritoneum. oie. -{I) Tim 
Jpw11 dirplared to the left, and the hifureatton el aorta ea pmaal by relrnngon of tlm peritoneal 

pre and the Inferior brini (Op r umap of in. nankin 
and laarmo th ami the Pdliwre and Pohn.here of the -Inner. Nsurgery.) 

F1G. XXXVII. 



123. 

"lateral roots, formed by union of branches from 

the first and second lumbar ganglia, are severed, 

"the middle root, however, being temporarily re- 

"served if possible, to be used as a guide to the 

inter -mesenteric plexus. YIDS. Y>xv i vii o . 

li 

The trunk of the inferior mesenteric artery is now 

"identified, and, by tracing the middle root of the 

pre-sacral nerve upwards, the operator reaches the 

two large principal roots of the inferior mesenteric 

"plexus, (derived from the irtermesenteric plexus) 

1Sone on each side of it, and joining it 1.5 ems. 

`'below its origin. 

"The authors advise that, if the middle 

"root of the pre - sacral nerve cannot be used as a 

"guide, the main parts of the inferior mesenteric 

"plexus will be fcund at the positions of 5 o'clock 

n 
and 7 o'clock, with reference to the origin of the 

" 

artery. They are large and easily isolated. 

`About 2°5 ems. of each are reeecte&? . Qnd if an r 
Iß 

ganglionic mass is present on either, it z 

ed in the resected portion. Any subsidaxy pert= 
arterial strands are divided. If the manI ulati(:; 
is carefully carried out, there Should be no bleed- 

I, 

ing of any consequence. The incision in the 
u 

posterior/ 
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"posterior peritoneum is closed by continuous suture 

"of cat -gut and the abdomen. is closed in the usual 

"manner. 

"The operation as described, may seem a 

"somewhat formidable one, but in fact, it is very 

"simple, and, in suitable cases, may be carried out 

"within a very few minutes ". 

In selected cases the operations of 

ganglionectomy and ramieectomy yield most gratify- 

ing results, results which outweigh any of the bad 

after effects which might result. 

Criticism of the operation is levelled 

at the fact that it is unjustifiable to remove the 

ganglia to produce vaso- dilatation,for the removal 

of such ganglia or the impulses from the central 

nervous system in the case of ramisectomy,is bound 

to have some deleterious effect on the patient. 

CANNON (62) in 1930 from his work on 

completely and partially sympathectomised animals, 

(cat and dog), was able to show the fundamental 

importance of the autonomic nervous system to the 

mammial. His work is a striking proof of the hypo - 

thesis put forward by CLAUDE BERNARD some eighty 

years previously, who referred to the necessity for 

keeping/ 
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keeping the fluid matrix of the internal environ- 

ment constant as the most important feature in 

living. CANNON states the autonomic nervous sys- 

tem is designed to retain the internal environment 

of the body at a constant level and to protect the 

body from external and internal stimuli. 

Complete removal of the sympathetic chain 

resulted in a 25% diminution in the work output, 

cessation of lactation, no liberation of glycogen 

from the liver, no polycythaemia during excitement, 

and no control over heat loss. If those animals 

lived the sheltered life of a laboratory animal 

then no mal- effects of complete removal of the 

sympathetic chain were obvious but, "if these ani- 

mals were set free in the outer world and had to 

meet its requirements of struggle there would be 

no delivery of sugar to the blood according to 

need, no polycythaemia, no splanchnic vasocon- 

striction with consequent rise in blood pressure 

and faster blood flow, no great acceleration of 

the heart, no shifting of the circulation to 

benefit the contracting muscles, no secretion of 

adrenalir.- to hasten the coagulation and abolish 

the effects of fatigue. The deficiencies of the 

sympathectomised animals are clearly revealed 

when/ 
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when exposed to heat or cold. If exigencies 

arise it is unable to preserve the constancy of 

its internal environment ". 

But such a picture cannot apply to the 

post- operative cases. For a widespread removal of 

the sympathetic ganglia is not undertaken. The 

most that is removed are the lumbar ganglia (2.3 -4) 

on both or either side and the cervico- thoracic and 

1st. and 2nd. thoracic ganglia. Neither the nerve 

supply to the adrenals nor to the liver is inter- 

fered with, and the splanchnic area is undisturbed. 

If those patients lose nervous control of heat loss 

from the limbs, exposure to external environment 

can be controlled by protective means, thus pre- 

venting any undue upset to the patient. 

Occasionally there have been reports of 

muscle dystrophy following removal of the sympathe- 

tic nerves (see KURf and his workers Who reported 

in one case, facial dystrophy, similar to that of 

progressive bulbar paralysis, following superior 

cervical sympathectomy) but most of the cases have 

referred to dystrophies in facial muscles, few to 

muscles affected in the arm, and none in the lower 

limb. In the case of J.C. (CASE V. see page 198) 

no signs of any muscular wasting could be found 

some/ 
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some two and a half years following lumbar ganglio- 

nectomy. There is little physiological evidence to 

show that denervation to the sympathetic leads to 

wasting in muscle. 

The effects of sympathectomy in a limb 

are:- 

(i) Cessation of perspiration; where the limb 
was moist before it now becomes dry. 

(ii) Increase in the skin temperature. 

During the operation this is not noticeable as the 

anaesthetic has paralysed the sympathetics and has 

already caused complete dilatation. Immediately 

the effect of the anaesthetic passes off, the skin 

temperature of the sympathectomised limb remains 

high, between 90 -95 °F, while that on the other side 

falls to its pre - operative level, 83 -86 0F. This 

rise in skin temperature is permanent. In the case 

of J. c.; (cAs, V) the left foot, two and a half 

years after 1sft lumbar ganglionectomy had been per- 

formed, was 8.6 °F warmer than the right. Experi- 

mental evidence chows that the immediate vaso -diata- 

tion following ganglionectomy is greater than that 

after a lapse of 14 to 21 days after the operation. 

The blood vessels redevelop a certain amount of 

their tone, but the remaining dilatation is great 

enough/ 
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enough to allow a sufficient increase of blood to 

relieve the symptoms of vascular isehaemia. In the 

case of J.O., who was suffering from Hirsehtisprung's 

Disease, the removal of the ganglia resulted in a 

permanent increase of 8.60F in the temperature of 

his foot. This took place in vessels in which ex- 

cessive spasm was not present. If the redevelop- 

ment of tone is due to vaso- constrictors circulat- 

ing in the blood and not to a nervous influence 

(see page 44) then in cases of excessive spasm 

the permanent dilatation resulting from sympatheo- 

tomy will be greater than in normal persons, the 

lumen of the arterioles being pre - operatively much 

smaller in spasm than in normal vessels. 

Up to the present it has been accepted 

that the rise in skin temperature could be taken 

as an accurate indication of vascular dilatation, 

but,a,s JOHNSON and his co- workers (53) have point- 

ed out, the decrease in sweating of the sympathec- 

tomised part leads to heat conservation, and this 

may account if not for all, for at least, part of 

the increase in skin temperature. The truth of 

this statement has yet to be verified. 

In addition to the increase in skin tem- 

perature there is a redistribution of heat. In 

the/ 
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the normal person, the skin over the anterior part 

of the thigh is warmer by 2-2.5°F than the skin 

over the calf. While the-foot is 2 -30F colder than 

the calf. Following sympathectomy, in cases of 

vaso - spasm, the skin temperature of the thigh is 

only 1 -20F warmer than the foot, while the calf is 

actually 1 -20F colder. This is shown in the follow- 

ing table, taken from a case of Raynaud's disease, 

(MRS. mop,. CASE I, page 

TWP- 

) 
TABLE VIII. 

PRE -OP:RAT 

Left Thigh 

Left Calf 

Left lst, Toe 

93°F 

850F 

75 

POST- OPERAT. 

93 

910F 

92.301, 

As is to be expected the rise in tempera- 

ture is most marked in the foot, but why the foot 

should become warmer than the calf of the leg is 

more difficult to understand. 

There are three possibilities:- 

(1)7 
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(1). The vaso- constrictors to the lower 

i1rb arise from 11th. to 12th. thoracic, 1st. 2nd 

and 4th. lumbar. The 2nd. 3rd. and 4th. lumbar are 

removed at operation. That will denervate all the 

blood vessels passing to the foot, but it may not 

remove the constrictors to the blood vessels in the 

calf. Thjs is very unlikely, for branches of the 

first lumbar nerve de not innervate any part of 

the limb. Any neurones which pass down from the 

upper ganglia will be severed when the lower ganglia 

are removed. 

(2). That in the foot there are a greater 

number of arterioles subcutaneously as compared 

with the calf. 

(3). That the arterioles in the foot have 

a greater number of sympathetic nerves than those 

in the calf, and therefore the dilatation will be 

more marked in the vessels of the foot. 

The reaction to the external environment 

is changed. Sensations of pain, touch and pressure 

are not in any way altered, but the reflex con - 

striction to cold is diminished. 

TABLE IX shows the reaction in a case of 

intermittent claudication in which the left lumbar 

ganglia 2 :3 :4 were removed. 

TAb1E EV 
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TABLE IX. 

FALL IN SKIN TEMP. FALL IN SKIN TEMP. 
OF R. FOOT . FOLLOW - = OF L. FOOT FOLLOW - 

DAYS ING EXPOSURE TO ING EXPOSURE TO 
AFTER T2P. OF 65oF FOR TEMP. OF 650F FOR 
OPERATION. 10 MINUTES. 10 MINUTES. 

TABLE X. 

Difference between the skin temperature 

of both feet on these six occasions were: - 

(a) COVERED. 

4th. day 3.71 °F 

7th. 4.6 °F 

11th. " 4.5 °F 

18th. " 2.6 °F 

20th. " 6.44 °F 

27th, " 4.3 0F 

(b)% 



ORfflTED 

InOPE0.:TCD o. 

TIME IN MINUTES 
c to 

INTERMITTENT CLAUDICATION. aG. sae 5b vas. 

5 , 3r, 4. 4', LEFT LUMBAR GANGLIA REMOVED 20 DAYS PREVIOUSLY. 

RESPONSE TO CHANGES. IN EXTERNAL ENVIRONMENT. 

A. TEMP, OFLFOOT IN BED. < B TEM. OF..R. FOOT IN 0E0. 
00TH FEET IN FOOT BATH(rEMR>1'.) FOR S MINUTES. 

X -A. RISE IN SKIN TEMP OF L. FOOT FQI.OWING COOLING TO 115 

FIG. XXXVIII. 
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(b) UNCOVERED. 

4th. day 11.01 °F 

7th. 11.15 °F 

11th. " 8.3°F 

6.05 °F 

9.5 °F 

10.7°F 

18th. 

20th. 

27th. 

These tables show that on exposure to 

room temperature the fall in the skin temperature 

was much slower on the operated side as compared 

with the unoperated. The foot always tends to re- 

main at a much higher temperature than that of the 

other side» and should the temperature of the skin 

be lowered, the return to its new high "normal" is 

much quicker than the retirn of the other foot. 

FIG. XXXVIII shows the skin temperatures 

in the same case as in TABLES I? & X in the Right 

and Left feet following immersion of the feet in 

cold water (temperature 71 °F) for five minutes. 

In view of JOHNSON'S statement (see page 

100 ) that the rise in temperature of the skin is 

due to lack of evaporation of sweat, FIG. XXXVIII, 

offers direct evidence against such a hypothesis. 

The/ 
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The readings were taken 28 days after the operation 

(i.e.) 7 days longer than JOHNSON aid his co- 

workers say the dilatation of the blood vessels 

lasts. It is inconceivable that within the 14 

minutes over which the readings were taken that so 

much evaporation of sweat took place in the right 

foot that the skin temperature only rose 3.5 °F, 

while the skin temperature of the left foot rose 

some 10 °. 

The shape of the curve (XAl) , and its 

rapid rise to normal is more suggestive of a vascu- 

lar cause than any other factor. 

The results of sympathectomy in Hirsch - 

sprung's Disease are discussed in CASES u & VI. 

Causalgias may be relieved by sympathec- 

tomy, the greatest benefit accruing from-these 

arising from vascular ischaemia.s. This, however, 

is not the only type of pain relieved. L RICFOE 

has shown that the residual pain which is often 

present in severe injuries to the limbs, provided 

it does not arise from a painful scar, can be treat- 

ed successfully by peri- arterial sympathectomy. 

He believes that in such conditions there is a 

neuritis of the sympathetic nerves. 

It/ 
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It has been shown that the rami communi- 

:antes contain sensory fibres from the posterior 

nerve root. The fibres pass through the ganglia 

although they do not affect any synaptic connection. 

with the cells within the ganglia. Ganglionectomy 

and ramisectc ;mJ, however, divide those fibres and 

this may be the cause of the relief of pain which 

is so striking in some cases. 

Perhaps the best example of relief of 

pain by sympathectomy is the removal of the infe- 

rior cervical sympathetic ganglia in angina pec- 

toris. If the procedure is sufficiently widespread 

the pain is reduced in duration and severity. 

Whether this is a sound therapeutic measure is to 

be doubted, for, as MAGKENZIE pointed out, sympa- 

thectomy in angina pectoris only relieves the pain, 

but does not attack the causal factor. The path 

is a warning that the heart muscle is distressed by 

over - strain and forces the patient to rest. Remove 

the pain, and the patient receives no indication 

that he is over - taxing his heart. 

The benefits accruing from ganglionec- 

tomy in such conditions as arthritis, varicose 

ulcers, and trophic ulcers depend upon the in- 

crease in blood supply to the parts. 
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CHAPTER XI. 

R.AYldAUD 4 S DISEASE. 

CASE I. 

Mrw, Meg,. Age 43 years. 

COMPLAINT. 

Blueness and pain in hands and feet for 

, year. 

HI "mnRY,. 

Three or four years ago the patient no- 

ticed that the skin over both feet began "to peel 

like an orange" leaving a painful reddened area un- 

derneath which turned blue on exposure to the cold. 

When exposed to heat the blue discolouration dis- 

appeared but the parts were very itchy. About the 

same_ time the patient noticed that her feet per- 

spired a great deal more than usual. This was ac- 

companied by slight pain and redness in the feet, 

These attacks of perspiration lasted about twelve 

months and then ceased. 

Two years later patient experienced a 

tingling sensation first in the right arm passing 

down/ 



down to the fingerse Later her left arm and hand 

became similarly affected, 

Fifteen months ago the hypothenar eminence 

of the left hand showed an area which was flushed 

when warn! ,hut blue and painful, when cold, It has 

gradually spread ,until the whole cf the. 5th, finger 

and the tips of the remaining fingers are similarly 

affected, Lately the right 5 he finger cf the 

right hand has been showing similar changes. 

Patient's occupation entails her hand be- 

, ing often in ;pater, ahe is not incapacitated when 

working in warm waters but owing to the numbness and 

loss of power in her fingers she is unable to do 

any outside work in cold water. 

EXAM I NA TI ON. 

The skin of the hands shows changes in 

colour, There are reddish-blue areas on the skin 

of the palms of both hands. This is more marked 

in the left and especially over hypothenar eminence 

where skin looks definitely cyanosed. The skin is 

not. broken, Ths discolouration is in the skin it- 

self and the area is not raised above the surround- 

ing tissues. It is sharply demarcated from the 

rest of the skin_ which shows a glazed appearance and 

some thickening of superficial layers, 

There/ 



137. 

There is a decrease in local temperature 

in both hands. 

The feet show similar changes but the 

cyanosis is even more marked. The areas affected 

are the toes both dorsal and plantar surfaces. The 

sole of the foot over the heads of the metatarsals 

and along the lateral side of the so/ P0 

The remainder of the skin is much thickened, 

and glazed. The dorsalis pedis and posterior tip 
bial pulsations just palpable in both feet. 

The changes in the skin are localised to 

the hands and feet and are not present in other 

r: rts of the body. 

DIAGNOSIS, R YNAUD' S DISEASE. 

This patient gives a typical history of 

Raynaud's disease illustrating in almost every re- 

spect the definition of the condition "A paroxysmal 

affection of the blood vessels of the extremities, 

frequently symmetrical, characterised by persistent 

ischaemia or a passive hyperaemia which leads to 

disturbance of function or to loss of vitality with 

necrosis". (64) . 

The onset was typical,ti_ngling and numbness 

in the extremities to be followed by a period when 

those/ 
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those parts were white and cold (local syncope). 

This syncope continued until the parts turned blue 

in colour (local asphyxia). The colour retu-ned 

to normal as the attack passed off, but for a per- 

iod ter the attack the parts were red and in- 

flamed-looking (passive hyperaemia). While the 

condition at the beginning only manifested itself 

when the patient was cold, ? ate1 the' extr Lnt ti ee 

continually showed the state of local asi hyxia, un® 

less the patient took special precautions to keep 

the parts viarm. Thus, i f the hands were in hot 

water, the areas were red, hot and itchy, but im- 

mediately they were removed from the water and not 

covered with gloves the fingers became blue, cold, 

and painful, 

The disease had progressed from an occa- 

sional hyperactivity of the vaso-constrictors to a 

state of permanent hyperactivity, This hyperactivi- 

ty being relieved, however, when the external local 

environment was raised,. 

The causal factors in Raynaud ' s disease 

are unknown, It i s supposed to be a manifestation 

of a neuropeutic diastnesis being more common in 

women than in men and more common, although it may 

occur/ 



occur at age, in the second a:ns? ti -lind decae 

Oppenhei.m lays stress upon anaemia ,C;F%2at? sti on p`?nd 

congenital narrowness of the aorta® It sometimes 

c.oznp3icates diseases of the spinal cord such. as 

tabes dorsalis, syringomyeli.as disseminated sclero- 

sis and tumour:.. There may be a congenital or a 

familial predisposition. Poisoning by lead, tobac- 

co -a.nd syphilitic toxins are all possible factors' 

The condition has occasionally been observed after 

äC-1:ut.e feb=rile conditions. The excitinc causes 

;are. cold, mental emotions, and trauma. 

Raynaudt s disease is probably fte best 

example of advanced vaso-motor neuroses which are 

Characterised by disordered activity of the invtlun- 

tary nervous system,. but this hypothesis is not 

equivalent to saying that tYle involuntary nervous, 

system is the starting ;,oint of the condition. 

The cases of Rayraudf s disease may be 

divided into two classes. 

(1) Those in which no other etiological con - 
dition is presente 

(2) Those in which it is a manifestation or 
complication of another disease. (e.g.) 
tabes d.orsalis syringomyelia. 

In the first group (i.e.) the neurosos, -he 

immediate cause of the condition is a hyperactivity 

of,/ 
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of the sympathetic nerves to the blood vessels of 

the extremities. Once this hyperactivity is es- 

tablished the exciting causes traue , mental erne,- 

tion ,and especially cold set up an exaggerated re- 

flex which is manifested by prolonged constriction 

of the peripheral arterioles of the extremity ,giv- 

ing local syncope, asphyxia, and should the ischae- 

mia be sufficiently prolonged, local. neurosis. 

This ischaemia leads to a condition of the skin known 

as sclerodema. Here the skin is thickened, leath- 

ery, glazed in appearance, with diminished sensi- 

bility. 

The cause of the hyperactivity of the 

sympathetic nervous system is unknown. The condi- 

tions are called "neuroses" for, as yet ,no speci- 

fic pathological lesion has been described and be- 

cause they tend to occur in persons of an unstable 

nervous temperament. 

While Rayna.0 d. ' s disease has a very de- 

finite and typical history, <ao had and fast line 

can be drawn between such an advanced disorder of 

the autonomic nervous system and lesser disorders 

which are characterised by flushings,congestion, 

angIo -spa m in all its varieties, some forms of 

tachycardia, migraine, vertigo, universal or cir- 

cumscribed/ 
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circumscribed hyperidrosis and gastric disorders of 

certain functional types, 

In the case of Mrs. McQ, it is of interest 

to note that with the beginning of her asphyxial 

attacks, her feet showed excessive persi.ration, a 

further indication of syMpathetic hyperactivity, 

TREATT E T. 

In the case of Mrs. McQ. complete examina- 

tion revealed no pathological disease or no possible 

factor such as alcohol or lead poisoning which could 

in any way account for the condition, Thus this 

was an example of RaynaudTs disease of the "neurotic" 

type with a hyperactivity of the sympathetic nervous 

system. Medical treatment in such a case is pure- 

ly palliative, sedatives for the pair during at- 

tacks; wrapping up the parts to prevent exposure 

to co? di gentle masage; like warm baths and dry 

heat to the extrefties. The benefits to be de- 

rived from these methods are of only very limited 

value and while they may reduce the severity of the 

conditions they do nothing towards a permanent cure. 

If the cause of the condition is hyperactivity of 

the verso constrictors. then removal of the vasocon- 

strictors should result in complete disappearance 

of/ 
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of the symptoms. As has been explained previously 

removal of the sympathetic fibres to the lower ex- 

tremities is most easily ant surely carried out by 

lumbar ganglionectomy, (the 2nd., 3rd., and 4th., 

lumbar ganglia being removed). 

Before submitting the patient to such an 

operation it is necessary to carry out pre -operative 

tests to indicate whether the operation will result 

in sufficient improvement to justify the risks in- 

volved. 

The following tests were carried out:- 

(1) COLLER AND MADDOCK TEST. 

TABLE XI. 

Results are shown in FIG. XXXIX. and 

TABLE XI. 

UI; C O V:LHED 
(ROOM Tal. 
75-F). 

COVERED DIFF E -- L2rCE . 

L. Foot 79.08 °F 96.96 °F 17.78 °F 

R. Foot 79.08 °F 96.96 °F 17.78 °F 

L. Arm 91.04°F 96.96 °F 5.92 °F 

R. Arm 88.24 °F 96.96 °F 872 °F 

RIGHT/ 



RIGHT ARI''. 

LEFT TM. 

1 

Vasomotor gradient. 

occlusion index. 

Vasomotor ,,:radient. 

occlusion index. 

RIGHT LEG. 

ILFT LEG. 

Vaomotor gradient. 

occlusion index. 

Vasomotor gradient, 

occlusion index 

8-64 

0 

5e92 

0 

1688 

0 

1688 

C 

By this test it is shown that under the 

influence of a high local external environment the 

peripheral arterioles are capable of dilating to 

the fullest extent and that no part of the ischaemia 

of the extremities is due to organic obstruction of 

the arteries. Therefore the disease is one of 

hyperactivity/ 



144, 

hyperactivity of the symp- .thetics, a,nd lumbar gang - 

liene.ctomy should procure a. complete and lasting 

cure of the condition. 

(2) The other tests carried out were merely 
corroborative and no actual temperature 
readings were taken_. 

Thus after ten minutes in a cold bath (temperature 

60*F the feet were plum colour. As gradual heating 

of the water took place the colour began to fade 

giving way to hyperaemia_. 

By these testa it is obvious that opera:tior 

will be of natural benefit raising the temperature 

of linens as much as 14 =17 °F in the case of the legs 

and 5-8°P in the case of the arms, 

OPERATION. 10th. Januar;;, 1933. Profes- 
sor ' FRASER. Spinal Ana ese- 
thesia. (Percain). 

The abdomen was opened through a left 

paramedian incision below the unb 11cus and extend- 

ing 1" above it, The peritoneum was incised and 

the small intestine was packed to the right side of 

the abdomen. The pelvic colon was then picked up 

and the peritoneal attachments to the posterior 

abdominal wall were divided. The pelvic colon was 

retracted towards the right side of the abdomen and 

gauze dissection was continued on the posterior wall 

of/ 
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of the abdomen. The ureter was identified an_d . 

held aside and the sympathetic trunk was isolated 

and followed upwards until the 2nd, lumbar ganglion 

had been exposed. The trunk was divided above the 

2nd. ganglion and below the 4th. ganglion and the 

intervening portion of tissue removed. The hy- 

pogastric nerves were identified end divided. 

Bleeding was controlled by packing with gauze wrung 

cut of warm saline. The rent in the parietal 

peritoneum was sutured with interrupted: catgut, the 

pelvic colon was replaced in position and the packs 

were removed. The abdomen was closed in layers in 

the usual manner without drainage. 

"Pre-sacral neurectomy and lumbar genge 

lionectomy left ". 

With a spinal anaesthetic the vase -con- 

strictors are paralysed - full dilatation of the peri- 

pheral .arterioles are obtained and the skin tem- 

peratures during operation were : - 

L. foot. 96°F 

R. foot. 96 °F 

A.xi l la. 98°5°-7 

Following/ 
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Following the spers-Aien the rr.tient m,dc, 

an uninterrupted recovery and by the following day 

was able to ,:::::reciate herself, the rise in tam- 

perature of the left .root. 

The following observations were made.. The 

legs were uncovered as far as the knees in a room 

temperature of 65°F, f 10-15 minutes before rPad- 

ings were taken. (FIG. XL). 

TABLE XII. 

DAYS AFTER 
OPERATIONS. 

6 hrs.. after 

4 days « 

7 days 

10 days is 1 

R. LEG op L. LEG °F 

9017° 95.71 

83.74 92.25 

86.95 95.6 

78.68 95-46 

7565 9355 

DIFF. OF 

8.51 

9.65 

16.89 

1780 

The post-operative level as judged by the 

reactin to a high local environment (Coller and 

Maddock's Test) and spinal anaesthesia, has been 

gained (i.e.) 92 - 96°F. Although the left leg 

was under the same conditions as that of the right 

a marked difference in local temperature was always 

obtained/ 



FIG. XLII(a) Pre-operative. 

RIG_ =Viol Post-operative. 
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FIG. XLIII(a) Pre- operative. 

FIG. XLIII(b). Post -operative. 
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cbt -fined. It is interesting to note that although 

the R. lumbar ganglia were not touched in any way 

for five days following the operation the skin tem.- 

pe^a,ture of the right foot remained higher than it 

was before tie operation ($6 °F compared with 767$ °F) 

This rise in temperature due to the general decrease 

of sympathetic tone which follows interference with 

any one part of the sympathetic nervous system was 

also noticed clinically in the hands, By the se- 

venth day, however, the temperature once more had 

returned to the :pre-operative level. 

As reported elsewhere (cf. page 129) the 

distribution of heat in the limb changed, The tem- 

perature of the skin over the calves of the legs was 

10 °F higher than that of the skin of the foot pre- 

vious to operation. Following the operation, how- 

ever, the skin temperature of the toes of left foot 

compared with that 'o f the calf was 1.3 °F higher, 

that is there was a change of 11.3 °F. 

The reaction to changes in temperature is 

shown in FIG. XLI . 

Clinically the condition of the left foot 

showed marked impro-,7.ent as the progress notes 

and photographs (FIGS. XLII 3c XLIII) ;,how. 

ii 
¡ 



FIG. XLIV. Pre-operative. 

FIG. XLV. Post-operative. 
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10th. January. 

12th, January. 

13th. January, 

14th. January. 

20th. January. 

Operation. 

Difference in tempera- 
ture. No change in 
colour of foot as yeti 

Definite rise of tem- 
perature in Left foot, 
A possible decrease 
in cyanosis. 

Cyanosis less - de- 
crease in area affec- 
ted. No pain when 
sponged with cold wa- 
ter. 

Cyanosis practically 
disappeared. Does. 
not increase on ex- 
posure to air. No 
pain when in cold ,gra- 

ter, 

The condition of the hands was much ti- 

proved following operation. -(FIGS. XLIV & XLV). 

The pain was almost completely absents the areas of 

cyanosis had decreased,and it was felt that the 

condition had become so alleviated that, for the 

present, cervical ganglionectomy was not ustifi,ed, 

The patient was discharged on February 12th. 1933. 

Sh.e reported back in April 1933. The condition 

of the left foot was entirely satisfactory, having 

continued to improve since her discharge. Her 

had however, had begun to trouble her again and 

she/ 



she wished admission in crder that the _crditi.en cg 

her hands might be cured, 

There are several interesting features in 

this ease, First by the very typical history and 

the state of the condition when the patient reported 

for treatment. The periodical attacks were no lon- 

ger the outstanding feature, but now there was a 

permanent v.2,sc- constriction leading to local asphy- 

xia and cyanosis and only relieved by application 

of warmth to the parts. 

Secondly the very close approximation to 

the post -operative results obtained by the pre -op- 

erative tests as to the temperatures that would 

follow lumbar. ganglionectony. 

Lastly the widespread diminution in the 

hyperactivity of the sympathetic tonus following 

operation. The widespread results in this case 

was only temporary, but in ethers it may be perma- 

nent as has been shown by ERASER (38) in a case 

of Ratinaudis disease of bo.t'_= '-..nds in which complete 

alleviation of all the symptoms followed peri -ar- 

terial sympathectomy on the left side only. 
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CxAP TER XII 

IT?C Ir'I ENT GAli CFtI+àNE. 

CASE II. 

T r. C. Age 62. 

Occupation Shopkeeper. 

COMTL DINT 

Black patch on big toe. 

DUR ATI ON 

4 weeks. 

HI STORY. 

For many years patient has suffered from 

varicose veins in both legs worse on right side. 

Six weeks ago he had an attack of phlebitis which 

confined hire to bed. The pain in his legs became 

gradually worse "settling in the left big toe'. Four 

weeks ago he notice a small blur patch appearing on 

pulp of the big toe. This has gradually been getting 

worse, until now it involves the whole of the pulp 

of the toe distal and posterior to the nail. 

For many years patient has suffered from 
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a chronic rheumatoid -arthritis of all the small 

joints in his feet and hands. 

EX? T;;I1,r_1TI ON 

The skin over both feet is hard, thickened 

glazed and shining. The joints show typical arthrit- 

is in a not too advanced stage - deformity slight. 

The 1st toe of the left foot shows a gangrenous 

patch which covers the whole of the distal part of 

the toe. It does not affect the nail. The gangrene 

is dry in type, but shows no reactionary rim at the 

periphery. The skin over the fifth metatarsal shows 

signs of early incipient gangrene. 

No signs of gangrene on right foot. 

Varicose veins present in both legs, but 

no phlebitis present. 

Interior tibial artery : - a pulse just pal - 

pable on right side, absent on the left. 

Posterior tibial artery : - pulse palpable 

on right side, just palpable on left. 

Radial artery palpable no beading no t-ox- 

tuosity. 

Blood pressure slightly raised. Skin over 

hands shows signs of similar changes to 

that/ 
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that over feet, arthritic changes also 

present in joints of finger. 

DIAGITflSIS 

The condition of the foot obviously arose 

from vascular ischaemia of the slowly progressive and 

chronic type. It was felt, however, that .organic 

occlusion could hardly be the entire cause of the 

condition for conc'usive evidence of a marked degree 

of arterio- sclerosis was not present. The condition 

was more advanced in the left foot than the right, 

for there gangrene had developea in the big toe and 

was threatening over the fifth metatarsal, while in 

the right foot no areas of incipient gangrene were 

present. That the condition was affecting both feet 

however, was evident in the state of the skin. 

Scleroderma which is a very common sequela 

of a chronic vascular ischaemia was present in both. 

That the condition was ever more widespread was 

evident in that the skin over the hands was showing 

similar changes, but of a more recent development. 

Before submitting the patient to an opera- 

tion it was decided to apply the COLLER and MADDOCK 

test./ 
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test. 

The following were the resultsi- 

TABLE XIII 

TEi=R:ITURE I;I;COVRED COVERED. 

Right Foot 81.6 °F 

Left Foot 79.85 °F 

8905 °F 

83.3 °F 

Occlusion Index in Right foot 94° - 89.05° = 4.95 

Occlusion Index in Left foot = 94° - 83.35 ° = 10.65 

Vaso- constriction gradient 
in right. foot = 89.05° - 81'6° = 7.45 

Vaso-constriction gradient 
in left foot. = 833° - 79.85° = 3.45 

From these figures it is apparent that 

both vascular degeneration and vascular spasm is 

present. As was indicated clinically, the vascular 

degeneration is more marked in the left foot "occlu- 

sion index" = 10.65, right foot "occlusion index" 

4.95 while spasm is more prominent in the right foot 

7.45 as compared with 345 in the left foot. 

From those tests it is possible to fore- 

shadow a rise in temperature of 7'45°F in the right 

foot and 3.45 °F in left. 

This 
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This rise in temperature of the right foot 

is quite satisfactory, but the rise of only 3.450F 

in the left foot is just about the lowest limit which 

justifies operation. 

In view of the patient's general condition 

ganglionectomy was felt to be too serious an opera- 

tion. 

OPiß4TION 

On the 15th December, i_OFESSOR FRASER 

carried out a bilateral peri- arterial sympathectomy 

in Scarpas' triangles. 

At operation it was noticed that the 

femoral artery on the Right side showed a good arte- 

rial pulsation and the walls of the artery were elas- 

tic and mobile. The left femoral artery, however, 

showed only slight arterial pulsation, the walls were 

hard and friable with an increase in fibrous tissue. 

The arteries were stripped' of their adven- 

titial coats for a distance of about one inch, 

CAMERA'S method being employed. 

The Skin temperature readings following 

operations were: - 

TABLE XI V/ 
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TABLE XIV. 

TIME after 
OPERATION 

RIGHT FOOT LEFT FOOT 

30 minutes 
, 

88.350 84 

1 day $ 88.15 83.5 

5 days ti 85.7 82.5 

10 days 87.6 82.5 

14 days 87.5 81.7 

i.e. in the right foot there was 14 days 

after operation an increase of 6.9°F while in the 

left foot the increase in temperature was 1.85 °F 

The post -operative results were 1.550F and 

1 "6 °F below the test results, but the operation was 

peri- arterial sympathectorny and not ganglionectomy. 

The clinical results were very satisfactory. 

The pain in the left foot cleared up with- 

in two days. 

An area of demarcation appeared round the 

gangrenous patch on the toe and within seven days it 

had sloughed off leaving healthy granulation tissue 

which/ 
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which gradually healed. The area of incipient gan- 

grene disappeared entirely. 

The movements of the joints were subjec- 

tively increased, so much so, that the patient ex- 

pressed the desire to return at a later date to re- 

ceive similar treatment for his hands. At the end 

of three weeks the patient was discharged very much 

improved. The special features of interest in this 

case are (1) The corroboration on operation of the 

clinical examination and the pre -operative test, the 

arterio sclerotic changes being more marked on the 

left side than the right. (2) The differentiation 

of vascular isehaemia into the two components, vas- 

cular degeneration and vascular spasm. In this case 

the spasm is not excessive, in the left side it is 

actually less than normal, but in cases where degener- 

ation of the arterioles leads to a decrease in the 

blood supply to a part he relief of any spasm present 

in the arterioles will result in an increase in the 

blood supply. This will not cure the disease which 

is causing the vascular degeneration, but it will 

alleviate the symptoms, prevent the onset of gangrene 

and will cause an earlier sloughing off of those 

parts already gangrenous. 

It/ 
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It is this factor which has produce& the 

beneficial results reported in cases of thrombo -an- 

geitis obliterans. In this condition the thrombosis. 

of the vessels is made worse either by excessive 

spasm or the normal tone of the vessels. In early 

cases of the disease this is sufficiently marked to 

justify an operation, for it often delays the onset 

of the more serious end results,and,according to 

1: -1Y0 ôe AD3O (64), actually prevents the progress 

of disease in 5O of cases. (3) The sloughing off 

of the gangrenous patch is also important and shows 

how sympatheetomy may help in gangrene which is due 

to arterio- sclerosis or diabetes. In this case the 

patch had been present for four weeks, steadily 

increasing in size and showing nO signs of sloughing. 

Seven days after the operation it separated leaving 

healthy granulation tissue. In cases of gangrene 

which are not becoming limited sympatheetomy by 

increasing even to a very limited extent the blood 

flow,often causes this demarcation to occur and a 

greater part of the limb may be saved than, at one 

time, was thought possible. (4) The excellent 

result was obtained even although a peri- arterial 

syripatheotomy/ 
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sympathectomy was carried out. If such good re- 

sults are obtained by this much simpler and less 

dangerous_ operation why submit cases to ganglionec- 

tomy? An analysis of results show that the results 

following ganglionectomy,provided the pre-operative 

tests indicate that it is justified, are always 

good, the results following peri- arterial sympatheo- 

tomy on the other hand, on similar suitable cases, 

are not nearly so satisfactory. The uncertainty 

of peri- arterial sympathectomy is well illustrated 

in a case of bilateral erythromelalgia in a young 

woman of twenty four. Peri- arterial sympathec- 

tomy in the right side was carried out in Septem- 

ber 1931 with complete relief of symptoms in that 

leg. When it was done on the left side some four 

months later the discolouration and pain were much 

increased, a diametrically opposite result from 

what was obtained previously. 
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C H A P T E R XIII. 

III ?T 'Ri.iITTENT C:5 AUDICA2ION AND C&USALGIA 

CASE III. 

D.W. Age 49. Occupation Tramway car driver. 

COMPLAINT Pains in calves of leg. 

DURATION- 9 months. 

HISTORY 

Up to nine months ago patient was perfect - 

ly well. He then began to complain of a gripping 

cramp -like pain in the right calf which came on 

during exercise. It gradually increased in severity 

until, lately, it develops after five minutes walk- 

ing. It is so severe that he has to stop and rest 

for five minutes before being able to proceed. 

During the last four months, at night in bed, the 

right foot becomes numb, a feeling of "pins and 

needles" develop and then a burning pain. He has 

to get up and. walk about for half -an -hour to relieve 

this pain. Consequently he has been losing a. great 

deal of sleep. 

A 
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A similar pain, but only much less severe 

has been developing in the left leg. 

For two months he was treated medically 

massage, diathermy, radiant heat, locarnal injec- 

tions, but without any relief of symptoms. 

The last week before admission he com- 

plains of a constant pain present in the right heel 

even when resting. 

E n1IITvATIGN 

RIGHT LEG. While at rest fibrillar 

contractions of muscles of the leg are seen. The 

skin is not glazed or thickened. There are no 

areas of cyanosis or other colour changes. 

Painful on palpation over calf and heel. 

LEFT LEG. Occasional fibrillary twitch - 

ings present. No changes in texture or colour of 

skin. No pain on palpation. 

The right dorsalis peáis and posterior 

tibial pulsations were distinctly weaker than those 

on the left side. 

Radial pulse was regular, in time and 

force, 
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force, of good volume. The arterial wall was pal- 

pable, but no beading or tortuosity present. 

Blood pressure 126/82. 

Knee and ankle jerks, present and normal. 

The patient was able to walk two and a half times 

round the ward before pain developed. He then had 

to stop and rest before continuing. The muscles 

at this stage felt hard and contracted. 

DIAGTTQSIS 

The diagnosis in this case is somewhat 

difficult. The history starts as a typical "in- 

termittent claudication ", cramp like pains develop- 

ing on exertion, passing off after a short res4 and 

reappearing again on exercise. This continued for 

five months and then another symptom developed. 

Numbness in the leg - pins and. needles, then pain 

which came on when in bed and was relieved if 

patient moved about. This is not the history of 

an intermittent claudication. The final stage was 

a constant pain in the right heel of one week's 

duration. 

The first Dart of the history is that of 

a/ 
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a spasm or an organic occlusion of the arterioles 

resulting in diminished blood to the part with the 

result that movement is impossible. The pain arises 

from an anaemia of the sensory nerve endings or the 

effect of metabolites on them, the metabolites 

being present in excess owing to the sluggish cir- 

culation. As this condition becomes more severe 

the attacks of claudication have an earlier onset 

and as the pain increases the parts become cold, 

white or bluish. These changes being still related 

to exertion. The final stage is reached with a 

constant pain, and a permanent change in colour in 

the parts affected. Gangrene may develop. 

In this case four months previous to ad- 

mission a second type of pain was complained of. 

This came on at night while at rest, associated with 

a feeling of numbness, but relieved on movement of 

the limb. No changes in the colour of the skin pre- 

sent. Finally one week before admission a constant 

pain was present, unassociated with movement neither 

relieved nor increased by either rest or exercise. 

These last two symptoms cannot be asso- 

ciated with a demand for increased blood supply to 

the foot. They are present not in the calves where 

the/ 
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the pain of intermittent claudication is usually 

present, but in the foot, and no associated colour 

changes in the skin are obvious. 

Due to the hyperaesthesia peripheral 

neuritis has to be considered but the points against 

that are:- 

(1) No etiological factor. Wasserman nega- 
tive. No history of undue indulgence 
in alcohol. 

(2) Knee and ankle jerks normal. 

(3) No loss of sensation. 

(4) No loss in muscular power when making 
individual movements. 

These negative findings rule out peripheral 

neuritis. 

The most reasonable diagnosis is intermit- 

tent claudication with causalgia; the causalgia 

arising, not in relation to the claudication, but 

from some unknown cause. 

The cause of the intermittent claudication 

had to be found. Was it due to vascular degeneration 

or vascular spasm? 

The radial artery was palpable but no 

beading was present. The posterior tibial and dor- 

salis pedis were present in the right foot, but dim- 

inished/ 
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diminished in strength. Any degenerative changes 

that are present are only slight in amount and can- 

not account for the whole of the symptoms. 

A COLLER and MADDOCK'S test was carried 

out with the following results:- 

TABLE XV. 

Right foot 

Left foot 

UNCOVERED 1 COVERED 

86.8 °F 

90.35 °F 

92.1 °F 

93.8 °F 

vaso -rradi =ant index R. foot = 92.1 - 86.8 ® 5.5 

vaso- gradiant index L. foot = 93.8 - 9O "35 = 3.5 

occlusion index R. foot ó lo 

occlusion index L. foot m 0 

From these results it is shown that the 

intermittent claudication is due to spasmodic con - 

traction of the arterioles and is not due to organic 

degeneration. The temperature of the limb while un- 

covered was perfectly normal during the test 86.80F, 

but during the test no attack of claudication was 

present the limb being completely at rest with 

arterioles 
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arterioles in normal tone, The important feature 

of the test was to find if the temperature of the 

foot would rise to between 92 -94 °F when covered. 

If it does so then no degeneration is present. .here - 

fore. the intermittent claudication with its resul- 

tant vascular ischaemia cannot be due to degenera- 

tion and must be arising from intermittent hyper- 

activity of the vaso -constrictors. This being so, 

ganglionectomy is justified. 

This test cannot prognosticate regarding 

the causalgia but the removal of the ganglia and with 

it the sensory fibres ne sing through the ganglia 

some diminution in the Main may be expected. Of 

course marked relief &1cuid be obtained from the 

cramp-like pains of the claudication. 

OPERATION PROFESSOR FRASER 9.2.33 

Chloroform and Ether. 

The abdomen was opened through a right 

lower paramedian incision. The small intestine 

was ,racked off and the caecum retracted medially . 

The posterior peritoneum having been incised on the 

lateral aspect of the caecum, the connective sub= 

peritonial tissue was separated until the vena cava 

was exposed. The Benito -moral nerve was recognised 

and/ 
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and the lumbar trunk was found lying medial to it. 

A fairly common abnormality was found in this case. 

The lumbar chain was placed eery high up, the secor 

luelbar ganglion lying under cover of the third part 

of the duodenum (page :.:). The third, fourth and 

part of the second lumbar ganglia were removed. 

The rent in the posterior peritoneum was 

repaired with intermitted catgut sutures. The appen- 

dix was examined and showed signs of chronic in- 

flammation. It was cons egiently removed in the usual 

manner and the abdomen. closed in layers without 

drainage. 

"Right Lumbar G.angl i onectomy -- 

Append i cectomy" . 

The patient's symptoms by the third day 

after operation showed improvement. The constant 

pain in the foot was relieved although not absent. 

There were no sensations of numbness or "pin and 

needles" and the foot felt warmer than the left. 

The first time patient walked (16 days 

after the operation) cramp -like pains were felt in 

both legs. Within 3 days these had disappeared en- 

tirely and the patient was practically free of pain. 

Skin/ 
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Skin temperatQre readings following operation were: 

TABLE XVI. 

TIME AFTER 
OPERATION 

RIGHT FOOT LEFT FOOT 

1 day 930F 93°F 

7 days 91°F 89°F 

12 days 91e,57 86°F 

17 days 91-2°F 87°F 

The post-operative temperature of 91.2°F 

seventeen days after operation is only 0.9°? below 

that indir.ated by the test. 

One month later the patient reported baol: 

complaining of pain in the right leg. On examination 

this was found to be due to a Phlebitis of the right 

saphenous vein. He could now walk about fifteen to 

twenty minutes without the pain developing. The 

caasalgia had almost entirely ceased although he 

had "occasional twinges". His rest had never been 

disturbed since he returned home. There were no 

symptoms arising from the left leg 

The interesting feature in this case is 

the,/ 
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the relief of the pain by operation. Although the 

sensory fibres which pass through the ganglia are 

relatively very few in comparison with those in the 

posterior nerve roots, they seem to carry some of 

the fibres of painful stimuli, and ganglionectomy 

in such cases may relieve the symptoms. 

Perhaps too much importance has been laid 

in this case on the different types of pain.. They 

might after all be atypical manifestation;+ of 

anaemia of the sensory nerve endings due to decreas- 

ed blood supply and all that the ganglionectomy did 

was to increase the blood supply to the parts, 

decrease the anaemia, and thus relieve the pain. 
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C äiA P T E R XIV. 

SPASTIC DIPLEGIA. 

CASE IV, 

Marjorie D. Age 12. 

COMPLAINT Difficulty in walking. 

DURATION lm years. 

HISTORY. 

The patient was two years old before she 

began to walk, and then she walked badly, stagger- 

ing and often falling. 

When she was three years of age both legs 

were operated upon and put in plaster for three 

months. The condition was much improved following 

the operation, and patient could put both heels to 

the ground. Six months ago, however, she noticed 

that she was gradually walking more and more on her 

right toe, and that if she attempted to place her 

heel on the ground she immediately lost her balance. 

About four and a half months ago, she also noticed 

that her knee was turning in. 

She has no pain on walking. 

PREVIOUS/ 



PREVIOUS HEALTH. 

The patient was a premature child (labour 

was not difficult), and made no attempt to walk un- 

til she was over two years old. It was then noticed 

that she crossed her legs, when she took a step for- 

ward. 

At the age of five, a bilateral lengthen- 

ing of the Tendo Achilles was performed. 

EXAMINATION. 

Patient is a bright intelligent child with 

a good memory; she has no defect of speech; no fits 

Apart from a very slight loft -° zif { f facial paraly- 

sis there is no sign of involvement of the cranial 

nerves. 

ATTITUDE. 

Patient stands on the toes of the right 

foot with the right h :gel off the ground, but the 

left foot is practically flat on the ground. Both 

lower limbs are adducted. 

GAIT./ 
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GAIT. 

IC 

Spastic, deliberate gaits both legs being 

dragged, and owing to the adduction of both limbs 

and the double pea equinue, patient has great diffi- 

culty in walking. 

UPPER LIMBS. 

There is slightly increased tonicity of 

the left upper limb. No apparent weakness in either 

upper- limb, the muscles acting well against resis- 

tance. 

LOWER LIMBS. 

Both lower limbs are adducted, and the 

toes are pointed, The right is slightly thinner 

than the left. Both limbs are markedly spastic. 

There is no gross muscular weakness in 

either limb, but owing to the pee equinus with 

shortening of the tendo achilles on the right side 

the movements at the ankle are markedly limited. 

REFLEXES. 

Arms. Biceps, triceps, and supinator in- 

creased, but equal on both sides. 

Abd ' / 
a f3iia st,. +. 
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Increased and equal in all quadrants 

Knee jerks 

Ankle jerks 

Ankle clonus 

exaggerated equal 

Tt TT 

present on both sides 

Bilateral extensor plantar response. 

There are no disturbances of the sensory paths. 

DI.'GTI OSI S Spastic diplegia. 

The case is one of a typical spastic 

diplegia of a severe type. The deformities which 

have now developed lead to the greatest difficulty 

in walking. 

The part played by the sympathetic nervous 

system in the genesis of spastic paralysis following 

a lesion of the upper motor neurone has already 

been fully discussed. In this case, it was decided 

that for comparison of the various methods of 

treatment that a Stoeffelts operation would be 

carried out on the right side, and a lumbar ganglio- 

nectomy on the left. 

OPERATION/ 
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r'3 

PROFESSOR FRASER 2l st ,Oct, 1930 

Chloroform and Ether. 

A longitudinal incision was made on the 

posterior aspect from popliteal space in the middle 

of the leg. The saphenoue nerve was exposed; the 

two heads of the gastrocnemius were dissected and 

divided for a short distance, The posterior tibial 

nerve was exposed with its three muscular branches, 

one to each head of the gastroonemius and one to 

the coleus. These branches were stimulated in turn 

with Farradic current, and a response in the respec- 

tive muscles elicited. These nerves were each di- 

vided as near the entrance to the muscle as possible 

and a small portion of the nerve was removed. The 

gasNrocnemius was repaired, the deep fascia sutured 

and the wound closed with linen thread. 

A lengthening of the right tendo achilles 

was also performed. 

3 weeks later. 

OPERATION PROFESSOR FRASER 14:11:30. 

A left lumbar ganglionectomy was performed 

the extra -peritoneal route being used. The 2nd., 

3rd. and 4th. lumba ganglia were removed. 

A/ 
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A lengthening of the left tendo achilles 

was carried out 14 days later. 

Following the operations the patient 

showed marked improvement, in both limbs the spasm 

ticity being decreased. She was discharged on the 

loth. January, 1931. The walking had improved, 

but the right leg showed more improvement than the 

left. She was given instructions to continue her 

exercises and massage which she had been having 

for the previous three weeks. 

She reported back three months later, 

and her condition is best stated in PROFESSOR 

FRASER' S own word3 previously quoted (page 75 ) . 

"I have no hesitation in saying that the 

results of the latter (Stoeffels operation) were 

infinitely better th r those resulting from 
sympathectomy". 

The results of sympathectomy in cases of 

spastic paralysis have been most disappointing even 

when it is remembered that ROYLE only advocated 

it as one method in treatment. It was the "best 

adjuvant to correction of deformities, massage, 

and exercises ". Even as an adjuvant it has failed 

in the hands of all, except ROME and a few 

other workers, to produce any improvement in the 

condition. 
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CHAPTER XV. 

HIRSCHSPRUNG S DISEASE. 

CASE V. 

Age 12. 

COMPLAINT. 

Swelling of abdomen for 9 years. 

Chronic constipation for 10 years. 

General weakness and "lack of vitality? 

The labour was normal and the child healthy. 

During his earlier infancy he suffered from consti- 

pation. This was controlled by giving the child 

enemata of soap and water, always producing a large 

facael result. He succeeded in getting a movement 

of the bowels, but would go for several days without 

a motion. When he was aged 31 years he became much 

worse. It was found impossible to get a motion of 

the bowels even with giving medicine, and the child 

would frequently go for weeks without a motion. 

Following this, the bowels would move unduly freely. 

The/ 
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The motions were not actually like those of diarr- 

hoea being well formed, but rather soft in consis- 

tence and always large in amount. During the period 

of constipation his abdomen became exceptionally 

swollen. Recently this has been much worse and be- 

fore admission he had no motion of the bowel for a 

period of three months. 

Appetite is good, but diminishes during 

the periods of constipation. No incontinence of 

urine. 

PREVIOUS HISTORY. 

At the age of 5 years (1926) patient was 

admitted into Ward 7 for examination. His measure- 

ment at the level of the umbilicus was then 25 ". 

The bowel was evacuated digitally and the patient 

received enemata daily for a period of three weeks. 

He was discharged with instructions regarding 

enemata and daily purges, but despite careful 

nursing his condition became gradually worse. 

PHYSICAL EXAMINATION. 

The child is of normal stature for his 

age. He has a markedly protuberant abdomen. The 

thorax is rather small and appears to be shortened. 

The! 
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The abdomen is broad, bulging, and looks 

lenger than normal. The chest is 22° in circum- 

ference immediately below the nipple line The ab- 

domen at the level of the umbilicus is 30". The 

vessels are unduly visible. The umbilicus is pro- 

tuberant. The appearance of the abdomen gives the 

impression that the chief bulging is situated round 

the flanks and more especially on the left side. 

There is no visible peristalsis. On palpation one 

can feel a swelling most marked on the left side, 

and especielly in the left iliac fossa. The tumour 

is tense, and can be pitted on deep pressure. The 

swellings appear to extend upwards along the left 

flank, but it cannot be detected with anything like 

certaint on the right side. The abdominal muscles 

are well developed. 

BARIUM ENEMA. 

Barium enema did not pass beyond the 

pelvi-rectal juration. A large dilated colon is 

partially outlined by gas. 

DIAGNOSIS. HIRSCHSPRUNG'S DISEASE. 
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CASE VI. 

Lousia, M. Age 12 years. 

COMPLAINT Swelling in the abdomen 
for 5 years. 

HISTORY. 

Patient never remembers being well, (as 

parents never visited the child whose home is in 

Glasgow, while she has been in hospital, her early 

history is unobtainable). Five years ago she was 

sent to Liberton Cottage Hospital as an incurable 

case of osteosarcoma of the sacrum.. On finding 

there was no progressive deterioration in health, 

the diagnosis was reviewed and patient sent in to 

see Professor Fraser. 

P'riYúICAL EXAM INAT ION . 

Patient is a small unhealthy looking girl. 

There is some atrophy of the right side of the face 

and an abnormality of growth in the right ear. 

SPINE. 

Scoliosis concavity to the right of the 

cervical and dorsal spine. 

X-RAY/ 
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X -RAY REPORT. 

Appearance of spina fida of cervical 

vertebrae. Apparent synostosis of upper 4 or 5 

dorsal vertebrae with wedged shaped appearance of 

5th. Dorsal scoliosie with concavity to the right. 

Malformation and position of the upper four or five 

ribs on both sides. 

HAND. 

Double thumb on right hand. 

ABDOMEN. 

INSPECTION. There is a large rounded 

swelling projecting into the abdomen from below. 

It reaches to above the umbilicus, but the whole 

abdomen is more prominent than normal. 

PALPATION. The swelling is tense, but 

not hard in consistence; it cannot be pitted on 

deep pressure. It appears to arise from the pel- 

vis. There is incontinence of urine and faeces. 

Barium enema showed that the large intestine as 

far as the internal anal sphincter was enormously 

dilated. This was carried out after the rectum. 

was emptied (under ether anaesthesia) of a great 

amount of hard scybillous masses. 

DIAGNOSIS/ 
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DI.F,.GIvTC1SIS. HIRSCEISPRUjTG' S DISEASE. 

CASES V & VI are typical e.eam =ales of 

Hirschaprung's Disease. The cause of this condition 

is now considered to be a result of the imperfect 

balance between the parasympathetic and sympathetic 

nerves of the large intestine. 

The condition found on posta- morten exami- 

nation. and at operation is a markedly hypertrophied 

and dilated large intestine. The dilation and 

hypertrophy extends either from the pelvi -rectal 

junction or the internal anal sphincter along the 

intestine for a varying distance, sometimes only 

affecting as far as the pelvic colon, oR sometimes 

involving the whole of the large intestine. The 

small intestine is never involved. Microscopic 

examination. reveals a hypertrophy in the muscle 

fibres, and an actual increase in their number, 

both the longitudinal and circular layers being af- 

fected. If the condition is longstanding the marked 

dilatation leads to atrophy of the muscles and de- 

generation. of Auerbach's and Meissner's plexuses. 

It was this that led to the feeling that the origi- 

nal cause was a degeneration or absence of the in- 

trinsic nerves to the large intestine. The degenee. 

ration/ 
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degeneration of these nerves, however, is not the 

primary cause, but the result of the marked dilata- 

tion which always occurs. The fault lies in the 

extrinsic nerves. 

The condition which may arise from, or 

have as, an etiological factor, an imbalance of the 

extrinsic nerves of the alimentary canal are: - 

(I) CONGENITAL HYPERTROPHIES OF INFANCY. 

(a) Congenital Pyloric Stenosis 
(spasm and arrhythmia). 

(b) Congenital ileal Hypertrophies 
(spasm and arrhythmia). 

(c) Hirsch sprung's Disease. 
(spasm and arrhythmia). 

(II) ARRHYTHILIAS OF EARLY CHILDHOOD. 

Intussusception (arrhythmia). 

(III) DISORDERS OF ADULT LIFE. 

(a) Achalasia of the cardiac sphincter. 

(b) Caecal spasm. 

(c) The vague abdominal symptoms which 
are not typical of any recognisable 
lesion. 

The extrinsic and intrinsic nerves are 

essential for a proper regulation of the gut move- 

ments. If however, the extrinsic nerves are cut, 

after/ 
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after a period, varying in different animals, the 

gut resumes its normal function, and relaxation, 

contraction and peristalsis are once more performed 

in balance with one another. In the individual, 

however, it is essential that both should be present 

for extrinsic nerves have a controlling influence 

over the intrinsic nerves, and relate their activi- 

ties in co- ordination with the rest of the body. 

DI STRIBUT IOl:r . 

The distribution of the sympathetic and 

parasympathetic nerves in the alimentary canal is 

important, in relation to the diseases which may 

arise from their disfuncti.on. Unfortunately the 

anatomists cannot agree on this point. The follow- 

ing table shows the difference between the two 

schools. 

TABLEE 
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TABLE XVII. 

POTTINGrR. 

Oesophagus 

Cardiac sph. 

Vagus 

It 

Vagus and sympathetic 

Stomach 

Pylorus 

Email in- 
testine 

" 

Vague & sympathetic 

" 
" 

tl 

" 

11 

It 

" 

t' 

11 

is 

If 

Ileo- caecal Sympathetic " " 11 

Caecum up to des- 
cending colon If 

È " " " 

Rectum and anal 
canal and 

nervi erigentes PTervi erigentes and 
sympathetic. 

FUNCTION. 

The stimulation of the sympathetic causes 

relaxation of the plain muscle in the alimentary 

wall, but closure of the sphincters. 

Stimulation of the para - sympathetic 

causes contraction of the muscle and relaxation of 

the sphincters. 

Thus, both sympathetic and parasympathetic 

contain/ 
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contain excitor and inhibitor fibres. 

PATHOLOGY. 

The late Dr. JOHN THO 'SOIT of EDINBURGH 

was the first to suggest that the congenital pyloric 

stenosis seen in children_ was not due to an idio- 

pathic hypertrophy of the longitudinal muscular 

layer of the pylorus, but was consequent upon a 

spasm of the pylorus arising from an imperfect ba- 

lance of involuntary nerves of the stomach. 

HURST (66) in 1919 reviewing the move- 

ments of the intestinal canal suggested that congenr 

tal dilatation. of the oesophagus or cardio -spasm 

was an example of inco- crdination of relaxation and 

contraction of the cardiac sphincter and should 

therefore be called achalasia. 

FRASER (67) in 1,926 & 1927 reviewing 

the relationship between the involuntary nervous 

system' and certain types of diseases of the alimen- 

tary canal was the first to postulate a tenable 

theory of the causation of those, and to correlate 

on a similar basis several allied conditions, the 

etiology of which was quite unknown. 

The disorders which may affect the extrin- 

sic nerves are: - 

(1)/ 
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(1) An abnornal stimulus to contract 
( spasm) 

(2) A non- relaxion of contraction 
(achalasia) 

(3) Inhibition. of relaxation (atony). 

(4) Irregularity of the co- ordination of 
relaxation and contraction.. 

(arhythmia) . 

FRASER postulates that of the two primary 

stimuli, excitation and inhibition, inhibition de- 

velops after excitation. If there be any delay in 

the development of the inhibition., ̀ hen the balance 

between the two is upset, and it i a this that is 

the primary etiological factor in the development 

of these conditions. 

If such is the case, then these diseases 

should manifest themselves in the early years of 

life, before perfect co- ordination car occur, or be- 

fore functional education overcomes the lack in 

balance. (FIG. LVIII). 

The hypertrophies of infancies are usually 

manifest from birth. The intuseusceptione show the 

greatest age incidence between 6 months and 2 years. 

It is only when we come to the disorders of adult 

life that the age incidence fails. 

But this imbalance in the nervous mecha- 

nism, while being the only etiological factor in 

the/ 
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.he hypertrophies of infancies, is not the complete 

tor3r in the others. The imbalance is greatest in 

this group, and therefore makes itself evident from 

the earliest days. 

In the arrhythmias of early childhood it 

requires a predisposing cause to bring out the 

underlying imbalance. In intuesuscepticn the site 

is almost invariably in the region of the ileo- 

caecal Ephincter. The muscles of the small intestine 

show three rnovements:- 

(1) A segmentation movement. 

(2) True peristalsis. 

(3) Peristaltic rush. 

The last is probably not a physiological 

movrent, but a reaction to some abnormal stimulus. 

If this movement is preceded by a wave of inhibition 

nothing occurs apart from the exceedingly sapid ex- 

pulsion of the intestinal contents. If however, 

when the Wave reaches the ilex- caecal region, and 

inhibition does not occur, due to a lack of inhibi- 

tion of the existing contraction, then intussuecep- 

ticro begins. 

In the geneaie cf the peristaltic rush, 

aYELTzEa & t:U.:1R could reproduce it in rabbits by 

intravenous injections of substances designed to 

produce/ 
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produce simultaneously, stimulation arid inhibition 
. 

of intestinal activity. The most effective pair 

was ergot and calcium chloride. 

Failure of rotation and a loose mesentery 

are mechanical reasons for ir!tussusception. occurr- 

ing. But as FRASER suggests, given an imperfect - 

ly balanced. *mechanism and some dietetic error which 

results ir absorption of stimulant pnd depressant 

factors, then the stage is set for the development 

of an i.ntussuseertion. The age incidence of intus- 

suscept::alis 6 months to 2 years, the period when 

the child first receives other than its perfect 

food milk. 

The autonomic nervous system and the 

endocrine glands control the vegetative life of 

the body. Upset of one, will cause upset of the 

other. During the menopause the whole endocrine 

system undergces a change, should there be an im- 

balance of the autonomic nervous system which up 

to the menopause was insufficiently great to mani- 

fest itself, then this disturbance will accentuate 

the imbalance and produce symptoms. 

On PGTTI1' GER' S distribution of the ex- 

trinsic nerves to the alimentary canal all the 

above/ 



above conditions could be explained on the lines of 

arrhythmias (i.e.) and inco- crdinatien between the 

parasympathetic and sympathetic and, therefore, the 

site of the "lesion" is where there is a meeting of 

the two different types of nervee. 

(1) Congenital pyloric stenosie occurs 

where the sympathetic first enervates the pylorus 

and meets a purely parasympathetic distribution. 

(2) The vague ceases at, or near, the 

ileo- caecal sphincter, and from there onwards there 

is a purely sympathetic distribution, here congeni- 

tal ileal =hypertrophy and intussusception occur. 

(3) The nervi- erigentea innelvate the 

large intestine from O'Beirne's sphincter to the 

anal canal, and it is at O'Beirne's sphincter that 

Hirachsprung's Disease (in many cases) occurs. 

It does not explain however, achalasia of 

the cardiac sphincter, nor the cases of Hirschsprung 

which extend as far as the internal anal sphincter. 

Moreover, on Kunta's distribution this explanation 

fails entirely, for the alimentary canal according 

to Kuntz receives a double innervation throughout 

its entire length. True, the sympathetic fibres to 

the oesophagus appear to have no functional ability, 

and achalasia might be explained on the grounds of 

into- ordination1 
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inco -ordination between the vagus supplying the 

oesophagus and the vagos and sympathetic which sup- 

plies the cardiac sphincter, but then congenital 

pyloric stenosis cannot be explained. The vagos 

distribution does not stop at the ileo- caecal 

sphincter, but passes as far as the descending colon, 

so congenital ileal- hypertrophy and intus- susception 

cannot be explained. 

It is not necessary, however, to postulate 

that these conditions arise at the site of either 

the commencement or cessation of the double 

innervation. 

If we return once more to the function of 

the parasympathetic we see that it has two functions 

(1) Contraction of the ordinary muscle. 

(2) Inhibition of the sphincteric muscles. 

If the inhibition factor has failed to 

develop then contraction at the site of the sphinc- 

ters will be excessive, and it is this failure of 

parasympathetic inhibition which is the primary 

cause in this condition. What anatomical evidence 

is there for supposing that failure of inhibition 

of the parasympathetic should develop rather than 

some other disturbance of the function of the nerves. 

The/ 
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The parazympathetic nervous system is 

later in phylocenetic development than the sympathe- 

tic nervous -system. TherefCre a developmental 

, error is more likely to affect the parasympathetic 

system rather than the sympathetic, 

Inhibition is secondary to excitation 

in development, and therefore any delay or upset 

in development will be more marked on inhlbition 

than on excitation, 

If such is the case, what are the sites 

where the inco-ordination will be most marked? At 

the sphincters. If a list is made of the conditions, 

ennumerated above and the site where the lesions 

occur there is one factor co=on to al', 

TABLE XVIII (FIG. XLIX). 

Achalasia 

Congenital Dylerici 
Steno sie. 

Congenital Iloal 
Hypertrophy. 

Intussusception, 

Hirs.c.ihsprung's 

Cardiac srhincter 

at and around th py-, 

-"rus, 

.around the ildo-caeca 
sphinctdr 

Titio-caecal sphincter.': 

(1) O'Beirne's sphino- 
ter, 

(2) Internal anal 
sphincter, 

The/ 
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The co stun feature is t h..+ they all occur 

at, or near, sÿhí ncteric areas where it is essen- 

tl?i that inhibition sYo ul l occur if the C 0 :? f; e P'l t S 

of the intestines are to be expelled. 

But does this theory fit in With the up- 

sets of adult life? Try these co r_ d_tiQ n s the im- 

balance between the two 1ets cf stimuli; excitation 

and inl,ni tion, is of the least degree. There has 

been sufficient co- ordination to carry these per- 

sons through the first period of life, childhood, o f 

puberty, and early adult life without any symptoms 

arising. At the menopause the upset in the endo- 

crine system is marked throughout the whole body, 

but it affects most of all the other system; the 

autanom; c nervous system.- with which it is so 

closely related - and especially s,; if that already 

has any degree of into -ordination.. This further 

"lesion" of the autonomic nervous system increases 

A imh ce ú ct- the th c lan ffe ^.; , i:nh {bition sides Thus, 

degrees of achalasi_as and chronic constipation may 

become inna.ifest. The diathesis towards these con- 

ditions has always been present. It only required 

this change in life to make the into -- ordination 

sufficiently marked to f ;,duce symptoms. 

The prcgnose.s of the conditions relate 

closely/ 
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THOMSON states thPt "the muscle is 

s;,rpertrophied 
'- ;au3e from an early period in its 

"deve.l.r percent it been worried into overgrowth by 

"constantly recurring over action, such as would re- 

"suit from even a slight degree of habitual inco- 

Ifo-li_rft? on , . ,., 

"We have ti- A knowledge which JOHN 

HUNTER first gave us that the tendency of hyper - 

tr '-,y as the result of repeated forcible contrac- 

tion is peculiarly well marked in involuntary 

muscle ", (67) 

The continuance of this hypertrophy and 

dilatation depends upon the fact that the sympathe- 

tic tone is higher than the parasympathetic. If 

the sympathetic nerves could be removed partially 

then a decrease in tone would take place sufficient 

to allow the congenitally weakened inhibitory 

stimulus to Overcome it, In this way the co- 

ordination could be overcome. 

[ Although it is nowhere so misleading, 

as in work on the movements of the intestines to 

put too much weight on experimental evidence, it is 

perhaps of significance to note, that CARLSON in 

1922/ 
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1922 was able to show that in rabbits, cats and 

dogs, °titulation of the vague, when the cardiac 

sphincter was relaxed, resulted, not in further 

relaxation, but in contraction; when the cardiac 

sphincter was closed stimulation of the vagu.s re- 

sulted in relaxation. That is to say, if, for 

any reason, the cardiac sphincters were normally in 

a state of relaxation, the passage of a bolus of 

food, instead of causing further relaxa uion, would 

result in closure cf the sphincter =] 

The =genital ileo°hyp eM dr'.Jp 1^.i .es in ti!;'S° 

gradually c _ e themselves. For congenital y Jlor is 

stenos longitudinal incision of the pertrolbTed 
; 

muscle leads to a cure, For uncomplicated intus- 

susception usually reduction of the intussusception 

is all that is necessary, and it i,;, only for uiti 

c.':.sprungt w Disease that actual interference wit,_ 

the sympathetic (the true physiological operation) 

i s carried out. 

These pathological conditions dc not oc- 

cur in animals and the flx'st observation made on 

the effect or removal of ?:'£_e sympathetic nerves to 

the large intestine was 

on/ 

ROYLE (45) in 1924 
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FIG. 91.--Cat B. Pre -operative appearance. 

FIG. L. 

Fta. 93. -Cat B. Fifteen weeks after operation. 

FIG. LI. 
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ol 1-i- first cases of spaetie, diplegia. Where those 

cases suffered from chronic constipation, the removal, 

:;-4' the lumbar ganglia usually resulted in a marked 

4_mprovement of the mobility of the lower bowel. TA 

Inly required corroborative evidence of WADE (68) 

ADSO1T & JUDD (69) to introce lumbar ganglionec- 

twu of 174 ,:.achsprungts Disease as the most 

2 tin,,,.7 14,ne of treatment. 

The first and only piece of experimental work 

which has been done on the development of Hirsch- 

sprunes Disease was carried out by ADAMSON & AIRD 

(70) in 1932. Working on cats they resected on 

sides the nervierigentes leaving intact the sym- 

ath.etic supply to the lower bowel. In five animals 

within 3 weeks a massive dilatation cf the large in- 

testine developed. (FIGS. L & LI) By their ope- 

ration they had caused moo-ordination between the 

normal movements of the duct and a condition com.- 

;arable with Hirsch.s.2rungis Disease had resulted. 

In additions the animals developed a loss of 

power to empty the bladder resulting in megabladder. 

Th_e signifance of this will be referred to later. 

Whether a bilateral sympathectomy should be 

carried out or not'has been much discussed, but the 

results after removal of the left lumbar ganglia 2,3 

end A have been as satisfactory as those after the 

excision. 



ODERATIOAT H°. MERCER. CHLOROFORM & ETHER. 

On S the opening n' n °h abdomen a greatly dilated 

bowel was presented at the wound: The distention 

reached as far up as the splenic flexure, i nvcly -d 

the descending pelvic colon, and the first part of 

t'? e rectum. The lower part of the rectum and the 

anal carnal -.Jere normal. The caecum, ascending end 

transverse colon were not distended. 

The intestines were packed off. The 

posterior peritoneum incised, the left sympathetic 

chain dissected out and the 2nd, 3rd, and 4th. lum- 

b:ar ganglia removed. 

The rent in the posterior perd toneurm 

was repaired and the abdomen closed in layers in 

the usual marner. 

"Left lular g^nglionectomy": 

PROGRESS. 

For eighteen. days after the operation the 

bowels only moved with soap and water enemata, Af- 

ter that they moved with the administration of li- 

quid paraffin and cascara, the motions becoming 

more frequent up to the time of discharge. The 

abdomen/ 



FIG. LII(a). 
Flatus distention. 

.197a.. 

FIG. LII(b). 
Faecal liotenbion. 

FIG. LIII. 
Poet - operative Result. 
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Regular motions every day, a urge seldom necessary. 

The temperature of the left foot was 8-9°F higher 

than that of the right, He complains of no dissbi- 

lity in the left leg, There were no signs of wast- 

ing in the muscles, 

The interesting features are: - 

(1) the ir.terv.l of 18 days between the oText 
tien and the commencement cf defaeca- 
tien and the rapid progress made, af- 
ter this became established.. 

CASE VI/ 

The localisation of the distenßicn in. 
the region retsrreen the splenic flexure 
and O'BetTets sphincter. 

The permanent increase in skin tempera- 
ture of 8 -90I', No signs cf inter - 
ference with the trophic functions 
either in the abdomen or in the leg, 
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CASE IT 

0,717RTTON. r(7 
FRA(777R. 

In this case there was a very marked de- 

gree of distension which passed beyond O'Beirnb's 

sphincter and involved the large intestine as far 

as the internal anal sphincter. 

The let lumlaar ganglia 2nd. 3rd. and 

4th. Tere removed by the trans-peritoneal route, 

It was noticed that at operation the 

bladder was much enlarged and slightly hyrertropl-lied, 

megabladder being present. 

The rent in th posterio.r peritoneum 

was repaired and the abdornen closed in the usual 

manner, 

PROGRESS. 

Following operation the pgogress for six 

weeks was very good when she was discharged to 

Elberton Hospital. The bowels at first required 

enemata (13 within twelve days) and a twice daily 

dose of ii drs. liquid paraffin to obtain a regular 

motion. After that, for the next twenty five days, 

the rogul-r daily motion was obtained with only 

two/ 
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FIG. LIV. Pre-operat;Ive. 

FIG. LV. Post-operative. 
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It ,;:as deeid.ed. -f;her te .1-;.ut her on the 

w!-71.-Ttirc list for further treatment. 

Altiaeuzh this was ,,:rother ccl.ze of 

H4--sesr.runT,Is dise,-:.se it dIffr,red cno irr.;ertr:rt 

'Prom Ca V. in that thp 

wa s the internal anal sphincter 

CPaec cf Hirsehcprunc; Die tD 

divided into 

(1) 14,-; t 
"D. 7, 2 

(2) these in w7r.lic7.- 

In tELe first, 

r.c.1-7.172.-71-ct 
- - 

'bar EnnElionectom:1 will hell: but n-;4:, 

lower iart of the lare ntetine -,,,-;eives Its 

Q.1 rrirrl n 4;11 e ÷. f, -77 r-r6-, r2. the. ?sr-- f.- 7'47, nerv 

mrathetie 

- 

of 

Conn.'cticnz fron he lit, 2rd. and 3rd. 
lunbar ganglia 

Po:o 1.- - in c., 4- r ricoyuo on fie 

Such being the oaEe r' 

lumbar chain onlj -r'emovea the fibres cf the 

syrItheti- nervas of on. anal cnl 
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To. overcome this difficulty and to 7-e- 

e -tlietic nerves to the intestine 

RANK' N & LEARLIONTH in 1930 introduced a new 

sympathetic nerves to the pelvic 

colon rectu- r/ anal canal pass by two routes:- 

(1) inferior mesenteric nerves, 

(2) Pre-sacral 

RANKIN & LEARMOETH advise the removal 

ef the pre-sacral nerve and a stripping off of the 

nerves surrounding the inferior mesenteric artery 

as described on page 727, 

There is one warning and that is fol- 

lowing pre-sacral neurectomy ejaculation is inter- 

fered with* This is an important contra-indication 

as Hirschsprungls disease is more common in the 

male than in the -Pcm7o, 

It is interesting to not that in this 

case the relation between the megaoclon and mga- 

bladder«. DOTT previously reported three cases 

of the two conditions being present and ADAMSON & 

AIBD (70) found that one of the greatest dfffi- 

elties in keeping their animals alive after the 

removal of the nervierigéntes was the retention which 

developed, This was overcome/ however/ by des- 

troying,/ 
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destroying the internal sphincter by CV27.7 streten- 

ing it. 

Mile the op,,rtion did not result in 

a complete relief of symptoi z the patient was very 

much relieved, 

The change fr the better r the general 

condition was very marked indeed, while the bowels 

with careful attention 7,nd only occjonal enemata 

could be kept clear of insippated faeces for about 

five months, 

The incortinence of faeces rhich was 

i;continent overflow had completely dis- really an 

appeared, and the gastric-colic reflex was beirr- 

established. 

The incontinence of the urine, also an 

overflow, showed some improvement and is now only 

troubling her at night. 

It is interlded that on her re-admission 

pre-sacral neurectomy should be performed, 



SUMMARY. 

_ 

The six c _: sec which I have chosen illus- 

tr,,Ae the five rp: n groups i n wtii cî sj7Pc thPcto1Z 

ras. been __t±e.mpted,.® 

I. Vasospasm. 

II. Spasm as a factor it the development 
and progress o.f the disease, 

III. Causalgia. 

IV. 

V. Spastic diplegia. 

Inc,: -ordination in intestinal movements 

As a summary to the position of surgery 

in relationship to the autonomic nervous =yst wm I 

Should like to quote PROFESSOR FR.ASFR (38) . . 

"it is my own impression that the indications for the 

"o.perttion are more strictly limited than we at one 

"time imagined, but, if that is so s we can claim 

"that its benefits are exerted upon conditions which 

"hitherto were either beyond the a,id of surgical 

"intervention or were treated by mutilating, unsatis- 

factory and often fatal procedures. Sympa.thectomy 

"may, be described as a physiological operation, and, 

'applied!, 
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"applied under appropriate conditions, its effects 

0 are invariably beneficial -and sometimes dramatic. 

Speaking generally we may ;ay that s-ym- 

"pnthectorry achieves two things; it relives the 

contraction of no:-striped muscle and it proventa 

"tile transmission of pain impulses, if these orisi- 

1,-,te in the structures innervated by the sLrrnpathetic 

"nerves". 
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iC1.z1 O'ddLED G.._EN'i' S. 

All the cases have been treated in Wards 

7 & 8 Royal Infirmary, Edinburgh, and I have to 

thank PROFESSOR FRASER for allowing me to use the 

records of Cases I, II, III, IV, and VI, and 

YERC 'r for Case V. 

The majority of the illustrations are 

from the Laboratory of Clinical Surgery Department, 

including FIGS. X.,I I to XLV, and I have to thank 

PROFESSOR FRASER for their use. 

FIGS. L - LI are reproduced by permis- 

sion of W.A.D. AD_:`SON, F.R. C. S., Ed., and are taken 

from his article in the 3ritish Journal of Surgery 

1932. 
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