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PRLIACLE

WE have written this book 1n the hope that 1t will be useful
to those interested 1 the intnguing problems of the Sym-
pathetic Nervous System It scts forth an account of our
worh and epeniences 1n the Surgscal Unit of St Bartholomew s
Hospital, some of which have been described in the Bradshaw
Lecture and an Hunterian Lecture at the Royal College of
Surgeons

We have been at pams to describe in some detail the
Anatomy and Phystology as far as we know 1t, 1n the hope
that others may be spared the trouble we have taken 1n
assembling from many sources the fundamental hnowledge
of the functions of the Sympathetic System, without which
the logical basis of sympathcctomy cannot be understood
The operations n gencral use have been described, though
not mn great detail, for they do not present any technical
difficulty to surgeons well versed 1n the anatomy of the parts
Details of the operations, if required, can be found 1n the
oniginal descriptions, references to which are given

The main feature of the book 1s the attention which has
been given to the much more difficult tash of selecting the
cases for operation, the investigations necessary to determine
those which are suitable, and the physiological considerations
underlying the clinical problems they present

We have also tried to estimate the value of sympathectomy
1n the treatment of various diseases  In quoting the experi-
ence of others we have selected as far as possible the papers
which descnibe the late, as distinct from the immediate, effects
of the operations, and ths explams the small number of our
seferences, for few clinics are capable as yet of furnishing
nformation about the late results of sympathectomy
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SURGERY OF THE SYMPATIHIETIC
NERVOUS SYSTEM

CHAPTLR 1
ANATOMY AND PHYSIOLOGY

IN recent year a 1a t amount of re carch ha- been devoted
to the gros, anatomy and hu tolopy of the sympatheue renvous
system, and 1t would be tediou , 2, 1t would be uancees an,
to recapitulate here what 15 J nown about the whale s.stem
Merels an outhne, thercfore, will be grven to mdicate the
anatomical and physiolopieal prinaiples which undeshe the
surgcal operations now commonly performed upon certain
potions of the sympathetic system  As anxtomueal and
phisiological § nowledge advances, the scope of surgery will
beenmz wider, and surgery n ats turn 1s hilely to prove a
valtable method of 1 esgating the problems of the structure
and function of the sympathetic system m man

It must also be clearly understood that this work deals
only with the sy mpathetic or thoraco-lumbar portion of the
autonomic neryous system, the crimal and sacral portions
being left out of consideration

Historical Note —In days gone by 1t was believed that the
cervical sympathetic nenve sprang, as 1ts close neighbour the
vagus was hnown to do, from the brain, and this was the
current belief tll Frangois Pourfour du Petit published hus
ipoch-makmg experiments 1n 1727  The paper was entitled

Memoire dans lequel 1l est démontré que les nerfs inter-
costaux fournissent des rameaus qut portent des esprits dans
les yeux” He severed the vago-sympathetic trunk (“ nerf
intercostal ) of dogs, and showed that immedsately after the
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SURGERY OF THE SYMPATIIETIC
NERVOUS SYSTEM

CHAPTER 1
ANATOMY AND PHYSIOLOGY

Tn. recent years a vast amount of rescarch has been dev oted
to the gross anatomy and histologn of the sympathetic rervous
system, and 1t would be tedious, as 1t w ould be unnceer ary,
to recapitulate here what 15 Fnown about the whole «vstem
Merely an outhne, therefore, will be gnen to mndieate the
anatomical and physwologieal prnesples which undeshie the
surgical operattons now commonly performed upon certan
portons of the sympatheuc system  As anatornucal and
physiological hnowledge advances, the scope of surgen wll
become wider, and surgery 1n us rurn s hicly to prove 2
valuzble method of inv estigating the problems of the strucrere
and function of the sympathetic system in man

It must also be clearly understood that tlus worl deals
only with the sympathetic or thoraco lumbar poruon of the
2utopomic nenvous system, the cramal and sacral poruons
being left out of consideratton

Historzeal Nofe —In days gone by 1t was believed that the
cervical sympathetie nerve sprang, as uts close neighbour the
vagus was hoown to do, from the bran, and this was the
current belief 1l Frangors Pourfour du Peut published his
cpoch-malung expeniments n 1727 The paper was eatuled

Memore dans lequel 1l est démontré que les nerfs inter-
fom\“‘! fgutmssent des rameaux qui portent des esprits dans

€S yeut” He severed the vago sympathetic trunk (“ netf
intercostal ) of dags, and showed that immediately after the

1



2 SYMPATHETIC NERVOUS SYSTEM

section changes which we have now learnt to assocrate with
paralysis of the cervical sympathetic are observed  He inter-
preted his results 1n the terms of contemporary physiology,
believing that the operation had prevented the flow of animal
spitits from the posterior to the anterior parts of the body,
but the important thing to note 1s that his worh disproved
the hutherto accepted notion that impulses wete passing from
the head towards the trunh 1n the cetvical sympathetic

The Dantsh anatomist Winslow published s “ Expost-
tion Anatomuque > 1n 1732, and 1n it he describes the gangla
present upon perve trunks, apparently including the sym-
pathetic ganglia, as small subordinated brains, thus paving
the way for Bichat, one of the four gteat vitalssts, who seventy
years later put forward the conception of two independent
nervous systems in the body The bramn and spinal cord
seemed to him to be concerned with the outside world, while
the second system was concerned with the internal economy
and nutrition of the body, and was controlled by the sym-
pathetic ganglia, with the solar plexus as the centre of the
entire sympathetic system

‘Though Bichat’s 1dea of sympathetic control had an element
of truth 1n 1t, his error 1n concetving the cerebrospinal and
sympathettc systems as entirely mndependent was exposed by
the observation that the two systems were 1n anatomtcal
continuity through the rami communicantes, which, accord-
1ng to his view, ought not to extst The gradual accumula-
ton of knowledge 1n regard to the ramu communicantes
starts with the stupendous figure of Albrecht von Haller, the
greater part of whose work was done a quarter of a century
before Bichat was born, and it may be traced through
Johannes Muller, whose histological researches established
the nature of the fibres composing them, to Gashell and
Langley, whose ammal experiments established the nature
and effects of the impulses which they transmit



ANATOMY AND PHYSIOLOGY 3

Anatomical Outline

In ordet to obtain 2 comprchensive view of the anatomy
of the sympathetic system 1t 15 well to commence with
the more perpheral and better-known portions of the
system, and afterwards to deal with the central controlling
mechanisms, the cxact Jocation and function of which are
still 1ncompletely explored, though nformation about them
15 steadily accumulating

The Preganglionic Fibres —The grey matter in all the thor-
actc and 1n the upper three Jumbar segments of the spinal cord
differs from that at other levels, possessing 4 lateral homn 1n
addition to anterior and posterior horns  In this lateral horn
are the cells which Gashell named connector cells, whose
axons leave the spinal cord in the anterior roots of all the
thoracic nerves and the upper three lumbar nerves  These
axons are medullated fibres, which can be distinguished from
the axons of the antetior horn cells by thetr small size, being
26 p or Jess in diameter They leave the anterior spinal
roots 1n the white rami communicantes, and so reach the
ganglionated sympathetic trunks, where some of them end
by atbonzing round ganglion cells, though they may travel
past several ganglia cither up or down the trunk before
reaching their termunation  Others pass through and away
from the ganglionated trunk, being unaltered 1n their passage,
to end around cells 1n the outlying visceral gangha, while
a few run as continuous fibres from the grey matter of the
spinal cord, through the ganghonated trunk, to the medulla
of the suprarenal gland ~ Because they convey impulses from
the spinal cord to the ganglion cells of the sympathetic system
these fibres were named by Langley y preganglionic fibres

The Gonghonated Trunks — The ganglionated trunks
extend, on either side of the vertebral column and 1n close
relationshup to the bodies of the vertebre, from the base of
the shull to the coceyx (Frontispiece) Each trunk consists
of fine medullated preganglionic fibres, and of large ganglion
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cells which are grouped together at intervals along the trunh
to form the gangha, which cotrespond approumately in
number to the spinal nerves m the varous regions of the
cord, the cervical region being exceptional 1 that there are
only three gangha (supetior, muddle and inferior) In the
thoracic region there ate eleven or twelve ganglia, four m
the lurabar and usually four in the sactal region  The gangha

, of the man trunks ate concerned with the sympathetic
mnervation of the extremuties, the head and nech, and the
thoracic viscera, and they have nothing to do with the
wnervation of the abdomunal viscera

Since preganghiontc fibres arise only i the thoracic and
upper lumbar regions 1t 1s clear that to reach the cervical
and the lower lumbar and sacral ganglta the preganglionic
fibres must travel for considerable distances esther up or down
the trunk, though o the thoracic region some of the pre-
ganghionic fibres 1ssung with a cestamn anterior spinal root
may terounate in the corresponding ganghon of the sym-~
pathetic trunk

The Visceral Gangha —In the abdomen the ganghon cells
whose axons pass to the abdominal viscera are aggregated
1nto ganglia, the most 1mportant of which ate the ceeliac, the
supetior mesenteric and the mfegor mesentenic gangla, which
lie upon the antertor aspect of the aorta close to the ongin
of 1ts visceral branches Bundles of netve fibres run to
these abdomunal gangha from the ganghonated trunks 1n the
lower thoracic and the lumbar regions, betng named thoracic
splanchaic and lumbar splanchnic nerves zespectively, but st
must be clearly understood that these bundles are composed
of medullated preganghionic fibres which have passed through
the ganglionated trunh without intexruption (Fig 1)

The Postganghome Fibres —The ganglion cells of both the
trunk gangha and the visceral gangha aronnd which the pre-
g:mghomc fibres arborize are hnown as excitor cells, and
from them their avons, which are Langley’s postfanglionsc
fibres, pass to their wltmate destnation 10 Bloo@vessels,
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ANATOMY AND PHYSIOLOGY 5

sweat glands, the eye, the thoracic and abdominal viscera—in
fact, to cvery structure mnervated by the sympathetic The
postganglionic are the sympathetic fibres proper, betng 1n
great part, if not entircly, non-medullated  Bundles of post-
ganglionic fibres are given off from all the ganghia of the trunt s
to join the spinal roots, and cvery.spiaal nerve ss thus provided
with a sympathetic supply  These bundles are known as
grey rami communicantes

The Ram Communicantes —Therc are fourteen or fifteen
white rami communicantes of the sympatfictic system on
cach side, connecting the anterior spinal roots of the thoracic
and upper tw 0 or three lumbar segments with the ganglionated
trunks  They contan the preganglionic fibres, and provide
the pathway whereby all sympathetic impulses leave the
spinal cord

The grey rami communicantes are much more numerous,
two or more rami passing to_cvery_spinal nernve from the
ganglionated trunks  They are composed for the most past
of unmyelinated postganglionsc fibres which are distributed
through the spinal nerves to the bloodvessels, sweat glands
and arrectores plorum muscles of the head, neck, trunk, and
himbs  No smpulses pass along the grey rami to the thoracic +
or abdomtnal viscera

The grey ramu also contan myelmated fibres, the ongin
and function of which 15 stll o matter of controvessy  They
may be afferent fibres entering the sympathetic trunhs, but
the problem does not appear to be of practical impottance 1n
surgery

Sympathetic Supply to the Head —This account of the
general plan of the system will be claborated 1n so far as

the anatomy of the organs so far subjected to surgery 1s
concerned

The bloodvessels and glands of the head and nech, and the
eye, ate supplied from connector cells in the first.and second
thoracic segments, whose preganglionic fibres leave the cord
in the white rami communicantes of the first and second
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3 SYMPATHETIC NERVOUS SYSTEM

thoracic nerves, and passing up the thoracic and cetvical
portions of the sympathetic trunk, end aronnd excrtor cells
1 the superior cervical ganghon  Many of the postganglionte
fibres pass thence along the branches of the mternal and
external carotid arteties, but others accompany branches of
the cervical plexus to reach their destinations

Supply to the Arm It 1s not knowan for certain which
thoracic segments contamn the connector cells for the arm,
but they must ke 1 the md-thoracic region from as hugh
perhaps as the fourth segment to as low as the mnth  The
pregangliontc fibres pass out m the white tamt communt-
cantes from these segments and ascend the thoracic trunk to
end in the muddle and infetior cervical, and the first and second
thoracie gangba  Grey rami 1n numbers which vary greatly
1n different mdividuals pass from these gangha to the brachual
plesus, and the postganghiome fibres are distubuted to the
limb with the branches of the plexus (Fig 2) Careful dis-
section of the brachml plexus may reveal any number from
twelve to seventeen or mote grey rami joining its roots from
different sympathetic ganglia, runming 1n difierent directions
and appeaning in different planes 1 different individuals
The surgical mmportance of this lack of unformuty in the
anatomical arrangement of the grey ramt will be referred to
1n greater detail in o later chapter

Supply fo the Leg-—The sympathetic supply to the leg
has 1ts connector cells 1n the lowest three thoracic and the
upper three lumbar segments, the preganghionsc fibres passing
out 1 the six lowest w hute ramu communtcantes, and ending
1n the second, third and fourth lumbar, and in the sacral
gangha  The grey ramu communicantes from the second
tumbar ganglion downwards contain postganghonic fibres
which are carried to the periphery by way of the lumbar and
saceal plexuses of the spinal nerves (Fig 3} It ts thetefore
clear that of the second, third and fourth Jumbar ganglia and
the intery ening portions of the trunk be removed, the excitor
cells to the lumbar nerves and the preganghonic fibres to the
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ANATOMY AND PHYSIOLOGY 7

sacral nenves will be removed or divided, 1nd sympathetic
dencration of the leg will thus be achieved
Supply to Thoracic Viscera —The conncctor cells for the
thoracte viscera lie 1n the third and fourth thoracic segments,
the preganglionsc fibres running upward i the thoracie and
cenvical portions of the trunl to the supcrior, middle and
ifenor cervical ganglia, whence the excitor cells send their
postganglionic fibres to the heart and lungs by way of the
catdiac branches of these gangha
It will be apparent that this constitutes an cxception to
the rule that ganglia of the trunls are concerned entirely
with somatic, and not with s1scerl innervation The cenvical
gangha arc, m_fact, combined somatic and visceml_ganglha
The cervical portion of the trunk 1s 2 combinauon of the
preganghonic fibres which control somatic ganghon cells, and
preganglionsc fibres controlling thoracic visceral ganglion
cells which hie 1n the cervical gangha  The cenieal sym-
pathetic trunh may be regarded, therefore, as a supenor
splanchnic nerve, as well as bemng a part of the lateral
sympathetic trunh
Supply io Abdommnal Viscers — The abdominal viscera
are innenvated through a complicated arrangement of ganglia
which recene therr preganglionic fibres through the thoracic
splanchnic nenves, and also through the splanchnic branches
of the lumbar sympathetic trunks
The connector cells whose fibres pass to the upper
abdominal ganglia lie 1 the lower siv thoracic segments
of the spinal cord ‘Thetr preganglionic fibres reach the
ganglonated trunbs 1n the corresponding white rami com-
municantes, but they leave the trunks without forming ny
synapses theremn and travel i the splanchnic nerves to the
ganglia, the most smportant of which are the celize (semu-
1:222, ::c superior mesenteric, and the aorticorenal ganglia,
celle F :g’ mtetrlxlmnlate in arbonizations around the ganglion
ganglionic ﬂbtee atter, which are the excitor cells, post-
s are distributed along the bloadvessels to the

—



PLATE IV

F16 3 —DisGray oF SympaTHETIC SureLy TO Lowrr ExrrEvin
(PreGancLionic Fires Green Postcancriovic Rep)

The postganglionic fibres are joining the roots of the anterior crural
obturator and scratic nerves
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Lumbar Trunk

Rreoortic nf Mesenteric
Ploxus > Artery

HYPOGASTRIC
(PRESACRAL)
NERVE

PELVIC
NERVE

HYPOGASTRIC GANGLION

Fic 4—Fomuarion or tim Lumsar Serancunic Nrerves, THE
PresorTIC PrEXUS AND THE PRESACRAL NERVE

The contrbutions from the lumbar ganglia to the mfetior mesenteric
plexus are not shown, but these nerves are stlustrated 1n the dissec-
ton (Fig 36, p 118)
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stomach, to the small intestine and the first part of the colon,
and to the kidneys

"The supply to the supratenal bodies 1s peculiar, for though
1t appears at first sight that the supratenal and the hidney
have a common source of supply, the fibtes going to the
ludney are postganglionic, whereas those to the suprarenal
have passed through the ganglia without interruption and
are still the preganghonic axons of the connector cells
(Frontispiece)

Below the otigin of the supetior mesenteric artery a plexus
1s formed 1n front of the aotta, the aottic or intermesenteric
plexus, being composed of nerves which run downwards
from the celtac ganglia, with the additton of branches
which pass mnwatds from the lumbar trunk on each side It
1s impottant that the nature of these lumbar visceral
(splanchnic) branches should be clearly understood They
constst of preganglionic fibres onginating 1n the first three
lumbar spinal segments, joimng the lumbar trunk in the
usual way #@ the white tamu communicantes, but passing
through the trunk without imnterruption, and thus forming
a continuation of the splanchnic netve settes into the Jumbar
region

The aortic plexus sends out prolongations which clothe
the branches of the aorta, and 1t also furmshes the
central root of the hypogasttic plexus (presacral nerve)
(g 4)

In the aortic plexus immediately below the ongin of the
inferior mesenteric artery there 1s an aggregation of ganglion
cells known as the infersor mesenteric ganglion, and from 1t
postgangliontc fibres accompany the branches of the artery
to supply the lower part of the colon and the upper part of
the rectum (Fig 36, p 118) In man the inferior mesenteric
ganglion 15 a less conspicuous and less tmportant structure
than 1t 1s 10 the lower animals, for in them the cell station of
the sympathetic supply for the whole of the lower bowel
and bladder 15 situated 1n this ganglion  In man 1t 1s not



ANATOMY AND PHYSIOLOGY 9

Lumbar Teunk

Preaorhic inf Mesenteric
Plexvs - f\\'h:v\[

HYPOGASTRIC
[PRESACRAL)
NERVE

PELVIC
NERVE

HYPOGASTRIC GANGUION

Fic 4—Fomuariov or 11z LuMpsn Sprancinic Neaves, Tns
PreAORTIC PLEXUS AnD THE Parsacrat Nerve

The contnbutions from the lumbar gangha to the infenior mesentenc
plexus are not shown, but these nerves are illustrated 10 the dissec~
ton (Fig 36, p 118)
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always possible to define the ganglion at all clearly, and the
ganglion cells from which the postganglionic fibtes atise to
supply the rectum and bladder are widely distributed along
the course of the hypogastric plexuses and are to be found
as Jow down as the lateral aspect of the rectum

The lower rectum, the bladder and the uterus recesve their
sympathetic supply by way of the inferior hypogastric (pelvic)
plexuses which anse above from three roots The central
root which descends over the bifurcation of the aorta from
the aortic plexus has been referred to above, and this 1s joined
on each side by a lateral root, formed by the junction of the
lumbar splanchnic branches, which crosses the cortesponding
common 1liac artery at its otigin  The three roots form a
plexus just below the brfurcation of the aorta, lyng upon the
fifth Jumbar vertebra and the disc between 1t and the sacrum,
the plexus being called the hypogastric plexus, or more
commonly the presacral nerve (Fig 4) The presacral
nerve descends 1nto the pelvis and divides mto the two
1nferior hypogastric or pelvic plexuses which run down to
the lateral walls of the rectum The pelvic plesuses also
recerve the sacral autonomic (pelvic) nerves

The preganglionic fibres for the lower part of the large
intestine and for the bladder anse from connector cells 1n
the upper three lumbar segments, and end 1n the inferior
mesentertc ganglion and the gangliomic tissue distributed
throughout the hypogastric plexuses, from which the post-
ganglionic fibres are distabuted The preganglionic fibres
for the rest of the pelvic organs pass direct to the walls of
the viscera and arborize round excitor cells therein

Summary of Anatomy —The urut which 1s responsible for
activating the structures which are controlled by the sym-
pathetic system 1s the excitor cell and its postganglionic
fibre Asa general sule, the only exception being the cervical
gangla, the gangla of the sympathetic trunks contain excitor
cells which tnnervate only the somatic structures ‘The
exator cells for the viscera, agamn with the one exception of
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the thosacic viscera, lic 1n ganglia outside the ganglionated
trunks (F1g 1)

All the csator cdlls, wherever situated, arc under the
control of preganghome fibres which arc the asons of cells
1n the lateral horn of grey matter in the thoracic and upper
lumbar regrons of the spinal cord  Preganglionic fibres also
nnenvate the medulla of the suprarenal bodies

Functions of {he Sympathetic Syslem

Cannon! has recently announced lus belief that the ultumate
function of the sympathetic system 1s to presene the con-
stancy of the flurd matrix of the body , or, 1n other words,
that the sympathetic system 15 responstble for the control of
the internal cconomy of the body, while the cercbrospinal
system 1s concerned with the reactions of the body to its
caternal emvironment  ‘This conclusion, drawn from pro-
longed and profound experimental study, sounds at first
cuniously lihe the view held by Bichat, the fundamental
difference being, of course, that 1t 1s now known that the two
systems are not independent of cach other It 1s suggested,
in fact, that the sympathetic ganglia may act 1n some respects
as electnical transformers  The nerve mmpulses from the
cerebrospinal system, though appropriate for sheletal muscle,
may not be so for plain muscle and sccreting glands, but
it 15 possible that in passing through the gangla their
character may be changed so as to render them capable of
stumulating these structures

The most powerful stimult to the sympathetic system Arise
from hemorthage, cold, anoxemia, muscular woth, and
emotion, especially fear The response to hzmorrhage s
mereased coagulability of the blood, and penpheral vaso-
constriction , to cold the response 1s again vasoconstriction,
but 1n addition erection of haits or feathers tahes place 1n
order to conserve the body heat, and metabolism 15 1ncreased
by outpourmng of adtenalm  Anoxemi produces tachy-
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always possible to define the ganglion at all clearly, and the
ganglion cells from which the postganglionic fibres anise to
supply the rectum and bladder are widely disttibuted along
the course of the hypogastric ple<uses and ate to be found
as low down as the lateral aspect of the rectum

The lower rectum, the bladder and the uterus recetve their
sympathetic supply by way of the inferior hypogasttic (pelvic)
plexuses which atise above from three roots The central
root which descends over the bifurcation of the aorta from
the aortic plexus has been refetted to above, and this 1s jorned
on each side by a lateral root, formed by the junction of the
lumbar splanchnic branches, which crosses the cotresponding
common ihac artery at 1ts origin  The three roots form a
plexus just below the bifurcation of the aorta, lying upon the
fifth lumbar vertebra and the disc between 1t and the sacrum,
the plexus being called the hypogastric plexus, or more
commonly the presactal nerve (Fig 4) The presacral
perve descends into the pelvis and divides nto the two
1nfertor hypogastric or pelvic plexuses which run down to
the lateral walls of the rectum The pelvic plexuses also
recerve the sacral autonomic (pelvic) nerves

The preganglionic fibres for the lower part of the large
mntestine and for the bladder anse from connector cells 1n
the upper three lumbar segments, and end in the inferior
mesenteric ganglion and the ganglionic tissue distributed
throughout the hypogastric plexuses, from which the post-
ganglionic fibres are distibuted The preganglionic fibres
for the rest of the pelvic organs pass direct to the walls of
the viscera and arbornize round exctor cells therein

Summary of Anatomy —The umt which 1s responsible for
activating the structures which are controlled by the sym-
pathetic system 15 the exctor cell and its postganglionic
fibre  Asa general rule, the only exception being the cervical
ganglia, the ganglia of the sympathetic trunks contain exator
cells which innervate only the somatic structutes ‘The
exator cells for the viscera, again with the one exception of
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had 1ts cause an the stomach, anger 10 the Iiver, Hindness 1n
the heart and 03 1n the intestine !

Professor Langdon Brown cummatizes the account of the
emetgency sympathetic action by <aying that it 15 de igned
to prepare the anwmal for fight or flight, and Cannon has
pointed out how the numctous cffccts of stimulation are
well planned to mobilize rapidly and completely the forces
of the body for sts defence  ‘The pupl 1s dilated, and so the
wisual field 15 increated 1n order to give warning of flan}
attack , the appearance of goosc shin is the sestugial remnant
of the mechamsm whereby the hart-covered ammal 1s able
to male atsclf appear larger and morc formidable to 1ts
antagomist , the arterics become contracted, the blood pressure
ts rased and the heart beat aceelerated, the combined effect
being to increase cardiac efficiency , the spleen contracts and
squeczes out 2 resenve of blood cells into the arculation,
glucosc 15 Iiberated from the liver to supply the needs of the
active muscles , the bronchs are dilated to inerease the oxygen
supply to the lungs, and the adrenal medulla pours out its
secretion, which enhances all the efforts already produced by
sympathetic stimulation

Considening the widespread distributton of the phenomena
which appear to be co-ordinated and designed to one end,
and that the trun may be fired by an emotional stimulus, 1t
15 not surpnsing that recent armal experiments and clinieal
observations show that central control resides 1n the dien-
cephalon, the controlling centres being acted upon 1n therr
tumn by vartous impulses from higher centres 1n the cerebrum
and possibly also influenced by hormones

The study of comparative anatomy shows that the sym-
pathetic system 1s acquired comparatively late in the process
of evolution, and 1n 1ts eatliest forms 1t consists, not of nerve
plexuses, but of g widespread distribation of adrenalin-pro-
ducing tissues  As the scale 1s ascended the plexuses and

gangha become more conspicuous and extensive, while the
adrenalin-producing cells become more and more aggregated,
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cardia, a rise of blood pressure and contraction of the spleen,
and as 2 result of muscular work there 15 a nse 1n the sugar
content of the blood, the sugar being liberated from storage,
dilatation of the bronchioles takes place to admit greater
amounts of oxygen to the lungs, and vasoddatation and
sweating occur 1n order to regulate body temperature—all 1n
response to the activity of the sympathetic system

It must be supposed that these functions are constantly
being exhibited, and when adequately antagonized by the
cranial and sacral autonomic systems they ate tesponsible for
regulating visceral activity, and for mamtamning the fluid
equilibrium, the body temperature and the reactton of the
blood

Any departure from the normal state will call forth reac-
tions 1n which sympathetic activity may be recogmzed For
example, should the blood sugar fall below 70 mgms per
cent the hypoglycemic reaction ensues, the pupils dilate,
the skin becomes pale, the blood pressure rises and the
pattent sweats, these phenomena bemng evidences of sym-
pathetic stimulation, and being accompanted by out-
pourng of adrenalin which leads to conversion of glycogen
to sugar and a restoration of the sugar level in the
blood

Controlling Mechamsms —Were this the only function of
the sympathetic system, one could 1magine its control and
co-ordination existing at 2 level no higher than the spinal
cord, or even the solar plexus  But 1n additron to this con-
stant actv ity there 1s the emergency action, which 1s generally
achnowledged to be undoubtedly and dramatically an ex-
pression of the whole system at the height of 1ts power, being
produced by emotional and psychic stimuli which mvolve
reactions 1n consciousness, and suggest to the modern physi-
ologist a cerebral controling centre It 1s interesting to
reflect that even the emotional factor, though recognized by
Bichat, could be interpreted mn the bight of physiological
theortes of his day without mmplicating the brain—for fear
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influence exerted upon the centtes 1n the medulla and spinal
cord by the diencephalon

Cercbrat Control —Among the best I nown of the classical
experimental ammals 1s Goltz’s dog, which, being deprived
of 1ts cerebral cortes, corpora stnata and dorsal thalamus,
was still capable of carrying on a fairly satisfactory existence,
but was readily roused to anger on the slightest provocation
Later Cannon found that the * sham rage” which appeared
after disconncetion of the cortex from the brain stem was
assoctated with all the evidences of sympathetic exetation

The subject has been followed up further by Philip Bard,?
who localized thus centre of sympathetic conteal rather more
accurately by demonstrating that the sham rge which appears
after ablation of the cerebral hemispheres, corpom stmata
and anterior half of the diencephalon, fails to develop when
the brain stem 1s transected at the posterior extremuty of the
diencephalon, or through the anterior end of the mesen-
cephalon  He concludes from tius that the mechamsm 1s
mediated by the posterior half of the hypothalimus and the
most ventral and postertor portions of the corresponding
segment of the thalamus  Thus, then, s the position of the
hughest control of the whole sympathetic system, and Bard
believes that st controls not only the medulla, but the cord as
well  He summarizes his views by stating that the pre-
ganghionic neurons 1n the lateral horns of the thoracic and
lumbar cord are under the conttol of supraspinal influences
This control may be continuous, or may be set n action under
spectal conditions by ctreulatory, metabolic or reflex influences
Functionally sumlar groups of preganglionic fibres have
bulbar controlling centres, and dominating Il s the centre
1n the diencephalon eapable of discharging all the lower ones,
being brought 1nto action duting stress or emergency
(Ftontxsplece)

Bard’s work recewves confirmation from the experiments
?rf Beattie, Brow and Long,® who, approaching the subject

om 2 slightly different angle, have armived at the same
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being finally concentrated 1n the human adult 1n the suprarenal
bodies

An impulse travelling along a postganghonic fibre will
activate merely the organ, be 1t gland cell or muscle fibre,
1n relation to which the fibre ends  The nerve termunals are
pericellular, not intracellular, and it 1s now belteved that
between the nerve ending and the structure it innervates a
substance 1s liberated by the nerve impulse which Cannon
calls ““ Sympathin,” and which 1s erther adrenalin stself or a
body which bears a very close resemblance to 1t

Langley was able to show that preganghionic fibres from
2 single spinal nerve pass to several gangla 1n the sympathetic
trunk, and therefore impulses passing along such a bundle
of fibres as 2 single white ramus communicans will create
a widespread effect by acting upon many excitor cells and,
through thetr postganglionic fibtes, upon many organs It
will thus be seen that if the reaction 1nvolves the system as
far towards the centre as the spmal cord the result may be
a fairly diffuse response

Passing still further towards the chief controlling centre,
when the medulla 1s reached cettain centres are to be found
which are part of the sympathetic apparatus  These ate the
vasoconstrictor and vasodilator centtes, the cardio-accelerator
centre and the centre for carbohydrate metabolism, and that
for the supreranal mechanism  Elliott pointed out that pre-
ganghionic fibres pass through the cceliac plexus to end mn
the medulla of the suprarenal glands , and as Langley’s doctrine
that the action of adrenalin 1s the same as that of stimulating
postgangliontc fibres 1s universally accepted, 1t follows that
when mpulses pass along these suprarenal preganglionic
fibres the effect upon the body 1s more widespread than
ever

Once more, from this different angle of approach, we
return to the central mechanism controlling the whole system,
and a brief reference will be made to the considerable amount
of work which has recently been carried out to show the
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influence oxerted upon the centres 1n the medulla and spnal
cord by the dienccphalon

Cerebral Control —Among the best Tnown of the classical
expenimental ammals 15 Goltz’s dog, which, beng deprived
of sts cercbral corten, cotpora striata and doreal thalamus,
was sull capable of carrying on a fanly catiefactory existence,
but was readily routed to anper on the <dighte t provocation
Later Cannon found that the ** <ham rapc” which appeared
after disconnection of the cortex from the bramn stem was
associated with all the evidences of sympathetic excitation

The subject has been followed up further by Phalip Bard,?
who localized this centre of «ympathetic control rather more
accurately by demonstzating that the sham rage which appears
after ablation of the ccrchral hemiepheres, corpora «nata
and antenior half of the diencephalon, fails to develop when
the bramn stem 55 transected at the postesior extrenuty of the
diencephalon, or throuph the anterior end of the mesen-
cephalon  He concludes from tlus that the mechamsm s
mediated by the postenior half of the hypothalimus and the
most ventral and postenior portions of the corresponding
segment of the thalamus  1is, then, 15 the position of the
highest control of the whole sympathetsc svstem, and Bard
believes that 1t controls not only the medulia, but the cord as
well  He summanzes is views by staung that the pre-
ganghonic neusons 1n the Jter1l horns of the thomac and
lumbar cord are under the control of supraspinal influences
This contro) may be continuous, or may be set 1n action under
special conditions by arrculatory, metabolic or reflex influences
Functionally simylar groups of preganghonic fibres have
bulbar controlling centres, and dommating all 1s the centre
!n the diencephalon capable of discharging ll the lower ones,

bemng brought mto action duning stress or emergency
{Frontisprece)
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§ work recetves confirmation from the evperiments
te, Brow and Long,” who, approaching the subject
slightly different angle, have arnived at the same
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being finally concentrated 1n the human adult sn the suprarenal
bodies

An 1mpulse travelling along a postganglionic fibre will
actrvate merely the organ, be 1t gland cell or muscle fibre,
1n relation to which the fibre ends  The nerve termunals are
peticellular, not intracellular, and 1t 1s now believed that
between the nerve ending and the structure 1t 1nnervates 2
substance 1s liberated by the nerve impulse which Cannon
calls “ Sympathin,” and which 1s esther adrenalin 1tself or a
body which bears a very close resemblance to 1t

Langley was able to show that preganghonic fibres from
2 single spinal nerve pass to several ganglia in the sympathetic
trunk, and therefore impulses passing along such a bundle
of fibres as a single white ramus communicans will create
2 widespread effect by acting upon many evcitor cells and,
through thetr postganglionic fibres, upon many organs It
will thus be seen that if the reaction involves the system as
far towards the centre as the spinal cord the result may be
a fairly diffuse response

Passing still further towards the chief controlling centre,
when the medulla 1s reached certain centres ate to be found
which are part of the sympathetic apparatus  These are the
vasoconstrictor and vasodilator centres, the catdio-accelerator
centre and the centre for carbohydrate metabolism, and that
for the supreranal mechanism  Elliott ponted out that pre-
ganglionic fibres pass through the celiac plexus to end n
the medulla of the suprarenal glands , and as Langley’s doctrine
that the action of adrenalin 1s the same as that of stimulating
postganglionic fibres 1s umversally accepted, 1t follows that
when impulses pass along these suprarenal preganglionic
fibres the effect upon the body 1s mote widespread than
ever

Once more, from this different angle of approach, we
return to the central mechantsm controlling the whole system,
and a brief reference will be made to the considerable amount
of work which has recently been carried out to show the
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conclustons, and have advanced our knowledge of the anatomy
of the system by indicating the path followed by the impulses
which pass from the hypothalamus to the spinal cord It
was shown by Levy that the development of cardiac 1rregu-
lanties (extrasystoles) 1 an animal anesthetized with chloro-
form s dependent upon the 1ntactness of sympathetic neurons
These extrasystoles wete abolished, 1n the experiments per-
formed by Beattte, Brow and Long, by section of the hypo-
thalamus 1n 2 plane between the anterior edge of the corpora
quadrigermina and the posterior edge of the pitustary fossa
‘They also demonstrated extrasystoles and other pressor effects
as a result of sttmulation of the lateral wall of the third ventricle
1 an ammal under chloroform Further, a lesion 1n the
posterior part of the hypothalamus was shown by them to
produce degenerative changes in fibres passing down through
the brain stem, medulla, and spinal cord to end 1n the lateral
horn of the grey matter of the thoracic and upper Jumbar
regiofis

Mote recently Beattte discovered a centre 1n the hypo-
thalamus, stmulation of which produced dilatation of the
puptd  With Duel and Ballance* he cartied out a series of
experiments 1 which the peripheral ends of various motor
nerves in the neck wete anastomosed to the cetvical sym-
pathetic, and after the period required for regeneration had
elapsed the hypothalamic pupiilodilator centte was stimulated
electrically  The result of this stimulation was to produce
the appropriate motor effects mn the distribution of the nerves
anastomosed to the cervical sympathetic, thus establishing
the continuity between the hypothalamus and the lower levels
of the sympathetic system

Ansmal experiment, though instructive and estremely
helpful as 2 guide to the study of buman phystology, cannot
be as convincing as chinucal expertence, and 1n this instance
the final link 1n the chain of evidence 1s provided by a most
remarhable case recorded by Penfield® His patient was a
woman who suffered from repeated attacks, or fits, cach of
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which feproduced farthfulls the cvents of its predecessors, not
only 1 }ind, but aleo 1n the order of therr appearance, thus
fulfilling the criteria of the focal discharges thtough the
cerebrospimal vyetem de enbed by Huphlings Jackcon as
epiieptic  Tn the mulder attach < the patient remamned con-
scious, and 1t was onlv when they beecame <evere, and finally
continuous shortly before death, that consanusncess was fost

The <cizures staried I the patient a<ding to be given 1ce
to such, and at the same tume her face and arms were seen to

Fornt¥
CerepeuuM
TUMOUR \‘L{
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BODY

Pons
F16 5 —Turour oF TR VeNTRICLE CAUSING DI crpiALIC Dpricesy
(Redrawn from Penfield )

flush 2 deep red Respiration was slowed, tears flowed
from both eyes, sweat appearcd all over the body, and salia
fan out of the mouth The puptls became dilated, and 1n
some attachs the cyeballs protruded At first the pulse was
strong and rapid, then the flush faded and the pulse became
weak and slow ‘The woman would then hiccough a few
times, would shiver slightly, and the breathing would become
tregular  The attacks were sometimes attended by the
Appearance of goose flesh on the arms, and were followed by
constipation and 1nability to empty the bladder

2



18 SYMPATHETIC NERVOUS SYSTEM

Finally the patient died after a prolonged series of fits,
and autopsy revealed 2 tumour (cholesteatoma) of the choroid
plexus hanging 1n the antero-superior part of the thurd ven-
tricle, protruding into the forammna of Munro and producing
1nternal hydrocephalus (Fig 5) Its free mobility probably
accounted for the inteymuttent nature of the symptoms  The
tumour pressed upon the mesial anterior and supetior aspect
of the thalamus on each side, and here there was cedema,
while histological examination of the area revealed fading out
of cell structure and some local hyperemia

Though Penfield did not presume to single out any of the
many named nucler 1n this region as the ones tesponsible for
the phenomena observed, 1t 1s significant that thts tumour
was sttuated close 1n front of the posttion defined by Bard,
and also by Beattie, Brow and Long, as the diencephalic
controlling centre of the sympathetic system, and there
1s no doubt that the clinical mansfestations described
by Penfield correspond to the effects of sympathetic stumula-
tion

It has been remarked already that the bodily responses to
sympathetic simulation are those best adapted for 1ts defence,
or for those offenstve reactions which may be required to
combat an enemy The behaviour of an animal exhibiting
fear or rage 1s a primutive reaction, which 1s therefore depen-
dent on the older divisions (in respect of evolution) of the
central nervous system, a reactton which can take place
independently of the more recently acquired cortical
mechanisms  The thalamus can appreciate and differentiate
between the pleasant and the harmful afferent impulses, and
no more detatled analysis of sensation 1s required to excite
a reflex discharge from the neighbouring hypothalamus, and
the mere reception of an impulse resulting from a painful
sensation 1s sufficient to elicit 2 response

It 1s sometimes assumed that the cortex imtiates the emo-
tional discharges of rage, but, as has been remarked already,
of an ammal deprived of 1ts cortex be exposed to comparatively
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fecble sttmulation a terrific reaction cnsues  ‘This means that
the 1nfluence of the cortex npon the diencephalon must be
to lumit its stumulation by analyzing more thoroughly the
afferent 1mpulses flowing into the brain, discriminating
between those that are harmful cnough to call for 2 defensive
ot offenstve reaction and those which are not, and to hibit
the actuvity of the diencephalon That “anger 15 short
madness ” 15 thus borne out by physiological experiment,
though the physiologist mught prefer to state that rage 15 the
expression of the activaty of a lower motor level released
from 1its hugher control These considerations have an
important bearing upon the subject 10 hand, for 1n many of
the disorders of the sympathetsc system emotional factors
seem to play a2 promunent part

A complete survey of the sympathetic system must there-
fore begin with the controlling centre 1n the hypothalamus,
and the tracts passing therefrom to the lower centres 1n the
medulla and the thoracic and lumbar regions of the spinal
cord  These centres 1n the cord, which not only respond
to impulses from above, but are also capable of independent
action, are the seat of ongin of the preganglionic fibres,
which, 1n their turn, control the acttvity of the various
sympathetic ganglia

Sympathectomy as an Experiment in Human Physiology —
Our understanding of the functions of the human sympathetic
nervous system 1s very imperfect , for clinieal expertence not
only reveals gaps 1 our hnowledge, but also casts grave
doubt upon many current beliefs

Though 1t would be deplorable to detract 1 any way from
the honour due to the great physiologists of the past for their
early investigations, 1t 15 smportant to realize that the accepted
tdeas with regard to the sympathetic system 1n man have
been denived from experiments upon the lower ammals,
whose nervous system in general, and whose sympathetic
System 1n particular, differ 1n many respects from the human
It 15 only since surgery, the most frutful method of research
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mto the problems of human physiology and pathology, has
embraced the sympathetic system, that we have begun to
gain accurate information about its actrvity n man  Our
debt to the physiologists ltes m the encouragement and
the direction which their antmal experiments have given
us 1 recognizing general principles, 1 devising operative
procedures, and in showing how accurate observations may
be recorded

The collection and careful analysis of the information
obtained by accurate methods of observation of patients, and
more especially of patients before and after an operation has
been performed upon some portion of the sympathetic system,
will bring to light facts which can be proved by no other
method of research, and will be the foundation for hypotheses
to be tested by further surgical 1nvestigation

Those who choose to pursue this line of research are con-
fronted by two great difficulties  The first 1s that 1t appeats
to be possible to remove certain portions of the sympathetic
system which had come to be regarded as essentral for the
regulation and control of important viscera, and had even
been thought to be of vital necessity to the body, without
any apparent ill effect It 1s improbable that man could afford
to lose as much of his sympathetic system as can the lower
anmimals, but Cannon has been able to show that cats, dogs
and monkeys deprived of the whole of their ganglionated
trunks from stellate to sacral ganglia on both sides can con-
tnue to live quite comfortably for months or years in the
sheltered surroundings of the laboratory Young antmals
will grow symmetrically after unilateral sympathectomy  The
effects of total sympathectomy are shown, however, 1 2
Jowered basal metabolic rate, a reduced capability for worh,
a dramatic fall 1n blood sugar during exercise, and great
sensitiveness to 1nsulin - Emotional stimulation, such as the
fear of an antagonstic animal, at once reveals its weakened
offenstve and defensive reactions , and lach of adaptability to
changes 1n 1ts environment 15 shown by the sevete drop 1n
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body temperature and the mtense shivering produced by
cold, and by the casc with which heat-strohe may be pre-
apitated by moderately igh temperatures  These changes
occur only 1n animals who have suffered what amounts to
total sympathcctomy, and sccing that the cffects when the
anmmal 1s Ining under normal conditsons may be negligible,
the estimation of the lesser cffects of partial sympathectomy
1n man may present considerable difficulty

The second fact that has to be borne in mind 1n regard
to this form of research 1s that surgical experiments may tal e
months or even years to yicld their results, and the patient
secher after the truth must resist the temptation to accept the
ofttimes strihing immediate result of an operation 4s the true
effect of sympathectomy A large number of our present
impressions are founded upon incomplete expeniments, and
the impressions may require to be revised and modified many
times before they develop into conclusive evidence
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CHAPTER 11

SYMPATHECTOMY FOR DISORDERS OF THE
CIRCULATION

THERE are many conditions associated with faulty nuttition
of the peripheral portions of the limbs 1n which organic
occluston of the vascular supply does not appear to be the
true explanation of the phenomena, and in which 1t seems
mote treasonable to postulate a diminution 1n the lumen of
the vessels owing to contraction of the muscular coat rather
than by disease of the walls  Thus conception underlies the
various operations which have been designed to alter the
calibre of vessels through the medmm of the vasomotot
nerves, and thus to improve the blood supply to the tissues
concemed

The exsstence of nerve fibtes and nerve endings 1n the outer
and muddle coats of artertes has long been recognized, and
the credit for being the first to think of applying thts know-
ledge to surgery belongs to Alexander, of Livetpool, who
published 1n 1889 his experience of the treatment of epilepsy
by cervical ganglionectomy, and to Jaboulay, of Lyons, who
n 1899 stripped off the outer coat of the femoral artery as
the treatment for perforatmg ulcer of the foot

In reviewing the events which led up to the operations
of ramisectomy and ganglionectomy for vascular discase 1t
1s mecessary to go back to 1909, when Boeke described 2
system of accessoty non-myelinated nerve fibres to striated
muscle He found that these nerves supplied muscle fibres
which were also innervated by medullated nerve fibres, and
since they did not degenerate when the anterior spinal roots
were cut he concluded that they sprang from the sympathetic

system
22
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Subsequently Kulchutsky found that these sy mpathctic
fibres supply scparate muscle fibres, and the view came to be
held that the muscle fibres innervated by the sympathetic are
concerned with © plastic tone,” and those supplicd by somatic
netves ith what has been termed “ conteactide tone - Since
these views w cre first stated an cnormous amount of work has
been carried out 1n order to try to confirm both the histo-
logical findings and the conceptions i regard to the function
of these fibres It 15 sufficient to sty that Bocle’s dual
innervation, wnstead of being universally distnibuted, could
be shown to cust 1n only a few of the voluntary muscles,
that 1 the muscles of the limbs no innctvation other than
that of ordinary motor nenves could be made out, and
several observers faded to affect the tonic contraction of
decerebrate nigidity by cutung the sympathetic supply in
the cat

This may be tahen to represent the position when Hunter
and Royle began thetr work on decercbrate ngidity and upon
spastic states in man  They found that if they altered the
techmque of the expetiment on the cat by cutting the sym-
pathetic supply to 2 limb first, and then some time later
decerebrating the animal, the limb deprived of its sympathetic
supply failed to maintain 1ts postute for as long a petiod as
the others, and this they attributed to loss of “ plastic tone ”
It has been suggested 1n crincism of their experiment that
the loss of sympathetic impulses some time before decerebra-
tion resulted 1n a loss of some trophic factor without which
the muscle 15 unable to carry out its tonic reactions so well ,
and that thus effect might be an indirect one acting through
alteration of the blood supply to the muscles More recently
Phillips® has come to the conclusion that the dimimution n
the tone of skeletal muscle following sympathectomy 1s
apparent rather than real, and that the change which takes
place may be due to increased excitability of the afferent
netve endings subserving the lengthening reactions

Hunter’s expesiments were petformed on goats and birds,
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but when Royle came to apply the results of therr work to
the surgical treatment of spastic states 1 man he was satisfied
that he was able to benefit his patients, and the operation
was hailed with enthusiasm  Unfortunately other surgeons
have been unable to achieve the benefit claimed by Royle,
and the operation for spasticity has fallen into disrepute *
But 1t had been noted by Royle, and 1t was also recorded by
others who carried out this operation of section of the grey
ramy, that the extremity so deprived of its sympathetic supply
showed evidence of vasodilatation and was warmer than its
fellow 'Thus, atsing as a kind of by-product of an opera-
tion which, founded upon doubtful anatomical and physto-
logical conjecture, was 1n 1tself a fatlure, the 1dea of sym-
pathectomy for abnormalities of the vasomotor mechanism,
and for various conditions 1n which increase in the peripheral
crrculation s destrable, has developed 1nto an operation which,
with certain modifications, 1s of established value 1n well-
selected cases

1 Selection of Cases Smtable for Sympathectomy

Clinzcal tests to determine the state of actrvity of the vaso-
motor supply ate intricate and open to musinterpretation , for
errors of technique 1n a simple 1nvestigation may ntroduce
complications which, unless they are recogmzed and allowed
for, will of course lead to false conclustons  The complica-
ttons referred to are the many other factors besides sym-
pathetic nerve mmpulses which affect the state of constriction
or didatation of bloodvessels, and 1t 1s only by the most
careful crticism of every experiment, and by controlling
every variant, that the true result may be obtamed In this
matter we must achnowledge our indebtedness to Sir Thomas
Lewis, whose thorough, ingentous and painstahing researches
1n this branch of human phystology and pathology have not
only clanfied many mystertes, but have also shown other
investigators how to work at problems sull awarting solution,
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how intricate the problems may be, and how carcfully cxpen-
ments must be controlled

Local Effect of Temperature on Bloodvessels — The
vartous disorders of the vasomotor mechiusm which are
met with 1 chmeal practice appear to be safluenced more
by changes 1n temperatuee than by any other single factor
It 15 therefore natural to study first the response of the vessel
to changes 1n the temperature of its environment, the best
account of the reactions of the shin to cold being grven by
Lewss,® whose obsenvations we have been able to confirm

Moderate cooling to a temperature of 15° to 18° C for
fifteen to twenty minutes produces v asoconstriction by 2 Joeal
effect of cold upon the small arteries, and when the local
temperature 15 raised vasodilatation takes place by a similar
mecharusm It 1s thercforc important to } now the tempera-
ture of the air around the area which 15 being tested, and to
Leep 1t as constant as possible if the effects of vasomotor
nnesvation are to be studied

It 1s found that if the fingers be immersed 1n 1ce-cold water,
or 1n water at any temperature below 15° C, vasodilatation
results, and when the fingers are removed from the cold water
2 reaction takes place which causes their temperature to nise
to a pomnt considerably above that of the uncooled hand
Thus reaction 15 mdependent of the sympathetic nerve supply
to the limb, for we have been able to obtamn 1t after a radical
ganglionectomy which was followed by all the evidences of
complete sympathetic denervation , but 1t does not occur after
degeneration of the sensory nerves supplying the cooled
fingers It 15 believed to be due to “ H ”-substance, a body
of the same nature as histamine, or possibly histamine itself,
liberated locally as a result of an axon reflex for which cold
lja::dﬁ:;\:;tc snlmulus, and which will thus produce local
renction s: r;:n rgng an the dsensory‘ ‘nerves are mm’c’:t This
1o be corefully avof; 1;; lerreu to as “ over-cooling,” and has
pathetic sctvng. s ce n 2ll experiments to estimate sym-

s e the vasodilatation, which might be
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misintespreted as due to mhibition of vasocosstrictor fibres,
takes place whether the sympathetic supply 1s intact or not

It may be noted in passing that “H ”-substance, whose
action 15 vasodilator, may be present constantly under normal
conditions, antagonizing to a certain extent the vasocon-
strictor tonus mantained through the vasomotor nerves
This conception will be referred to agam, for if 1t be correct
1t may explain, by postulating vanations 1n concentration
of “ H ”-substance consequent upon changes 1n the peripheral
blood flow, cettain alterations observed from time to time
1n the calibre of the minute vessels of the skin which determine
1ts colour

Influence of Body Temperature upon Peripheral Vessels —
Before an operation for sympathectomy 1s undertaken 1t 1s
desirable to foretell the amount of benefit which 15 to be
expected from 1t, and of the various methods employed to
mahe such a forecast the sumplest 1s to observe the degree
of petipheral vasodilatation which follows a rise in body
temperature  Thus vasodilator reaction 1s due to inhibition
of sympathetic vasoconstrictor impulses as a consequence of
the crculation of warm blood to the centres 1n the cord,
and perhaps also to the cetebral centres  For experimental
purposes the body temperature may be raised esther by protein
shock, ot by heating the body 1n 2 hot air bath

Brown* has described the reltance he has come to place
upon the former method after several years’ expertence,
more patticularly 1n differentiating organic obstruction of
artertes from conditions 1n which the lumen 1s narrowed by
spasm  He induces fever by intravenous injection of triple
typhoid vaccine, and the susface temperature of the fingers
and toes 1s tahen simultaneously with the mouth temperature
Normally, after a slight fall, the temperature 1 the mouth
and on the surface rises, and the fise 1 shin temperature
accompanying the febrile reaction approximates pretty closely
to that which follows sympathectomy The magnitude of
the susface mise depends on the imtral temperature of the
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extremuty, the sevenity of the febrile reaction, and the patency
of the arteries I the mise of temperatute 1n the mouth be
subtracted from the sise of slin temperatute, the figute so
obtained will indicate the change n shin temperature duc to
mox cment of blood 1nto the cxtrenuty as a result of vasomotor
changes

Brown'’s “vasomotor index ” 15 determined by dividing
the above figure by the nise of temperature 1n the mouth—s ¢

surface nisc - mouth 11sc
mouth risc

thus tden betng high in cases of vasomotor disease assoctated
with spasm, but dropping to zero in conditions of organic
disease 1n wluch vasodilatation 1s impossible
Typhotd vaccne 15 the substance most commonly used to
induce protein shock, but muscle eatracts are also cmployed
both for testing and treating patients who are suffening from
vascular obstruction duc to spasm
In our hands, however, the alternative of warming the
body 1n a hot ar bath, following the plan suggested by Lewis,®
has given us even more information, we imagne, than could
be obtained by protemn shock, since the cxpenmental con-
dittons are more directly under our control, and small changes
1 the behaviour of different digits during vasodilatation may
be more accurately observed  Skun temperature 1s recorded
by using copper-constantan thermocouples attached to the
shin by adhesive strapping  So that readings may be taken
from several parts simultancously, the wires from the couples
pass through a stmple key to the circutt, which includes a
galvanometer, and also a vessel of hnown constant tempera-
ture which makhes 1t possible to convert the deflections of the
galvanometer into degrees centigrade *
The patient sits 1n a small chamber made of draught-proof
non-conducting matettal so arranged that with the coverings

*‘oAn electrical thermometer which will regaster rapidly, and 15 accurate
to }° C, may be substituted for this apparatus
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musinterpreted as due to inhibition of vasoconstrictor fibres,
tahes place whether the sympathetic supply 1s 1ntact or not

It may be noted 1n passing that ““ H ”-substance, whose
action 1s vasodilatot, may be present constantly under normal
conditions, antagonizing to a certain extent the vasocon-
strictor tonus maintamned through the vasomotor nerves
This conception will be referred to agan, for if it be correct
1t may explamn, by postulating variations in concentratton
of “ H ”-substance consequent upon changes 1n the peripheral
blood flow, certain alterations observed from time to time
1n the calibre of the munute vessels of the skin which determine
1ts colour

Influence of Body Temperature upon Peripheral Vessels —
Before an operation for sympathectomy 1s undertaken 1t 1s
desirable to foretell the amount of benefit which 1s to be
expected from 1t, and of the vatious methods employed to
make such a forecast the simplest 15 to observe the degtee
of penpheral vasodilatation which follows a rse 1 body
temperature  This vasodilator reaction 1s due to mhibition
of sympathetic vasoconstrictor 1mpulses as a consequence of
the circulation of warm blood to the centres 1n the cord,
and perhaps also to the cerebral centres For expenimental
putposes the body tempetature may be raised erther by protetn
shock, or by heating the body 1n a hot air bath

Brown® has desctibed the reltance he has come to place
upon the former method after several years’ experience,
more particulatly in differentiating organic obsttuction of
arterzes from condittons 1n which the lumen s natrowed by
spasm  He induces fever by intravenous injection of triple
typhotd vaccine, and the surface temperature of the fingers
and toes 15 taken simultaneously with the mouth temperature
Normally, after a shight fall, the temperature 1n the mouth
and on the sutface mises, and the fise 1n shin temperature
accompanying the febrile reactton approximates pretty closely
to that which follows sympathectomy The magmitude of
the surface nise depends on the imutial temperature of the
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extremity, the sevenity of the febnle seaction, and the patency
of the arteries  If the rise of temperature n the mouth be
subtracted from the nisc of sl temperature, the figute so
obtamned will 1ndicate the change n stin tempetature duce to
morement of blood 1nto the extremty as a result of vasomotor
changes

Brown’s “1asomotor index” s determined by disiding
the abox ¢ figure by the rice of temperature in the mouth—z ¢

surface rise ~ mouth risc
mouth r1cc '

this index being high 1n cases of v asomotor discasc associated
with spasm, but dropping to zcro in conditions of organic
disease tn which vasodilatation 15 impossible

Typhoid vaceine 15 the substance most commonly used to
mnduce protein shocl, but muscle extracts are also employcd
both for testing and treating patients who are suffering from
vascular obstruction duc to spasm

In our hands, howcver, the alternative of warming the
body 1n a hot air bath, follow ing the plan suggested by Lewis,®
has given us even more information, we imagine, than could
be obtained by protein shoch, since the expenimental con-
diions are more directly under our control, and small changes
1 the behaviour of different digits during vasodilatation may
be more accurately observed  Shun temperature 1s recorded
by using copper-constantan thermocouples attached to the
skin by adhesive strapping  So that readings may be taken
from several parts simultancously, the wires from the couples
bass through a simple key to the ctrcust, which includes a
galvanometer, and also a vessel of hnown constant tempera-
ture which makes st possible to convert the deflections of the
galvanometer 1nto degrees centigrade *
no:ii pgtlent s1ts 1n a small chamber made of draught-proof

nducting material so arranged that with the coverings

*
to 1 °Ag electrical thermometer which will register rapidly, and 1s accurate
5 &, may be substituted for this apparatus
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open the temperature within will remain the same as that of
the room, but when the chamber 1s closed, the coverings
being made to fit closely at the neck and wrists (ot ankles),
the temperature within 1t may be rased rapidly to 50° C
by means of a series of carbon filament lamps  The hands,
previously cooled by
mmmersion  for twenty
munutes 1 2 water bath
at 15° C, protrude from
onfices 1n the coverings
and rest upon a small
rassed platform of wood
oz cork so as not to come
mnto contact with the
chamber 1tself (Fig 6)
The room temperature
should be Lept low—
just below 15° C 15 prob-
ably the optimumm, for at
higher temperatures vaso-
diatation mught be pro-
duced by external warmth,
F1c 6—Hor Ar BATH ARRANGED FOR  yghereas what ‘we wish to

OBSERVING SKIN TEMPERATURE OF
Fuycers wimie Bopy 1s HeatED determine 1s the ngrec

The dotted lme indicates the divisson Of vasodiatation pro-
between the two parts of the chamber  duced reflexly by heating
When making observations on the he bod
feet the front portton conststs of a the body
sumple upright face with openings to It 1s an easy matter to

t'fglns;‘;’f)‘hekgs (Lewss m“Heart  ppy5e the room tempera-
ture 1if the effect of direct

warming of the shin of the extremuttes has to be tested,
but synchronous readings must be tahen of the tempera-
tute of the room, of the skin of the extremuty, and
of the hot air bath When these are plotted 1t 1s
possible to assess the relattve importance of the direct
effect of external temperature, and of nervous vasomotor
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reactions 1 determiming the actmaty of the peripheral
arculation

The accompanying chart (T1g 7) shows the behaviour of
2 normal indivsdual when tested by this method It will
be noted that the room 15 conl (R'T —goom temperatute
14° t0 15° C)  In this instance the sight hand was tested,

the left beng uced as a control  The nght hand was there-
forcimmersed at 13° C

for twenty mnutes, °C oy 8T
and at the end of that &)1 77+ JV”\)

tme it was dned with- 27 [' AN =

out friction, and ther- 25 U e ety
mocouples were 23 } -~

attached to the muddle 5, [Jr

finger of cach hand 14

(R3 and L3) over the " ¢

dorsum. of the distal V

mterphalangeal  jont 19 Bl 4 e
Readings tahen during 13 —
the following ten
munutes sh 3 16 7 —Cutany or St 1~ TOMPPRATURE OF
owed that FinGrrs, s1owInG Erricr or Warume
the temperature of the Tt Boor (Noruar Risrosse)
uncooled ﬁngcrs was Timemminutes R T =roomtemperature,
about 18° C, whereas R =temperature of nght middle finger ,
that of th * Ly=tempenature of left muddle finger
ccooled side  dotted line A BT =temperature of hot
corresponded to the — ¢ b:nl& The tcmpc‘xinturc of the fingers
low 1 exposed to the cold atmosphere rises
oom temperature rapudly as the body 15 heated
of about 14° C

The coverings of the hot air bath wese then closed and the
lamps lighted, and as the body warmed up the temperature
of both hands rose rapidly, the mse being more rapid, how-
ever, on the cooled side, whose temperature finally exceeded
that of the control fingers It will be noted that after ristng
steeply for a time the temperature becomes stabilized at the
hugher level, and 1n time even tends to fall shightly The
alterations 1n the shape of this curve—that 1s to say, the varra-

—oRT
5 10 (5 8 25 30 35 40 ASPINS
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tions 1n the rate at which the petiphery warms up as the body
1s heated, which indicate abnormalities 1n the vessels of the
limb—will be referred to later

A few observers have reported favourably on the use of
certamn drugs, patticulatly acetylcholine and its allies, which,
by therr vagomimetic action, have a depressor effect on the
bloodvessels The alterations 1n the vessels all over the
body which follow the imjectton of these substances, though
they may be intense enough to distress the patient and alarm
the investigator, are of such brief duration that 1t 1s extremely
difficult to record them with sufficient accuracy to determine
their signuficance, and we have not found the method of any
real value

Temporary Paralysis of the Sympathetic —In additton to
these methods of intubsting sympathetic activity, 1t 1s some-
times possible to go a step further in the ivestigation and to
produce a temporary paralysts of porttons of the sympathetic
system by means of local anzsthetic drugs, which may be
mnjected 1nto the perspheral nerves, around the sympathetic
ganglia, or 1nto the spinal theca

If 2 per cent novocaine solution be njected into a pett-
pheral nerve—for example, the ulnar netve at the elbow—it
will be noticed that as analgesta appears the vessels of the
shin 1n the analgesic area become dilated, as shown by the
skin becoming red and warm It 1s rematkable how closely
the vasodilatation cortesponds to the sensory distribution of
the nerve mnjected, and if this dilatation 1s well marked 1t may
be inferred that the vessels are free from any form of organic
obstruction and that a similar degree of dilatation may be
expected to follow sympathectomy (v2de p 44)

This method has been extended by Whte” to deal directly
with the sympathetic fibres before they jomn the perspheral
nerves, and he thus temporarily achieves the effect of a
sympathectomy, and obtains a very accurate estimate of the
result to be expected from operation  In the case of the arm
he 1nfiltrates the paravertebral tissue by the side of the first
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and sccond dorsal vertebral bodies with local anzsthetic
<olutton, apptoaching this fegton from behind - One needie
15 nserted at tight angles to the sl surface at 2 point 4 cms
dircctly Tateral to the spine of the ecventh cervical vertebra,
and passed 1n unul the lowcr border of the first nbs felt It
15 shipped just beneath ths border and inclined medually at an
angle of about 45 deprecs

and passed onwards tdl the U1 | | Jertyeie teds.
sertebral body 15 reached ST D{n
The process 1s repeated with 22 [MHAL 'r:'
another needle below the X
second nib, and when § ce 28 %E:
of t per cent novocaine 15 g 1
mjected down these needles  , J ] j!
thesolution bathes the upper - )
end of the thoracic trunh
and the inferor cencal ¢
ganglion  The appearance '8 '
of Homer’s syndrome 1ndi- 16
cates a suceessful infiltration 13

“The le; may be dealt with 5 0 bk 2 5 30 35S

16 8 —Cuarr suowinG Rt or
Saan  Testreraturr v Foor
PURING  SPINAL ANASTHESIA
(NoRMAL VESSELS)

R T =room temperature Time 1n
mioutes The penpheral tempera-

i 2 stmular manner, the
needle  being  1atroduced
beneath the twelfth rib
7 cms from the mudline and

passed at an angle of 45
degrees towards the spine
tl 1t meets the first or second

ture nses rapidly shortly after
analgesa ts established, the toes
warming up mote rapudly than

the mstep

lumbar body It may then
:;dpossxble to slide the needle on about another centimetre,
il 5;1 c ; of 1 per cent novocaine solution at this pornt
ol l;)Ic Lthe lumbar trunk  The altetnattve method of
Py ock 15, however, more easily catried out, and 1s there-
e te commonly used when testing the legs (Fig 8)

et fspmal anzsthetic be administesed so that the upper

Of analgesta reaches the level of the umbilicus, all the
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vasoconsttictor fibres to the legs will be paralyzed ~ Thermo-
couples attached at different levels on the extremuty will
indicate the condition of the petspheral as compared with the
more proximal vessels, as well as the total increase mn the
blood flow produced by loss of vasoconstrictor tone  The
chart (Fig 8) shows the mise of temperature of the second
toe and the instep of a patient with normal bloodvessels
during the induction of spmal anzsthesta  The steep ascent
of the curve of the toe temperatute and the more gradual
but very considerable warming up of the instep are well
shown The choice of the drug used to induce analgesia 1s
a matter of little importance as far as this test 1s concerned,
since all the spimal anzsthetic drugs commonly 1n use cause
complete paralysts of vasoconstrictor nerves

Differentratron hetween Spasmodic and Obliterative Vascular
Disease

Raynaud’s Disease —Of the conditions which are con-
sidered to be due to spasm of the vessel walls the most defimte
clintcal entity 1s Raynaud’s disease, and 1t will be useful to
regard 1t as typical of the spasmodic i contrast to the organic
obliterative diseases of the atteties

The incidence of Raynaud’s disease 1s much greater in
women than in men, and its mansfestations are most pro-
nounced 1n the parts of the body which are most subject to
cold It 1s therefore 2 symmetrical affection of the extremities,
the hands usually suffering more severely than the feet,
and the ears and nose betng rather less frequently involved
Though the digits may be cold and discoloutred, the pulse at
the wrst and ankle, though vanable 1n volume, 1s always
palpable 1n uncomplicated cases It 1s chatactenstic of the
disease that the changes 1n the extremuttes appear in attachs
which occur 1n response to external cold, but occastonally
cases are seen 10 which the attacks may be precipriated by
emotion
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In a typrcal attach the digital anterics contract and the digits
become colder than cver, and alko become yanosed  The
changes n colour will depend upon the condition of the
minute vessels of the s} n, for while these are open the shin
will be blue or violet 1 calour, but if, 2 often happens, the
minute 1 essels alko pass into a state of spasm, the colour will
changetowhite  This blanching of the shin s not, however,
an cssential feature of the attach, the coldness and cyanosis
being the most signtficant chanpes  As a result of the loss of
arculaton numbncess of the digits ensues, and the patent will
complain of a peculiar dull ache which 15 usualhy a source of
very great distress, cspecally as the numbness 15 accompanied
by nability to use the fingers for any form of dehieate manipu-
latine work, and sometimes exen mability to carry out such
simple mos ements as opening a purse or buttoning 1 coat

As the atact passes off the digits become 1ed, and a ven
untating and often panful burning and ungling scnsation
replaces the numbness  If the hands when cold arc plunged
mto warm water the colour of the shin chinges to 2 deep
violet—ar as pattents commonly express i, “ turns blach '~
befose the red stage appears, and sufferers from the discase
leam to 2v01d thus punful effcet of oo rapid warming of the
chilled extremity The busning which follows the attach
may persist for several hours, and may intetfere with sleep
at mght

Attacks may appear suddenly 1 n individual previously
healthy, though frequently there 15 a past history and family
tustory of chilblains and dead fingers  In two of the cases
;!:td:;:“f;; observation the onset was acute, an attach appearing

rhage anfit time accompanying severe post-partum hemor-
SEVCrc,chxll mm nfm;‘thcr the attachs appeared after repeated
Latchen utenglc the hl:mds at worh~—washing up dishes and
though e s 1 cold water at camp dumng the war—

Patsent had never suffered previously from cold
extremties

In most cases an atrack may be produced quite eastly by
3
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placing the hands for a few minutes 1n watet at a temperature
of 15° C, and n certain individuals an emotional stimulus
may be sufficient In one of our patients the sudden an-
nouncement that 2 stranger wished to examine her hands
was sufficient to cause the fingers to tutn pale and become
cold, and another patient who was a professtonal singer
noticed that frequently her hands became cold and numb
Just before the tume came for her to appear on the concert
platform

It 1s important to realize that although the attacks are
transient, they may yet produce in time permanent changes 1n
the tissues supplied by the bloodvessels involved The most
obvious mamfestation of such lack of nutrition 1s the mole-
cular death of shin covering the terminal phalanges leading
to ulceration, commonly referred to as whitlows, the ulcers
breaking down repeatedly till thetr presence becomes con-
tinuous, at least during the colder months of the year

Another change which 1s seen from time to time s rare-
faction of the bone of the termunal phalanges which occurs
1n associatton with stunting and “ rounding off ”” of the fingers,
so that the finger pad almost disappears (Fig 9) Since the
bone at the base of the phalans appears relatively healthy,
it 1s probable that the rarefaction of the rest of the phalanx
1s due to sclerotic changes 1n the pad of the finger through
which sts blood supply has to pass, the epsphysts recerving
1ts nourishment from branches given off before the digital
vessels enter the pad

Mention of these sclerotic changes in the shin and sub-
cutaneous tissues naturally leads ws to the consideration of
the stffening and induration of the skun, a form of sclero-
derma which not infrequently occurs 1n Raynaud’s disease
The shin affection follows the characteristic distribution of
Raynaud’s disease, and 1s not widespread over the body
surface as 1t 1s tn true scleroderma  The skin of the fingers
and of the face becomes firm, loses its elasticity, and, as it 1s
in reahity shrunken and contracted, it appears stretched over
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the bony promncnces  The <hninbing tound the mouth
leads to contraction of the buccal otifice, the normal phiababits
of the lipe beng completchy Jout The shin ss paler than
normal, or shightly canotic, but after the operation of
sympathectomy the natural colour teturns, and the <hin
regains 1o a very great extent ats natural <oftness and clasticity

Differential Diagnosis of Raynaud’s Disease —The most
advanced and eatreme crees of Ravnaud’s dicease 1n which
trophic changes and cven patches of gangtenc occur have to
be disunguished from other conditions which may lead to
ulceration or gangrene of the fingers, espeenalls syningo
mychia and cenvical mb These remarh s apply, of course, to
the affection as it appears 1n the upper extremty , in the legs
the discase has to be diffcrentiated from obhiteratise artenius,
which will be considered scparately later

Syningomyehia can be dentified by the charactenisue dis-
sociated anxsthesia, and by finding that When the sympathene
1s affected the snvolvement takes the form of paralvsis of the
cenvical sympathetse owing to disease 1n the cenical cord,
and that there 15 complete absence of the vasospastic changes
which mught be associated with sympathetic overactivity

Certain cases of cervical rib in which circulatory phenomena
ate 2 prominent feature may stmulate farrly closely the appear-
ance of the fingers 1n advanced Raynaud’s disease, but the
two conditions can be readily disungmished because cases of
cervical rib are unlikely to show the symmetry of Raynaud’s
disease 1n the hands, while the feet are unaffected The
disturbance caused by a cervical mb, instead of comung on
1n attacks, 1s steadily progressive, leading eventually in certain
Instances to gangrene of the affected fingers  Sensory signs
may be present owing to pressure upon the lowest trunk of
the brachial plexus, and the pulse, which 1s rarely altered 1n
Raynaud’s disease, may be greatly diminished or lost as a
result of changes 1n posture, and finally permanently lost
owing to sclerosts of the artertal coats ®

It 15 probable that the interference with the blood flow to
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the fingers may have a different causation 1n different cases
of cervical nb, constriction of the subclavian artery between
the scalenus antrcus muscle and the fibrous band tunning
from the nb possibly accounting for some cases, whereas
others would certainly appear to be due to umtation of the
sympathetic fibres passing over the rib 1n the Jowest trunk
of the brachial plexus®**  Since the vascular phenomena
may be due to stimulation of vasomotor nerves, the simulatity
to primary vasomotor disease 15 readily understood

Artertosclerosis and Thromboangitis Obhterans —The 1m-
portance of examimng carefully for all the criteria of Raynaud’s
disease before constdering the diagnosis as established may
be appreciated by reviewing certain other conditions which
may simulate the clical picture  Allen and Brown™ have
pointed out that cases of obliterative arterial disease may
resemble closely those associated with vasomotor disturbances,
and there 1s no doubt that artertal spasm may exist in asso-
ciation with organic artertal disease, this combination making
the determination of the primary cause of the symptoms
extremely difficult It 1s probably true that any orgamc
disease of the vessels may produce vasomotor disturbances,
and 1t has been assumed 1n explanation of the phenomena
that the sclerotic process 1n the coats of the bloodvessel may
act as the adequate stimulus for the production of a local
vasoconstrictor reflex

The organic or obliterative diseases of the artertes which
are most mmportant 1n this connection are artertosclerosts,
both the simple senule and the diabetic forms, and thrombo-
angttss obliterans  In this group the clintcal manifestations
are observed 1n the lower more than 1n the upper extremities,
and the colour changes are produced by alterations in posture,
the toes becoming red when dependent and blanching when
clevated  Excessive fatigue after moderate exercise, and the
pan of intermuttent claudication are promunent features, and
pulsation 1n the main vessels of the extremuty 15 lost

In Raynaud’s disease, on the other hand, all four extremties
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may be mavolved, the colour being affected, not by posture,
but by temperature or cmotion  Pain 1s assoctated with the
varmations 1n temperatute and colour of the shin, and tahes
the form of burming and tingling, 1n distinction to the muscular
cramps of the former group, and the attertal pulse 15 never
lost

It has been estimated that 30 per cent of cascs of thrombo-
angius obliterans show vasospastic features 1n the catly stages
of the disease, and 1t 1s 1n these, above all others, that diffi-
culties will anse in diagnosts, for the clear-cut distinction
between the orgamuc and functional groups will not be present
As regards suitability for operation, however, differentiation
1s of less tmportance, for these cases of thromboangitts with
spasm which mimic an angeioncurosis are those which denive
benefit from sympathectomy In these difficult cases the
factor of sex may well be taken into consideration, for
Raynaud’s disease 1s a malady which attacks females almost
exclusively , and 1t has been found that if cases diagnosed
as Raynaud’s disease 1n men be follow ed up, almost all of them
finally develop the typical picture of obliterative artentss,
the mistake in the origmnal diagnosts having been made
during the early stage when spasm was present

The possibility that primary spasm of an artery may lead
1 the end to organic changes in 1ts wall must also be borne
m mind  Telford and Stopford,” discussing the vascular
complications of cervical 11b, suggest that these are produced
by the pressure of the b upon the vasoconstrictor fibres 1n
the lowest trunk of the brachial plexus , and further, that the
spasm of the arterres must inevitably induce constriction ot
even obliteration of therr vasa vasorum, with consequent
sutritional changes i ther walls leading ultmately to
thrombosis  Thoma’s view of arteriosclerosss, which was
critically discussed by Geoffrey Evans 1n is Goulstonian
Lectures, may have some beating on this subject He belteved
that attenal mvolution with final obliteration of the lumen
mught result merely from slowing of the blood stream through
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a vessel, and although his view 1s not accepted as an ex-
planation of the development of attertosclerosss, 1t cannot be
distegarded as a possible explanation of the commonly
accepted belief that in the late stages of Raynaud’s disease
and other vasospastic conditions organtc changes develop 1n
the vessel walls

Skin Temperature Tests to determune the Nature of
Arterial Obstruction —If the blood flow to the periphery be
1mpeded by spasm of the artertes—whether the spasm be due
to a central or to a peripheral mechanism 1s immaterial—once
the spasm 1s overcome there will be a sudden surge of blood
to the extremuty, so that 1t will rapidly become warm If,
on the other hand, the arteries are thickened, rigid and in-
capable of relaxing sufficiently to permut of a free blood
flow, the f1se 1n the temperature of the extremty will be
gradual, and the affected limb may never reach the tempera-
ture of 1ts healthy fellow  In order to test this ability of the
vessels to relax, which 1s, of course, a necessary preliminary
to operation, the tests which depend upon inhibition or
paralysts of the sympathetic are of extreme value Any or
all of the procedures described at the beginning of this
chapter may be employed, but we have come to depend for
routine examunation upon the reaction to warmng the body
for testing the vessels of the upper extremuty, and upon the
effect of spinal anzsthesia for testing the leg vessels

The typical response to warming the body in a case of
Raynaud’s disease 1s shown wn the chart (Fig 10) Both
hands had been cooled 1n a water bath at 15° C for twenty
munutes, and after the hands had been dried and the thermo-
couples attached, the hot atr chamber was closed and the
lamps lighted The room temperature was 16° C It will
be noticed that though the temperature of the hot air bath
rose gradually to 35° C, the fingers of both hands remained
about the same as that of the surrounding air It was only
after about forty-five minutes, when the patient’s body was
very warm and she was sweating profusely, that the tempera-
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ture of the fingers began to nise Until a few minutes before
the temperature fose the fingers had been deeply cyanosed,
but a red glow gradually replaced the blue colour, spreading
from the bases of the fingers towards the ups, and shortly
after the redness had cxtended to the thermocouple the
temperatute of that finger began to rise It scemed that the
fingers were being warmed by the flow of warm blood from
the palm w hich slowly made 1ts way into the contracted digital
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hot air bath  Note that the finger temperature remams low for
2 Jong period 1n spite of warming the body, and then mises rapidly

vessels It will be observed, further, that spasm in all the
fingers was not released simultaneously, an interval of fifteen
minutes occurring 1n this mnstance betw een the warming of the
little finger of the night hand and the 1ndex finger of the left

The 1mportant point, however, indicating the spasmodic
nature of the obstruction s the steep ascent of the tempera-
ture cutve once the circulation became established—that 1s
to say, that once the fingers began to warm up the full process
of vasodilatation became complete 1n a very short space of
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a vessel, and although his view s not accepted as an ex-
planation of the development of attertosclerosts, 1t cannot be
disregarded as a possible explanation of the commonly
accepted belief that 1n the late stages of Raynaud’s disease
and other vasospastic conditions organic changes develop 1n
the vessel walls

Skin Temperature Tests to determimme the Nature of
Arterial Obstruction —If the blood flow to the periphery be
1mpeded by spasm of the artertes—whether the spasm be due
to a central or to a peripheral mechanism 1s immaterial—once
the spasm 1s overcome there will be a sudden surge of blood
to the extremty, so that 1t will rapidly become warm If,
on the other hand, the arteties are thickened, ngid and -
capable of relaung suffictently to permit of a free blood
flow, the t1se 1n the temperature of the extremmty will be
gradual, and the affected limb may never reach the tempera-
ture of 1ts healthy fellow In otder to test this ability of the
vessels to relax, which 1s, of course, 2 necessary preliminary
to operation, the tests which depend upon inhibition or
patalysts of the sympathetic are of extreme value Any or
all of the procedures described at the beginning of this
chapter may be employed, but we have come to depend for
routine examination upon the reaction to warming the body
for testing the vessels of the upper extremity, and upon the
effect of spinal anzsthesia for testing the leg vessels

The typical response to warming the body 1 a case of
Raynaud’s disease 1s shown in the chart (Fig 10) Both
hands had been cooled 1n a water bath at 15° C for twenty
minutes, and after the hands had been dtied and the thermo-
couples attached, the hot air chamber was closed and the
lamps lighted The room temperature was 16° C It will
be noticed that though the temperature of the hot atr bath
rose gradually to 35° C, the fingers of both hands rematned
about the same as that of the surrounding atr It was only
after about forty-five minutes, when the patient’s body was
very warm and she was sweating profusely, that the tempera-
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ture of the fingers began to nise Untal a few minutes before
the temperatuse sosc the fingess had been deeply cyanoscd,
but a red glow gradually replaced the blue colour, spreading
from the bases of the fingers towards the tips, and shortly
after the redness had extended to the thermocouple the
temperature of that finger began to nisc It scemed that the
fingers were bang warmed by the flow of warm blood from
the palm which slow Iy made its way into the contracted digital
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vessels It will be obscrved, further, that spasm 1n all the
fingers was not released simultaneously, an nterval of fifteen
munutes occurring 1n this instance betw een the warmng of the
hittle finger of the nght hand and the index finger of the Jeft

The 1mportant pomt, however, mdicating the spasmodic
nature of the obstruction 1s the steep ascent of the tempera-
ture curve once the circulation became established—that 1s
to say, that once the fingers began to warm up the full process
of vasodilatation became complete 1n a very short space of
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a vessel, and although his view 1s not accepted as an ex-
planation of the development of artetiosclerosts, 1t cannot be
disregarded as a possible explanation of the commonly
accepted belief that 1n the late stages of Raynaud’s disease
and other vasospastic conditions organic changes develop 1n
the vessel walls

Skin Temperature Tests to determune the Nature of
Arterial Obstruction —If the blood flow to the petiphery be
1mpeded by spasm of the arteries—whether the spasm be due
to a central or to a peripheral mechanism 1s immatetial—once
the spasm 1s overcome there will be a sudden surge of blood
to the extremuty, so that 1t will rapidly become warm If,
on the other hand, the artertes are thickened, nig:d and 1n-
capable of relaxing sufficiently to permit of a free blood
flow, the r1se in the temperature of the extremuty will be
gradual, and the affected limb may never reach the tempera-
ture of 1ts healthy fellow In order to test this ability of the
vessels to relax, which s, of course, a2 necessary preliminary
to operation, the tests which depend upon inhibition or
patalysts of the sympathetic ate of extreme value Any or
all of the procedures described at the beginning of this
chapter may be employed, but we have come to depend for
routine examunation upon the reaction to warming the body
for testing the vessels of the upper extremity, and upon the
effect of spinal anzsthesia for testing the leg vessels

The typical response to watming the body in a case of
Raynaud’s disease 1s shown in the chart (Fig 10) Both
hands had been cooled 1n a water bath at 15° C for twenty
munutes, and after the hands had been dtied and the thetmo-
couples attached, the hot air chamber was closed and the
lamps lighted The room temperature was 16° C It will
be noticed that though the temperatute of the hot air bath
rose gradually to 35° C, the fingers of both hands remained
about the same as that of the surrounding air It was only
after about forty-five minutes when the patient’s body was
very warm and she was sweating profusely, that the tempera-
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Observations upon the temperatute of the foot of 1 patient
with normal arteries under spmnal anzsthesta have been
recorded already (Fig 8,p 31), and 1t now remains to deseribe
the reaction when the arteries arc obstructed by orgamic
discasc  Fig 12 shous the chart of the temperature of the
shin of the imstep and the second toc 1n a case of syphilitic
endartenitis obliterans, and the complete absence of any
rise of temperature fiftcen

mnutes after analgesta to T0rg onceie .'l, _!_
the level of the scventh s | JhTSegt
thoracic scgment had been  [TENOARTERITIS
established provides con- -OBLITERAKS

clusine evidence that the
artetics are bloched by or-

L
ganic diseasc of their walls z;‘
and that the eclement of 2 ISTEP
spasm does not enter into T
the casc at all  Thissan |8
extreme 1nstance, and 15 1n- 16 3

troduced to illustrate how %
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definite the result of this

F16 12 —CHARTOPSKIN TEMPERATURE

test may be But many or FooT DURING SPINAL Anas-
cases of organic diseasc, THESIA IN A CAsE or ORGANIC

il VascuLar OBSTRUCTION DUE TO
mote especially of throm- SypriLmC DISEASE, SHOWING NO
boangitis  obliterans, will RisEIN PERIPHERAL TEMPERATURE
present a muture of organic IN THE PRESENCE OF ANALGESIA

RT =room temperature Time mn
obstruction and spasm, the minutes (Compare Fig 8,p 31)
amount of spasm being 1n-

dicated by the ise of temperature 1n the foot, and more particu-
larly the rapidity with which this rise of temperature tahes
place Theimprovement in colourand temperature of the imb
under spinal anesthesia, which becomes established within
ten munutes of adminsstration of the anmsthetic, gives an
accurate indication of the result which 15 to be expected from
sympathectomy, and 1t thus becomes possible to select from
a group of clincally similar cases of organic vascular disease
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time The characteristic chatt of a case of Raynaud’s disease
thus shows a long petiod of delay 1n which the fingers seem
to be under the influence of the low room temperature,
followed by a raptd sise of shin temperature, indicating release

of spasm 1n the digital artertes
This chatt 1s 1n marhed contrast to that shown i Fig 11,
which was prepared

°c - 31 3 381 from a patient who
% ool oo™l had  obliterative
2

28 ot arteritss of the vessels
26 f 7 of the left arm, no
24 7 pulsation being per-
22 ){ ceptible 1n the ves-
B sels peripheral to the

20 *L5—
| | | axllaryatery  The
18 vessels 1n the right
16 ™ E=RT | arm appeated to be
! -
W= 35 a0 a5 wonms  normal, and examina

Fi6 11 —CrARr oF Skiv Temrerature o t1on of the chart will
FiNGERs, snowiNG Errect oF HEATING show that the tem-
Boby (Ore. 62

(OrGANIC OBSTRUCTION OF VESSELS perature response 10

N LEFT ARM) h
Rs=skin temperature of nght hitdle finger, the fingers of the

Ri=skin temperaturc of might thumb  tight hand 1s a nor-
Ls=skin temperature of left httle finger, mal reaction  But
dotted lne A-B T =temperature of hot he fin £ th
arbath, R T =room temperature Time the gess of the
in minutes The temperature of the left left hand rematned
e finger rses gradually, 1 strdkn,
contrast to the rapid rise 1n the tcmpcrag cold long after the
ture of the normal side heat had been turned
on and after the
vessels of the right hand wete fully dilated, and then when the
temperature did r1se 1t rose very slowly, without any indication
whatever of the sudden 1nrush of warm blood to the fingers
which follows release of spasm  It1s the shape of the curve that
1s of the greatest importance, for the steeper the rise the
greater 15 the spasm, and the flatter the curve the greater 1s
the degree of organic obstruction
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great cnthusiasm, and for divers pathological conditions
At present the trend of surgical opinton 1n this countty s
opposed to 1t, owing largely to the mability of anatomists
and physsologists to reconcile this procedure with the results
of theit researches, and 1t has become fashionable to say that
the operation has no place n surgery  There 15 no doubt,
however, that 1n a certain small group of circulatory disorders
the operation produces definttc improx ement, and 1t 15 foolish
to refuse to recognize the impros ement, and to refuse patients
the benefit of the operation mercly because there 1s no
scientific basts on which to justify the procedure or ta explan
the results Heremn lies a stnbing example of a chnical
expetience the sceret of which has not yet been revealed by
scientific imv estigation , 1f the misquotation may be forgnen,
“ Wisdom comcs, but hnowledge hingers ”

The operation of peniarteral neurcctomy was designed on
the assumption that the nenves to the penipheral vessels passed
out entirely along the mun branches of the aorta as offshoots
and prolongations of the aortic plexus  That this view s
incorrect has been shown by many worhers, the rescarches
of Langley, of Todd and Kramer,** and of Woollard*® being
of speeral importance 1n this respect  Todd and Kramer
dissected out the nenves supplymng the bloodvessels of the
extremities and showed their ongin from the perpheral
nerves of the imb  Woollard’s conclustons were based on
a sertes of excision and degencration cxperiments on the hind
limbs of cats, rabbits, rats, and guinea-pigs, but there 1s no
reason to believe that there 15 any mportant difference
between the arrangement of the vasomotor nerves in the
lower amumals and mman  His worh showed that the whole
vascalar tree from the aorta to the periphery was supplied
with vasomotor nerves 1n two ways
buﬁiﬁ: (t’!flenid).acex:lt ﬁanglm of the sympathetic trunk large
advertn o hr; x:e u at;d fncrve fibres pass into the tunica
descend lom horta, and, forming an interlacing plexus, they

g the iliac arteries and can be traced as far as
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those which will benefit from the operation and those 1n
which sympathectomy would be futile

Sympathectomy to dilate Normal Arteries —Though atten-
tion has been focussed upon the conditions of impaired
circulation and nutrition in which the bloodvessels are at
fault, 1t must be remembered that the operation of sym-
pathectomy has been performed with benefit for disorders
1n which the bloodvessels are healthy, but 1n which the 1m-
provement in circulation which results from removal of the
constant vasoconstrictor tonus 1s of therapeutic value The
cold blue limb of poliomyelitss, for example, 1s benefited by
sympathectomy, not because there 1s overaction of the
sympathetic, nor 1s there disease of the vessels, but because
the phystological stimuli to the circulation which ause from
normal muscular exercise are laching, and sympathectomy,
by paralyzing the vasoconstrictors, produces vasodilatation
which 10 a normal limb s brought about by metabolites,
though, of course, the operation cannot compensate com-
pletely for the absence of normal muscular action

In selecting such cases for operation the same tests may be
employed to exclude organic vascular disease, a normal oreven
a delayed normal response of the Raynaud’s disease type being
the indication to proceed with the operation with good hope
of producing definite improvement in the nutrition of the limb

2 Operations for Sympathetic Denervation of the
Extremities

Penarterial Neurectomy —It 1s questionable whether this
operation should be included under the heading of operations
for sympathetic denervation, but 1t cannot be onutted from
an account of the surgery of the sympathetic system because
of 1ts historical importance, and because of 1ts definute, though
now limited, therapeutic value

The lead given by Jaboulay was followed by Leriche,
who since 1913 has repeatedly advocated the operation with
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Blar, Doff and Bingham® cramined a limb which x}n
amputated a month after persaccutas alcobiol xn;ccun{n n(;
dubetic gangrene  Degencrated netve fibses twete foun
on the femoral aricry clote o the apetation atca, but on
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Fie 53 —DrawinG or Dissecrion ar Neaves 1o Dictrar Vessers

Note that ulnar distribunon 1s confined to the arteries suppliteg the
inde finger and the ylnar side of the nng finger  (Dissection by
R B Norush, Esq, FRCS)

the posteror tibial astery some only were degencrated, the
majonity being healthy  The terminal branches of the blood-
vessels had only healthy nerve fibres in their walls  These
observers emphasize thewr finding of an ovetlap on the
postenior ubral astery where there were some degencrated
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the femoral artery, where they gradually fade out These
bundles give off individual fibres which pass 1nto the tunica
media, whete they form a continuous fine meshwork

As this form of mnervation comes to an end 1t 1s replaced
by the second, which consists of tiny branches from the
petipheral nerves which accompany the bloodvessels  These
branches become mote numerous as the vessels are traced
distally, and finally the arterioles are surrounded by inter-
lacing fine terminal ramufications of nerve fibres The
contributions from penpheral nerves are composed of
medullated and non-medullated fibtes, the non-medullated
all being traceable to the nerve net 1n the tunica meda It
must be undetstood that by means of this nerve net con-
tinuity 15 established between the aortic outflow and the
supply from the nerves of the limb, the elements composing
the continuous ensheathing network all being postganglionic
fibres of the sympathetic system It may be that the opera-
tion of petiarterial neurectomy breaks the continuity of this
networh and produces a temporary and partial impatrment
of vasoconstriction, for there 1s no doubt that the operation
1s followed by obvious changes 1n the peripheral circulation,
and, even 1n Woollard’s experimental amimals, penartersal
neurectomy of the iliac artery of the cat was followed by vaso-
dilatation visible in the paw for twenty-four hours

The evidence for the two sources of nnetvation of the
Iimb vessels 1s not confined to animal expertment, but may
be supplemented by several observations upon man By
careful dissection munute branches of the peripheral nerves
may be traced to the bloodvessels 1n relation to them  Fig 13
1s a drawing of such a dissection of the nerves to the digital
artertes It should be noted that the ulnar nerve supplies
the vessels on both sides of the little finger and on the ulnar
side of the nng finger, the median nerve supplying all the
other digital vessels This correspondence between the area
of cutaneous sensory distribution and the vasomotor supply
15 constantly observed 1n the peripheral nerves
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temperature of the b 15 ncver any thing appsoaching that
produced by ganglonectomy, though both the chinges n
temperature and 10 the appearance of the shin scem to be of
the same nature as those of radical sympathectomy on rather
a small scale

This may be lustrated by the charts (Tigs 14 and 13)
prepated from a patient with normal blooduesscls who was
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sufferng from causalgic pas in the left hand Fig 14,
before operation, shows that 1n a eold room the temperatute
of the Intdle finger of the left hand was constantly Jower, and
sometimes considerably lower, than that of the nght litle
finger Al the fingers of the feft hand weze shightly cyanotic
and ached  As the body was warmed in the hot air bath
the fingers of the nght hand heated up normally, and became
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and some undegenerated fibres, and suggest that the absence
of a clean line of demarcation between the proximal and distal
nerve supply may be of importance in explaming the dis-
crepancies in the results of the operation of perivascular
neurectomy

In one of our cases Professor Woollard examined the
artertes of a leg which was amputated 4 inches above the
knee-joint five months after periartertal neurectomy had been
performed on the common ihac artery There was no
evidence of degeneration 1n any of the nerves accompanying
the bloodvessels

As the sympathetic fibres accompanying the bloodvessels
are believed to be entirely vasoconstrictor in function, the
observations of Telford and Stopford on three cases of
cervical b with vascular complications are tmportant 1n this
connection  They contended that the 1mpaired blood supply
to the upper extremity 1n these cases was due to pressure
of the cervical nb upon the vasomotor fibres entering the
lowest trunh of the brachial plexus, and they noted that the
arternal pulse could not pe felt below an inch distal to the
antettor axllary fold, though above this point the pulse was
full and “thumping ” They took this to mean that the
portions of the arterral tree supplied from the ganglionated
trunk, namely the subclavian and axillary artertes, were
normal,whereas the vessels recerving their supply from vaso-
motor fibres distributed with the branches of the brachial
plexus were 1n a state of constriction

‘The most obvious effect of a successful pertartersal neurec-
tomy 1s that the extremuty feels warmer, and the artertes
are evidently more dilated than before ‘There 1s consider-
able variation, however, 1n the degree and the duration of
this phenomenon, for in the lower antmals 1t lasts only twenty-
four to forty-eight hours, whereas 1n man 1t may be observed
for about fourteen days, though 1t 1s probable that some less
well marked change 1n the circulation persists for some weeks
as judged by other criteria  In its degree the change 1n
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temperature of the liml 15 never anything approaching that
produced by ganglioncctomy, though both the changes n
temperaturc and 1n the appearance of the shin seem to be of
the same nature as those of radical sympathectomy on rather
2 small scale

This may be tllustrated by the charts (Figs 14 and 15)
prepared from a patient with normal bloodsessels who was
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Rs=temperaturc of nght fitle finger, Ls=tempenature of lefe Litle
finger RT =room temperature, dotted line A BT =temperature
of hot aur bath  Time 10 munutes  Note initual temperature lower
on left side

sufferng from causalgic pan i the left hand T g 14,
before operation, shows that 1n 2 cold room the temperature
of the little finger of the left hand was constantly lower, and
sometimes considerably lower, than that of the nght little
finger  All the fingers of the left hand were shghtly cyanotic
and ached  As the body was warmed 1n the hot air bath
the fingers of the tight hand heated up normally, and became
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pink and glowing The fingers of the left hand, after a
shight delay, also warmed up with the normal steep curve,
but became hotter and redder than those of the night hand,
full vasodilatation being accompanied by burning pain which
persisted throughout the following mght

Fig 15, ten days after operation, shows that even 1n the
cold room the little finger of the left hand was constantly
warmer than the right little finger, its colour was pink, and
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F16 15 —CHART OF SKIN TEMPERATURE TN SAME CASE As FIG 14 AFTER
PERIARTERIAL NEURECTOMY

Rs=temperature of nght little finger, Lj=temperature of left lietle
finger R.T =room temperature dotted hine A-B T =temperature
of hot air bath Time in munutes Note imtral temperature
higher on left side.

1t was painless  After cooling both hands 1n water at 15° C
for twenty munutes the little finger (and the other fingers)
of the left hand was still a degree warmer than the night
Iittle finger, and when the fingers of both hands had reacted
normally to warmung the body, the fingers of the left, though
warmer than the nght, as before the operation, were pink,
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and there was no burning pain  Similar reactions have been
observed 1n other cases of perarterial neurcctomy, and the
conclusion to which they pont s that the operation has
produced a small but measurable amount of artetial dilatation,
accompanied by constriction of the minute vesscls, as shown
by the colour of the shin before and after operation

It 1s quite libcly that the more thoroughly the attery 13
denervated the longer will the hyperemia endurc, and scveral
cases have been recorded 1 which a considerable length of
an artery has Leen completels exaised and the imb on the
affected side has remained marl cdly warmer than sts fellow
many months afterwards  This occurred 1n a case recorded
by Babinshi and Heitz after eatirpation of an axillary ancurysm,
and Halsted™ published an account of 2 case of subclasian
ancurysm trcated by him which showed certun unexpected
features which have an important beanng on this subject
The pauent was 2 negro who had 2 large 1ncunism of the
second and third parts of the left subclinvian artery  The
vessel was higated close to its ongin, pulsation n the sac
ceased, and 1t was noted that the left arm and hand became
cold  The patient was then Jost sight of for a ume, but two
years later, owing to a return of some pulsation 1 the sac,
1t was deaided to excise the ancurysm  Before the operation
the left arm was still the colder, but four hours after exciston
of the aneurysm the left hand and forearm were noted to be
abnormally warm, and remamned so for five weeks  When
examined three months later, the temperature of the left arm
varied from hour to hour and bore no constant relationship
to that of the tight side

The difference between the cffects of ligation and the effects
of exaiston of a portion of the attery can be eaplained by
assuming that vasoconstrictor 1mpulses have been prevented
from reaching the peripheral vessels in the case of excision
Thus observation of Halsted’s fits 1n with the optnion of
Lériche’® on the subject of arterial injury and obliteration,
though his explanation of the facts 15 that by resecting a

4
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portiont of the damaged artery one 15 removing a source of
stimulation to the afferent side of a vasomotor reflex arc,
the expresston of whose efferent activity 1s seen 1n peripheral
cyanosts, muscular contractures and trophic lesions 1n 2 cold
extremuity  He believes that whenever the outer coat of an
artery 1s injured, or when 1n the case of arterial obliteration
by organtzation of a clot the mnflimmatory reaction reaches
the outer coat, vasomotor phenomena in the lmb are
excited reflexly through the nerves in the tunica adventitia,
and can be made to disappear entirely by resecting the
obliterated portion of the vessel He cites experiences
gamed 1n the treatment of war wounds in support of his
statements

The importance of knowing something of the behaviour
of an artery after such an 1njury as ligation 1s at once apparent
When Halsted’s case and Leriche’s work are studied 1t will
be realized that the mere ligation of a vessgl 1n 1ts continuity
may produce vasomotor changes 1n the periphery leading
to impoversshment of nutritton of the tissues, whereas
hgation of the vessel 1 two places and division between the
ligatures may be followed by vasodilatation, warmth and
other evidences of an adequate flow of blood to the extremity,
espectally 1n cases 1n which thete has been a call for establish-
ment of a collateral circulation before ligation of the attery
was required This may explain why the well-recognized
practice of double ligation and division s preferable to simple
ligation 1n continuity

Lambert Rogers™ has studied the duration of the effects
after periarterial neurectomy both 1n ammals and 1n man,
finding that, although changes were noted only up to forty-
eight hours in cats and rabbits, 1n man the period seemed
to be about five weehs He took as his criterion the healing
of chronic ulcers of the leg, and noted that the process of
repatr proceeded satisfactonly for about five weehs after
operation  If by this time the skin was healed 1t would be
likely to remain so, but if the ulceration was suill present,



SYMPATHECTOMY FOR DISORDLRS Of CIRCUI ATION 51

healing ceased and the uleer tended to merease 1n Siz¢ again
after that pertod had clapsed

Tt has been suggested 1n eaplanauon of the cffects of pen-
artersal neurcctomy that the operation interrupts afferent as
well as efferent pathways There 15 plenaty of evidence,
histological, physiological and clinical, that afferent fibres
pass from the bloodvessels 1nto the central nenvous system,
though 1t 15 very doubtful how far they accompany the vessels
before leaving them to jomn the spinal nenves Tt s supposed
that the tonus of the muscle of the small arteries, lihe the tonus
of voluntary muscle, may be under the control of a reflex are
having an afferent ncuron from the vessel wall, a synapse
1n the spinal cord and an cfferent neuron to the muscle coat
of the artery  The afferent ncuron mught be susceptible to
stimulation by the tension within the vessel, and perhaps by
other variants such as the temperature of the blood flowing
through the vessel

Another suggestion 1s that the importance of the afferent
fibres ltes, not 1n thetr destruction, but 1n that they may actually
be sumulated by the operation, the stimulus of the operative
trauma being continued for some time afterwards by the
reaction which talkes place around absorbable suture matenal
and effused blood, thus giving nsc to peripheral vasodilata-
tion by a form of axon refles, or a Lovén reflex  This scems
to be the least acceptable explanation, for, carried ta 1ts logical
concluston, 1t would infer that the more the postoperative
reaction the more prolonged would be the vasodilator effect
It has already been mentioned that the best results are obtained
by the most complete neurectomy—excision of a portion of
the artery—and Lériche himself blames pertattentis for the
very conditions, pan and trophic disturbances, which the
operation 1s designed to relieve

This reference to pain ntroduces an aspect of the problem
which 15 perhaps more difficult to understand than any of the
others, though relief of pam 15 the most frequently noted
beneficial effect of the operation 1t may easily be demon-
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strated by arteral puncture that an artery 1s sensitve to pain,
yet 1t 1s more than probable that the impulses pass to the
central nervous system by the spinal nerves, passing for only
a very short distance in the penarterial nerve sheath The
pamn of arterial puncture 1s abolsshed by rendering the whole
lumb analgesic by such an operatton as sectron of the antero-
lateral ascending tract in the spimal cord, but 1t 1s still present
after all the sympathetic supply to the limb has been removed
(secp 149)

But 3t must be remembered that direct injury to an artery
1s an abnormal form of stimulus, and the sensations proper
to bloodvessels are probably produced by physical and
chemical agents more frequently than by mechanical means
Thus the pain which may be said to be of vascular ongn 15
influenced by the temperature of the part, the posture of the
himb, and therefore presumably by the pressure within the
vessels and the tension on their walls, and also by muscular
exercise, when metabolites, which accumulate owing to
madequate oxygen supply, provide the stimulus to the
production of pain whose character 1s not the same as
the acute pamn of needle puncture, but 1s descrbed as
aching or burning, bursting or cramp-lihe  Such 1s the
pan of Raynaud's disease, of causalgia, of gangrene and
of intermuttent claudication, and the same kind of
pain may be assoctated with chronic ulceration of the
legs

It 15 pain of this nature which 1s benefited to a greater or
lesser extent, and 1s often completely abolished, by peniarteral
neurectomy , and the rematkable thing 1s that, although the
changes demonstrable in the periphery and attributable directly
to 1mprovement 1n the circulation are transient, reltef of pain
may be permanent Seeing that 1n a number of these con-
ditions pain 1s the most senious feature as far as the patient
1s concetned, even though the local condition of the circula-
tion may not be greatly affected, 1t 1s worth while performing
this very simple operation 1n order to relieve the symptom
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To relieve pain probably docs much more for a sufferer than
mercly to alleviate his focal condition , for the benefit which
accrues to his body generally from the comfort, rest and
slecp which he 15 subsequently able to enjoy may do mote
than we 1magine tn improving his metabolism and his powers
of resistance and rcpait

The most strihing instances of this occur 1n cases of sentle
gangrene, and espeatally 1 those in which there 15 dny
gangrene of onc or two toes, and no cvidence, such as
alburminura, glycosuna or fever 1o ndicate that the patient
1s suffering constitutronally to any great extent from the
presence of the necrotic tissue  The 1deal treatment of such
a conditton 1s to aw ait the gradual separation of the gangrenous
toes by the natural but tedsous process of the formation of
granulation tissue, and finally healing by epithehalization of
the end of the samp  But the great objection to following
this line of treatment 15 that the process 1s not only lengthy,
1t 1s also eatremely painful, and the patient becomes worn
out by loss of sleep and loss of appetite long beforc
separation tahes place Morphia, the most useful drug
the treatment of senile gangrene, may makc the treatment
possible, but often the pain becomes unbearable 1n spitc of
drug treatment, and amputation has to be considered Tt 15
at this stage that persartenal neurcctomy ought to be carried
out, for 1t may perhaps hasten the formation of the line of
demarcation by 1mproving the vasculanty of the granu-
lation tissue, but 1t will certainly relieve the pain, and the
patient will be prepared to continue watting for the natural
Process of cure to be completed At a latet stage this process
may be hastened by sipping through remaining strands of
tissue when the separation 1s nearly complete, and provided
this 15 done with the muntmum of trauma, the tissues appenr
to tolerate the interference better than they do when neurec-
tomy has not been petformed

The fOllOWll"lg case 15 2 good 1llustration of the value of the
operation
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The patient was a man, sixty-three years of age, who four
weehs previously had developed dry gangtene of the left
great toe

The left great toe was darh coloured, especially on the
dorsal surface, but the ball of the toe was also becoming
gangrenous The parts wete dry and aseptic  There was
no pulsation 1n the dorsalss pedis or posterior tibial astery

Heart natural BP 160/90 mm mercury

Urine normal  No other signs of disease

The patient was unable to walk owing to pain, and sleep
was sometimes broken by pain

January 1, 1927 —Penartenal neurectomy of the left super-
fictal femoral ‘artery at the apex of Scarpa’s triangle under
novocaine infiltration anzsthesia, 23 inches of the artery
strpped of its tunica adventiia  The artery was scen to be
pulsating well, but plaques of degeneration wete noticed in
1ts wall

Result of Operatson —Relief of pamn , no crculatory change
detected

Four weeks later gangrene was sharply hmited to the
terminal phalanx Six weeks after operation suppuration
became more active at the line of demarcation, and granula-
tion tissue with 2 good blood supply was seen to be forming,
though the process was stll very sluggish  Ten weehs after
operation the toe was amputated through the metatarso-
phalangeal jomnt The stump healed slowly but satisfac-
torly, and the patient was able to walk bearing his full weight
on the foot six months after operation He was examined
again at the end of 1932 and was perfectly well, able to walk
for long distances without discomfort, and having no trouble
with the stump of the toe

Though healing was slow, the operation must be regarded
as successful 1n that amputation of the leg was avoided

The remarhs on the subject of sentle gangtene apply also
to duabetic gangrene, the pathology of which 1s essentially
the same as far as the artertes are concerned

A retired Jewish baker, sixty-two years of age, who was
suffering from diabetes mellitus, was referred to us because
of a discoloured area on the dorsum of the left foot at the
base of the third toe  The diabetes was under control
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Esamunation sn May, 1933, showed a normal night foot,
with a palpable pulse 1 the dorsalis pedis artery ~ On the
Icft side the pulsc was not palpable, and there was a dushs
red tender arca 4 by 2 inches on the dorsum of the foot, the
shin over this was broken and discharging blood-staned
serous fluid from an ulcer 13 inches 1n diamcter

Treatment —The arca was incised and druned on several
occastons between May 29 and July 4, and at the cnd of
September the leston was sull very indolent, the third toc
was black, and a linc of demarcation was forming slowly at
its base  There was severe pan which disturbed sleep every
mght

%‘tptmbzr 1, 1931 —Perarternal neurcctomy of the left
common femoral artery under novocaine infiltration anxs-
thesia

Resuit of Operatron —Immediate rehief from pan, the patent
being able to sleep all night without drugs

September 15, 1931 —Amputation of é;:mgrcnous toc

October 2, 1931 —The patient walked out of hospital, the
wound bemng soundly healed and pamless

He was examined again at the end of 1932, when he was
walking naturally weanng ordinary boots, and had no com-
plaints to mahe

No demonstrable 1mprovement 1n the peripheral aircula-
tion, as tested by shin temperature, was cver observed, yet
the 1mprovement after the operation was most strihing

It must be remembered that surface temperature depends
largely upon the calibre of the small arteries, and 1t 15 possible
that the blood flow may not be altered sufficiently to produce
2 demonstrable dilatation of the artenes, yet sufficiently to
influence the circulation through the arterioles and capillaries,
which are ultimately tesponsible for the nourishment of the
tissues, and are probably capable of giving rise to sensations
of pain sf congestion tahes place 1n them This 15 purely
speculative, however, and 1t must be achnowledged that the
reltef of pain 1s something for which we must be duly thankful,
but for which we have no satisfactory explanation

Techmique of Periartertal Neureciomy —The operation
may be petformed under local anmsthesta The site of
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‘The pattent was a man, sixty-three years of age, who four
weeks previously had developed dry gangrene of the left
great toe

The left great toe was dark coloused, especally on the
dorsal surface, but the ball of the toe was also becoming
gangrenous  The patts wete dry and aseptic  There was
no pulsation in the dossalts pedis or postertor tibial artery

Heart natural BP 160/90o mm mercury

Utine normal  No other signs of disease

The patient was unable to walk owing to pam, and sleep
was sometimes broken by pain

January 1, 1927 —Penartersal neutectomy of the left super-
fictal femoral ‘artery at the apex of Scarpa’s trtangle under
novocaine infiltratton anesthesia, 23 inches of the attery
strpped of 1its tunica adventitia  The artery was seen to be
pulsating well, but plaques of degeneration were noticed 11
1ts wall

Result of Operation —Reltef of pan, no circulatory change
detected

Four weeks later gangrene was sharply limited to the
terminal phalanx  Six weeks after operation suppuration
became more active at the line of demarcation, and granula-
tion tissue with a good blood supply was seen to be forming,
though the process was still very sluggish  Ten weehs aftes
operation the toe was amputated through the metatasso-
phalangeal jomnt The stump healed slowly but satisfac-
torily, and the patient was able to walk bearing his full weight
on the foot six_months after operation  He was esamined
again at the end of 1932 and was perfectly well, able to walk
for long distances without discomfort, and having no trouble
with the stump of the toe

Though healing was slow, the operation must be tegarded
as successful 1n that amputation of the leg was avoided

The remarhs on the subject of senile gangrene apply also
to diuabetic gangrene, the pathology of which 15 essentially
the same as far as the arteries are concerned

A retired Jewssh baker, sixty-two years of age, who was
suffering from diabetes mellitus, was referred to us because
of a discoloured area on the dorsum of the left foot at the
base of the third toe  The diabetes was under control
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Examunation 1n May, 1931, showed a_normal rght foot,
with a palpable pulse 1n the dorsilis pedis attery ~ On the
left side the pulse was not palpable, and there was a dushy
red tender area 4 by 2 inches on the dorsum of the foot, the
shin over this was broken and discharging blood-stuned
serous flud from an ulcer 14 inches 10 diameter

Treatrent —The arca was mased and drauned on scveral
occastons between May 29 and July 4, and at the end of
September the leston was sull very indolent, the third toc
was black, and 1 line of demarcation was forming slowly at
its k}n}nse There was scvere pain which disturbed sleep every
mught

September 1, 1931 —Penartertal neurcctomy of the left
cgmmon femoral artery under novocaine infiltration ans-
thesia

Result of Operation —Immediate relief from pain, the patrent
beng able to sleep all night without drugs

Seprember 15, 1931 —Amputation of gangrenous toe

October 2, 1931 —The pattent \vall\cf out of hospital, the
wound being soundly healed and painless

He was examined again at the end of 1932, when he was
wallung naturally wearing ordinary boots, and had no com-
plants to male

No demonstrable 1mprovement in the peripheral circula-
tion, as tested by shin temperature, was ever observed, yet
the simprovement after the operation was most strthing

It must be remembered that surface temperature depends
latgely upon the calibre of the small arteries, and 1t 15 possible
that the blood flow may not be altered sufficiently to produce
a demonstrable dilatation of the artertes, yet sufficiently to
influence the circulation through the artersoles and capillaries,
which are ultmately responsible for the nounishment of the
tissucs, and are probably capable of giving n1se to sensations
of pain 1f congestion tahes place mn them This 1s purely
speculative, however, and 1t must be achnowledged that the
relief of pain 1s something for which we must be duly thankful,
but for which we have no satisfactory explanation

Technique of Periarterial Neurectomy —The opetation
may be performed under local anmsthesia ‘The site of
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operation 1s a matter of dispute, but if there 1s anything
the theory that success depends upon interrupting tmpulses
passing along the continuous nerve plexus, the more proxumal
the site the better the result 1s likely to be, for as soon as
large branches begin to leave the main vessel, portions of the
plexus must accompany them, and so the more distal the
neurectomy the greater will be the proportion of the total
number of netve fibres unaffected by the operation

The artery 15 exposed for a length of about 3 iches, and
1ts sheath and the tunica adventitta are 1ncised longitudinally
for 2 inches As the artery 1s gradually peeled out of its
outer coverings it may be gently retracted and rolled ovet,
at first by an aneurysm needle and later by a piece of tape
passed beneath 1t When the outer coverings have been
strpped as completely as possible they ate removed, and 1t
must be remembered that as a large number of the nerve
fibres are running on the inner aspect of the anatomical sheath,
the only way to make certain of removing them 1s to remove
the sheath as well as the tumca adventitia proper  This may
mean peeling off the sheath from the veins accompanying
the artery

A small stream of normal saline solution 15 then allowed
to trichle over the vessel, when further strands will become
apparent floating 1n the flud  These must be removed, so
that finally the muddle coat looks smooth  As this 1s being
done the artery contracts down to a very small size, 1t becomes
very pale or white 1n colour, and pulsation may cease beyond
the area of operation  This vasoconstriction 1s the constant
response of an attery to trauma, and a good result cannot be
expected to follow the operation unless this contraction of
the vessel 1s seen

So as to ensure the complete destruction of all the nerve
fibres 1n the tunica adventitia the vessel 1s then painted with
9o per cent alcohol, the excess 15 washed away with saline,
and the wound closed

Sampson Handley has claimed greater success by imnjecting
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alcohol tmto the tunica adventitia, but as the coat may usually
be removed without difficulty or real danger, the necessity for
an alternatrve method 1s not apparent

Resulis of Penarterial Neurcctomy —When the statement
1s made that the operation of penartenial neurcctomy 1s value-
less, refetence 15 usually being made to the applicatton of
this procedure to conditions which ate by nature unsuttable
for it For 1nstance, 1t would be unwise to advocate this
operation 1n the treatment of Raynaud’s disease or thrombo-
angitis obliterans, though occastonally an astonshing 1m-
provement may occur 1n the latter disease, the following case
being an example

A Russian Jew, thirty-four years of age, by occupation 1
trunk maker, complained that for three years he had noticed
pan 1 hus right leg on standing  While 1n bed both legs
appeared normal, but as soon as he stood uprght the right
leg and foot gradually became cyanosed and painful This
phenomenon became more and more frequent as time passed
by, and the pamn became so severe that he had to gtve up s
work  The change 1n the colour of the extremuty was easily
demonstrated 1n hospital by placing the leg 1n 2 dependent
posttion

Examination of the rest of the body was negative

The urmne was natutal, and the Wassermann reaction
negative

Arternal pulsation was present in the left foot, absent 1n
the night

In July, 1924, peniastesial neurectomy was performed under
general anzsthesia, 1 inch of the nght superficial femoral
artery being stripped in Scarpa’s triangle

Following the operation the right leg was palpably watmer
than the left, and this clincal observation was confirmed by
thermocouple readings The blueness of the leg and the
patn disappeared completely, and he returned to worh

He was examined at the end of 1932 He had been at
work continuously since the operation, and had no symptoms
inthe rightleg  From time to time, however, he had noticed
pain and discoloration of the skin of the left leg and foot
a condition stmilar to the right side before operation The
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right foot was observed to be warmer than the left, and pulsa-
tion had returned in the nght dorsalis pedss attety, the pulse
1n this vessel being better than that on the left side

The effect of operation 1n this case was almost miraculous,
and one hesitates to attribute the improvement entirely to
1ts acton It 15 well known that thromboangitis obliterans
1s not always 2 steadily progressive condition, and also that
spasm may be assoctated with the organic arterial changes 1n
the early stages of the disease It 1s possible that the opera-
tion may have diuminushed spasm sufficiently to alleviate
symptoms temporanly, but even if spasm be accepted as 2
causative factor 1n the disease, this operation can scascely be
considered an adequate prophylactic measure

(#) Senile and Drabefic Gangrene —Instances have already
been quoted of the value of penarterial neutectomy in senile
and diabetic gangrene It 1s practically impossible to foretell
to what extent the operation will alleviate symptoms, but it
1s fair to say that when high amputation s the only alternative
1t 1s reasonable to give pemarterial neurectomy a tral first
The operation 15 2 minor procedure which can be carried out
under local anzsthesia without causing the patient any dis-
comfort It may do good, and if 1t does not 1t will certainly
have done no harm, and amputation can then be undertaken
with the conviction that everythirfg has been done to avord 1t

We have performed the opetation only four times for senile
gangrene, but 1n every case the pattent recovered with the
loss of one or two toes  Thete are many records of simlar
experiences, and some surgeons have published rather larger
sertes  Archibald Young® records ten cases, in all of which
pain was relieved, and local amputation or low amputation
became possible

Ralph Brooke* described five cases 1n which, 1n spite of
advanced atterial degeneration, good effects followed pers-
artenial neurectomy of the supetfictal femoral artery in Hunter’s
canal and ligatton of the accompanying vemn He noted
pacticularly the raised temperature of the extremity, the loss
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of pain, acceleration of the process of formation of a line of
demarcation, and the sound healing which followed low ampu-
tations—in two cases he obtuned satisfactory stumps after
Syme’s amputation

(%) Internuttent Claudication —Since Charcot’s description,
1n 1856, of an old soldier who was not able to walk for more
than a quarter of an hour without scvere cramp n s legs,
and who was found to be suffering from arterial obstruction,
the condition has become familiar to the clinician, 1nd 1s
often seen 1n 2 more sex ere form than that present 1n Charcot’s
case It often happens that a patient may be unable to walk
for more than 5o yards without getting cramp, and assoctated
with this disability there are sensations of tingling and par-
@sthesiz alternating with numbness, and congestion of the
limb when dependent  There 1s little doubt that intermuttent
claudication 1s produced by the products of metabolism which
accumulate 1n the muscles because the blood supply 15 1n-
adequate, and it may be a premontory symptom of
gangtene

There are records of a few cases of intermuttent claudica-
tion which have been benefited by persarterial neurectomy
One of our pattents, a man aged fifty-four years, who was
the subject of arterral degeneration, was able to walk only
50 yatds without a halt  After a rest of about two minutes
he would be able to wallk. another o yards

Penartersal neurectomy of the common femoral artery was
petformed on both sides  Six months later he was able to
walh 2 mies 1n an hour He still suffered from cramp
if he hurried, but was able to walk considerable distances
without stopping f he went slowly

That degtee of improvement 15 the most that can be ex-
pected, and if the artenial disease be sevete there may be no
lmprovement at all We have observed some patients 1n
whom two distinct hinds of patn were present There was
the charactersstic cramp-ike pain of intermuttent claudication
felt 1n the muscles on exercise, and the aching and stabbing
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patn characteristic of gangrene, felt in the feet, nduced by
the dependent position, and distutbing sleep  After pen-
artertal neurectomy the latter pain was relieved, while the
pain of intermttent claudication persisted

Seeing that intermittent claudication 1s due to impairment
of the blood supply to the muscles, the shight increase 1n the
blood flow following periarterial neurectomy can scarcely be
expected to be of appreciable value, and the condition really
demands the fullest vasodilatation obtawnable by radical
sympathectomy The questton whether the radical opera-
tion 1s Justifiable may be answered by carryng out the tests
which have been desctibed already, for if mhibition or pat-
alysts of the vasoconstrictor nerves provides a considerable
ncrease 1n blood supply, then ganglionectomv, and not pest-
artersal neurectomy, 1s indicated ‘The obstruction to the
arteral circulation may be due to senile or syphilitic lesions,
or to thromboangitis oblitetans, of which intermuttent claud:-
cation 1s usually the eatliest symptom The treatment of
thromboangitss obliterans by sympathectomy will be con-
sidered 1n detadd later (92de p 96)

(¢) Chrome Ulcers —Acceleration of the healing of chronsc
ulcers as a result of perartertal neutectomy has been men-
tioned already, and there are numerous cases 1n the Iiterature
which illustrate the value of the operation 1n this respect
The following 1s a typical example

A woman, fifty-eight years of age, had suffered from
vaticose veins for twenty-six years, and for one year there
had been a varicose ulcer on the tight leg which had proved
refractory to consetvative treatment, including rest in bed
The wvaricose veins were bilateral and extensive, and there
was an indolent ulcer an inch in diameter on the inner
aspect of the right leg at the junction of the muddle and lower
thirds

Perarterial neutectomy was performed on the right super-
ficnal femoral artery i April, 1927 The ulcer was healed
when the patient was discharged from hospital sixteen days
Iater, and 1t has remained healed
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It has been observed repeatedly that within a few days of
the operation granulation tissue begins to replace fibrin on
the surface of the ulcer, upon which bactena are more rapsdly
destroyed owing to enhanced activity of phagocytes

Now that the treatment of varicose uleets by the applica-
tion of continuous firm pressute has been rediscovered, the
need for penartenal neurectomy 1n these cases has ceased to
exst  But the operation may still be required for certan
trophic ulcerations, and for perforating ulcer of the foot,
though success 15 by no means constant, and many of the
published accounts are either exaggerated or unduly opti-
mistic  Dacept 1n cases of very advanced vascular disease
an 1nitial improvement 1s to be eapected, but unless this 1s
suffictent to lead to the healing of the ulcer within four or
five weeks the final result 1s likely to be 2 complete relapse

(4) Leprosy —Kenneth Blach™ has described his experience
In ten cases of leprosy in which penarternal neurectomy
brought about the healing of callous ulcers and unhealed
stumps of spontaneous amputations Following this lead

we operated upon a leper who was under the care of Professor
Fraser

The patient was a postman, forty-five yeats of age, who for
ten years had suffered from persodical ulceration of both feet
He had already lost three toes from the mght foot, and on
thchsolle of the left foot thete were two ulcers which refused
to heal

In October, 1924, periarterial neurectomy of the left super-
ficial femoral artery was performed, the ulcers healed rapidly,
and the pauent réturned to his work as 2 postman Two
years later, however, the foot became ulcerated again and the
leg had to be amputated below the knee

The operation may be considered a partial success 1n that
amputation was postponed for two years

(9) Causalgia —The value of periarterial neurectomy in

the treatment of causalgta will be constdered 1n a later section
(v1de p 153)
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Sympathetic Ranusectomy and Ganglionectomy

The penarterial operation, though sometimes a useful
therapeutic measure, 1s at best a poor hind of sympathectomy,
and m order to obtan full vasodilatation 1t 1s essential to
petform a radical sympathetic denervation of the extremuty
concetned In theory the best method of achieving this
would be to cut all the grey ram: running from the lateral
sympathetsic trunk 1nto the lmb plexus, for this would
denervate the Itmb completely without nterfering with the
functions of the preganglionic fibres traversing the sym-
pathetic trunk In the cetvicothoracic region, for example,
1t would mean interruption of all the postganglionic fibres
to the brachial plexus, and if only grey ramu wete divided,
the preganglionic fibres running in the sympathetic trunk to
the head, and the visceral branches to the heart and lungs,
would be unaffected  As regards the innervation of the lower
extremuty, the aim of a pure ramisectomy would be to deprive
the leg of its sympathetic supply, leaving the wvisceral
branches to the lower bowel and the pelvic viscera intact

In practice it 1s found impossible to achieve complete
sympathetic denervation of the extremities by ramisectomy
alone (Fig 16) The anatomical difficulty encountered 1n
the search for the grey rami to the bractual plexus 1s well
ilustrated by the work of Sheehan,® and the unsatisfactory
results of the operation of ramisectomy, even when performed
by those most familiar with the technical problem have led
to the development of other methods A large number of
the gtey ramu supplying sympathetic fibres to the leg arise
from the sacral ganglia deep 1n the pelvis, and here again
complete ramisectomy presents insuperable anatomical
difficulty

The next step taken 1n the attempt to make the sympathec-
tomy more complete was to combine division of the grey
ramu with section of the sympathetic trunk, and this_was
proposed 1n the hope that the gangha from which visceral
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branches apse mught remain, and perhaps be eapable of
independent activaty even after the control exercised through
the preganghonc fibres had been cut off  In the cervico-
thoracic tegion the sympathetic trunh might be cut below the
»second thoracic ganghion, ind all the preganglionic fibres for
the arm would thus be severed  In the casc of the leg, after
cutting the grey ramy passing into the sccond, third and
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Fic 16 —Di1ssECTION sHowmnG THE COVNECYIONS OF THE LOWEKR
CERVICAL SYMPATHETIC SYSTEM

The ramu joining the goots of the brachml plexus vary 1 number and
position, and many he concealed among the ﬁb::zc’s of the scalenus
medws muscle  Complete sympathetic denervation of the arm
by ramusectomy 13 therefore tmpractucable

fourth lumbar nerve roots, the svmpathetic truak could be
drvided just above the pelvic bum, so cutting off the pre-
ganglionie supPly for the sacral ganglta which supph
1;051ganghomc fibres to the rest of the leg and to the
oot

This aperation of ramssectomy and trunk section, though
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1t gave better results than ramisectomy alone, 15 open to
criticism on two grounds  Furstly, the trunk, if merely cut
across, 1s capable of regeneration, and the effects may be
short-ived for that reason Secondly, i1t 15 believed that
petipheral vasodilatation 1s maximal only if the cells of the
postganglionic fibres ate removed

The only satisfactory method, therefore, of removing the
sympathetic supply to a limb 1s by ganghonectomy, and the
remarhable fact 1s that the results of the many operations
which have now been cartied out show that the loss of visceral
branches of the ganglia has no appreciable 1ll-effect upon the
patient It should be a rule of surgety to choose the opera-
tion which will achieve the desited objective without in-
volving damage to other parts In this instance we are
forced to break the rule, and 1t 1s providentral that structures
which have formerly been regarded as necessary for petfect
function, if not essenttal to life, may be removed or divided
without harm, and sometimes with great benefit to the patient

It 1s therefore the practice at present to remove the nfertor
cervical and the first and second thoracic ganglia to denervate
the arm, and to remove the portion of the lumbar ganglionated
trunk which supplies grey ramu to the second, third and fourth
lumbar nerves m order to denervate the leg  This portion
of the lumbar trunk 1s frequently teferred to as the second,
third and fourth lumbar ganglia  The ganglia are so 1rregular,
however, 1n the lumbar region that 1t may not be possible
to identify these individual gangla, and 1t therefore seems
more correct to speak of the excision of a certain definite
postion of the lumbar trunk supplymng grey ramu to the
second, third and fourth lumbar nerves  As a rule there ate
four lumbar gangla, and as the fourth usually lies on the '
pelvic brim behind the common thac vessels, 1t 1s not removed
1n the operation commonly practised for sympathetic denerva-
tion of the leg
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Sympathetic Denervation of the Upper Extremily

Cervicothoracic Ganglionectomy —The object of this opera-
tion 1s the removal of the nferior cervical and the first and
second thoricic gangha At one time it was considered
sufficient to cxase the inferior cervical and first thoracic
ganglia, which are usually fused into onc mass, the stellate
ganglion Kuntz showed that the sccond thoracic ganglion
frequently makes a contribution to the sympathetic supply
of the brachial plexus, either by sending a grey ramus direct
to join the fitst thoracic nerve, or more commonly by supply-
g postganglionic fibres which run with a branch of the
second thoracic nerve to Join the first and thus cnter the
brachual plexus (Fig 2, p 6) The operation may be per-
formed by a postertor or by an antetior approach

(1) Postenior Approach —The techmique of the posterior
approach to the inferior cervical and upper thoracic ganglia
has been elaborated by Adson*® at the Mayo Chnc, and 15 at
present that most frequently adopted 1n the exposure of these
gangla

The patient 15 placed 1n the prone position with the arms
hanging down over the edges of the table The nech 1s
flexed, the head betng supported 1n a head rest of the type
used for cerebellar operations  Anasthesia may be improved
and the control of hemorthage facilitated by infiltrating the
opetation area down to the bones with a o 5 per cent solution
of novocamne contamning adrenalin 1n a concentration of
111 200,000

The mcision 15 made in the mud-line from the spine of the
sixth cervical to the spine of the fourth thoracic vertebra,
and the ongms of the trapezius, thomboids and serratus
Posticus superior are mased just to one side of the spinous
processes These muscles being  retracted laterally, the
etector spine and the lower end of the splentus capitis are
exposed It 15 necessary to 1denufy the spines of the first
and second thoracic vertebrz, and the erector spinz must be

3
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split longitudinally so as to lay bare their transverse process
The first 11b must then be exposed subperiosteally for 3 cms
beyond its articulation with the transverse process of the first
thoracic vertebra (Fig 17) The 1b 1s divided at the outer
end of the exposed portion, the transverse process 1s cut
across where 1t joins the lamina, and the 11b 15 again divided
at its neck In performing these steps of the operation 1t
1s important to avord damage to the pleura and to the fist
and second thoracic nerves and intercostal artettes

The pleura 1s then retracted gently from the lateral aspect
of the vertebral bodies, and the thoracic trunk will be found
close to the head of the 1ib, and anterior to the intercostal
nerves (Fig 18) 'The trunk must be divided below the
second thoracic ganghion, a pottion of the second b being
removed, if necessary, to expose the trunk at this level The
upper portion of the trunk 1s then drawn downwards so as
to expose the first thoracic and inferior cervical ganglia, whose
ramu are seveted one by one till the upper border of the
nfettor cervical ganglion 1s reached It 1s sometimes easier
to resect the second rib as the first step, the resection of the
first r1b and the protection of the pleuta being more readily
accomplist ed after the posterior end of the second rib has
been removed

All hemotrhage having been controlled, the wound 1s
closed 1n layers without dramnage

A transverse section through the body shows that the
thoracic sympathetic trunk lies much closer to the posterior
surface, yet the approach from behind presents many diffi-
culties , The operation traverses very vascular muscles and

«» 1nvolves the removal of portions of one, or more commonly

two ribs on each side ,/The trunk and 1ts gangha lie antertor
to the thoracic nerves, and the upper part of the inferior
cervical ganglion has to be drawn down for some distance
from under cover of the first thoracic nerve, the complete
removal of this ganglion presenting considerable difficulty to
anyone not particularly familiar with the operation
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(1) Antenior Approach — Ihe antctior approach, 1n spite
of the greater depth of the thoree tsunt from the sutface,
15 a procedure which myolves less damage to the tissucs,
gnes a perfect exposure, and, 1f the anatomy of the part be

Fic 19 —DisECTION 10 swow Rerartionsiie of InFERIOR CERVICAL
AND First THORACIC (STELLATE) GANGLION, AND THE UreEr ENb
or THE THORACIC SyapaTirTic TRUNK 10 THE Urpenr Rivs

Stbson’s fascsa has been divided and the pleura 1s beng retracted so as
to expose the stellate ganghon iving on the neck of the first nb,
and the thoracie trunk runmng over the necks of the ubs below

studied carefully beforchand, will be found to present no
difficulty (Fig 1)

The operation may be performed under general anzsthestz
with mitrous oxide and oxygen, the tissues of the root of the
neck betng nfiltrated witha o 5 per cent sofution of novocaine
contaning adrenalin 1 10 200,000
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A low collar inaision 1s made just above the clavicle, the
external jugular vein 1s divided between ligatures, and the
clavicular head of the sternomastord muscle 15 mncised till the
mternal jugular vemn 1s just vistble  The postenor belly of
the omohyoid muscle 1s defined and divided, and the scalenus
anticus muscle 1s then exposed (Fig 20) Using a retractor
with a nasrow deep blade, the phrenic nerve 1s gently elevated
and retracted wmwards, and the scalenus anticus ss cut through
close to its insertion, thus exposing the second part of the
subclavian artery
Jt 15 umportant to
make sure that
none of the fibres
of the deep part
of the muscle or
of s postenior
sheath remain
(Fig 21)

The subclavian
artery 1s dissected
so as to free its

Fi6 20 —Cexvico THORACIC Gancuiowze-  Upper border and

TOMY BY ANTERIOR APPROACH to define the on-
The omohyod has been divided and the scalenus  gtns of the thyroid
anticus, with the phrenic netve lymg upon tt, 4315 and the verte-
1s exposed bral arteries, the
former vessel bemng dinded between ligatutes close to
tts omgin It will now be possible to draw the sub-
clavian artery downwards and forwards, and by imnasing
Stbson’s fasciz along the inner border of the first nb
the pleura 15 exposed By finger and gauze dissection the
pleura 15 stripped gently from the first three nibs and the
adjacent vertebral bodies, and 15 held forwards and outwards
by a flat zetractor of the spatula type (Ftg 22) It must be
realized that the exposure 1s limited above by the edge of the
first rib, and nothing 1s gained by trying to retract upwards
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In fact, great harm may be done of this retraction 15 attempted,
beewse the lower roots of the brachual pleus are nipped
between the retractor and the fist b

Ustng o headlight, the wferior cervieal ganghion can be
seen lymg 10 1ts groove on the nech of the first 1ib, and the
thosacic trunk can be followed down from it The trank
lies on the heads of the nibs, and where 1t crosses the head

»of the third zib 1t 15 hooked up, caught by light curved pressure
forceps, and cut ’

actoss below the
sccond  thoracic
ganghon Itsome-
tmes happens that
branches of the
superior  inter-
costal artery nter-
fere with this step
in the operation
The simplest
method of con-

tmlhng them s by F1c 21 —Cervico riosacIC GANGLIONECTOMY
Y ANTERIOR ROAC
the use of Cush- Aseroacst

The phrenic nerve has been retracted inwards and
>
ng’s sibver chips, the scalenus anticus muscle has been divaded

but it 1s possible close tfo it‘h¢: ﬁgs; b, exposmgdthc second
# patt of the subclavian artery and the Jowest
° tz]efthcm 1n the trunk of the brachual plexus thanchcs of the
usual fashion subclavian arssing from the convexity of the

After the trunk zxposcd postion must be divided between
has been cut across getures

1t 15 graduvally freed 1 an upward drrection, all ramt pass-
tng to the first and second thoracic nerves being divided till the
infenor cervical ganglion 15 reached  The grey ramtand the
cardiac branches of this ganglion ate divided one by one, start~
ing nferiorly and wothing upwards to the top of the ganghon

It mav be necessary to hool the vestebral artery to one side 1n
orderto expose its upper luntt, and thongh the dissection may be
carned up the nech as far as may be desired, 1t 1s sufficient
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A low collar nctsion 15 made just above the clavicle, the
external jugular vemn 1s divided between ligatures, and the
clavicular head of the sternomastord muscle 1s ncised till the
internal jugular vemn 1s just vistble The postertor belly of
the omohyoid muscle 15 defined and divtded, and the scalenus
anticus muscle 1s then exposed (Fig 20) Using a retractor
with a natrow deep blade, the phrenic nerve 15 gently elevated
and retracted 1nwards, and the scalenus anticus 1s cut through
close to 1ts msertion, thus exposing the second patt of the
subclavian artery
It 1s important to
mahke sure that
none of the fibres
of the deep part
of the muscle or
of 1ts postertor
sheath remain
(Fig 21)

The subclavian
artery 1s dissected
so as to free its

Fic 20 —Cravico THoRACIC Gancuowze  Upper border and

TOMY BY ANTERIOR APPROACH to define the ort-

The omohyotd has been divided and the scalenus  gtns of the thyroid
anticus with the phrentc nerve lymng upon 1t, 4415 and the verte-

is exposed bral arteries, the
former vessel being divided between ligatures close to
its ongmm It will now be possible to draw the sub-
clavian artery downwatds and forwards, and by incsing
Sibson’s fascia along the inmer border of the first sib
the pleura 1s exposed By finger and gauze dissection the
pleura 1s stupped gently from the first three nbs and the
adjacent vertebral bodies, and s held forwards and outwards
by a flat retractor of the spatula type (F1g 22) It must be
realized that the exposute 1s lumited above by the edge of the
first b, and nothing 1s gamned by trying to retract upwards
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Fi6 23 —Tne InFERIOR CERVICAT GANGLION, THE IIRsT THORACIC
GANGLION FUSED WITH IT AND THE SECOND THORACIC GANGLION
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for denervation of the arm if the cervical trunk be cut across
just above the inferior cervical ganglion (Fig 23)

Though the amount of bleeding during the operation 15
very shight, 1t 15 well to insert 2 small prece of subber to dram
the cavity left 1 the upper part of the thorax so as to permst of
the escape of blood which may ooze from small vessels after the
effect of thelocal an@stheuc has passed off  The sternomastotd,
platysma and shin are
then sutured, the deain
being brought out at
the outer extremity of
the imctsion

The dramn 15 re-
moved after twenty-
four or forty-eight
hours, the shin sutuses
on the third day, the
patient 1s able to get
up about the seventh
5 day, and 1s usually

10 30D THowe GG bl 10 o home on
The subclay ran attety 1s being retracted down the tenth day after

Y g

wards with the dome of the pleura after Opefation

division odf Sﬂ}wg, Z ffma ’I;f;:czc::l There are import-

;;ralg:s :;x(l: r.shu‘s) CYPDSCAPEI:Z I’ilnﬂ Syl?lpﬂ ant differences bE-

thetic trunb. 15 found close to the heads tween this operition

of the nbs  The stellare ganglion bes 404 those which have

upon the first thoracic nerve and the b

neck of the fitst £1b een introduced in re-

cent years by Letiche

and by Royle Lenche approaches the ganglion from
the front, but removes only the muddle cervical and stellate
gangla  He makes no attempt to include the second
thoracse ganghon, since he believes the removal of this
ganglion to be a matter of no practical importance

Royle’s antertor approach was planned to give access to
the upper pazt of the thorax, so that the thoracic truak mught
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be drvided between the first and sccond nbs He exposed
the trunk br feeling for st v here 1t cros<es the first intercostal
space and hooktag 1t up from the depths of the wound
Having divided 1t and so <evered almost all the preganglionic
fibres for the upper extremuty, he wa content to leave the
ganglion 1ntact

The operation w hich w e have deseribed 1bov e was designed
to overcome the 1ncompletencss of the eatlier oncs, and the
techmque was worked out 1n collaboration with Professor
Woollard 1n the Apatomical Department of St Bartholo-
mew’s Hospital

We have exased the infertor cenvical together with the
first and second thoraaic ganglia by this method aghteen
times  On the third oceaston the pleura was tom, but the
tesulung pneumothorax soon resolved, and the patient
returned at a later date for the operation to be repeated on
the opposite side, this time without acerdent  Apart from
this early musfortune, there have been no complications

On siv occastons we have removed the gangha on both
sides at the same opetation  One of the patients was a lady
of seventy-eight, and even at this age the procedure was well
tolerated, recovery was rapid, and she was able to leave
hospital nine days after the operation It 15 our impression
that the more formidable posterior approach throws a greater
strain upon the patient’s vitality

It 15 frequently stated that cervico-thoracic ganglionectomy
cannot be performed efficiently from the front  The examna-
t1on of the materal removed at operation, and the subsequent
phystological tests to determine the level of the sympathetic
denenvation, prove this charge to be without foundation

Sympathetic Denervation of the Lower Extremmty

Lumbar Ganglionectomy —It has been explained already
that the object of this operation 1s the removal of that portion
of the lumbar ganghionated trunk which supplies grey ramu
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to the second, third and fourth Jumbar nerves  The opera-
tion may be carried out by the transpetitoneal route from the
front, or from the loin without opentng the pentoneal cavity

(1) Transperitoneal Approach—When the lumbat trunk
15 to be excised on both sides the operation 15 commonly
petformed from the front 4

The abdomen 1s opened by a left patamedian incsion
6 mches long, two-thirds of the incision bemng below the
level of the umbilicus  The left lumbar trunh 15 approached
by incising the perttoneum to the outer side of the descending
and upper pelvic colon, mobilizing the colon and drawing
it over to the night As the perttoneum 1s raised from the
posterior abdomunal wall all the vessels supplying the colon
go with 1t, and so also does the ureter  The dissection must
be carried behind the pertoneum and over the surface of the
psoas muscle until the tnner border of this muscle and the
bodies of the vertebre ate exposed (Fig 25) The lumbar
trunk will be found lymg upon the lateral aspect of the ver-
tebral bodses just ovetlapped by the inner border of the psoas
muscle, and 1t 15 traced up to the point at which 1t gives off
the grey rami communicantes to the second lumbar nerve,
at which pomt the second lumbar ganglion s likely to be
placed It will be necessary to retract the duodenum upwards
and forwards 1n ordet to expose the upper part of the lumbar
trunk  The trunk 1s divided just above the second lumbar
ganglton, and 15 gradually freed 1n a downward direction,
the rami1 which pass from st to the lumbar nerves and the
visceral branches which run from 1t inwards towards the
front of the aorta being divided one by one till the pomt 15
reached at which the trunk disappears behind the left common
iliac artery  Here the trunk 1s drvided agam, and the excision
of the left side 1s thus completed The only structures
which may obstruct the free exposure and removal of this
part of the lumbar trunk are certam of the lumbar veins which
may run superfictal to 1t Any of them which run this course
will require section between ligatures
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All bleeding having been arrested, the colon 1s replaced
and the peritoncum ss repured along its outer border

The night lumbar trunk may be exposed by incising the
pentoneum to the outer side of the cxcum and ascending
colon, mobilizing the colon and drawing 1t inwards 1n a
fashton similar to that described for theleftside  Anadequate
exposure may be obtained, however, with less distutbance of
the viscera, by paching off the small intestine upwards, and
then incising the peritoncum just to the right side of the aorta
(Fig 24) 1t 1s thus possible to work up behind the lower
end of the root of the mesentery of the small intestine and the
right colic artery, and to the inner side of the urcter, exposing
the nght side of the aorta, the inferior vena cava and the mner
cdge of the right psoas muscle  In the upper part of the field
the duodenum gets 1n the way and must be drawn gently
upwards, but 1t 1s always a matter of difficulty to reach the
second lumbar ganglion on the night side by this approach

The nferior vena cava must be drawn forwards and to
the left, so as to expose the lateral aspect of the vertebral
bodies, and the sympathetic trunh will be found close to the
inner border of the psoas muscle  Several lumbar veins will
be seen crossing over the trunh, and great cate must be tahen
not to damage these vessels when the vena cava 1s being
mantpulated,, and when the trunk 1s being removed, those
that pass superficial to the trunk must be tied and divided
The trunk 15 then divided as high up as possible and freed
in 2 downward direction, as on the left side, till 1t disappears
behind the right common 1hac ven, at which point 1t 1s divided
agamn It may happen that the ram: to the second lumbar
nerve may escape duviston in this operation, but this omussion
1s probably of minor importance, since the vasomotor fibres
passing to the second lumbar nerves are unlihely to reach the
leg and foot

The pentoneum of the postertor abdomnal wall 1s repaired,

and the abdomen 15 then closed in the usual way without
dramage
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the lumbnar trunk as 1t lics on the Iaterat aspect of the vertebral
bodies The Jumbar vens are dealt with as described above,
and the same care must be taken of the inferior vena cava on
the nght side

The advantage of the lumbar approach lies 10 the greater
ease with which the upper part of the lumbar trunk 15 reached,
and this 15 especally so on the right side, stace the duodenum
can casily be ifted fornard in the course of the lumbar opera-
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tion, whereas 1t can be retracted only with considerable
difficulty when the trank 1s esposed from the front

After exposurte of the ganglionated trunk the operation 1s
completed by removing the portion which extends from the
level of the second tumbat vestebta to the bum of the true
peluis, and the muscle layers ate then reconsututed  Since
so much muscle has been cut across and a large space has been
opened up behind the perttoneum 1t will usually be well to
drain the wound for twenty-four hours
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(11) Approach from the Loin —It sometimes happens—for
example, 1n cases of poliomyelitis—that lambar sympathec-
tomy 1s indicated on one side only In such ctreumstances,
and whenever for any reason a transperitoneal operation s
tnadvisable, the lumbar trunk may be exposed from the loin
following the technique described by Royle

The patient 1s placed lying on the opposite side with a
support under the lower ribs 1n ordet to open up the space
between the last 11b and the crest of the 1lum on the side of
the operatton  The position 1s very similar to that adopted
for exposute of the hidney, but the pelvis should be tilted
shghtly towards the surgeon, who stands facing the patrent’s
back

The incsion 1s made parallel to the outer border of the
erector spinz muscle from a pornt half-way along the twelfth
11b to the ctest of the iltum, and then forwards along the crest
to a point just behind the antetior superior spine This
1ncision goes down to the muscle and a flap of shin and fascia
15 reflected forwards, exposing the lower attachment of the
latissimus dorst, and the external oblique muscle at 1ts insertion
mto the 1hiac crest

Petit’s triangle 15 defined, and the external and internal
oblique and the transversalis muscles are then cut through
close above the iliac crest, leaving just sufficient muscle
attached to the bone to permit of accurate suture at the end
of the operaion The lumbar fascia 1s next mcised 1o 2
vertical direction along the outer border of the quadratus
lumborum, any fibres of the latissimus dors: which obstruct
the exposute being divided The abdominal muscles may
then be retracted forwards, and when the fascia transversalts
has been drvided 1t 15 posstble to strip the peritonenm forwards
and 1nwards off the front of the quadratus lamborum and psoas
muscles, displacing also the hidney, ureter and colon so 25
to get a good view of the ner border of the psoas muscle
(Fig 26) A flat retractor may be needed, especally 1n the
adult, to depress the mnner edge of the muscle, so as to expose
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the lumbat truak as 1t hics on the lateral aspect of the vertebral
bodies  1he lumbar veins ate dealt with as descrbed above,
and the same care must be tahen of the infenior vena cava on
the nght side

The advantage of the lumbar approach lies in the greater

ease with which the upper part of the lumbar trun 1s reached,

and this 15 especrlly so on the sight side, since the duadenum
can casily be hifted fornard 1n the course of the lumbar opera-
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tion, whereas 1t can be setracted only with considerable
difficulty when the trunk 15 exposed from the front

After exposure of the ganglionated trunk the operation 1s
completed by removing the portion which extends from the
level of the second lumbar vertebra to the brim of the true
pelvis, and the muscle layers are then reconstituted  Since
5o much muscle has been cut across and 4 latge space has been
opened up behind the pentoneum it will usvally be well to
drain the wound for twenty-four honrs
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(u) Approach from the Lo —It sometimes happens—for
example, tn cases of poliomyelitis—that lumbar sympathec-
tomy 1s indicated on one side only  In such circumstances,
and whenever for any reason a transperitoneal operatton 1s
tnadvisable, the lumbar trunk may be exposed from the loin
following the techmique described by Royle

The patient 15 placed lying on the opposite side with 2
support under the lower r1bs 1n ogder to open up the space
between the last r1b and the crest of the 1lum on the side of
the operatton  The posttion 1s very simular to that adopted
for exposure of the hidney, but the pelvis should be tilted
slightly towards the surgeon, who stands facing the patient’s
back

The 1nciston 1s made parallel to the outer border of the
erector spinz muscle from a point half-way along the twelfth
b to the crest of the 1ltum, and then forwards along the crest
to a pomnt just behind the antetior superior spine  This
1ncision goes down to the muscle and a flap of shin and fascia
1s reflected forwards, exposing the lower attachment of the
latissumus dorsy, and the extern U oblique muscle at 1ts msertion
1nto the 1liac crest

Petit’s triangle 1s defined, and the exterpal and 1nternal
oblique and the transversalts muscles are then cut through
close above the iliac crest, leaving just suffictent muscle
attached to the bone to permit of accurate suture at the end
of the operatton ‘The lumbar fascia 1s next incised 1 a
vertical direction along the outer border of the quadratus
lumborum, any fibres of the latissimus dorst which obstruct
the exposute being divided The abdominal muscles may
then be retracted forwards, and when the fascia transversalts
has been divided 1t 15 possible to strip the petitoneum forwards
and inwatds off the front of the quadratus lumborum and psoas
muscles, displacing also the kidney, ureter and colon so as
to get a good view of the inner border of the psoas muscle
(Fig 26) A flat retractor may be needed, especially m the
adult, to depress the nner edge of the muscle, so as to espose
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1t will be observed that the temperature of the right little
finger was about 10° C higher than that of the left, the latter
gradually cooling with exposure to the low room temperature
After the hands had been removed from the water bath the
temperatute of the left little finger remained low, approw-
mating still more closely to that of the room, whereas the
temperature of the nght little finger immediately rose rapudly
to a pomnt shightly above 1ts oniginal level
In this instance the body was not heated, and the chart
illustrates merely the temperature change resulting from
paralysis of the vasoconstrictor nerves supplying the artenies
of the night hand
It was shown by Goltz and Freusberg as long ago as 1874

that 1n the course of time 2 moderate degree of tonus returns
tn vessels deprived of their vasoconsttictor nerves , and we
have evidence that the results of their animal experiments
hold good for man also  One of our patients had cervico-
thoracic ganglionectomy performed for a form of arthritis
affecting the night arm, the bloodvessels themselves bemng
free from organic disease  Shortly after the operation the
temperature of the right hand was considerably raised, and
the hand was not cooled by immession in cold water But
when she was examined again six months later 1t was noticed
that the nght hand was paler and cooler than the left, and 1t
seemed to her that the temperature of this hand vaned more
with the external temperature than with the body temperature

After cooling both hands to 15° C for twenty minutes the
body was warmed up 1n the hot air bath, and the chart shows
that whereas the left hand responded normally to warming
the body, the temperature of the right hand remained low,

approumating to that of the rather cold room (Fig 28)
~ It will be seen, therefore, that if after sympathectomy a

considerable degree of tonus appears 1n the denervated

vessels, the condition of the patient may be more precaricus

than st was before the operation, since the vessels are no

longer under the control of the nervous mechanism It 1s
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3 Effects of Cervicothoracic Ganghonectomy in Man

(1) Bloodvessels—(s) Arteries—The method of deter-
muning the state of actrvity of the sympathetic vasoconsttictor
fibres by recording the shin temperature has been described
already (p 27) The most strihing effect of cervicothoracic
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F16 27 —CHART OF SKIN TEMPERATURE
oF Lirrie FINGER oF Bora Hanps
TurReEE MontHs AFTER CERVICO
THORACIC ~ SYMPATHECTOMY ON
Rigur Sme (Normar Broop
VESSELS)

Rs=temperature of right little finger,
Ljs =temperature of left little finger
R'T =room temperature  Time 1n
munutes Note rapid r1se mn skin
temperature on side of operation
after prolonged cooling of both
hands  The body was not heated
on this occasion

sympathectomy 1s the 11se
of temperature 1 the
fingers owing to dilata-
tton of the small artertes
as a consequence of inter-
ruption of vasoconstric-
torimpulses 'This1s well
lustrated by the accom-
panying chart (Fig 27),
which frecords the tem-
perature of the little
fingers of both hands
three months after cer-
vicothoracic ganglionec-
tomy on the nght side
The pattent’s bloodvessels
were normal, and the
opetatton had beenunder-
taken for the relief of
causalgic pain in the
thumb and index finger
Since the pain was asso-
ctated with a distutbance
of the vasomotor control

1n the affected fingers, the chart records only the temperature
of the little finger, in which the bloodvessels were not mnvolved

1n the causalgic phenomena

The chart 1s divided into two parts, the imtial readings
being taken before and the later readings after the hands
had been immersed 1n water at 15° C for twenty minutes
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(b) Arterioles and Capillaries —Whereas the artenies are
contsolled by vasomotor nerves, the minute vessels—that 1s
to say, the arteroles and capillaries—though supplied by
nerve filaments, are controlled by chemical bodies, the most
important of which 15 commonly referred to as “ H”-sub-
stance, the action of which 1s the same as that of acetylcholine
and histamine  Any tissue njury gives usc to the local
production of “H “-substance, and Lew1s® in 1927 brought
forward experimental evidence to show that vasodilatation
resulting from nervous impulses 15 due to liberation of “ H”-
substance at the nerve endings

Though the munute vessels may be accurately observed by
capillaroscopy, the colour of the shin 1s a simple and reliable
indscator of their condition In order to make accurate
records of the colour of the shin 2 numbered range of colours
should be Lept as a standard, the shin colour being matched
with the standard colours  The following statement will act
as a guide for interpreting the sigruficance of alterations 1n
the colour of the shin

If the shin 1s of a pmk colaur 1t means that the small arteries
are dilated and the munute vessels are moderately open,
should the latter become fully dilated, however, the colour
changes to varying shades of red

When the shin 1s cyanosed, the small arteries are constricted
and the minute vessels are dilated If the minute vessels
become constricted also, the colour changes to white

The state of constriction of the asteries of the fingers
influences therr temperature, dilatation of the arteties pro-
ducing a r1se of temperature  The colour of the shin depends
upon the degree of constriction of the arterioles and capillates
It thus comes about that when the fingers are pink or red they
areusually warm, wheteas if they are blue or white they are cold

For the first forty-eight hours after cervicothoracic gan-
glionectomy the circulation 1n the extremity shows evidence
of intense actwvity, the hand 15 hot and red, and the pattent

sometimes notices a bursting feeling 1n the Iimb Capillary
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beheved that vasomotor netves eshtbit the phenomena of
reciprocal 1nnervation, vasodilatation involving an inhibition
of vasoconsttictor impulses If the vasoconstrictor nerves
ate destroyed, such inhibition of vasoconstriction cannot
take place, and this may account, at least 1n patt, for the late
effects of sympathectomy now under discussion Lewis’s
investigations of patients after sympathectomy have led him
to the conclusion that thete ate vasodilator fibres 1n the
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Fic 28 —CuaRT o SN TEMrERATURE OF FiNGERs Srx Monrhs
AFTER RIGHT CERVICO THORACIC SYMPATHECTOMY (NORMAL VESSELS)

L3 =—temperature of left middle finger Rj3=temperature of nght middle
finger, R'T =room temperature dotted line A B T =temperature
of hot air bath  Note the more gradual rise on the side of opera
tion during warming of body

sympathetic, and failure of 2 imb to warm up after operation
may be due partly to bloching of vasodilator impulses

Cold can produce vasoconstriction reflexly through the
vasoconstrictor nerves, but 1t can also do so by acting directly
upon the vessels themselves The tonus acquired by de-
nervated vessels may therefore be hastened 1n its onset and
increased 1n 1ntensity by cold  This 1s 10 accord with our
clinical observations, and 1s of great importance 1n connection
with Raynaud’s disease
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tender, and amputation through the prouimal phalanx was
performed 1n March, 1930 Severe causalgia developed, 1n-
volving the distribution of the outer branch of the median
nerve, and he was unable to work In September, 1931,
perarterial neurectomy of the right brachml artety gave
partial and temporary relief, but sin weehs later the con-
dition was worse than ever, the shin of the thumb, thenar
emupence and index finger was red
and hot, and there were recusrent
crops of herpetic vesicles on the pad
of the index finger (Fig 29) By
November, 1931, the constant trradi-
ated pan 1n the distubution of the
outer branch of the median nerve had
become unbearable Theaffected area
of skin was always redder than that
of the rest of the hand, this red area
being exquisitely tender to the lightest
touch  Cervicothoracic  sympathec-
tomy was therefore performed on the Fig 29 —Disrrisurionor
nghtside Two days after the opera- VASODILATATION AND
tion the herpetic vesicles were dis- Herprric  VEsicres
appearing , they had dlszppeared com- g"mc‘“’}sa"'c”‘ OF
pletely by the seventh day, and there Momeas Nomva? F
has been no recurrence  For the first

forty-e1ght hours after operation the Vesicles disappeared, and

—Vesicles

fingers were as red as they were vasodilatation of
before, but they then became, and
have since femamed, paler than

minute vessels was
abolished after sympa-
thectomy

the fingers of the other hand,

and as pallor became established the hyperesthesia dis-
appeared

It 15 of the greatest 1mportance, therefore, to distinguish
between the effects of sympathectomy as observed in the
artertes and in the minute vessels Though both groups of
vessels are dilated during the first forty-eight hours after
operation, the nunute vessels subsequently become and
remain constricted  Vasodilatation persists 1n the artettes,
though 1n time the degree of dilatation dimtnishes as the tone
of the arterial musculature ncreases
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pulsation 1 the fingers 15 frequently observed During the
same pertod the face 1s flushed, and the conjunctiva 1s con-
gested on the affected side

This mutial phase, chatracterized by paralytic dilatation of
artertes and munute vessels, lasts for about three days, and
then the conjunctival congestion disappeats, the shin of the
extremuty becomes paler than that of sts normal fellow, and
pulsation 15 no longer observed m the minute vessels of the
fingers  This condition perststs indefinitely, the shin of the
arm and hand being warmer than before the operation because
of dilatation of the arteries, but paler because of increase of
the tone of the minute vessels

This surprising combination of heat and pallor following
sympathectomy has been observed 1n amimals as well as 1n
man, and several suggestions have been offered m explanation
of the phenomenon The explanation which appears most
acceptable 1s that the inctease 1n the blood flow through the
artertes ensures the raptd removal of all products of tissue
activity, including “ H ”-substance, and since 1t 15 “H”-
substance which dilates the minute vessels, the washing away
of this body results 1n constriction of the minute vessels and
pallor of the skin It 1s interesting to note here that certain
obsetvations we have made of patients suffering from causalgta
confirm these views

Causalgra 1s the result of irritation of a peripheral nerve,
and vasodilatation 1s the most important element 1n the clinical
picture  On theoretical grounds Lewss suggested that all
the manifestations of nerve trritation, including the formatton
of herpetic vesicles, and the appearance of trophic changes
1n the shin, would find their explanation n the local action
of “H ”-substance ltberated by antidromic impulses The
following case provides experimental evidence 1n support of
this theory

V F, male, twenty-three years of age, 2 paper maker, lost
the end of his 1ight thumb 1n a machine accident 1n December,
1929 The stump healed 1n threec weehs, but remained
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Photograph tahen six months after left cervicothoracic ganglionectomy
by anterior approach  Horner s syndrome on left side
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(1) Secretion of Sweat —To test the sweating mechanism
1t has been customaty 1n the past, following the teaching of
Horsley, to inject pilocarpine, and by examining for the
absence of sweating to discover the extent of the denervated
area It has been shown by Adson and Brown, as well as
by Lewss, that pilocarpine can induce sweating in an atea
completely deprived of its sympathetic supplv, presumably
because the drug acts directly upon the sweat glands It 15
therefore fallacious to use this method as a test for sympathetic
denervation

Sweating, which normally results from exercise or from
heating the body, 15 produced reflexly, and 1s always absent
m an area whose sympathetic supply has been severed from
the centres of the spinal cord  The line which separates the
dry from the sweat-covered shin 15 an astonshingly shatp
one, and 15 2 reliable indicator of the extent of sympathetic
denervation (Fig 30) If sweatng s profuse, the droplets
on the skin may be distinguished clearly enough to demarcate
accurately the dry from the moist areas, but should there be
any difficulty, cobalt blue papers mav be used as indicators
of the presence of sweat

The test does not differentiate between areas denervated
by section of postganghonic as distinct from preganghonic
fibres, since the whole area of shin whose preganghomc
supply has been cut will be dry

Some of our patients have stated emphatically that the
secretton of sweat has been considerably more profuse in
the areas not affected by the operation At first we were
inchned to regard thus merely as an etror of observation, the
usuzl amount of sweat being considered excessnve when
contrasted with the completely dry denervated area  How-
ever, the rematk has been so frequently made, and 1t has been
possible to observe the profuse secretion so often, that the
possibility of compensatory hypersecretion cannot be excluded

() Pilomotor Mechamsm —The study of the activity of
the prlomotor mechanism wili sometimes yield information
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which cannot be obtauned from observations of sweating It
1s posstble to determine the aten of slan whose preganglionic
supply has been cut, but under certan circumstances we miy
also be able to pich out 1n that arca the parts which have been
deprived of their postganglionsc supply

Goose shin may be made to appear as the result of a reflex
through the spmal cord, or as the response to peripheral
stimulation  If a block of sce be placed between the shoulder
blades, goose shin appears over a wide arca  This depends
on the integrty of a reflex arc with an afferent path to the cord
1n the spinal sensory nerves, and the efferent 1n the sym-
pathetic nemves to the arrectores ptlorum, and the reaction
will not occur after section of any of the sympathetic nerves
to the part, whether pre- or postgangltonic  After cervico-
thoractc sympathectomy the area over which this pilomotor
response 1s absent corgesponds to the area of shin which
rematns dry when the body 1s heated, and 1indicates the area
deprived of 1ts preganglionic supply

But goose shin may also be produced as a result of fausly
powerful faradic stimulation of the shin  The response 1s
obtained more readily sn some subjects than 1n others, and
we have not used the test extensively because many patients
find 1t distinctly unpleasant or even acutely painful Elec-
trical sumulation will produce goose shin even though the
preganglionic fibres corresponding to the part have been
severed  But i1f the ganglion cells be removed or the post-
ganglionic fibres be cut, stumulation after the elapse of the
period required for degeneration of the fibres will be meffec-
tive  Thus fact 15 1important, because by means of this test

the area of shin supplied from a given ganglion may be
determined

(tv) Muscular Power —Though we have no observations
of muscle tone to record, we have noticed that a constant
sequela of sympathectomy 1s weakness of the voluntary
muscles 1n the affected imb  This loss of power may be
shown by dynamometer readings, but 1t 15 quite obvious
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observation for periods up to three years, and i none of
them has restoration of functton been complete, though no
appreciable disabiity results It 1s stated that in the lower
animals complete recovery of the eye eventually occurs, and
this difference between man and the lower animals may be
of importance, since 1t would appear that 1 man the intact
enattor cells and postganglionic fibres cannot function pet-
fectly when the preganglionic portion of the system has been
destroyed

Effects of Lumbar Ganglionectomy — The cffects of
removal of a portion of the lateral sympathetic trunk 1n the
lumbar regton upon the bloodvessels, sweat glands and
pilomotor mechamsm of the lower extremity are similar to
those described 1n the upper extremuty after cervicothoracic
ganglionectomy  Seeing that the natural constrictor tone in
the feet 1s greater than in the hands, the abolitton of this
tone by sympathectomy has 2 more marked effect upon the
temperature of the feet than it has upon the temperature of
the hands, but this difference in the extremities 1s one of
degree only

4 Results of Sympathectomy for Disorders of the
Circulation

Raynaud’s Disease —Before attempting to assess the value
of sympathectomy in the treatment of Raynaud’s disease it
Is necessary to review the investigations which have been
carried out to determine the nature of the malady

Raynand, 1n hus search for the explanation of the phenomena
which later came to bear his name, first excluded all the well-
recognized causes of arterral obstruction, and then focussed
his attention upon the observations made by himself and
others with regard to the effects of nerve lesions upon the
blood supply and temperature of the patts to which the
nerves were distributed  He quoted cases published by
Longet, Halter, Claude Bernard and Romberg to illustrate
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without this test, for the patients have been unable for some
days after the cervicothoracic operation to hold 2 cup while
drinking, or to grasp an orange wn order to peel 1t, and a
feeling of weight 1n the arms and of dragging at the shoulders
owing to weahening of the shoulder girdle muscles 15 2
common complaint which 1s relieved by massage and dis-
appears completely 1n a few weeks  The explanation of this
phenomenon 1s not clear, but 1t has been assuned that 1t 15
due to crculatory changes tn the muscles, and certainly not
to anything which causes permanent weakness

(v) Oculomotor Phenomena —In 2 brief but brilhant
paper published 1n 1869, the Swiss ophthalmologist Friedrich
Horner desctibed 2 case showing ptosis, myosis, enoph-
thalmos, and diminution of intraocular tenston which he
attubuted to paralysis of the cervical sympathetic  He also
mentioned the dry, warm skin of the face on the affected side,
his accurate studies of skin temperature being the first to be
made 11 a chincal case (Fulton)

The preganglionic fibres to the eye may be mterrupted by
lesions of the brain stem or cervical cord, and by mjury to the
lower patt of the brachial plexus  They are always divided
when the stellate ganglion 1s removed, but 1n some of our
earlter operations, 1n which we merely drvided the sympathetic
trunk below the stellate ganghon, the eye fibres escaped
mjury, which shows that they pass out from the cord in the
white ramus from the first thoracic segment

For the first few days after cervicothoracic ganglionectomy
ptosts 1s very matked, the conjunctrval vessels are engorged,
and the tenston in the eyeball falls to such an extent that
accommodation may be impaired It has occasionally been
necessary for patients who have previously worn glasses to
have their lenses altered after the operation

By the end of a fortmght the ptosts 1s dectdedly less marhed
than 1t was immediately after operation, and as time passes
1t may duntrush still further, and the mtraocular tension rises
somewhat We have now had some of our patients under
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by fallute of the vis a tergo, whence the cyanosis and lvid
aspect which are scen 1n the majorty of cascs

“'To attribute these phenomena to a fault of vasomotor
innervation Is an interpretatton assuredly authorized by
physiology 1 have further mawtaned that the marhed
symmetry of the lestons ought to suggest that they orginate
1n a discharge cither spontancous or reflex, starting from the
cord and radmting thence to the vascular nerves of the ex-
tremities In the present state of our hnowledge local
asphyua of the extremities ought to be constdered as a neurosts
characterized by enormous exaggeration of the eactto-motor
energy of the grey pasts of the spinal cord which control
vasomotor innervation ”

It 1s clear that Raynaud, on theoretical grounds, assumed
that everything could be explamned by supposing the sym-
pathetic system to be 1n a state of great overactivity, the
impulses conveyed by 1ts efferent fibres producing spasm of
the vessels and resultant changes 1n the extremuity This
view was accepted without criticism unti! the recent wotk of
Lewss and his co-workers appeared, and even since Lewts’s
woth was published Raynaud’s opinion has been championed
by Levy Simpson, Brown and Adson 2

The calibre of the peripheral vessels may be diminsshed not
only by vasoconstrictor impulses coming through the sym-
pathetic nervons system, but also by the direct effect of cold
upon the vessel walls  Cold 15 also one of the stimult which
produce teflex vasoconstriction, and the problem 1s to deter-
mine the exact method whereby cold produces its obvious
effect on the vessels 1n Raynaud’s disease  Lewss has brought
forward convincing evidence, based on catefully-thought-ont
human experiments, to show that the fault lies not 1n the
sympathetic system, but in the vessels The most con-
vincing observattons have been made when examuning
patients suffering from Raynaud’s discase after the operation
of sympathectomy has been performed The operation was
advocated on the assumption that the sympathetic system
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how section of sensory nerves, 1n antmals and in man, may
be associated with a fall 1n surface temperature, changes 1n
the colour of the shin and even patches of gangrene He
proceeded, however, to point out that 1n the malady under
constderation there was no evidence of nerve injury , and also
that, considering the numerous communications between the
sympathetic and spinal nerves at their origin, even 1f a nerve
lesion be allowed, 1t cannot be stated with certainty whether
the results are due to a lesion of the spinal nerve or of sym-
pathetic fibres runming with 1t
This led him to a consideration of the experimental work
published by Claude Bernard ten years earlier, and he wrote
““ The physiology of the circulation has been entiched by one
of the most beautiful discoveries of the century In
repeating the experiments of Pourfour du Petit on the section
of the great sympathetic of the neck, M Bernard recogmzed
that this lesion 15 accompanied always by a very notable eleva-
tion of temperature in the corresponding parts of the head
Since then the docttine of vasomotor nerves has passed from
the domain of hypothesis to that of fact On the one hand
anatomy demonstrated the ewstence of smooth muscular
fibres 1n the muddie coat of the artertes, on the other physt-
ology established the subordination of these fibres to nervous
influences ”  He thus catne to postulate a spasm of the smaller
bloodvessels, due to vasomotor influences, “ occurring in
subjects who are characterized by a nervous predominance,”
and he explained the distribution of the disease 1n the extremi-
ties by stating that 1t was the digits, the ears and the nose
which radiate most heat from their surface, relative to their
volume, and therefore cool most rapidly
Twelve years later, 1n 1874, 1n a supplementary account of
later researches, he wrote ““ To the total closure of the arterial
and venous vessels would correspond an exsanguine and
cadaveric state of the extzemities very analogous to that which
1s observed 1n frostbite, whilst the arterioles only being closed
and the venules open one would see a venous stasis produced
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unaccompanied by pam  The effect of the operation has been
to diminish the reaction to low temperatures, and not to
remove the causc of the disease

These statements atc llustrated by the chart (Fig 31) of
finger temperatures tahen fourteen days after cervicothoracic
ganglionectomy for Raynaud’s disease ‘This chart 1s a
typical cxample, all our other cises of Raynaud’s disease
having shown exactly the same reactions It will be observed

oC P 6 1 ] °4[B

e ‘
0 /]

3 K3 )

27 X

25 :( P

23

4]

19 ==qRT—

; : ]

y:8
15 o ="
13 S 10M™g5 50 55 60 65 70 75 80 85 90 95 100 (OSMINS

Fic 31 —CuArT OF SKIN TEMPERATURE OF FINGERS Fourteen Dars

AFTER  BILATERAL CERVICOTHORACIC GANGLIONECTOMY FOR
RAYNAUD’s DiIseAsE

La=temperature of left index finger, Ra=temperature of nght mdex
finger, R T =room temperature, dotted line A-BT =temperature
of bot air bath  Note 1mitial high temperature of fingers, but later
failure to warm up after cooling for twenty five minutes at 15° C,
though the body was heated Time tn minutes

that when the pattent was first brought into the cool room
her fingers were warm, their temperature tending to fall
slowly Both hands wete then placed 1n 2 bath of water
at 15° C  This procedure before operation had given ntense
pamn, but the postoperative test gave no discomfott, though
the fingers gradually became cyanosed  After immersion 1n
the bath for twenty minutes full cyanosss was established,
and at the end of twenty-five minutes the hands were removed
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was at fault, and 1t 15 mnteresting that the results of this treat-
ment, though based on a fallacy, should be our most helpful
gude 1n directing us towatds the truth

Lewis’s work cannot be described here in detail, but his
method may be outlined and his conclustons summarized
We have noted 1n our own patients that though immetsion
of the hands 1n water at 15° C causes the fingers to go blue,
cooling the wrist by flannel dipped 1n cold water does not
bring on an attack Lews* went further and showed that
1f one finger were cooled, the others remaining warm, cyanosis
appeated only in the cooled finger There 15 no vasomotor
reflex known which would bring about this result, which
must therefore be due to the direct effect of cold upon the
vessels of the cooled finger

The effect of sympathectomy upon the bloodvessels of
individuals not suffering from any disturbance of vasomotor
mechamtsm has been described already If in Raynaud’s
disease the fault lav 1n the sympathettc system, an operation
which blocks all the sympathetic impulses to the affected Iimb
would be expected to produce 1n that limb a conditton exactly
simular to that of a2 limb with normal bloodvessels after
sympathectomy The fact that in Raynaud’s disease the
vessels are still abnormal after sympathectomy seems to
ptovide conclustve evidence that the abnormality does not lie
1n the sympathetic nervous system  In additton, 1t may be
mentioned that no pathological changes have been detected
1n the sympathetic gangha excised

Immedtately after the operation of cervicothoracic gan-
glionectomy, and for the succeeding few days while the
patient 15 1n bed, the behaviour of the hands 1n Raynaud’s
disease 1s 1dentical with the normal But when the patient
begins to move about agamn and 1s once more exposed to
low tempetatures 1t becomes clear that the susceptibility of
the extremuties to cold 1s still present, though more prolonged
exposure 1s required to produce cyanosts, and the attacks, when
produced are less intense than before operation, and may be
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and rsing rapidly at the timc of the carliest readings  The
temperature of the hot air bath 15 not shown on the chart,
because before opetation vasodilatation commenced as soon
as the body was warmed, and became complete before the
temperatute of the hot ur bath had risen appreciably  The
room temperature was 16° C throughout both tests

Fig 33 shows the result of a simular test on a patient with
Raynaud’s disense, the only varmatton mn the conditions being
that the hands were cooled to 15° C for twenty minutes at
the commencement
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entered them be-
fore operatton 1s 1n
sharp contrast to
the vety gradual rise after the operation  But the most marked
contrast 15 between the curve after operation 1n Fig 32 and that
afteroperationinFig 33  Inthe case of the normal vessels the
high skin temperature indicates paralytic dilatation of the digital
arteries as a tesult of sympathectomy, whereas we believe that
the low temperature 1n the case of Raynaud’s disease indicates
constriction of the digital arterses by the ditect effect of cold
upon their musculature  Since this predomunates over the
vasodilatation which normally follows sympathectomy, the

Susceptibility of vessels to cold persists after
complete sympathetic denervation
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and msing raptdly at the time of the earliest readings  The
temperature of the hot air bath 15 not shown on the chatt,
because before operation vasodilatatton commenced as soon
as the body was warmed, and became complete before the
temperature of the hot aur bath had fisen appreciably  The
room temperature was 16° C throughout both tests

Fig 33 shows the result of 1 simular test on a patient with
Raynaud’s disease, the only variation 1n the conditions being
that the hands were cooled to 15° C for twenty minutes at
the commencement
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Susceptibility of vessels to cold persists after
fore operation 15 1n complete sympathetic dcnervatﬁm
sharp contrast to

the very gradual rise after the operation  But the most marhed
contrast 1s between the curve after operation in Fig 32 and that
afteroperationinFig 33  Inthe case of the normal vessels the
high skin temperature indicates paralytic dilatation of the digital
arterres asa result of sympathectomy, whereas we believe that
the low temperature 1n the case of Raynaud’s disease indicates
constriction of the digital arteries by the direct effect of cold
upon thetr musculature  Since this predomunates over the
vasodilatation which pormally follows sympathectomy, the
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from the bath, geatly dried, and connected once more with
the thermocouples  The patent was then warmed up il
her body was very hot and she was sweating profusely over
the trunh and legs, the only dry areas being the head, neck
andarms  The hands expased to the rather low atmospheric
temperature remained cold and blue, and 1t 15 clear from the
chast that the temperature of the fingers vatses with the room
temperature and not with the body tempesature It was only

when measures wete
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THO! ¢ GANGLIONECTOMY
RACH ¢ with normal vessels and

After operation the effect of prolonged
cooling of the hand passes off very on one )suﬁ“ezmg from
rapdly Raynpaud’s drsease s well

shown in Figs 32 and 33,
which show the recosds of shin temperature under compasable
conditions before and after sympathectomy  Fig 32152 coro-
postte chart of the finger temperature of a person with normal
vessels before and after operation  Before commencing the
observations the hands were cooled i a water bath at 15° C,
before opetation for twenty munutes and after operation fos
thurty-five munutes, i the hope of lowering the finger tem-
perature foran ~ppreciable pertod It will be noted that after
opetation this was not possible, the temperature beng hugh
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operation, and the fingers arc ptnh and warm  If, then, the
patient’s hands are cxposed to cold air or 1mmersed 1n cold
water, the more dilated arteries require more prolonged
exposure to produce the degree of constriction brought about
by slight exposure to cold before the operation  Thes really
means that sympathectomy enables the vessel lumen to rematn
open when exposed to a degree of cold which was previously
suffictent to close 1t, and under the usual conditions of life
the dilated vessels, though they still respond to cold, aze not
completely obliterated, and severe attachs are unlikely to
occur  Though the hands may become cold and mottled,
the moderate degree of vasoconstriction 15 wsufficient to
cause aching pain

The burning pamn which ts so troublesome at the end of
an attack 1s associated with rapid vasodilatation, which 1s
usually brought about by the patient warming up the hands
too quichly  As this rapid vasodilatation does not tahe place
after sympathectomy this particular form of pain, which 1s
often severe enough to ntetfere with sleep before operation,
1s abolished

1t thus comes about that 2 housewife who has been unable
to make 2 bed without stopping 1n the muddle to warm her
hands after handling the cold sheets, and to whom 1t had
been 1atolerable agony to hang wet clothes out to dry, 15
enabled by the opetation to perform all her household duties
without discomfort  Such 1s the expettence of 8 out of the
Xo patients upon whom we have performed ganglionectomy
for Raynaud’s disease, the remaming 2 showing some 1m-
provement, but still suffering pamn when exposed to only
moderately low temperatures The result 1 one patient
whose ramt were cut was unsatisfactory, probably because
the operation was incomplete

In the course of tme the calibre of the vessels under
optimum conditions becomes smaller owing to recovery of
Intrinsic tone, and when this tone has been established 1t
requures less cold to produce cyanosts It 1s therefore 1m-
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concluston that Raynaud’s disease 1s primarily an affection of
the vessel wall appears to be inevitable

The recovery of tone 1n normal vessels deprived of their
vasoconstrictor nerve supply has been referred to, and the
response of the digital vessels to cold 1n Raynaud’s disease
after sympathectomy suggests the presence of this inherent
vascular tone in an exaggerated form, imntensified by the
stimulus of cold This increase tn tone may explain the
persistently low temperature of the fingers after cooling,
but other suggestions have been made to explain the loss of
the sudden vasodilator response which 1s observed, if the
body 1s wartned for a suffictent length of time, 1n untreated
Raynaud’s disease

After the sympathetic supply has been cut off, sudden
alterations 1 the calibre of the peripheral atteties cannot
occur Al the circulatory changes are more gradual, and
are mfluenced by external stimult rather than by controlling
mechanisms within the body That the sluggish character
of these responses 1s the result of 1solating the vessels from
thetr nervous control 1s undoubted , and 1t has been supposed
that the loss of the vasodilator response after sympathectomy
shows that there ate vasodilator fibres in the sympathetic,
though proof of the presence of such fibres 1s lacking It 1s
more likely that whenever vasodilatation tahes place the
process 1s accompanted by inhibition of vasoconstrictor tone,
and that after sympathectomy this mhubstion cannot occur

The effect of sympathectomy 1n Raynaud’s disease may be
summarized by saying that the operation 1s palliative, alleviat-
ing pamn, promoting the healing of ulcers and preventing
thetr recurrence, and dimunushing the 1ntensity of the cyanotic
attacks It will be remembered that the pan 1s of two
varteties, aching when the fingers ate cold and blue, and
burming when the fingers are red and hot at the end of an
attack After sympathectomy, so long as the hands ate
exposed to a moderately warm atmosphete the artertes are
more dilated than they were under similar conditions before
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the vessels It 1s not to be supposed thit thete 1s untformty
In the sympathetic system, and ndsvidunl vattations 1n the
susceptibihity of the sympathetic system to stimulation—for
instance, by feat—are well recognized  Given an individual
whose bloodvessels are unduly susceptible to the action of
cold, 1t 1s not difficult to imagine that the added effect of 2
sudden cmottonal stimulus rmght overbalance such 2 person
1nto an attach, though the sympathetic system tself 15 normal
withmn the Jtmuts of indrvidual vaniation  The result of opera-
tion 1n the patients who showed this reaction to emotion
was precisely the same as in the other cases of Raymaud’s
disease, the susceptibility of the penipheral vessels to cold
persisting after sympathectomy

When ganghonectomy affords only moderate relief, st 1s
sometimes assumed that there must have been some techncal
crror and that the opesation has been incomplete  We have
examuned our patients very carefully to make sure that the
whole of the extremuty has been deprived of its sympathetic
supply, yet i the presence of full evidence of complete
sympathectomy cyanosis may still be produced

Attention has been concentrated upon the hands, for n
some cases the feet may be scarcely affected, and when they
are involved they do not suffer as sevesely as the hands It
15 2 common ewperience, also, that the results of lumbar
ganglionectomy for Raynaud’s disease ate better than those
of cervicothoracic ganglionectomy, and some have supposed
that thus mdicates that the lumbar operation 15 the more
radical, some of the sympathetic supply still reaching the hand
after removal of the mnferior cervical and the first and second
thoracic gangla It has just been stated that all the ewdences
of sympathetic denervation ate present in the hand after this
operatton, and there 1s another reason for the better result
mn the foot which 1s the true explanation of the difference
between the upper and the lower extremity

If the vasoconstrictor nerves to the extremities be paralyzed
by local anzsthessa, the resultant tise 1n the temperature of
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possible to make a true estimate of the result until the pattent
has passed through the second winter after the opetation
Of our 10 pattents, 6 have passed through thus critical petiod,
and 4 of these are well satisfied with the result ‘Though
their fingers still go blue at times, they are able to catry on
with therr work without discomfort The other 2 suffer
severely 1n cold weather, and though both these patients
showed considerable improvement for six to mne months,
their hands are now as bad as they were before operation
It 1s interesting and important to note that 1 both these
patients there had been severe ulceration and othet  trophic ™
defects when they wete first seen  One had scleroderma and
destruction of bone in the terminal phalanges of all her fingers,
and the other had superadded organic obliterative disease 10
attertes as large as the radial It 1s therefore clear that the
best tesults will be obtained 1n the early cases, before spasm
1s complicated by otganic changes in the vessel walls

4 of our patients were operated upon during last winter,
3 with a good and 1 with a farr immedsate result

There 1s still one argument brought forward by the sup-
porters of the vasomotor neurosts theory of Raynaud’s disease
which remains to be answered  The fingers of some patients
become cold and blanched not only on exposure to cold, but
also as a result of an emotional sttmulus  One of our patients
who was a professtonal singer complamned that her hands
became cold shortly before she had to appear on the stage,
and 1n another an attack always occurred 1f she was examned
by somebody whom she had not met before Those who
believe that the malady 1s a disease of the vasomotor nerves
constder the precipitation of an attack by an emotional
stimulus to be a strong pomt 1n favour of overaction of a
central sympathetic mechanism

There 1s an alternattve explanation, however, depending on
the fact that the local application of cold and central stimu-
lation of the vasoconstrictor nerves have the same effect on
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of patients suffering from thromboangitis obliterans, and have
formulated the theory that the fundamental cause of the disease
1s hyperactivity of the suprarenal glands

Telford and Stopford* have drawn attention to the dis-
tribution of the vascular lesions, and posnt out that there are
features which seem to be common to these lestons and the
vascular lesions in certain cases of cervical ub  The latter
are believed to be the sequelz of stmulation of vasocon-
strictor netve fibres, and these observers have therefore put
forward the suggestion that 1n thromboangttis obliterans also
vasospasm may be the 1tutial lesion, which 1 time nduces
thrombosis by interfering with the blood supply of the
vessel wall

In so far as the clinical pictute can be a guide 1t certainly
seems that 1t may be posstble 1 time to divide cases of this
disease into groups according to their degree of spasmodic,
as distinct from orgamic closure, for 1n 2 considerable pro-
pottion of the eatly cases changes 1n the peripheral circulation
come and go 10 a fashion that appears to be 1ncompatible
with an obliterative atteritts

This reference to the theories regarding the causation of
thromboangstis obliterans 15 made at this point because of
the important bearing which such considerations have upon
surgical treatment Those who constder the disease to be
an obliterative arterstss from the start can find small justifica-
tion for sympathectomy, the only hope of improvement
lying 1n the possibility that the operation may bring about
an improvement i the collateral circulation by producing
vasodilatation 1n vessels not as yet involved 1n the disease
Those, on the other hand, who believe that spasm. plays a
patt 1n the ztiology advocate sympathectomy in the earliest
stages of the disease 1 the hope of atresting its progress

At the present ume we do not know enough about the
pathology of thtomboangitis obliterans to decide which of
these views 15 correct, but the problem 1s one 1n which
clinical research 1s Ukely to prove of extreme value If 2

7
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the digits 15 greater 1n the foot than in the hand  This simple
experiment shows that the natural vasoconstrictor tone 1s
greater 1n the lower than in the upper extremuty, and the
permanent removal of this tone by sympathectomy will there-
fore have a mote strihing effect 1n the foot than in the hand
In addition, the fact that the feet are usually covered, whereas
the hands are often bare when exposed to cold, has an 1m-
portant beating upon the results in Raynaud’s disease
Actually, cetvicothoracic sympathectomy 1s a more radical
procedute than the lumbar operation, for 1n the former the
ganglion cells supplying the hand are removed, whereas the
lumbar operation consists mainly of excision of the pre-
ganghionic fibres for the foot, the sacral ganglia which contain
most of the ganglion cells for the foot being left 1ntact

Thromhboangitis Obliterans —Though the primary cause of
thromboangitis obliterans 1s a matter for speculation, thete 1s
no doubt that the condition 1s characterized by progtessive
deterioration of the arterial walls which ultimately leads to
occlusion of the vessels and gangrene of the mb It 1s 2
matter of expertence that about 25 per cent of those afflicted
by the disease require amputation within five years from the
onset of symptoms It 1s thought, however, that spasm 15
frequently assoctated with orgamic vascular disease, and 1t
may be that the assoctation 1s sometimes onc of cause and
effect

Buerger believed that even 1 the earliest stages of the
disease inflammatory lestons are present, and that as these
lestons heal the charactersstic and spectfic morphological
pictute makes 1ts appearance  He gave 1t as his opinion that
the manifestations of the disease 1n 1ts acute stages suggest
the presence of bactertal infection as the causative factor, but
he was unable to demonstrate any ofganism, though other
workers have 1solated a bacillus from the lestons and from the
blood stream which they believe to be the pathogenic agent

Oppel and others, however, believe that they have dis-
covered an excess of vasoconstrictor substances in the blood
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of pattents suffering from thromboangitss obliterans, and have
formulated the theory that the fundamental cause of the disease
1s hyperactivity of the suprarenal glands

Telford and Stopford® have drawn attention to the dis-
tribution of the vascular lesions, and pomt out that thete are
features which seem to be common to these lesions and the
vasculat lestons 1n cestarn cases of cervical 11b  The latter
are believed to be the sequele of stimulation of vasocon-
strictor nerve fibres, and these observers have therefore put
forward the suggestion that 1n thromboangitis obliterans also
vasospasm may be the tmitial lesion, which 1n time induces
thrombosts by interfering with the blood supply of the
vessel wall

In so far as the clinscal pictute can be 2 gurde 1t certainly
seems that 1t may be possible 1n time to divide cases of this
disease 1nto groups according to their degree of spasmodic,
as distinct from organic closure, for 1n a considerable pro-
portion of the easly cases changes 1n the peripheral circulation
come and go n a fashuon that appears to be incompatible
with an obliterative arteritis

This reference to the theories regarding the causation of
thromboangitis obliterans 15 made at this pownt because of
the important bearing which such considerations have upon
surgical treatment ‘Those who constder the disease to be
an obliterative attentis from the start can find small justifica-
tion for sympathectomy, the only hope of improvement
lying 1n the possibility that the operation may bring about
an improvement 1n the collateral circulation by producing
vasodilatation 1n vessels not as yet involved 1n the disease
Those, on the other hand, who believe that spasm plays a
part in the =tiology advocate sympathectomy 1n the earliest
stages of the disease 1n the hope of arresting 1ts progress

At the present time we do not know enough about the
pathology of thromboangitis obliterans to decide which of
these views 1s correct, but the problem 1s one in which
cliucal research 1s likely to prove of extreme value If 2

7
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sertes of pattents be tahen, and 1n every case the history be
carefully analyzed, and the capacity for vasodilatation be
determined by spinal anzsthesia before operatton, and if the
result of operation be followed up for a petiod of five years,
the correlation of the “follow-up ” and the ptreoperative
data should provide information not only about the value
of sympathectomy, but also about the nature of the disease
A longer pertod of observation may prove to be necessary,
because 1t 1s well recognized that the progress of the disease
may be arrested for some months, or even years, without
treatment , but seeing that 1f untreated the disease so frequently
produces gangrene within five years of its onset, the ieffect
of the operation upon its progress 1s likely to be known
by the end of the five-year petiod

Such a seres of observations 1s being made by Telford
and Stoptord For the preoperative sutface temperature
observations they choose the thin shin over the instep, the
temperature of which rises 8° to 10° C 1 a normal
1ndrvidual under spinal anesthesta  In one of their patients,
2 man forty-one years of age, the rise of temperature was
64° C 1n the tight foot and 58° C in the left The
result of sympathectomy was entirely satisfactory and
the pattent returned to work In another, 2 man fifty-nine
years of age, the rise was 1 6° C 1n the right foot and 0 9° C
i the left ‘The result of sympathectomy was some im-
provement 1n the right leg, but the left had to be amputated
for gangrene two months afterwards  These cases are quoted
as typral examples of the expertences described by these
observers, whose results (1933) may be summartized by
saying that, of their 16 patients, g are free from pain and able
to walk well, 3 showed relief of pan but little increase 1n
worhing capacity, and 4 showed no imptovement or re-
quired amputation

The teturn of pulsation in vessels 1n which the pulse has
been absent before operation 1s not to be expected, since
such vessels are completely obliterated by organized clot,
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and the beneficral effects of the operation must be due to
dilatation of unobliterated vessels The eatlier 1 the dis-
ease and the younger the patient, the better will be the sesult
of sympathectomy, for the fibrotic changes 1n the vessels
due to the disease and to advancing years will then be
mimumal

Our own expertence 15 much less extensive and less
fortunate than that of Telford and Stopford

Our first patient was a man thisty-one years of age, born
1n Dundee of Scottish parentage  The disease appeared
July, 1929, as an onychia of the left little toe-nad, and pro-
gressed steadily till Tus left leg had to be amputated above
the knee 1n Novembet, 1930 In December, 1930, he com-
planed of burming pain 1n the toes of the nght foot exactly
simular to the pan he had expertenced on the left side
Examination 1n February, 1931, revealed 2 cold blue clammy
nght foot, with no pulsation 1n the dorsalis pedis or posterior
tibial artertes

Lumbar ganglionectomy was performed on the right side
on February 17, 1931, and although after the operation the
pan in the foot was relieved and the temperature of the
extremuty rose several degrees, the pain returned 1n May,
gangrene of the toes appeared in June, and on July 15 the
right leg had to be amputated

The artettes of the amputated leg were injected by Professor
Woollard withbarium emulsion, and skiagrams showed obliter-
ation of the atterial supply to the toes, and extreme narrowing
of all the vessels below the popliteal Histological examina-
tion showed such advanced vascular disease that the reason
for the failure of sympathectomy was obvious

This was an nstance of the disease 1n 1ts most virulent
form, and perhaps we ought not to have been as discouraged
by the result of operation as we were But we did not
attempt to treat any other patients until 1933, and these
cases ate too recent to use as evidence of the value of the
operation, though we have reason to believe that it may be
of real value 1n the treatment of propesly selected cases of the
disease  Even in these, however, disappontments sometimes
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occur stmply because of the nature of the disease with which
we have to deal

One of our patients, 2 man aged forty-five, came to us
because of claudication after walking less than 2 hundred yards,
and of severe pain in the feet even when at rest i bed
However, the pulses were palpable in both dorsalis pedts
artertes and 1n the nght posterior tibial artery , and under
spinal ansthesia the temperature of the toes rose from z0°
to 31°C, and of the insteps from 23° to 30°C, the
colour of the shin improved to a remarhable degree, and
the pulses became stronger It was noted that though all
temperatures rose to an equal extent, the readings on theleft
side were all about 1° C higher than on the right  Bilateral
lumbar ganglionectomy was therefore performed with a
most gratifying immediate result, and the patient walked
out of hospital three weehs after the operation 1n comfort
When he had been at home for one week he expernienced
2 sudden pamn in the left leg and foot, and within a few
minutes the foot became cyanosed and cold He returned
for examunation five weehs after operation and presented
a very stuling clinical picture  The night foot and leg
were pinh and warm and comfortable, just as they had been
ever since the operation had been performed, but the left
foot and the distal half of the leg were cold and cyanosed,
and no pulsation could be detected 1n any of the vessels
He complained of great pamn 1n the left foot, and 1t was clear
that 1n spite of sympathectomy the disease in the left leg
had progtessed to complete obliteration of one of the matn
vessels, probably the posterior tibial artery

Such complications ate mevitable without operation, and
thetr occurrence in the apparently favourable cases after
operation should not deter us from offering patients surgical
treatment, which would appear at present to afford the best
chance of hindering the progress of the disease, and of
delaying the appearance of its complications It sometimes
happens, t0o, that even when the demonstrable improvement
1n the cireulation and function of the limb appears trivial, the
patient may obtam relief from the patn which had previously
been expertenced while at rest
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Adson® stresses the importance of a course of medical
treatment prior to operation if the disease shows signs of
acuvity He holds that susgery 1s contra-ndicated if arterial
thrombosis 15 extending , and unless the disease 1s already
quiescent, treatment with rest, warmth, baths, hypertonic
saline, and foreign protetn 15 to be carried out for a period
of at least four to six weehs, or for as long as 15 necessary
for ulcers to heal and for gangrene to become demarcated
Out of 240 cases at the Mayo Clinic, 150 recetved medical
treatment and go were operated upon  Figures are published
to show that—

'
Of untreated cases, 25 per cent require amputation,
Of those treated medically, 14 per cent require amputation,

and

Of those treated surgically, 5 per cent require amputation

It 15 to be presumed, however, that circulatory tests before
operation would eliminate the worst cases, which would
not be operated upon, and though there 15 little doubt that
operation has benefited 2 considerable proportion of these
pattents 1t 15 difficult to express the value of sutgety accurately
by figures Over 8o per cent of those operated on by
Adson were able to return to work, with cessation of the
disease process 1n the less affected extremuty

Chronic Arthritis —Sympathectomy for chromic arthritis
1s limited to the treatment of patients whose extremties
show cold and clammy skin, with atrophy and contracture
of the muscles In such individuals improvement follows
the increase in the peripheral circulation produced by warmth,
and the value of the operation would seem to lie 1n 1ts pro-
ducing prolonged vasoduatation instead of the transient
change which accompantes treatment by heat The senile
form of osteoarthritis affecting one large joint, and assocrated
with gross bony changes, 15 unsuitable for sympathectomy ,
but the operation 1s indicated 1n the polyarticular rheumatotd
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variety, especially when the jomnts mvolved are those of the
hands or feet, and the wiists or ankles

What usually happens 1s that while the patient 15 1n bed
after the operation there 15 2 remarhable improvement, with
immediate and almost complete reltef of pain  Then during
the convalescent period there 1s often a relapse, which may
be discouraging unless it 1s realized that with a continuation
of phystotherapy, exercises and massage a gradual imptove-
ment extending over many weeks or months 15 to be expected
Hete, agan, the selection of suitable cases 1s greatly assisted
by testing the effects of heating the body, ot of spmal
anazsthesta, those showing the greatest improvement in the
peripheral circulation being those most likely to denve
benefit from the operation

It must not be 1magined that the more proximal joimnts of
the limbs cannot be improved, for we have observed a most
gratifying result 1n chronic arthritis of the shoulder-jomnt
1n 2 woman aged fifty-seven years  For eight months there
had been gradually increasing pamn and stiffness in the right
shoulder and wrist following a period when the arm had
been 1mmobilized for the treatment of an njury to the hand
When she came to us there was pamnful limitatton of move-
ment 1n all the jomts of the right upper limb, with muscular
wasting, but no nerve lesion  She was unable to write or
to work, and the most serious complamt was the pain 1n
the nght shoulder Immediately after right cervicothoracic
ganglionectomy the warm right arm felt more comfortable,
and three months later she was able to do her usual house-
work, movements of the shoulder-jomt were full and pamless
and she was able to wrte There has been no recurrence
of the trouble, and she temaimns well three years after the
operation

Pohomyehtis —Apart from the loss of power mn the
voluntary muscles and the deformities resulting therefrom,
the treatment of which lies 1 the domamn of orthopzdics,
two other conditions frequently observed among the after-
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effects of acute anterior poltomyehitss have been treated with
success by sympathectomy—namely, the rmpatrment of the
arculation and the shortening of the paralyzed lunb  The
affected extremity 15 2lways colder and bluer than its healthy
fellow, but not infrequently complications, such as chilblains,
sotes or even deep ulcers, appear 1n the cold weather and
necessttate treatment tn bed for weehs or months

The cause of this arculatory fatlure 1s obscure  There
1s no evidence that the disease involves the grey mattet
of the lateral horns which supply the preganglionic fibres
of the sympathetic outflow, and even if 1t were diseased
this would presumably lead to abolition of the vasocon-
strctor function of the sympathetic neurons, and the Iimb
would not be cold  There 1s nothing to favour the sugges-
tion that vasodilator fibres ate affected either directly by the
disease, or as the result of some reflex intetference , and the
most likely explanation seems to be that the penpheral
circulation 1s poor because the mactive muscles fail to pro-
duce the metabolites which are essential for the mechanism
controlling the normal circulation  Sympathetic ganglion-
ectomy may be of value, not because the opetation abolishes
2 vicious over-action of the sympathetic, but because para-
lyzing the vasoconsttictor nerves 1s one means of producing
vasoddatation If 1 tume the paralysis of the vessel wails
thus induced passes off and there 1s 2 tecovery of vascular
tone, the benefictal effect of the operation will be diminished
or lost

Here again 1t 15 1mportant to catry out the observations
of shin temperature of the affected extremity when the body
1s warmed or 2 spinal anmsthetic 15 administered, 1n order
to determune the cases which are smtable for operation

Ogivie” 1n a compsehensive teview of the present
posttion of sympathectomy in the treatment of poliomyelitss,
publishes four of his own cases, m all of which impfrove-
ment occurred immediately after the operation Omne of
these patients had a recutrence of ulceration 1n the winter
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following the operatton, and 1t may be that her vessels, 1n
the coutse of paralysis lasting forty years, had suffered some
organic obliteratrve change, but such relapses have been
recorded by other observers, and in younger pattents the
relapse must be due to recovery of vascular tone

When the lower extremity 1s involved, the operatton to
be petformed 1s the lumbar ganglionectomy described for
the treatment of Raynaud’s disease, but as only one leg
may be involved, it 1s often an advantage not to open the
peritoneal cavity, but to perform the operaton by the
lurnbar approach

In addition to the poor circulation, the shostening of the
affected lunb may be improved by sympathectomy Thete
15 2 certan discrepancy between the results of ammal expert-
ment and of operations upon patients, whether suffering
from poliomyelitis or not Bisgard, experimenting on
young kid goats, showed that bone growth was unaffected by
sympathectomy, and this finding conforms with Cannon’s ob-
servations on infant rats and kittens after hemusvmpathectomy

Harris,™ however, has observed lengthening of a limb
deprived of 1ts sympathetic supply when this operation has
been carried out for poliomyelitts  Also after left lumbar
ganglionectomy for megacolon, when there had been no
preoperative abnormality of the limbs, he noted that the
left leg subsequently grew more rapidly than its fellow
Ogilvie and others have also observed this gain in length of
the affected Isimb in poliomyelitss, and the mportant thing
15 that 1f some length 1s once gained 1t cannot be lost agan,
even though the vascular benefit may not be permanent

Scleroderma —The term scleroderma includes at least three
different sub-groups of the disease, only one of which 1s
likely to dertve any appreciable benefit from sympathectomy

True scleroderma may be diffuse, affecting the shin of
the whole body more or less uniformly , or 1t may be circum-
sctibed, when rounded or oval patches of indurated skin
occur on the chest or limbs without any obvious cause for
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the distribution of the lestons The stiffening of the skin
usually comes on msidiously and without any associted
local vasomotor phenomena, and these forms of true sclero-
derma are so unlihely to be improved by sympathectomy
that the operation does not scem to be justifiable

There 1s 2 third group, however, 1n which vasomotor
phenomena of the “ Raynaud ” type occur 1n the shin of
the exposed parts of the body, the shin so affected subse-
quently losing its soft texture and sts elasticity and acquiring
the characteristic appearances of scletoderma  The peculiar
distribution suggests that exposure to cold produces the
vasomotor changes which lead to the hardening of the shin

In such cases the usual tests should be carried out to
determine the degree of spasmodic as opposed to organic
occluston of the vessels, and should the tests show a satis-
factory mise in the temperature of the shin of the affected
part with sympathetic inhubition or paralysis, then sym-
pathectomy may be carried out with a reasonable hope of
success The stretched appearance and puckering of the
shin which characterize the disease are lost after the operation,
and 1n many cases the natural smoothness and softness
feturn, and, instead of being white, the shin recovers its
normal pinkish hue If, however, the skin temperature
tests are unsatisfactory, 1t means that orgamc vascular disease
has become supenmposed upon spasm, and improvement
after sympathectomy cannot be anticipated
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CHAPTER III

SYMPATHECTOMY FOR DISORDERS OF THE VISCERAL
MOTOR MECHANISM

1 Almentary Canal —The modern conception of the
control of mntestinal movement may be sud to date from
the work of Bayhss and Starling on petstalsts, published 1n
1899, when they showed that pemstalsis 15 2 co-ordinated
reflex 1n which a wave of contraction, preceded by a wave
of telaxation, passes along a hollow viscus  The stimult
which give tise to normal penstalsis ate largely mechamcal
and chemcal from the food being conveyed along the
intestine, and 1t 15 believed that the reflex path lies n
Auerbach’s and Metssner’s plexuses, the anatomical con-
nections of which have recently been studied 1n great detail
by Catherine Hill* Nerve fibres which are believed to be
afferent, conveying impulses arsing from stimulation by the
food, pass from the intestinal villi into the plexus 1 the
muscle layers , and extrinsic fibres from the vagus and sacral
autonomucs (patasympathetic nerves), and from the sym-
pathetic, also terminate 1n this intermuscular plexus

It 15 hnown from physiological expetiment that stymulation
of the parasympathetic nerves increases the tone of the
intestine and renders its movements more active, whereas
stimulation of the sympathetic dimunsshes tone and atrests
penstalic movement But it has also been shown that
penstalsts can go on after all the extrinsic nerves of the
intestine have been severed , and according to Gunn it 1s
possible for mntestinal muscle to contract rhythmucally even
after its intrinsic plexuses have been stripped off

It has long been thought by chinicians that, although
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antmal expertments mught tend to show that the gut may be
capable of acting satisfactortly when deprived of its netve
supply, 1n man the control of tntestinal movement through
the extrinsic netves 1s 4 more impottant factor, not only 1n
certain reactions which take place 1n normal individuals,
but also 1n the phenomena of disease  Surgical expetience
gives support to this view, and the success of surgical
operations on the extrinsic nerves suggests that these are
more tmportant than phystologists have made them out to
be  The truth probably lics somewhere between the two
extremes, and 1t may well be that intestinal movements
will take place even if the extrinstc nerves have been severed,
but the function of these netves 1s to regulate intestinal
movement by acting upon the intrinsic plexuses It may
be mentioned hete that the plural 1s used deliberately, for
although Bayliss and Starling belteved Auerbach’s plexus
to be the only structure controlling the myenteric reflex,
evidence has since been brought forward to show that
Messnet’s plexus 1s also of importance in this respect

The conception of a co-ordinated reflex underlying pert-
stalsts must be extended to include the activity of the
sphincters, the true sigmificance of which was pointed out
by Keith 1n 1903  Since that date much experimental and
clinical worh has been devoted to the study of the sphincters
of the alimentary canal, mote especially by Elliott and by
Hurst 1n this country  Keith’s view 1s that i the situa-
tions where sphincters are recogmzed, and particularly at
the cardiac onifice of the stomach, the pylorus, the terminal
tleum and the descending colon, there are aggtegations of
what he has called ““node tissue,” sumular to that of the
auriculo-ventticular bundle 1n the heart He has described
this as tissue 1n which the cells of the nerve fibres become
continuous with muscle fibres, so that 1t 1s hard to say
whete nerve cells cease and simple muscle cells begin Tt 1s
thus intermediate between non-striped muscle and sym-
pathetic nerve tissue, and 1s endowed with automatic power
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of onginatag contsactile umpulses and muscular move-
ments

In 1895 Langley and Andetson demonstrated that stimu-
Jation of the lumbar sympathetic gangla caused mhibition
of pensstalsis, with dilatation of the colon 1nd contractton
of the internal rectal sphincter, and 1 xg9o4 Elhott showed
that the tone of the tleo-cecal sphincter depends upon its
sympathetic nerve supply, for section of the splancharc nerves
was followed by permanent relaxaton of the sphincter,
so that the contents of the small and large 1ntestines inter-
mngled I this be tme for one of these sphuncters it 15
Iikely to be true for the others, and this assumption has been
justified by the results of the operations to be described Jater

Twenty years ago intestinal stasis was evplamned by the
leaders of surgical opinton on mechanical grounds The
intestine was regarded as a tube subject to abstruction by
\unlung, which caused subsequent atony of the portion
proxmal to the hunk  Discussing this subject 1 a paper
published 1 1915, Keith® wrote “I am convinced that 1n
the great majority of cases which are classified under the
somewhat clastic term of “intestinal stasis® the symptoms
do not tesult from an atony of the musculatute of the bowel,
but from 2 hypestonacity of those parts which are normally
1n a state of tonic contraction, such tracts as the termunal
part of the rleum, and all that part of the colon which ltes
between the mud-pomt of the ttansverse colon and the
junction of the thac with the pelvic colon™  He suggested
that the node tissue mught be normal 1n iself, but over-dosed
with adrenalin, or subject to some other over-stimulation

In spite of Keith’s plea to regard the colon as a neuro-
muscular organ rather than as a sewage pipe, neatly fifteen
years had to elapse before surgeons thought of applymg his
1dess to practice  Even then the notion of operating upon
the sympatbetsc system to nfluence bowel movement seems
to have ongwated 1n an accidental, or at least inadental,
abservauion by Royle, who noted that when he had operated
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upon the lumbar sympathetic trunks for the treatment of
spastic conditions of the legs, certamn of his patients who had
previously suffered from chrontc constipation were relieved
of this condition

The case for the neurogenic origin of megacolon has been
well argued by Adamson and Aird,® who dismiss the
mechanical theory because of the not infrequent occutrence
of an assoctated dilatation of the bladder, which 1n their view
can be accounted for only by some abnormality 1n their
common nerve supply They also describe expeniments
1 which megacolon was produced by cutting the nervi
engentes, thus upsetting the normal balance between sym-
pathetic and parasympathetic functions, and creating a
relative excess of the sympathetic activity

Assuming, then, that over-action of the svmpathetic supply
to a portion of the alimentary canal could lead to mhubition
of the viscus and contraction of 1ts sphuncter, with consequent
stasts of 1ts content, two problems still reman for solutson
before surgical treatment can be decided upon  ‘The first
problem 15 the climical recognition of the conditions which
are undoubtedly due to sympathetic over-action, and the
second 1s the detetmmation of the nerves which have to be
divided  The success which attends svmpathectomy in 2
propetly selected case of constipation 1s to be regarded
prophetically as a menace to the future of the surgery of
the sympathetic system , for the nisk of indiscrimnate use,
which 1s, 1 fact, the abuse of the best operations 1n surgery,
15 well known

Selection of cases sustable for sympathectomy will involve
first of all the exclusion of all those cases of constipation
which fall mto the already well-recognized groups, and
which yield to appropriate medical treatment

To this ““negattve ” evidence may be added citcum-
stantral evidence 1f manifestattons of sympathetic over-
activity occur 1n other parts of the body It may be that
as our surgical observations accumulate we may be able to
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amplify and rectify the conception of sympatheticotonta put
forward by Eppinger and Hess 1n 1909  Further reference
to this subject will be made tn the detaded description of
some of our own cases, but by way of sllustration it may be
mentioned that 1t 15 not uncommon to find that 1n addition
to severe conmstipation, 2 patient may be suffening from
mhibition of bladder activity, tachycardia, and a tendency
to peripheral vasomotor instabiity It may be recalled that
1n Penfield’s case of diencephalic epilepsy constipation was
2 promunent feature

Positive evidence of sympathetic over-action 1n any seg-
ment of the intestine may be difficult to establish, and even
the conditton commonly referred to as achalasta, which
appedrs at first sight to be a clear instance of such over-
action, becomes on closer investigation 2 matter of real
difficalty The term achalasia 1s applied to cardiospasm and
to congenital hypertrophic stenosts of the pylorus, yet mn
one thete 1s no hypertrophy of the muscle of the sphincter,
wheseas 1n the other it 15 the outstanding featuze  Achalasia
15 used to describe the state of the pelvi-rectal sphincter 1n
Hirschsprung’s disease, when there appears to be evidence
of over-activity of the sympathetic, yet 1n cardiospasm 1t 15
thought that the sphincter remains closed owing to mefficient
inhubitton by the vagus, and 1t 15 doubtful whether the
sympathetic s mvolved  Till such ambigutties are removed
and our knowledge of sphincteric control in general and of
the nerve supply of every sphincter individually 15 consider-
ably augmented, 1t will be difficult to decide for certain
beforehand whether sympathectorny 15 1ndicated or not
Herem lies a fruitful field for surgical research At present
the most we can attempt 1s to determine, any portion of
the gut having 2 dual supply from the antagonistic para-
sympathetic and sympathetic systems, whether thete 15
evidence of a disturbance of the phystological equilibrium

between the two systems, with a preponderance of the
sympathetic element



112 SYMPATHETIC NERVOUS SYSTEM

When such a preponderance exists the experiment of
sympathectomy 1s justifiable, but the success of the exper-
ment as a therapeutic measure 1s not assured, since other
factors, such as the contractile power of the intestinal muscle
and the functional capacity of the parasympathetic supply,
have to be tahen into consideration The sympathetic 1s
sometimes referred to as a brake mechanism 1n the intestinal
and urinary tracts, but 1t 1s clear that mere removal of the
brake will not produce movement unless the motor mechanism
1s capable of function  In the intestine this motor mechanism
can be damaged by interference with the nutrition of the
musculature, or by lesions of the myenteric plexuses or of
the parasympathetic nerves

The most accurate information we are able to obtamn
at present with regard to the part played by the sympathetic
1n the production of mtestinal stasis 1n any given case comes
from observation, under the X-ray screen, of the effect of
spinal anzsthesia upon the movements of the bowel filled
with bartum  This method of studying the effect of para-
lyzing the sympathetic supply to the bowel was introduced
by Scott and Morton* 1n order to forecast the result of the
operation of sympathectomy The spinal anzsthetic might
be expected to paralyze all the nerves passing to the bowel,
motor as well as inhibitory , but the 1ncrease 1n penstaltic
activity which 1s so frequentlv observed must be taken to
show either that the drug has a predominant effect on the
finely medullated sympathetic fibres, or else that the intrinsic
motor mechanism of the bowel 1s capable of carrying on
1ntestinal movement provided it i1s not impeded by the
sympathetic  The relaxation of the sphincters which results
from sympathetic paralysis also helps to explain the rapid
passage of bowel content after the admimistration of a spinal
anesthetic  This increased actvity of the colon under

spinal anzsthesta casts some doubt upon the importance
of the parasvmpathenc supply to the greater part of the
large 1ntestine, and as regards megncolon 1t seems to give
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suppott to the view that this condition 15 due to a true
excess of sympathetic activity
The second problem which has to be faced 1 planning
surgical treatment 1s the determunation of the particular
nerves which must be divided 1n order to denervate the viscus
1n question without impairing the function of any others
It 1s remarhable how seldom any sertous disability results
from the removal of constderable portions of the sympathetic
system, even portions which we have believed to be of the
greatest mportance in the bodily economy, and at times
one 15 tempted to wonder whether there canbe such a thing
as sympathetic insufficiency It may be that perpheral
mechamsms capable of automatic action remain to heep up
the function of apparently denervated organs, but 1n spite of
such arguments to the contrary 1t 15 wise to attempt to pre-
serve intact as much of the sympathetic system as possible
Information about the anatomical distribution of the
sympathetic nerves to the viscera 15 gradually accumulating
as the result of pamnstahing dissectton, and from the careful
scrutiny of surgical material  Since the nerve supply to
the large intestine and to the pelvic organs 15 perhaps better
known than that to the upper portions of the alimentary
canal, denervation of the colon will be discussed first, and
later a brief reference will be made to the operations which
have been performed on the netves supplying the stomach
(1) Colon —The most important sphincter 1n the colon
1s at the pelvi-rectal flexure  In 1833 James O’Betrne drew
attentton to the function of this flexure, pointing out that
under normal conditions the feces ate held up 1n the pelvic
:;‘;1;!: d?:tdldobifot pass beyond the pelvi-rectal junction till
throngh teh Z o oti gefa:cgnon Symington cut secttons
g of the cr. c“i: ody aln ﬁv‘;as thus able to show a thichen-
as a tesult of pos :bmusc e fibres at this point, and Hurst,
the opaque meal E servations with the sigmordoscope and
2 true sphymete i; as recotded his belief 1n the existence of
T here, of which the action s assisted by the
Y
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acute angle formed between the dependent and mobsle pelvic
colon and the fixed rectum W ] Mayo has added futther
evidence 1n support of the presence and activity of this
sphincter by pointing out that 1n the last two inches of the
pelvic colon the mucous membrane, mstead of formung the
usual cireular folds around the lumen of the bowel, lies 1n
longitudinal folds as though 1t had been puckered by a
constricting force

In the normal ndividual after a meal, usually after the
same meal every day, as a result of the gastrocolic reflex, a
wave of perstalsts travels along the colon, the obstruction
at the pelvi-rectal flexure 1s overcome, presumably as a result
of relaxation of the sphincter, and the pelvic colon empties
itself mto the rectum  The sudden stretching of the rectal
musculature gives s1se to the call to defecation (Hurst)

Achalasia of this sphincter appears clintcally either as a
sevete form 1in children, which was described 1n 1886 by
Hirschsprung of Copenhagen, or as 2 mulder degree of the
same condition of megacolon which 1s not detected 1n early
yeats and 1s compatible with a surprsingly good state of
general health  Both in children and 1n adults the disorder
15 associated with enlatgement and hypertrophy of the
colon, espectally of the pelvic portion, and 1t 1s when hyper-
trophy 1s sufficient to overcome the action of the unrelaxed
sphinctet that symptoms may be mashed  Insome cases there
may be also achalasta of the internal sphincter of the rectum,
this portion of the bowel then participating 1n the dilatation

Apart from the cases which appear i infancy and child-
hood, a second group may be recognuzed, occurring in females
much more commonly than in males, being charactertzed
by increasing constipation, and very frequently accompanted
by a well-marked defect 1n micturiion  Menstrual 1rregu-
Jarities ate not uncommon 1n such patients, and the uterus
1s often of the mfantile type  The constipatton increases
to such an extent that the patient’s whole life becomes
devoted to the requirements of the bowel, uwatil finally
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there 1s Iittle tsme and less snclinatton for any other interests
Only by copious enemata can any action be obtaned, and
if nothing 15 done to asssst the bowel 1t may fail to act for
over 2 week

It 15 sometimes stated that the condition may atise a5 a result
of an operation upon the utcrus, and the suspicion that
certain nerves have been interfered with at the operation
may be aroused It 1s more likely that the utenne condition
1s an associated phenomenon for which an tll-advised but
anatomtcally harmless operation has been undertaken while
the bowe] condition has gradually been assuming the dominant
dle In one of our patients constipation was alleged to
have appeated six months after hysterectomy for menorthagia
But she had been 1n hospital on several occastons during the
seven years prior to the hysterectomy, and the records made
during these previons admissions prove that a severe degree
of constipation was present at least for the whole of that
pertod

Clhmical Features of Megacolon and Intestinal Stasis —
The chnical picture of megacolon as it appears 1n infancy
and childhood needs no elaboration, for the severe constipa-
tion and abdominal distension cannot be confused with any
other disease A barum enema will show the amount of
bowel 1nvolved

When 1t occurs 10 adult life there may or may not be any
considerable degree of dilatation of the gut  There 1s reason
to suppose that some of the cases may be a mild form of the
congenital defect, mild enough, 1 fact, to have escaped
recognition 1n childhood  All the adult cases are included,
however, under the heading “ mtestinal stasis,” and they wall
probably have to temain so grouped till the features distin-
gusshing the true Hurschsprung type from the adult cases of
ntestinal stasis can be more accurately determined

The feature which 1s 1nvarably present 1 constipatton,
which becomes progressively worse over a pertod of months,
or more commonly years, being unrelieved by apertents or
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acute angle formed between the dependent and mobile pelvic
colon and the fixed rectum W J Mayo has added further
evidence 1n support of the presence and activity of this
sphincter by pomnting out that in the last two inches of the
pelvic colon the mucous membrane, mstead of forming the
usual circulat folds atound the lumen of the bowel, lies 1n
longitudinal folds as though 1t had been puchered by a
constricting force

In the notmal mdividual after a meal, usually after the
same meal every day, as a result of the gastrocolic reflex, a
wave of petistalsis travels along the colon, the obstruction
at the pelvi-rectal flexure 15 overcome, presumably as a result
of relaxation of the sphincter, and the pelvic colon empties
itself 1nto the rectum  The sudden stretching of the rectal
musculature gtves tise to the call to defecation (Hurst)

Achalasia of this sphincter appears chinically esther as a
sevete form in children, which was described 1n 1886 by
Hirschsprung of Copenhagen, or as a mulder degree of the
same condition of megacolon which 1s not detected 1n eatly
years and 1s compatible with a surprisingly good state of
general health  Both 1n children and in adults the disorder
15 assoctated with enlargement and hypertrophy of the
colon, especially of the pelvic portion, and 1t 15 when hyper-
trophy 1s suffictent to overcome the action of the unrelaxed
sphincter that symptoms may be masked  In some cases there
may be also achalasia of the internal sphincter of the rectum,
this portton of the bowel then participating 1n the dilatation

Apart from the cases which appear m infancy and child-
hood, a second group may be recognized, occutring in females
much more commonly than in males, bemng characterized
by incteasing constipation, and very frequently accompanied
by a well-marked defect 1 mucturitton  Menstrual irregu-
larities ate not uncommon tn such patients, and the uterus
1s often of the infantile type The constipation increases
to such an extent that the patient’s whole hfe becomes
devoted to the requirements of the bowel, until finally
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purgatives  The only method of stimulating the muscle of
the colon to contract with power sufficient to overcome the
umnhibited sphincter 1s the admumstration of enemata
Flatulent distension 1s a common symptom, and on examina-
tion the abdomen i1s seen to be distended, the distension
being due partly to feecal accumulation, but largely to gas
This gives rise to constant discomfort, but when the bowel
has not acted for several days there may be severe pan and
vomiting, and the picture becomes one of acute intestinal
obstruction

If a batrum meal be given and followed through mnto the
latge mtestine, constderable delay 1n the onward passage of
the bartum will be obsetved, and finally the meal becomes
held up, usually 1n the transverse or descending colon It
may remain 10 this position 1n spite of large doses of purga-
tives, and repeated lavage may be required to clear the batum
out of the bowel Distension will not be observed mn all
cases, and when 1t 1s present it may be taken to indicate 2
late stage of the disease accompanied by vascular engorge-
ment and resultant falure 1 the process of absorption of
gas from the 1ntestinal lumen  Thus the 1nability to demon-
strate distension of the colon by means of 2 barum meal
does not 1nvalidate the diagnosis

A bartum enema will run into the bowel without appatent
obstruction, and 1t commonly shows a greater amount of
dilatation of the colon than 1s apparent with a batium meal
But the most significant featuse 1s the absence of the normal
sensatton 1n the bowel during the enema examunatton, for
puat after pint of bartum emulston can be adminsstered without
any complaint of a feeling of fulness or distenston  Seven
pints were run into the bowel before the X-ray picture
shown 1 Fig 34 was tahen, yet the patient, who was only
fourteen years of age, suffered no discomfort

The cructal test of inducing splanchnic paralysis by means
of spinal anzsthesia 15 then carrted out  The colon having
been filled with bartum emulsion, the patient 1s turned over






PLATE \

F16 34 —Mroacoron  Barsup Eneva (SEvEN Pinvrs) GIVEN RITHOUT
Discovrort

Note the flacad smooth walled descending colon showing no sign of
pensstalsis

Toface Fig 35 beheoenf ges ta d



PLATE \I

Fic 35 —MrGAcOLON PrctuRE TAREN A Few Minutes AFTER FIG 34

A SPINAL AN ESTHETIC HAVING DBEEN ADMINISTERED IN THE
INTERV AL

A penstaltic wave passing down the descending colon has reached the
syymoid colon  Barum was being expelied from the rectum
Note especrally narrowing of the descending colon, and the deep
indentations of the colon and rectum produced by peristalsss

[Toface It 34
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on the left side and a spinal anesthetic 15 mjected 1n a dose
sufficient to produce analgesia as high as the umbilicus
If, as a zesult of this procedure, the previously inert bowel
contracts, then the operation of sympathectomy should be
proceeded with

The patient whose shiagram 15 reproduced 1n Fig 34
was given such a spinal anxsthetic, and within a short space
of time she complained of a colichy pamn, a wave of peristalsis
was seen to pass along the colon, and a large quantity of the
barlum cmulsion was espelled from the rectum  Fig 35
gives a poor impresston of the inerease 1n the activaty of the
colon, for a cinematographic record would be required to
do 1t justice,, but the pemstaltic wave has passed down the
descending colon and can be seen n the upper part of the
sigmoid colon

Anatomical Considerations —When the decision to deprive
the colon of its sympathetic nerve supply has been made,
the next step 1s to determine which nerves must be divided
1n order to achieve this object The portion of the colon
1avolved 1s that nourished by the inferior mesenteric attery
Thus vessel 15 surrounded by a plexus of sympathetic fibres
ansing partly from the aortic plexus, but largely from the
lumbar trunks by way of the lumbar splanchmc netves
The inconstancy 1n the arrangement of the Jumbar ganglia
has been referted to 1n an earlier section, but as a rule there
are two farge branches from each trunk, the lumbar splanchnic
nerves, issuing from the second and third ganglia, and
passing medially and downwards to form the lateral roots of
the presacral (hypogastric) nerve, through which the rectum,
bladder and other pelvic viscera recetve their sympathetic
supply Each lateral root of the presacral nerve gives
branches to the inferior mesenteric ganglion and the plexus
which sutrounds the inferior mesenteric artery, and the
sympathetic fibres contained 1n this plexus accompany the
branches of the astery to the bowel (Fig 36)

Learmonth, expertmenting on dogs, has been able to show
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that section of these sympathetic nerves accompanying the
nfertor mesenteric artery leads to immediate increase of intra-
colonic pressure, and may lead to increased amplitude of

contractions 1n the colon
4

1“‘% %’:5’””“

)
)
i m )

aortic Flexus

F16 36 -—A DissEcrioN OF THE PREAORTIC PLEXUS, AND OF THRE
SerancsNic BRANCHES OF THE LuMBAR GANGLIONATED TRUNKS
WHICH Pass MEDIAriy TOWARDS THE FRONT OF THE AGRTA TO
FORM THE INFFRIOR MESENTERIC PLEXUS AND GANGLION, AND
THE HypoGASTRIC (PRESACRAL) NERVE

Note the numerons bundles passtag downwards and medully to con-
verge below the ongin of the 1nferor mesentenic arery, and also
how sympathetic fibres ensheathe the artery and are distnbuted
along its branches

For many years 1t has been accepted that the left side of the
colon fecetves its motor supply from the sacral autonomics
(S 2, 5and 4), but, untl the publication of Stopford’s recent
woth on this subject, nothuing was known about the path
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these netves follow to reach the colon  Stopford has been
able to show by dissection that the sacral fibres travel 1
the nervi cngentes (pelvic nerves), through the pelvic
plesuses and up the presactal nesve as far as the ongn of
the infersor mesenteric astety, where they curve downwards
agan at an acute angle to join the plewus whach surrounds
the inferior mesenteric astery  Sympathetic and parasympa-
thetic neryves to the left side of the colon thus mect at the
ongwn of the inferior mesentenic artery, the former coming
from above and the latter from below, both running the last
part of their course in company with the artety and its
branches The anatomucal path of these ascending sacral
fibres may be traced 1n Fig 36

Techmgue and Results of Sympathectomy —The first
sympathectomy operations for megacolon were those of Wade
and Royle,® who catried out an extensive ramisection of the
left lumbar ganghonated trunk, finally dividing the trunk
below the fourth Jumbar ganglion  Thus operation, slightly
modified 10 that ganghonectomy replaced ramusection, was
pracused by Judd and Adson,® Robestson,” and Bagot
Oldham® with remarhable success, for improvement both in
bowel movement and in X-ray appearances occutred in the
greater proportion of the reported cases, although only the
left lumbar trunk was operated upon These sutgeons and
others have carnted out bilateral lumber ganghonectomy
with good tesults, but the published reports give litle
indication that the removal of the nght trunk contributed
any apprectable benefit, though on anatomical grounds the
bilateral operation must be considered the more tational
procedute

The results of these operations may be summarwed by
sayng that some improvement m the action of the bowels
occurred 1n all the cases, and a certan number contimued
to have regular actions without aperients for pertods up to
t%o years after the operation  Suffictent time has not yet
clapsed for the late results to be koown  Wade has expressed
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that sectton of these sympathetic nerves accompanying the
nfertor mesenteric artery leads to tmmediate 1ncrease of intra-
colonic pressure, and may lead to increased amplitude of

contractions in the COIOn
] %\"‘? T
g‘éﬁéﬁ 1 5 i
i!m bl P eaortic Plows

Jnf Mesert: At

Fre 36 —A DissecrroNn oF THE PrEAorTIC PLEXUS AND OF THE
SerancHNIC BraNnCHEs oF THE LUMBAR GANGLIONATED TRUNKS
wHICH PAs» Mepiarry towarps THE Faont oF THE AoRrTA 1O
FORM THE INFERIOR MEeSENTERIC PrExUs AND GANGLION, AND
THE HYPOGAsTRIC (PRESACRAL) NERVE

Note the pumerous bundles passing downwards and mednlly to con
verge below the ongin of the inferior mesenteric artery, and also
how sympathetic fibres ensheathe the artery and ate distributed
along 1ts branches

For many years 1t has been accepted that the left side of the
colon recetves its motor supply from the sacral autonomics
(S 2, 3 and 4) , but, until the publicaton of Stopford’s recent
work on this subject, nothing was hnown about the path
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these nerves follow to reach the colon  Stopford has been
able to show by dissection that the sacral fibres trasel in
the nerv1 engentes (pelvic nerves), through the pelvic
plexuses and up the presaczal nerve as far as the ongmn of
the inferior mesentenic artery, w here they cune downwards
again at an acute angle to join the plexus which surrounds
the inferior mesentenic arterv Svmpathetic and parasvmpa-
thetic nerves to the left side of the colon thus meet at the
ongin of the inferior mesentenic arterv, the former comung
from above and the latter from below, both running the last
part of their course 1in company with the artery and 1ts
branches ‘The anatomical path of these ascending sacral
fibres may be traced in Fig 36

Techmique and Resulls of Sympathectomy —The first
sympathectomy operations for megacolon were those of Wade
and Royle,® who carried out an extensive ramisection of the
left lumbar ganglionated trunk, finally dividing the trunk
below the fourth lumbar ganglion  Thus operation, shghtly
modified . that ganglionectomy replaced ranusection, was
practised by Judd and Adson,® Robertson,” and Bagot
Oldham® with remarkable success, for improvement both 1n
bowel movement and 1n X-ray appearances occurred 1 the
greater proportion of the reported cases, although only the
left lumbar trunk was operated upon These surgeons and
others have carried out bilateral lumbar ganglionectomy
with good results, but the published reports give little
Indication that the removal of the night trunk contributed
any appreciable benefit, though on anatomical grounds the
bilateral operation must be considered the more rational
procedure

The results of these operations may be summarized by
saying that some improvement 1n the action of the bowels
occutred 1n all the cases, and a certain number continued
to have regular actions without apertents for pertods up to
two years after the operation  Suffictent time his not yet
elapsed for the late results to be hnown Wade has expressed
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the opinton that the cases may be divided 1mnto two groups,
one 1 which the colon shows gross dilatatton, hypertrophy
and wisible peristalsis, and 1n which the operation gives
excellent results , and the other 1o which hypertrophy of the
gut 1s not a marhed feature and 1n which only moderate
improvement 1s to be expected
It happens not infrequently that, though the bowel acts
datly duning the postoperative period 1n hospital, constipation
reappears after the pattent returns home  Thus has been noted
so often ‘when the final result has been satisfactory that the
occurrence of such 2 relapse should be taken to indicate the
necessity for more careful attention to the patient’s exercise,
habits, and diet, and perhaps for the admunsstration of mild
laxatives, for by such simple measutes regular bowel function
may be established After all, 1t must be remembered that
normal individuals need to take reasonable care to ensure
regularity 1n the action of the bowels , and nobody would wish
to clam for sympathectomy supernatural powers which
could transform the bowel of megacolon into a perfect
machine which, unlike the “ normal ”” colon, could be relied
upon to function smoothly for ever without any care or
attention
An attempt should be made to assess the physiological
effect of the operation by repeating the preoperative X-ray
nvestigations without, of course, the adminstration of a
spinal anesthetic  The usual finding 1s that the colon 1s still
dulated, though less so than before operation , that its contour
shows mote numerous and deeper haustrations, and that the
bartum meal passes more rapidly along the bowel, the time
taken for the meal to reach a given point approximating to
the normal
Many who have devoted special attention to the problems
of megacolon believe excision of the second, third and
fourth lumbar ganglia to be the best method of treatment ,
but others follow Ranhin and Learmonth® in carrying out
what 1s, 1n their opinton, a more radical sympathectomy
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This eatadds drviston of the presacral nerve over the sacral
promontory, and the stupptag of 1ts muddle and Iateral roots
offtheleft commoniliac
vem and the bifurcation
and antenor aspect of
the aorta as lugh as the
ougin of the mferior
mesentencartery  The
sympathetic fibres, con-
verging upon theonigin
of this vessel from
above and from the
sides, are all dnded,
and finally the proumal
inch of the astery 3s
completely bared, so
that all the sympathetic
aerves runmung with 1t
to the bowel are inter-
mpted (Fig .7) It
has been menttoned

Inf Mesenteric
Avtery

above that sacral auto-

nomic fibres ate also %
severed 1n this opera-

tton, and until we have

more direct evidence

segarding their tmport- \

ance 1t 15 difficult to P16 37 -~DIAGRAM TO INDICATE THE PoRr-
say whether 1t 1s right TIons OF THE Preaornc Puexus,
to sacrifice these fibres Inrerior MesenTERIC Prexus snD Pre~
© ke crn of ok Ko e Bt
utting il the sympa-~

thetic supply (Compare Fig 4,p 9)
In order to achteve complete sympathectomy without

damaging the parasympathettc supply, it tnight be preferable
to excise the second, thid and fourth lumbar gangha, or
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the opinton that the cases may be divided mto two groups,
one in which the colon shows gross dilatation, hypertrophy
and wvistble peustalsss, and 1n which the operation gives
excellent results , and the other 1n which hypertrophy of the
gut 1s not a marhed feature and m which only moderate
improvement 1s to be expected

It happens not infrequently that, though the bowel acts
daily during the postoperatsve petiod n hospital, constipation
reappears after the patient returns home  ‘This has been noted
so often when the final result has been satisfactory that the
occurrence of such a relapse should be taken to indicate the
necessity for more careful attentton to the patient’s exercise,
habits, and diet, and pethaps for the adminsstration of muld
laxatives, for by such stmple measutes regular bowel function
may be established  After all, 1t must be remembered that
normal individuals need to take reasonable care to ensute
regulanity 1n the action of the bowels , and nobody would wish
to clam for sympathectomy supernatural powets which
could transform the bowel of megacolon ito 2 perfect
machine which, unlike the “ normal » colon, could be relied
upon to function smoothly for ever without any cate or
attention

An attempt should be made to assess the physiological
effect of the operation by repeating the preoperative X-ray
investigations without, of course, the adminstration of 2
spinal anzsthetic  ‘The usual finding 1s that the colon 1s stifl
dilated, though less so than before operation , that 1ts contour
shows more numerous and deeper haustrations, and that the
barium meal passes more rapidly along the bowel, the time
taken for the meal to reach a given point approximating to
the normal

Many who have devoted spectal attention to the problems
of megacolon believe exciston of the second, third and
fourth lumbar ganglia to be the best method of treatment,
but others follow Rankin and Learmonth® 1n carrying out
what 1s, 1n their opinion, a more radical sympathectomy
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the distension was confined to the colon, mostly 1n 1ts distal
portion

Operation was performed on May 30, 1930, and conssted
of bilateral lumbar ganghionectomy and stripping the first
inch of the inferior mesentersc artery  From the day of
operation she began to pass her water at regular and more
frequent ntervals, and after she was allowed up her bowels
acted twice daily without aperients  Eighteen months later
her general health had improved greatly, she was less indolent,
and the abdomen showed no distenston The bowels
continued to act regularly with an occastonal apertent
Batium meal and enema examunations at this date showed
that the colon was less distensible and more active than 1t
had been before operation

The second case of congemutal megacolon was that of a
child fourteen years of age who sometimes went for six
weeks without an action of the bowels and had frequent
bouts of vomiting ~ Shtagrams of the barium enema examina-
tion are reproduced in Figs 34 and 35 (p 117) She pre-
sented the typical picture of Hirschsprung’s disease, and was
treated by excision of the inferior mesentetic plexus and
presacral nerve 1 November, 1932 The mmmedtate result
was diminution in the abdominal distenston and a regular
daly action of the bowel with iquid paraffin A report 1n
July, 1933, states that as a rule ““she manages without
medicine, and if her bowels miss one day she 1s given a
pull, which puts her right ”

Our patients with intestinal stasts were women, aged
thuty-eight and thurty-four, who both complained of long-
standing and steadily increasing difficulty with the bowels,
accompanted by frequent attachs of abdomunal pain, lassitude,
and ability to work on account of this conditton  Both
patients had mfrequent muctutitton owing to loss of the
normal sensation of fulness as umne accumulated 1n the
bladder, and both suffered from irregular  menstruation
Barum meal examinations showea gteat delay 1n the onward
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to diwde their splanchnic branches on both sides, and to
exase the preaortic plexus for an inch above the inferior
mesenteric artery, leaving the presacral nerve undisturbed
This 1s practically the technique advocated by Trumble®
the only difference being that he 1s content to divide the lnmbar
splanchntc netves just proximal to the inferior mesenteric
ganglion, since he believes that the preaortic plexus takes no
part in the sympathetic supply to the colon  He quotes his
expertence of four cases of intestinal stasis and one case of
megacolon 1n support of his argument, and to show that good
results are obtamable by this operation

The literature contams a rapidly increasing number of
references to cases of megacolon treated by one of these forms
of sympathectomy, but, though most of the eatly results
are encouraging, sufficient tume has not yet elapsed to enable
us to assess the permanent value of these operations

Rankin and Learmonth" have published their results in
2 sertes of eight cases of megacolon In three cases lumbar
ganglionectomy was performed with good results, and 1n
five thetr own operation of resection of the presacral nerve
with the ferior mesenteric plexus gave good results 1n three
cases and great improvement in the remaining two

Basrrington Ward™ has described three children with
Hurschsprung’s disease from whom he removed the inferior
mesentetic plexus and presacral nerve with very gratifying
1mmedrate results

We have operated upon two patients with congemital
megacolon, and two adults suffering from intestinal stasis
with 2 moderate amount of dilatation of the colon Our
first patient was mneteen years of age and could never
remember her bowel acting without medicine  She was
emotional, and below the average in inteligence  Purgatives
betng of no avatl, regular enemata became necessary  Mictur:-
tion had always been infrequent, and 1t was retention of urine
which finally brought her under our care Her abdomen
was greatly distended, and X-ray examination showed that
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and many suggestions have been thrown out about the
possible relationship between ulcer of the stomach and
duodenum and the sympathetic inncsvation of these organs
So far, however, these have been almost entirely conjectural,
and the most illuminating contribution to the subject of the
nervous clement 1n the production of peptic ulcer 1s Cushing’s™
evidence indicating the smportance of the parasympathetic
system 1n this respect  On theoretical grounds one would
expect the parasympathetic to be the dominant factor, since
the vagus 1s the secretory nerve to the stomach, and the
only way 1 which over-activity of the sympathetic might
predispose to ulcer formation would be by inducing pyloric
spasm

Hahn has reported two cases of atony and ptosts of the
stomach associated with pyloric spasm in which Bircher
diiided the splanchnic nerves X-ray examunation after
operation showed that the stomach had returned to normal
size and that the pylorus had relaxed

When the opportunity occurs, a great deal of information
15 likely to be obtained from the analysis of the gastric juice
before and after division of the sympathetic and vagal supply
to the stomach 1n man In regard to peptic ulceration, the
mnfluence of these nerves upon gastric secretion may prove
to be of even greater 1mportance than their control of the
gastric musculature

2 Urmary Tract—1) Bladder —It has been mentroned
above that many of the patients upon whom sympathectomy
has been petformed for megacolon or 1ntestinal stasis also
showed evidence of a defect 1n the motor mechanism of the
bladder, which was very greatly improved or even abolished
as 2 result of the operation The mtimate anatomical rela-
tionship of the ongin of the sympathetic nerves supplying
the bladder and the lower bowel goes far to explain the fact
that both systems share 1 the benefit obtamed from sympa-
thectomy , but 1n order to understand the nervous mechanisms
1volved, reference must be made to the 1nvestigations of
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Ppassage of barium 1n spite of the admunistration of purgatives,
and the colon could be distended with large quantities of
batium emulsion without causing discomfort ‘The first
also complained of cold, clammy hands and feet

They were both opetated upon by exctsion of the infertor
mesenteric plexus and presactal nerve, the first 1n November,
1931, and the second 1n October, 1932 The result 1n the
first case was a most dramatic improvement, which, apart
from an occasional brief set-back, has been mantained
for two years In the second case, stupping the inferor
mesenteric artery presented considerable difficulty, and,
perhaps because the operation may have been incomplete,
although abdominal distension disappeated, the bowel st
requures the judicious use of apertents, which, though formetly
ineffective, now 1nduce adequate movements of the bowel
In both cases the sensation of fulness of the bladder was
recovered, and frequency of micturition, therefore, became
normal

(u) @Esophagus —It has been suggested that the condition
commonly refetred to as “ cardiospasm,” or ““achalasa of
the cardia,” might be amenable to treatment by sympa-
thectomy Before such treatment can be placed on 2
rational basis more information 1s requured with regard to
the anatomy of the sympathetic supply to the cesophagus,
and the r6le which the sympathetic plays m deglatition

Tt will also be pecessary to define more cleatly the site and
the nature of the pathological process in cardtospasm , and
should 1t be established, as 1t 15 commonly supposed, that
an inflimmatory or degenerative leston of Aunerbach’s plexus
15 imnvariably present, division of the sympathetic supply
proxtmal to Auerbach’s plexus would not be expected to be
beneficial ~ These problems involved 1n the proposal to
treat cardiospasm by sympathectomy are 1o urgent need of
solutton

(1) Stomach —The splanchnic nerves have been divided
occastonally 1t the hope of benefiting disease of the stomach,
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mesentenc artery It 15 mote hhkely, however, that all the
<clls are not massed at this spot . man, but are distnibuted

Hypogastre herve
Tnf Mesent Vessels

FIG 39 —DissrCTION stowiNG THE DISTRIBUTION OF THE HyroGasTric
(PrEsacrAL) axp PELvic NErvES

The sacral sutonotmic (pelvic) netves are ansing from the sacral spinal
1outs and have no connection with the lower end of the ganglionated
trunk of the sympathetic The portion of the presacral nerve
removed at operation 1s that shown at the top of the dissection,
Iging upon the bifurcation of the aotta, the left common tliac vewn,
and the lumbo sacral intervertebral disc  The left ureter has been
drawn across the front of the presacral nerve 1n this region

along the course of the presacral nerve as far down as the
inferior hypogastrie plexus
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Elliott and Barrington upon ammals, and those of Head and
Riddoch, and more fecently of Learmonth™ into the
phystology of the uninaty bladder 1n man

It 1s believed that mucturition 1s controlled by mmpulses
passing along three pathways (Fig 38)
() By the pelvic nerves (sacral

Th autonomic nerves, fervl er-

{ gentes), which contamn afferent
'.” Y] as well as efferent fibres, the
) = efferents being motor to the
! detrusor muscle and nhibitory
i to the internal sphincter, ths

supply bemng essential for mic-
PELVIC turition

preocasTrc NERvE (5) By the presacral (hypo-
nerve 777 T gastric) nerves, which also con-
//’ AN, tain afferent and efferent fibres,
!
N ﬂ i Iy the efferents bewng mhibitory to
! /{;/f // the detrusor muscle and motor
AN\ 4 to the internal sphincter

- (/) By the pudic nerves,
Fio 38 —DIacraM OF ANTAG- which contam afferent fibres

ONISTIC SYMPATHETIC AND
Parastmparseric Neave from as high as the nech of

SupeLy TO BrADDER the bladder, and efferent motor
Pelyic ﬂcrtvﬁ=53ml ‘;‘:lf‘m“ﬂ“" fibres to the external sphincter
()in text, presacralnerve— g o presactal nerve descends

sympathetzc (/) mn text

dotted Line from ganglion- towards the hollow of the sac-
atedtrunkto presacral nerve .y apd each lateral diviston
indicates  posstble  sympa- ’

thetic supply through the ends 1 the infertor hypogastric
prcaor;xc plexus and muddle  or pelvic plexus on the lateral
root of presaceal norve aspect of the rectum,where 1t 1s

jotned by branches of the second and thurd sacral nerves
destined to supply the bladder (Fig 39) It 15 some-
times stated that the postgangliome fibres for the bladder
attse from cells 1n the inferior mesenteric ganglion, which
lies upon the aorta just below the omgin of the infertor
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so preventing a nse of pressure within the bladder as utine
collects 1n 1t, then the retusn of the sensation of fulness after
sympathectomy will be readily understood

It must be ponted out here that the feeling of fulness
the bladder which gives rise to the desire to micturate 1s a
sensation quite distinct from the pamn of an over-distended
bladder, and these two sensattons travel centrally by different
pathways  Head and Riddoch recorded the case of 2 man
with a complete transverse spinal cord leston at the fourth
lumbar segment who felt the pan of his over-distended
bladder, and refetred 1t to the suprapubic region along the
lowest thoracic and the fitst lumbar dermatomes  The only
afferent path for such pamn sensatton would be along the
presacral nerve, and the suggestion that this s, 1n fact, the
path 15 supported by the expetience of Foulds,” whose
patient suffered from pain of over-distension of the bladder
before, but not after, resectton of the presacral netve On
the other hand, there 1s no doubt that the sensation of fulness
of the bladder which normally imtiates the act of mictutition
1s not dumnished by excision of the presacral nerve, and the
afferent path for this sensation must therefore lie 1n the
sacral nerves  ‘The patient described by Foulds was suffering
from a fracture dislocatton of the second lumbar vertebra,
with a lesion of the third to the fifth sacral segments, and he
never experienced the desire to micturate after the occurrence
of the accident

Seeing that the act of micturition 1s under the control of
two antagomstic sets of nerve smpulses, retention of urine
may be produced erther by over-action of the sympathetic,
or by lesions of the spinal cord or cauda equina causing a
defect 1n the sacral parasympathetic function  If the sacral
supply be completely destroyed micturttion becomes im-
possible , but a partial lesson may spate a certain proportion
of this parasympathetic supply which will be overwhelmed,
however, by the activity of the sympathetic nerves asisin
from the normal lumbar reglon of the spinal cord Sucigx

9
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Learmonth™ has had the opportumty of stumulating the
presacral nerve m patients under spinal anzsthesta, the bladder
bemng observed through a cystoscope He mnoted that
stimulation of the ptesacral nerve caused contraction of the
ureteric ortfices, increased tonus of the trigone, contraction
of the internal sphinctet, and constriction of the vessels of
the trigone, the opposite effects being produced by section
of the nerve He also brought forward evidence, from
observations made upon man, that stimulation of the sympa-
thetic by adrenalin causes a fall 1n intravesical pressure

We have obsetved transitory increased frequency of
mictutitton 1 our own patients after resection of the pre-
sacral nerve  This may be explamed by supposing that the
desire to micturate, which 15 a response to increasing mntra-
vestcal pressure, can be produced by a smaller volume of
urine than was necessaty to produce this sensatton before
sympathetic inhibition of the detrusor was removed

Although the sympathetic fibres reaching the bladder
through the presacral nerve are motor to the internal sphincter,
even 1n the female incontinence of urine does not occur
after resection of this merve  Since muctumtton can be
carried out naturally after ablation of the presacral netve,
1t 1s cleat that only the sactal supply to the bladder 1s essential
for micturition, though the over-action of its sympathetic
antagonust may produce symptoms

In the case of out patients who were deemed to be suffering
from relative over-action of the sympathetic supply to the
colon and bladder, the trouble seemed to be an absence of
the normal desite to mucturate, and in one of them, who
neglected to empty her bladder at regular intervals, attacks
of retention of urine  After the presacral netve or, 1n one
instance, the lumbar splanchmic nerves had been cut, the
desite to micturate returned, the stimulus bemng the accumula-
tion of a certain volume of unne w the bladder If 1t be
allowed that the sympathetic can cause ihibttion of the
detrusor muscle, acting as a “brake” on this muscle and
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perttoneum 15 sutured, and the abdomen 1s then closed 1n
the usual manner  Whether the operation be a therapeutic
success or not, 1t 1s unattended by any defect 1n mictuntion
or defecation , but 1t 15 necessary to warn male patients that
following the operation, though sull potent, they will be
stetile

(1) Ureter —Intravenous pyclography 1s sometimes re-
garded as an alternative to the method of retrograde pye-
lography for visualizing the outline of the renal pelvis  The
real advantage, however, of the ntravenous method 1s that
1t may be used as an indicator of the functional efficiency of
the hidneys, and that 1t enables us to study the passage of
urine along the whole length of the urinary tract under
natural conditions It thus brings to light any delay 1n the
outflow from the renal pelvis or ureter, as well as any de-
formuty or dilatation of the urtnary passages, and the method
has therefore caused renewed interest in the problem of
hydro-uteter

When considening the nerve supply of the ureter we must
confess, as 1n the case of the cesophagus, that we are uncertain
of the anatomical details, and of the function of such nerves
as are known to be present 1n the wall of the ureter It 1s
assumed that there are sphincters at its upper and lower
extremuttes, and since sympathetic fibres reach the ureter
along 1ts bloodvessels it ts also assumed that the 1mpulses
conveyed by these sympathetic fibres are motor to the
sphuncters  Stimulation of the presacral nerve, which con-
veys sympathetic fibres to the lower end of the ureter, 1s
known to cause contraction of the ureteric otifices

Cystoscopic observations and observations of the effects
of adrenalin 1n a case of extrophy of the bladder seem to
indicate that stimulation of the sympathetic also leads to
increased flow of urine from the ureters  This would agree
with the statement which has been made that the ureter
recewves only a sympathetic supply, yet on anatomical grounds
one would expect the upper end to tecetve a parasympathetic
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partial lesions of the conus medullatss or of the cauda equina
are very uncommon, but they have been recorded after
myelitss or 1njuty, and 1t 1s in the treatment of such lestons
that presacral neurectomy 1s of value, since 1t tends to restore
the equlibrrum between the weakened parasympathetic and
its sympathetic antagonsst  The final result of the operation
will depend, of coutse, on the amount of function remaining
1n the sacral segments

Learmonth'® ¥ has described two examples of this rare
form of spinal cord leston, with an account of the benefit
which may be detived from presacral neurectomy 1n such
cases  Adson, 1 a more recent report (1933) of the results
of Learmonth’s work at the Mayo Clintc, states that six out
of eight patients in this group recetved benefit from the
operation  Though retention of urine 1s seldom due to this
particular form of disturbance of the normal sympathettc-
patasympathetic equilibrtum, 1t 1s important to recognize
1ts exsstence, since 1t 1s possible by sympathectomy to reduce
the amount of residual utine to a neghgible quantity

Techmque of Presacral Neurectomy — The petitoneal
cavity 1s opened by a left patamedian incision, and with the
pattent 1n the Trendelenburg posttion, the small intestine
1s packed off so as to expose the bifurcation of the aorta
and the promontory of the sacrum  The perttoneum ovet-
lying the aortic bifurcation 1s mncised vertically as far as the
bum of the true pelvis The presacral nerve cannot be
1dentified as individual strands, and 1t 15 necessary to remove
all the fatty and areolar tissue which contains the nerves
The sheet of tissue to be exctsed lies between the perttoneum
1n front, and the last inch of the aorta, the left common ihac
vemn and the body of the fifth lumbar vertebra behind, and
1t extends laterally over the first 11 inches of the common
iliac artertes  Great care must be taken not to injure the left
common 1liac vein  The muddle saceal artery 15 unlihely to
be damaged unless the exciston 15 carrted below the sacral
promontory, and this 1s unnecessary The posterior patietal
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supply from the vagus and the lower end from the sactal
autonomics This 15 clearly a subject calling for more
complete 1nvestigation

The importance of hydro-ureter lies 1n 1ts association
with hydronephrosts and infection of the utinary tract, and
Ellis and Evans™ have drawn attention to the presence of
this condition 1n a latge proportion of cases of renal dwarfism
In the absence of any organic obstruction in the ureter, 1t 1s
natural to postulate some neuromuscular defect to account
for the nartowing of the Iumen at the lower end of the
ureter, and the great dilatation which occurs above this
constriction

Ogler Ward® has performed presacral neutectomy for
hydro-ureter, and we have operated upon one pattent with
a degree of improvement simular to that recorded by him
Our patient was twenty years of age, and had complamned
of pain in the right lomn for six months He was found to
have bilateral hydro-ureter, with much greater dilatation on
the right side, and he also had a large stone 1n a diverticulum
of the bladder close to the omnfice of the right ureter  Utro-
selectan was held up 1n both ureters for nearly twenty-five
minutes before entering the bladder Repetition of the
uroselectan studies after presacral sympathectomy and litho-
tomy showed petsistent dilatatton of both uretets, but the
dye entered the bladder within about ten munutes of 1ts
injection  Four months after the operation he was free
from symptoms

Ogter Ward has examined one of his patients a year after
the operation, and the dimnution i the calibre of the
ureter which was observed shortly after sympathectomy was
mamtained, though even after this interval the ureter still
showed 2 very considerable degree of dilatatton In this
respect the result of sympathectomy for hydro-ureter 1s
smtlar to that for megacolon, for in both cases the function
of the viscus 1s improved but the dilatation persists
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which connected st with the second and third sacral gangha
of the lateral sympathetic trunk  In 1898 he published his
method of cutting these fibres by an approich from the
perineum, but as the operation was followed by retention
of utine, owing presumably to damage to the sacral autonomic
nerves to the bladder, 1t had to be abandoned The next
attempts were made by Latarjet and Rochet, who excised a
portion of the hypogastric plexus 1n relation to the utero-
sacral ligaments, but this operatron also produced retention
of urine  Lériche advocated pernarterial sympathectomy of
the 1nternal iliac arteries, but the operation was difficult to
carty out, and, though sometimes brilhiantly successful, could
not be undertaken 1n the confident eapectation of a satis-
factory result

The whole aspect of the subject became completely changed
1n 1925, when Cotte and Dechaume® described thetr operation
of excston of the presacral nerve and 1ts value 1n gynzcology
The technique 15 that described 1in Chapter TII (p 130), and
this procedure has been widely practised for dysmenorrheea
Of the large number of papers on this subject which have
appeated during the past few years, one of the most compte-
hensive 15 that by Fontane and Herman,? which includes, 1n
addition to their own experience, a vast bibliography In
selecting the cases suitable for this operation 1t 15 important
to exclude all except those 1n which dysmenortheea 15 of the
spasmodic type, and 1n which the pamn occuts only tmmedi-
ately preceding and during menstruation, being so severe
that all other forms of treatment are unavaling The
operation should never be performed for the congestive type
of dysmenorrheea

Though 1t 15 possible that section of efferent utertne
fibres 1n the presacral nerve may be 2 factor 1n the success
of this treatment for dysmenotrheea, 1t 1s probable that most
if not all, the afferent fibres from the uterus travel 1n thl;
nerve to the spinal cord  In addition, it 1s fortunate that
excision of a portion of the presacral nerve 1s unaccompanted



CHAPTER 1V
SYMPATHECTOMY FOR PAIN

1 Visceral Pain —The study of visceral pain 1s 2 complex
problem which does not lend stself to corroboration by
ammal experiment, and demands an unusual amount of
co-operation between the patient, who may be suffering
severely, and the investigator, who may be doubtful about
the exact mechamsm he 1s testing, since 1t i1s manifestly
mmpossible for him to block one by one the various paths
which could be followed by the pan impulses 1n question
It 15 believed that the nerve supply of the viscera 1s derived
exclusively from the autonomic system, and it 1s therefore
certain that these nerves must contain afferent as well as efferent
fibres , but the exact nature of the stumul: required to produce
the sensations of visceral pain 1s largely unknown, though
evidence 1s steadily bemng collected by pamnstaking methods
of clinical research

Sympathectomy has been employed in the treatment of
dysmenorrheea, 1 an attempt to relieve certain forms of
vesical and tenal pamn, and both sympathectomy and alcohol
injection to block sympathetic netves have been carrred out
for the pain of angina pectoris  Since the treatment of pelvic
pain mvolves portions of the sympathetic system which
were under consideration 1n the latter part of the previous
chapter, dysmenorrheea and vestcal pan will be dealt with
first

(1) Dysmenorrheea —Jaboulay seems to have been the
first to concetve of the 1dea of treating uterine pain by sympa-
thectomy, and he planned hus operation on the assumption
that the afferent path from the uterus lay 1n the small branches

134
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diviston of the sympathetic chatns at the level of the sacral
promontory  These procedures act tn two ways by
interrupting a cestain number of afferent pain fibres from the
bladder, and by improving the local blood supply — There-
fore both immediate and late cffects of the operation may be
expected  The immediate effects have been encouraging,
the eatly late effects have also been encouraging ”

The good effects may also be due, partly at all events, to
cutting efferent fibres 1n the presacral nerve, and so dimuntshing
spasm of the bladder nech

As regatds malignant disease, alleviation of pain 15 to be
anttcipated only if the growth 1s still confined to the bladder
wall, and sf the pan 1s produced by some disturbance of the
function of the bladder musculature When the growth 1s
spreading widely in the pelvis, cordotomy 1s the only
surgical palhiative which 1s likely to succeed

(1) Renal Pain —Harzs and Harris* have brought forward
evidence, largely based on pyeloscopy and the results of
their operations, to show that renal pain for which no well-
recognized cause can be found may sometimes be due to
the presence of what they term “ renal sympathetico-tonus »
They belteve that the ring muscles which surround the outlets
of the minot calyces, major calyces and renal pelvis recetve
their motor supply from the sympathetic, and that over-
activity of the sympathetic can lead to spasm of these ring
muscles, with resulting distenston of the calyces and renal
pelvis

Pyelography 1n such cases reveals sight clubbing and
dilatation of the calyces, and dilatation of the renal pelvis,
with delayed emptying  Reproduction of the painasa result
of distending the renal pelvis provides proof of its true nature,
and an injection of eserin may shorten the emptyimg tume, and
may abolish the pain  The recurtence of pan after sts relief
by esetin 15 an indication for sympathectomy

The operative treatment consists of sttipping  the renal
pedicle bare of all the adventitious tissue containtng the
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by any disability or defect 1n the action of the bladder or of
the bowel  As regards menstruation, 2 “ persod ” may occur
durning the few days smmediately after the operation, but
afterwards the “ pertods ” will occur regularly according to
the thythm which they followed before the operation
Presacral neurectomyhasnodeleterious effect upon parturition

In 1929 Cotte published his results in zoo cases, the
majority being cured or very greatly improved In the same
year Ferey published 5o cases treated by presacral neurectomy ,
after the operation 23 pattents were well, 23 were greatly
mmproved, and 10 only 4 was the operation a failure Of
Fontamne’s 15 cases (1932), 13 remained cured, some for as
long as four years after operation, and 2 wereunrelieved We
have had the opportumity of following up 2o patients operated
upon by Dr Malcolm Donaldson at St Bartholomew’s
Hospital  Most of these women had been forced to give up
their employment and retire to bed for several days at the
ume of the menstrual period, but since the operation the
majonty have been quite free from pamn, and even when
persistent, the patn has not been severe enough to interfere
with their usual activities

(1) Vesical Pamn —Sympathectomy has been carried out
1n the hope of rehieving certain panful lestons of the bladder
onignating from nflammatory and malignant disease  The
results 1n malignant disease are disappomting, but the reltef
afforded 1n certain of the mflimmatory conditions seems to
justify the operation

It 15 supposed that pain referred to the lower urinaty tract
may be produced by colicky contractions of the lower end
of the ureter, or lesions of the vesico-urethral sphmcter
apparatus leading to spasm at the bladder neck

Learmonth® summarizes his experience as follows “In
long-standing cases of cystitts 1n which the pamn and ncreased
frequency do not yield to ordinary measures, resection of
the presacral nerve offers an additional method of treatment
Resecuon of the presacral nerve may be combmed with
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from the cardiac plesus to the upper thotacic sympathetic
ganglia, but very little 1s hnown about these alternative
paths The most dramatic demonstration that in some
cases, at any rate, the route by the cardiac branches of the
1fertor and middle cervical gangha 1s the only one occurred
during an operation which

Leriche was petforming
under local anwsthesia 2 Mid. Cevv
An attack of anginal pain —
cs8 A
occurted while Lériche > ?
had the inferior cervical ——
ganglion exposed, and he  |[T/7 7 ﬂ
was able to abolish the % (

T

pain by 1njecting novo-

CARDIAC
camne 1nto the ganglion PLEXUS
Since all the impulses Th3

travelling by this route =
must pass through the Tha <
mnfertor cervical ganglion

and the upper end of the
thoracic portion of the I
lateral sympathetic trunk,

the smplest and most %0 o Ditonar s e
certain method of block- ANGINA

ing their path 1s to excise

'

Il

From the cardiac plexus they pass by

the inferior cervical and the sympathetic cardiac nerves to

the middle and 1nferior cervical

the first and second thor- ganglia and thence down the

acic gangha on the left sympathetic trunk to enter the

side, following the tech- spinal cord along the white ram1
t

nique described for the communicantes of the upper four

ot five thoracic fnerves
treatment of Raynaud’s

disease  This was the procedure advocated by Jonnesco 1n
1916, but 1t has been criticized by Dantelopolu, who considers
that the operation carries with 1t a considerable risk of post-
operative pulmonary eedema, or even of sudden cardiac arrest

Danelopolu bases his objections upon certamn theoretical
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nervous clements, and Harnis and Harris recommend that
the bloodvessels and the upper end of the ureter be 1solated
a short distance from the hilum, so that strpping may be
carried out towards the hidney

Harrts and Harris gave an account of twenty-eight patients
and Hess® of ten patients so treated, and the results of therr
operations justify a mote extended trial of this method of
treating renal pamn, which might perhaps be extended to
include the early stages of the pelvic type of hydronephrosss,
the cause of which 1s thought to lie 1n a neuromuscular
defect

(tv) Apgma Pectoris —Anginal pain may be regarded as
a danger signal  Since 1n a very large proportion of cases
the pain 1s produced by a definite amount of muscular effort,
the amount of exercise undertahen by the patient will be
ltmuted to what may be accomplished with comfott, and the
strain placed upon the heart will thus be hept within the
bounds of safety

If, however, the patient 1s comparatively young, and if
there 1s not evidence of cardiac embarrassment such as to
lead one to anticipate a sudden faillure of the heart, 1t 1s
justifiable to undertahe treatment which will relieve the
patient’s suffeting, even though the warning function of the
pain be lost thereby

According to Ranson, the afferent path from the heart ltes
1 the vagus and 1n the sympathetic, the vagal fibtes being
the afferent path for the cardrac reflexes, and the sympathetic
providing the path for pain The sympathetic nerves -
volved are the middle and infertor cardiac nerves which join
the lateral trunks at the muddle and inferior cervical ganglia,
and afferent impulses travelling along them would pass
down the lateral trunk to enter the spinal cord by way of the
white ramt communicantes of the upper four or five thoracic
roots (Fig 40) Though both sides may be involved, the
phenomena are usually confined to the left side

It 1s possible that other routes extsst runming directly
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abolished the pan 1 about 65 per cent of his cases of
angtna

As an alternative to ganghonectomy, White” has advocated
paravertebral alcohol 1njection, with the object of bathing
the upper five thoracic ganglta and rami with 8o per cent
alcohol, thus blocling the conductivity of the afferent path
close to the spinal cord He has secorded the results of
thus treatment 1n 17 cases  No sertous accidents occurted,
but 3 patients developed pleurisy which rapidly cleared up
Seven patients were completely relieved, 3 wereonly shightly
1mproved, and 2 suffered as severely as before  Five patients
were able to return to work, and st was noticed that though
the danger signal of left-sided anginal pain had disappeated,
shortness of breath and a pecubar precordial sensation, or
even a muld attack of night-sided pain, sufficed to warn the
patient that he had reached the limut of safety

We have had the opportunuty of treating one patient by
White’s method He was 2 railway carriage washer, thirty-
eight years of age, who was under the care of Dr Geofftey
Bourne 1n St Bartholomew’s Hospital For four years he
had suffered attachs of angina major, which occasionally
necessitated test in bed Shortly before admission to
hospital the attacks had gradually become more severe and
more frequent, recurring three or four times every day
There was no gross arterial degeneration, the electrocardio-
gram was normal, the Wassermann reactton negative, and
the chest radiographically normal

The 1njectton was carrted out following White’s technique,
except that four instead of five ganglia were injected  Four
fine, long needles were 1nserted at nght angles to the shin
sutface at points 4 ems from the mid-ine, and so as to strke
the inferior borders of the first, second, third and fourth
tibs on the left ss’de  The point of each needle 1n turn was
slipped just below the rib, and the needle was then inclined
inwards and slightly downwards at an angle of 45 degrees
to the surface and pushed on for about 2 cms tll the point
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considerations, his main argument being that as the sympa-
thetic 15 vasodilator and the vagus vasoconstrictor to the
coronary vessels, sympathectomy 15 likely to lead to mtense
spasm of the coronary vessels and death from heart failure
That this 1s not 50 tn practice has been shown by the results
of the large numbers of ganghionectomies which have been
performed for angma It has also been shown, both
animals and in man, that after bilateral cervicothotacic
sympathectomy acceleration of the heart can still be produced
reflexly, and there 1s no clintcal or expermmental evidence to
show that this operation incapacitates the heart in any way
Many sufferers from angina may be unfit to stand an opera-
tion of the magmitude of cervicothoracic ganglionectomy,
but the alternative suggested by Damselopolu 1s 2 much
more extenstve, lengthy and difficult procedure He con-
siders 1t safer to leave the inferior cervical ganglion intact,
but he removes the cervical sympathetic trunh above tt,
and he cuts the ram1 communicantes connecting the inferior
cervical and first thoracic ganglia with the sixth, seventh and
cighth cervical and the first thoracic nerves, the vertebral
nerve, and the nerves forming the anastomosts between the
superior laryngeal nerve and the vagus FHis low mortality
he attsibutes to the fact that care 15 taken to avoid injury to
the inferior cervical ganglion  This complicated operation
can be attempted only by those who are as famuliar as
Dantelopolu himself with the anatomy of these mnnumetable
and minute nerves, and even he admuts that the result may
be unsatisfactory because the operatton has been incomplete
Many other operations have been petformed with varying
degrees of success, though 1t 1s hard to explain why some of
them have any effect at all 1In 1923 Coffey and Brown
reported five cases of angina pectorss in which removal of
the supertor cervical ganglion or drvision of its cardiac
branches had sufficed to alleviate the pain, but Cutler® has
esttmated that not more than 45 per cent of such operations
give good results, whereas cervicothoracic ganglionectomy
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was close to or in contact with the vertebral body just
anterior to the head of the correspondmng ub  With the
needles 1n this posiion 5 cc of 1 per cent novocamne was
injected through each needle After waiting ten munutes
for anwzsthesia to develop, 5 cc of 8o per cent alcohol was
njected through each needle 1n tutn

Almost immediately Horner’s syndrome of cervical sympa-
thetic palsy appeated on the left side (Fig 41), and as it
persisted, 1t indicated that the injection had been successfully
carried out, at all events as far as destruction of the first
thoractc white ramus was concerned

After the wnjection the pam did not recur Two days
later he expertenced the feeling of faintness which had pre-
viously accompanted the anginal attacks, but there was no pam
Heis known to have been free from pain for some months after
the injection, but sufficient time has not yet elapsed to enable
us to express an opumon upon the permanence of the cute

2 Causalgia —Reference has been made i an eatlier
section to the benefictal effect of sympathectomy 1n conditions,
such as Raynaud’s disexse and semle gangrene, assoctated
with mpasrment of the petipheral circulation, and 1t was
noted that although 1n some cases the improvement in the
blaod supply to the periphery following the operation might
be considered sufficient 10 account for the cessation of pain,
1n others the pan disappeared though no demonstrable
mmprovement 1n blood supply had occurred Before these
chinical anomalies can be explained, much more nformation
than we possess at present must be obtamned with regard to
pan  Whether pam can onginate from bloodvessels, as
well as from viscera and from the shin, whether such vascular
and visceral pan 15 of a different nature from cutaneous
pan, what the adequate stumuli to produce vascular and
visceral pun may be, and by what paths the wmpulses
created by these stumuli travel to reach the central nervous
system, are some of the problems awaiting solution

The study of causalgia affords a good opportunity for
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imestgating these problems 1 so far as the bloodvessels
are concerned, for though the trouble onginates from injury
to a pertpheral nerve, its mansfestations arc a rather bewilder-
g muture of nervous and vasomotor phenomena

The term causalga, or as Professor Stopford would
prefer 1t “ thermalgia,” sigmify ing 1 combination of heat and
pain, 1s applied to the pecubar group of signs and symptoms—
burning pam, hypesesthesia, wasting and vasomotor dis-
turbances—w hich may appear after wounds of the peripheral
nerves, n some pamful amputation stumps, and rarely in
assactation with other srntative lestons of nerves apart from
penctrating wounds  The most characteristic cases are of
traumatic otigia, the pam being localized to the terrtory of
the 1rrtated nerve, accompanted by glossy shin, exaggerated
by emotion, and relieved by the application of cold water
But burnuing pan 1s also assoctated with many conditions,
including erythromelalgra, obliterative arterstis, Raynaud’s
disease, and various forms of neuntts, 1n all of which a
prominent feature 1s some alteration mn the curculation
through the pamnful part

The objective phenomena of causalgia are farthfully
reproduced 1o varying degrees of mtenstty 1 all cases of
the disorder, and certamn of them, such as vasodiatation
and trophic affections of the shin, may almost be measured
quantstatively, or at least accurately enough to mndicate thesr
sevenity  Of much less value, however, 1s the subjective
evidence, for the patient’s own estimate of the intensity of
his sufferings depends on his mental state and temperament,
and does not necessattly indicate the extent of the under-
lying organic leston It 15 often thought that some patients
are more sensittve to pan than others, and this, coupled with
the fact that a large number tend 1n ume to undergo spon-
taneous cure, males causalgia a difficult chimical problem
Even when rehef follows a certain operation, one cannot
help wondening how important the mere psy chologteal effect
of the operatton may be , and though relief may follow the
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bearing a date before the Great War number only twclie, as
compared with 145 added since 1915 It was 1n 1917 that
Leriche® published the account of the success which had
attended his treatment of causalgia by pemartersal sympa-
thectomy  He stressed the observation that causalgia occurs
most frequently 1 wounds of the median and sctatic nerves,
and as he considered that the explanation lay 1 the fact
that these neres are accompanted by fair-sized bloodvessels,
he suggested that measures which would improve the
arculition to the part mught therefore be espected to
alleviate the pun

The Chnical Picture —Causalgia does not appear immedt-
ately after the infliction of a wound, but becomes established
durimg 1ts healing, which 1s frequenth, but not mvasably,
complicated by infection

Pam —The pain of causalgia differs 1n many respects from
that of peripheral neunts  The outstanding feature 15 1ts
burning charactes, which 1s intensified by warmth and depend-
ency With the lmb supposted and at rest the pauent 15
conscious of discomfort, which 15 constant and disturbing,
but 1s not severe  If, however, the affected limb be exercised,
allowed to hang down, or to become hot, the burning
rapidly increases in seventy and may become almost sntoler-
able, requiring many hours of rest and elevation of the bimb
to afford reief  Any manipulation, or even strohng the
shin, wil produce the pain, and the patient will protect
the extremity by wrapping 1t up 1n bandages or cloths which
have been soahed in cold wates, in the hope of relieving the
feeling of burning heat

In highly sensttive pattents paroxysms may be cvohed
by a fught, an unexpected nosse, by anxtety or anything
which w1l exaite an emotional reaction  The pattent may
be 1n the most peaceful surroundings, even m the depths of
the country, when some trivial but unexpected ncident, such
as a bird suddenly flying out of a neighbouring hedge, will
cause him to collapse 1n a paroxysm of pamn

1o
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operation too rapidly to be attributed to comcident natural
cure, yet 1t 15 sometimes difficnlt to say just what step 1n
the operation has been effective, and how the improvement
1s to be explained on physiological grounds

Percivall Pott, in his lectures, referred to the intractable
pain which sometimes results from partial diviston of a nerve,
but the first clear account of causalgia was given 1n 1813
by Alexander Denmarh, Surgeon to Haslar Hospital —The
patient was a young soldter who was wounded at the storming
of Badajoz, and a vivid word-picture 15 drawn of typtcal
medtan nerve causalgia, associated with ulceration of the
palm of the hand, and with an exquusitely tender spot on the
forearm, beneath which a small fragment of ball shot was
subsequently found

Further conttibutions to the subject wete made by Hamilton
of Dublin (1838) and by Paget (1864), but Weir Mitchell’s
description of this peculiar type of pain occurring 1n soldrers
wounded during the Amenican Civil War must be con-
sidered to be the first comprehensive clinical study  The
monogtaph on “ Gunshot Wounds and other Injuries of
Nerves,” which he wrote 1 collaboration with Morehouse
and Keen, appeated 1n 1864, and by his lucid exposition of
this peculiar pain following mncomplete division of a nerve,
Wetr Mitchell obtained general recognition for the syndrome
for which he comned the term “causalgia” His otiginal
description of the clinical aspects cannot be excelled, and the
more recent additions to the literature deal entirely with
theories put forward to explamn the phenomena, or record
the results of the numerous forms of treatment which have
been employed

Whereas penetrating wounds nvolvingperipheral nerves are
comparatively rare in civil ife, the wounds of war mclude a
muchlarger proportion of such cases The first recorded case
of causalgia was that of a wounded soldier, Weir Mitchell’s
cases wete collected during the American Civil War , and n
a bibliography published recently by Paul Blanchet the items
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FI16 42 —SKIAGRAM SHOWING RAREFACTION OF THE PHALANGES OF THE
THUAB, AND SOME DiMINUTION IN THE DENSITY OF THE PHALANGES
oF THE INDEX FINGER IN CAUSALGIA AFFECTING THE OUTER

BRANCH OF THE MEDIAN NERVE

On the left side of the shiagram the patient s unaffected hand has been
included for comparison
[To face page 146
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Hypermsthesia —The cutaneous area supplied by the
affected branch of the netve shows well-marked hyper-
&sthesta, which becomes moze pronounced 1f the limb becomes
warmer This hyperesthetic area may extend beyond the
distribution of the affected branch to that of other branches
of the same nerve, and in severe cases 1t may spread beyond
these limuts, appearing to follow the sensory distribution
of spnal segments A few cases have been recorded in
which distant patts of the body, ot even 1ts whole sutface,
seemed hyperexcitable, 2 stimulus applied to various remote
parts producing a reaction accompamed by exacetbation of
the local pain

In cases of average severty 2 light touch 1n the caunsalgic
area will be painful, and tapping the sutface gives rise to
a stab or “shoot ”” of pain up the tmb Deep sensibility
also 15 increased, and gentle kneading of the muscles will
be painful

Temperatuse sense 15 involved, for a moderately low
temperature produces an aching sensation, whereas 2 moder-
ately high one causes the typical burning pain  Immerston
of the limb 1n water which to a normal mndividual would
appear merely cold or hot, as distinct from cool or warm,
gtves rise to a sensation which 1s purely painful, and the
patient 1s very careful to avord anything approaching extremes
of temperature because of the intensity of the pain evoked

Wasting —Wasting of the tissues 1s a constant feature
1 causalgia, and 1s best seen in the fingers The shin
becomes glossy, thin and hairless Wasting of the subcu-
tancous tissue 15 well shown in the finger-pads, which shrink
and leave the nails protruding and curving over their ends
A skiagram will show that the change extends more deeply
still, the phalanges becoming gradually decalcified (Fig 42)
It 1s well known that such decalaification and rarefaction 1s
associated with dilatation of the bloodvessels 1n the bone

Vasodilatation —Under the usual condittons of room and
body temperatute there s a strihing contrast between the cool,
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pink skin of the normal digits and the hot, red, shiny shin
of the panful ones  When the external temperature 15 low
the affected parts are of a mottled red and blue colour, and
arc colder than normal, but when 1t riscs, or if the whole
body 15 warmed 1n a bath, or by excreise, the temperature of
the pamnful parts nises abnormally high, the combination of
pain, heat and redness suggesting an acute inflammatory
feaction, o tesernbling an extensive chilblain - Shun tempera-
ture observations show that when the shin 1s warm pain 1s
most severe, and if it ts cooled gradually by immersion 1n
a bath of water at 15°C a pount 15 reached 4t which pan
ceases, and 1s replaced by aching as the temperature drops
still lower !

In the most severe cases the disturbance of the circulation
in the minute vessels of the shin leads to herpetic eruptions,
ulceration and other evidences of malnutrition

All our pattents have shown vasodilatation and abnormal
warmth of the parts involved, but a smaller “ischemic”
group has been described 1n which the shin 1s pale and cold

Sweating —If a cutancous nerve be completely severed,
the skin to which 1t 15 distributed becomes anzsthetic and
dry  In causalgia, however, the partial lesion of the nerve
1s associated with ewcessive sweating Even when the
extremity 1s cool the affected shin 1s covered by fine droplets,
but if the body 1s warmed up this area rapidly becomes
drenched with the profuse secretion of sweat

Mental State —To complete the clinical picture 1t must be
stated that the patients seem to possess a peculiar ““ emotional »
temperament, which mayv be of smportance 1n the establish-
ment of causalgia, but 15 certainly an important complication
which aggravates the symptoms, which may 1n turn produce
profound changes 1n the mental state of the patient

The Nature of Causalgla—It must be noted that the
sensory phenomena of causalgia are made up of two com-
ponents, for i addition to the local pan and tenderness
which oceur with any nerve mjury, we have to deal with a
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spread area of hyperasthest by supposing that there 1s hyper-
exctability of sympathetic centres which correspond to the
wrrstated nerve, and that the hyperexcitable state spreads to
neighbouring sympathetic centres  He went on to trace
what he described as the path of the sympathetic reflex under-
lying causalgia, impulses passing from the wound 1n the
penpheral nerve towards the central sympathetic centres
Yet 1t was Tinel who showed that causalgia may be cured
by section of the wounded nerve peripheral to the lesion |

Attention has already been drawn to the fact that, 1f nerves
in amputation stumps be excluded, causalgia follows only
those snjuries which do not completely divide the affected
nerve It may be assumed that stimulation of the supposed
afferent sympathetic fibres could tahe place at the site of
injury whether the division were complete or not, and this
theory thus fails to explain the clinical phenomena

It has been suggested that pain impulses themselves may
travel along svmpathetic fibres to reach the spinal cord
In repeated examinations of pattents upon whom sympathetic
ganglionectomy has been performed we have so far failed
to detect any loss of pain, touch or deep senstbility 1n limbs
which show complete paralysss of vasomotot, sudomotos and
pilomotor nerves

But the greatest difficulty 1n accepting the 1dea of sympa-
thetic over-activity lies 1n the fact that causalgia 1s charactenzed
by vasodiatation  Stimulation of the sympathetic should
be associated with vasoconstriction, for even allowing that
vasodilator fibres may exist 1n sympathetic nerves, the vaso-
constrictor fibres form such an overwhelming majority that
stimulation of a sympathetic nerve will produce vasocon-
stuction  To account for vasodilatation 1t would be neces-
saty to postulate a reflex shibitton or paralysis of vaso-
constriction , but the clinical picture 15 one of irmtation,
surely not of Paralysts

There 15 no doubt, however, that the secret les 1n the
nervous control of the perspheral bloodvessels It has
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peculiar variety of pamn associated with diffuse hyperesthesia
and characteristic vasomotor phenomena It 1s our 1gnorance
of the cause of this extra component which makes the treat-
ment of causalgta such a difficult problem

Many theoties have been advanced to account for the
characteristic syndrome of causalgta  The suggestion that 1t
may be due to an ascending neuritis of the injured nerve
fails to explain 1ts special features, and though this idea
recetved some support from the work of Dean Lewss and
Gatewood,” who treated a group of cases successfully by
intraneural mjection of alcohol above the level of the lesion,
the theory became untenable when Tinel® showed that
causalgta could be relieved by section and suture of the
affected nerve distal to the lesion

It may be recalled that sufferers from Raynaud’s disease
complain of pain which 1s an ache during the cyanotic stage
of an attack while the fingers are cold, but becomes an intense
burning pain as the attack 1s passing off and the fingers are
becoming warm In this respect the pamn of causalgia
resembles that of Raynaud’s disease, a malady the cause of
which 1s to be found 1n the peripheral bloodvessels

Seeing that hyperzsthesia tn causalgia seems to vary with
the temperature of the part and the degtree of vasodilatation
present, 1t 1s tempting to assume that we are dealing with
a hyperemic and fthergfore hypermsthetic area The close
similanity between the hyperemia and hyperxesthesia of acute
inflammation and of causalgia 1s obvious, and the explanation
of the hyperzsthesia may be the same 1n both cases

French clinicians have concentrated upon the reactions
which they ascribe to hypersensitiveness of the sympathetic
system, epitomuzed 1n Professor Froment’s dictum that
causalgia 1s “ the cty of the sympathetic ” In their eagerness
to find a basis for their argument they postulate the existence
of tracts and centres unknown to anatomusts and phystologists
For example, Tmnel, 1n “ A Contribution to the Study of the
Sympathetic Otigin of Causalgta ” (1917), explained the wide-
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the artertoles and capillaries 1s duc to the local hiberation of
“« Y »_substance, a chemical body whose action upon these
“ munute vessels ” 15 the same as that of acetylcholine and
histamine  He included the formation of herpettc vesicles
and trophic changes 1 the shin among the effects of the peri-
pheral release of “ H ”-substance, and he gave 1t as hss
optuon that the mamfestations of trmtatrve nerve lesions
of the causalgia type would find their explanation upon the
same lines

Seeing that smulation of the sympathetic produces vaso-
constriction and that the predomnant vascular change
causalgia 1s vasodiatation, 1t 15 not clear at first why sympa-
thectomy should be beneficial 1n causalgia  But 1t must be

Lloo& Vessel

F16 43 —IRrRITATIVE LESION AT X PRODUCES VASODILATATION RY
ANTIDROMIC TMPULSES PASSING ALONG THE SENSORY NERVE 10 THE
BLOODVESSEL (AFTER BAINBRIDGE AND MENZIES)

remembered that the constnictor effect of the sympathetic
1s noted 1n the small artertes, and 1t has already been explained
that though paralysis of the sympathetic gives rise to dila-
tation of the arteres, 1t also produces consttiction of the
minute vessels by washing away * H *-substance (o p 80)
In causalgla we must assume that we are dealing with 2
sensory nerve stimulated by intraneural fibrosis resulting
from sy Vasodilatation of the minute vessels, wasting
glossy shin and herpetic eruptions are all to be explamed’
by the release of “ ¥ "-sabstance by antidromic 1mpulses
Sympathectomy leads to the removal of this “ H .substance.
and thus abolishes the peripheral manifestations of causalgm’

Werr Mitchell, realizing that there was more 1n causalgta



150 SYMPATHETIC NERVOUS SYSTEM

been shown that there 15 a preponderating assoctation of
causalgia with those nerves which convey most of the vaso-
motor fibres to the periphery—that 1s to say, the nerves which
have the largest area of cutancous distribution  Furthermore,
the measures which are successful in treatment are those
which prevent overfiling of the munute vessels Not only
does elevation of the patt relieve the pain, but 1t 15 of interest
and importance to note that Fom! has reported cases 1n
which pain was relieved temporanly by compression of the
radial or posterior tibial artery, and was completely abolished
by ligation of these vessels

But 1t 15 2 mustake to assume that the sympathetic alone 1s
responsible for vasomotor control — Thirty years ago Bayhiss
demonstrated that after removal of the spinal cord, leaving
the postetior root ganglia intact, stimulation of the remaining
fibres caused vasodilatation He concluded that the fibres
mediating this response were 1dentical with ordinary sensory
fibres, and that impulses travelled along them towards the
peniphery (antidromic impulses) Bayliss’s comment runs
“Owing to the fact that nerve fibres conduct in both
directions, 1t will be seen that 1f one branch of a nerve fibre
which has divided 1s put into excitatton by some means,
the 1mpulses will spread over all the othet branches of the
same fibre” A sensory nerve has a vasodilator branch to
an arteriole, and when the netve 15 stimulated the antidromic
impulse thus produced travels along this branch and gives
nise to dilatation of the small vessel (Fig 43) Pain, heat,
swelling and redness of inflammation are thus accounted for

In 1927 Lewis® published some very important work
which was designed to investigate 1n greater detail the action
of these antidromic impulses  Starting with the knowledge
that if the peripheral end of 2 cut sensory nerve be stimulated
the affected part of the shin flushes, thus showing that anti-
dromic (vasodilator) impulses overcome the vasoconstrictor
impulses passing by the sympathetic vasomotor fibtes, he
brought forward expenmental proof that vasodilatation of
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this burning pan, which 1s peculiar to causalgin, 15 relieved
by sympathectomy, 1t will also be necessary 1n most 1astances
to free the nerve from scar tissuc of to resect a sensitive end
bulb 1n order to abolish the sensory phenoment which are
common to all nerve injuries  This 15 of secondaty tmport-
ance, and past experience shows how slight 1s the relief
fforded by this step alone 1n the treatment of causalgia

Treatment —Mild cases and even some of the severe
cases of causalgia tend to undergo spontaneous recovery,
but the process 1s slow and uncertain  Various forms of
treatment have been tried 1n the hope of curing the conditton,
or at least of shortening 1ts course, but their number and
vartety cast geave doubt upon the efficacy of any particular
method

Weir Mitchell advocated continuous blistering, and refer-
ence has been made above to the operations upon the injured
netve both prosumal and distal to the lesion, and to ligation
of the vessels supplying the part involved  The view generally
held at the end of the war may be gathered from the Report
of the Commuttee upon Injuries of the Nervous System,
published by the Medical Research Council 1n 1920  The
Report advised that 1f the patient were of a stable type and
could bear pain well, operative measures would be un-
necessary  If, however, he were unduly sensitive or obviously
neurotic, radical treatment should be adopted eatly—either
mjection of the nerve with alcohol above the site of the
lesion, or division and suture of the nerve 1In slight cases
psychotherapeutic treatment would be found to be of great
value 1n preventing the development of a sertous neurosis

Pain 15 likely to be abolished by section or alcohol injection
of the nerve, but the great disadvantage of this procedure
15 that functional recovery will take many months, and may
never be perfect In the meantime, however, Leriche® had
recorded a number of cases treated successfully by peri-
artenial sympathectomy ~ This operation, combined as a rule
with local neurolysis, 1s often suffictent to give the patient
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than merely a severe peripheral neuritts, believed that injury
of the nerve produced altetations in the circulation and
nutrition 1 1ts agea of distribution which were painful, and
he considered 1t essentially “ a painful disease of the nutsient
netves” It 1s difficult to fit this 1dea into the modetn
conception of the physiology of the nervous system, but 1t
1s sigmificant that Wetr Mitchell looked for the source of
the pan, not 1n the nerve itself, but in the tissues to which
1t 1s dsstrtbuted

The bloodvessels are well supplied with afferent nerve
fibres, and there 1s good reason to suppose that pamn can
be produced by stimulation of these netves The adequate
stimulus may be chemucal, perhaps “ H ”-substance or other
metabolites, but there 15 evidence to support the view that
they are sensitive, as are the viscera, to tension on their
walls  The pain produced by a tourmiquet applied tightly
enough to occlude veins, but not artetses, 15 a well-known
phenomenon, and anyone who has started an intravenous
mjection before the constricting band has been relaxed will
have observed the pain produced by distending the vessel

Those who advocate the theory of chemical stimulation
assume the accumulation of tissue waste products which
are imperfectly oxidized, and the suggestion s that mere
oxygen lack may lead to stimulation of nerve endings  Yet
acrocyanosts 1s pamless, though the cyanosis indicates excess
of reduced hzmoglobin, whereas 1 erythromelalgta, with
excess of oxygen in the pesipheral blood, there 15 extreme
pain  In acrocyanosis, however, the arterioles are con-
stricted by cold and thete 1s no vascular overfilling

The pain of causalgla may be alleviated by asterial com-
pression, or by cold, which constricts the small arterses and
prevents overfilling and overdistension of the minute vessels,
yet both these procedutes imnvolve a diminution in the
oxygen supply to the periphery It therefore seems possible
that the radiating pain of causalgia may be due to increased
tenston within the minute vessels of the affected part  Though
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tation of the thumb was performed through the proximal
phalanx, but severe causalgia developed which involved
the stump, the thenar eminence and the index finger

In September, 1931, pearterial neurcctomy of the right
brachial artery rcsultch in disappearince of the hyper-
westhesia from the index finger, but the stump and thenar
emunence were still abnormally sensitive  After this anutsal
improvement the condition of the hand became worse than
1t was before the operation, and at the beginning of November,
1931, the skin of the stump, thenar eminence and 1ndex
finger was exquisitely tender, red, hot and bathed 1n sweat
There was a group of herpetic vesicles on the pad of the
index finger (Fig 29, p 81)

On November 16, 1931, cervicothoracic ganglionectomy
was carried out on the night sstde  Withun forty-eight hours
the herpes had completely dried up, and as the shin became
pale, hyperzsthesia disappeared entirely A tender spot due
to an “end bulb” remamned in the amputation scar, and
since its removal with the base of the proximal phalany,
1n February, 1932, the patient has been quite free from pain
and has been able to retutn to work after a period of unem-
ployment which lasted for well over two years

Similar expertences have been recorded by Leriche, Petit-
Dutaillss,® Spurling,'* White," and Stammets **  Certain of
these observers have hinted that there was evidence of
disease 1n the exctsed tissues, but our expettence leads us
to the conclusion that the good results of sympathectomy
are to be attributed, not to eradication of some fault 1n the
sympathetic nerves themselves, but to the effect of the
operation upon the bloodvessels
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relief, and even if unsuccessful 1s unattended by any dis-
ability Tt 15 therefore justifiable to perform the pemiartersal
operation on the ground that the best surgical procedure
1s one which can achieve 1ts object with the mmnmum of
mnterference with the rest of the body, but it must be
remembered that this operation 1s an imperfect form of
sympathectomy, and something mote radical may be requited
should it fail It often happens that patients with causalgia
are psychologically unfitted for such a therapentic experument,
and one cannot afford to run the nsh of an mitial failure
which would undermine their confidence in any future
operation  Under such citcumstances 1t 1s wiser to denervate
the affected Iimb by ganglionectomy at the outset, 1n spite
of the other effects of sympathetic paralysis, which may be
for 2 tume a source of complaint

We have had the opportunity of performung periarteral
neurectomy for causalgia on five patients, three of whom
were relieved of their symptoms and were able to return to
wotk, 1n spite of the fact that before operation there had
been prolonged pertods of disabihity, and various other
methods of treatment had proved unavailling In these
pattents the cireulation 1n the affected digits and their nutrition
was markedly improved as a tesult of the operation, and
thermal stunuli, which had previously been pamnful, no
longer gave rise to discomfort  The last of these successful
operations was petformed eighteen months ago, and no
relapse has occurred

The other two patients, however, were improved only for
a few weeks, but subsequent gangltonectomy has abolished
the signs and symptoms of vascular disorder 1n the affected
digits  One of the cases 1s particularly interesting 1 this
respect, and will be described 1n greater detail

A paper-maker, twenty-nine years of age, lost the top of
his right thumb 1n a machine accident 10 December, 1929

The wound suppurated for three weeks and the stump
remamed tender after it had healed In Match, 1930, ampu-



CONCLUSION

Porrions of the sympathetic nervous system have been
removed for the treatment of many condittons which have
not been mentioned 1n the preceding pages  Sympathetic
ganglionectomy was first performed by Alexander of Liverpool
for epilepsy , and the operation has been carried out by many
surgeons, with varmble results, 1n the treatment of exoph-
thalmic gottre Among the many other disorders which
have been treated by sympathectomy, retinitis pigmentosa
and bronchil asthma may be mentioned as being perhaps
the most mmportant  Though there are numerous references
to these diseases in the literature, we have deliberately
excluded them, and have confined our account to those
condittons of which we have had personal experience

Extensive bibliographies of the sympathetic nervous
system have been published already, and the short list of
references which appears at the end of every chapter 1n this
book 1ncludes only the papers which have been of value to
us 1n establishing the theoretical basis, or 1 devising the
practical details of the operations we have described It
will be apparent that we have made little acknowledgment
of our debt to the renowned physiologists whose discovertes
lard the foundation of our knowledge, and that no adequate
tribute has been paid to the Continental surgeons whose
proneer work during the past thirty years has cleared the
ground for the more recent developments in the surgery of
the sympathetic system  Our excuse must be that we have
devoted our attentron almost entirely to current literature
to try to discover the end results of, and thus the indications
for, sympathectomy
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the sympathetic system fall into a group which 1s characterized
by a certain ** temperament ”  The eaptesston wafts us back
to the Island of Cos, where 300 years before Christ we might
have listened to Hippocrates expounding his 1deas of humoral
pathology , or at least as far back as the second century of
out present era, when Galen was secording tngentous theoties
1a his bools on the temperaments {  Yet, if we hnew what
this attnbute of tempetament sigmfies, and its relationship
to inhented trasts and charactenistics which seem to play such
2 promunent part 1 certain of these disorders, we mught be
considerably nearer an understanding of the fundamental
pathology of the sympathetic system

This confession of our ignorance 15 to be regarded not
as an excuse for despondency, but as a spur to renewed
endeavour, for 1t must be realized that untit mote 1s hnown
about the pathology of the sympathetic system, the place
of susgery mn the treatment of its disorders cannot be firmly
established
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It may also be rematked that no account has been given
of the pathology of the sympathetic system Apart from
tumours arising in its ganglia, which are of minor importance,
there 15 no pathology at the present time  Raynaud believed
that the malady he described was due to some form of
disease affecting the sympathetic system, but this conception
now has to be abandoned The various conditions which
are treated by operating upon the sympathetic nerves and
ganglia are due to abnormalities of the organs themselves,
or else their cause 1s at present unknown, and careful
histologtcal examination of the ganglia and nerve trunks
which we have removed has failed to reveal any structural
abnormality ~What surgery attempts 1s not the removal of
a diseased structure, but the interruption of certamn impulses
passing along apparently normal pathways

It may be that disease sometimes exists 1n the antagonists
of the sympathetic, and that dimnution of thetr activity
creates a relative sympathetic ovet-action, which may be
reduced by cutting off sympathetic impulses  But 1n other
cases we seem to be dealing with an actual excess of sympa-
thetic acttvity, and the question atises whether such 2
conditton can reasonably be postulated

Penfield’s case of hypothalamic tumour suggests that such
a state may be produced by stimulation of hypothalamic
centres, but obviously tumour formation must be very
uncommon as sts cause What else could stimulate the
hypothalamus »  Some might look for the answer 1n the
pituttary body, which 1s known to exert an important influence
upon the functions of the hypothalamus  Others, still seek-
ing among the endocrme glands for the fundamental error,
would be more inchined to regard the suprarenal gland as
offering a more fruitful field for research

Finally, 1t might be argued that the fault lies 1n the mental
condition of the pattent, and that the cerebral cortical control
of the hypothalamus 1s imperfect This conception may
undetlie the opinton that individuals subject to disorders of
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