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T, - IKTRODUCTION.

| - Almost 100 percent. of ﬁaynaud’s Phenomena of the
lower extremities respond to surgical treatmenta.. The‘ ‘
treatment of Raynaud ‘s Phenomgﬁa of the.upper,extremitles;
on thé other hand, has.dccupied the attention of me&icgl
cbservers for over fifty years ﬁith little success. Surgeons,
ﬁhysicians, research workers, physicists and their assoéiates
have attempted to solve the problem and produée a rationél
solution,

It is well recognised that Raynaud, in his original

thesis, described meny conditions ﬁhich~are now no longer

included under the syndrome which came to bear his name,

Raynaud's "Disease" does not represent o 8iszese entity.

It is & symptom cemplex and, as such, numerous conditions. may

be responsible for the clinical mépifestationé‘which hdve

been included in the group of conditions térmed Raynaud's
JDiBease". ' : ' '

As Lewis and Pickering (1934). realised, Raynaud's
"Disease" could‘nét be regarded as the result of one set of
circumstances. They suggested, therefore, that the term
should be abandoned and inétead'the words Raynaud's "Phenomena"
be used. ' |

Thus .the term "Raynaud's Phenomena” will include

__all those vasospastic conditions which maﬁifest the charac-

téristlc rasponses on exposure to cold, At the same time

it must be realised that the recognitidn of the primary factor

respdnsibie.must be acknowledged and, if possible, dealt with.‘

Removal of such a factor would, of course, result in complete '

end permanent cure in BOTH the upper and thé lower extremity.
However, there are a large number of cases in which

there is apparently no other abnbrmality than the response of

 /the digital



the digital véssels to colds It is this group which for so
long has defied efforts to produce a lasting cure,

o After Royle (192&) héd'demonstrated the value of
sympatheciomy for vasospastic disorders. the_operétion of
cervicofthorapic sympathectomy appeared to be the answer t§
the problem. 'The‘immediaﬁe results were good but subsequent
study of the patients showed that relapse not infrequently
occurred, \

‘Comparison was made withxthe lower extremity; where
late results were uniformly goods The operation was modified
to become preganglionic and great results were expected.
Unfdrtunétely, gbservers'were disappointedé., No matter the
type of operation, Raynaud's Phenomena still Qecurre& in 'the
upper extremities, '-

| '?urther modifications of Royle's operation were
tried. |Newer theories were eiaborateda - Bagch theory and
opération was developed and put to"the,testgbﬁt recurrence
of synptoms appeared,unavoidableJ* ‘

o In an attempt to explain the poor late results,
regeneration of the sympathetic was most pr;valently held’
to be the responsible facter. In few cases, however, was
it possible to demonstrate the re-establishment of anatomic
pathways., " - .

IT IS THE PURPOSE OF THIS PAPER ?O ANALYSE THE
RESULTS OF SYMFATHECTOMY OF THE UPPER EXTREMITY IN RAYNAUD'S
PHENOMENA AS PERFCRMED AT GRGOTE SCﬁUUR HOSPITAL, AND TO
DEMONSTRATE BY EXPERIMENTAL MEANS WHETHER REGENERATION OF
THE SYMPATHETIC NERVOUS SYSTEM IS RESPONSIBLE FOR THE
_RETURN OF SYMPTOMS IN THE UPPER EXTREMITY.
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I1. THE _SYMPATHETIC NERVOUS SYSTEM.

(a) HISTORY.

Galen (about 150 A.D.) was the first to offer the
widély accepted interpretation of "sympathy" or "consent"
between different parts of the body..' This view pervaded
physiologic thought until the beginning of the 1ast Century.
Galen enumeratedlseven.pairs,of eranisl nervea; The deg~-
eription of the “s1xth pair" of eranilal ﬁerves,_glven by
Galen and rellgiously followed by all anatomists until, and
including, Vesalius, giouped the veague nerve and the gange
lionated trunk.of the sympathetic system a& one, both
anatomically and physiologically. |

Etienne (1545) and later Eustachio (1552) first
distingulshed the vagus and ganglionated sympathetic trunk
anatomically in the neck, Eustachio pictured the sympathetic
_componenﬁ a8 arising within the ¢ranium, a fallacy not
corrected until 1727 by the work of du Petit. '

. Willis (1621 ~ 1675) recognised and illustrated the
apparent union in 1oweb animals of the cervical portion or
the sympathetic trunk and the vagus nerve and their separate
course in man. Willis, too, was one of the first to introduce
“into scientific thought the. conception of "1nv§1untary" as
distinet from "volitional" movement.

whytt (1751) extended greatly Willis' differentia=~
tion of animal motions into voluntary and lnvoluntavy movements
and; withoﬁt knowledge dr any theoreticel condepélon-bf ) |
reflex action, emphasised the effective response to an affecting
stimulus, dependent at ieaet in part on the integrity of nerve
connection. |

du Petit in 1727 dealt the "death blow" to the

proposed cerebral origin of the "intercostal" nerve (as Willis

/had designated
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hed designated the ganglionated sympathetic trunk). By
'eareful\dissection‘and then by‘experimentél section of the
vago=~sympathetic trunk in the neck in dogs; du fetit,gave
the first accurate account of Horner‘a Syhdromea He dise
tinguished éiearly'betweenvthe respiratory embarrassment
due tb‘va%al section and the ocular palsy due t0 paralysis
of thg cervical portion of the sympathetic trunk, It was
a century~and-a~half beforé the full significanée of du -~
Petit's observation was realised. It was not until the
time of Gaskell and Langley that it became clear and was
proved experimentally that the énly posaible péthway;from
-the central nervous system to the sympathetic ganglia‘is
through the rami communicantes. |

Johnatone in 1764 geve a remarkably accurate
account of the gross appearaéce of the ganglia but leaned
towards Winslow's (1732) view of.semi-independqpce of the
ganglionic system, : ) ) .

‘Meckel in 1751 gave the firat clear account of
" what is now understood by the term "nerve plexus", and
although he remarked that the. bulk of the ﬁerves leaving
the ganglion was much gréater than that of“thepéntering.
nerves, he gpparently did not suspect a poésible orlgiﬁ
within the‘ggngliOn.offsuch emergent f£ibres, Meckel added
the.éignificant'observation.that many nerves of the sympa-
thetle syatem, especially those lea?ing.the:ganglia; were
redder and of softer texture thaﬁ most other nérves, an early
glimrering of the.?ecégnition'of thé non—hyg%;gateé nature
0f the fibres of the "gréy‘ rami"; |

In.1836 Valentin gave g deteiled account of the
sympathetic ganglia. He noted the difference between the
white and grey rami communicantes and expressced the beliéf
that the white rami arose from the spinal cord and passed %o

the sympathetic system.

two years later.
y
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Two years later Remak gave the first adequate des~
cription of the unmyelinated nerve fibres which he postulated
arose from the genzlion cell bodles described by Ehrenberg in
1833, The true nature of Remak's fibres remained in dispute
for hany years, but were gradually aecépted~when Muller, |
Schwann and Henle confirmed Remak'a,obsepvationa. ‘Remak's
was one of the eérlleet slear descriptionsof the.anatomf of
the white and grey raml communicantes., \

In 1857 Meissner gave the first deseription of the
submucous plexus of the intestinal tract and in i864 Auerbach
published his account of the myenterié plexus of the intestinal
wall, \ | | '

Iﬁ 1862 Reissner observed that the fine nerve fibres
weére prgseht.in'the anterior roots of the thorac1cvreg1on in
far areater numbers than elsewhere in the‘spinal gegments.

After Muller in 1838 had recognised two kinds of
miscle, striated and unstriated, Henle in 1840, noting that
\sympathetie fibres, apparently motor in nature,.weredistria-
buted particularly along blood vessels, was led.to the
ccneiusion.that the middle coat of artériee ﬁas muscular,.
Histologic proof was given bj von Kolliker (1846).

| Bichat in 1799 was the first to correlate the auto-
- nomic nervous system with ths metabolic functions of‘the body.
He also_her&lded the discovery of the vasomotor ner&es -
"eesses the nerves of the ganglie are distributed everywheré '
to tre circulatory system; they seem to exist for it and to
belong to 1t exclusively, It is only withlthe arteries |
‘that they are lntroduced into the organs, or rather it 4s
only to the arteries that they are distrlbuted'directly, no
matter where they are, This constant connection betwéen the
nervous system of the ganglie and the circulatdry sysiem is

observed even in the heartecsess”

/The first evidence
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The first evidence of the vasomotor function of the
sympathetlc nervous.syStem.was demonstrated by Claude Bernard.
In 1852 he described the increase in the blood flow and %he
temperature of the skin on the side of the head on which he
had sectioned the.sympathetic trunk in the neck.

' This was confirmed in 1852 by Brbwn~Sequard who
also demonstrated that sympathetic stimulation caused vaso=
constriction and a decrease in the temperature of the skin im
the area suppiied. Wall in England and.Budge in Germahy '
confirmed this indepéndenﬁly. Bernard'k1862). Schiff (1862)
and von Cyon (1868) showed the same vasoconstrlétor action of
the'symp&thetic‘sﬁpply'td the upper limb. ‘ |

After Ludwig (1851) had noted 1ncreaeed secretion
‘of the saliva on stimulation of the chorda tympani. Bernard
in 1858 ehoweﬁ that the blood of the eubmaxillarv zgland was
under the control of two types of neyve fibres = the sympaa
fhetio. cauaing conatrictton of the arteries and diminution
of blood flow, and -the chorda tympeni, stimulation of which
glves vasodilatation and an 1ncrease of blood flow,

In 1876 Stricker demonstrated the vasodilator
‘effect of stimulation of the dorsal epinal roots, and in
,. 1880 D;stre and Morat produced evidence for the existence of
vasodilator fibres'to the micous membrane of the gums and
palate in the cervical portion of the sympathetic chain.

Gaskell 1in 1886 showed that the white rami communi-
cantes were composed almost entirely of fine myelinated -
'flbres and that they\were ¢learly limitedq to the thoracic
.and ﬁpper_lumbar segments, In the cephalic portion of the
sympathetic chain the sﬁall‘medulléted nerve fibres could be
traced to the superior cervical ganglicn and nc further.
Caudally, they formed the lumbo«sacral trunk, gradually

decreasing in number until in the lower sacral regions they

Jultimately
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ultimétely disappeared. Laterally some fibres were traced
through the sympatﬁetic éanglia into the splanchnic nerves,
Gaskell also noted medullated fierS'of‘finé calibre in the
gsecond and third sazcral segments &s also in the.spinél
accéssory; glossopharyngeal and ¢horda. tympagi'narvesa ‘
. Gaskell wes probably the first to postulate the

existence of two antagonistic systems of nerves for the

control of invluntary musculature and glandular secretlon,

one excitatory and .the other inhibitory.

) The differentiation of the\twd components of the

autonomic hervous system is mainly dde to Langley who -

- termed the cranial and saéral outflow as parasympathetic,

The thoraco=lumbar outflow constitutés the aympathetic
proper., - | ) | N
| After Hirschmann in 1863 and Heidenhain in 1872
had notea the effects of nicotine on stimulation of the

sympathetic trunk in the neck; Langley and Dickinson in

© 1889 established that the vasodilatorAfibrés for the pupil

and the vasoconstrictor fibres for the ear end in cells in

theﬁéuperiorrcervical ganglion. ° By applying this discovery -

5to'o£hef parts of‘thg,body;lbanglex was able to mep out the

cell stations and areas of distribution of most of the pre=

: gahglionic end postganglionic neurénes. which he thus named

in‘1893i '
With the discovery of the elaborafion of chemical
substances, sympathin (Gamnoﬁ) and acetylcholine (Loewi and
Dalé),-at the terminations of,the sympaphetiq and parasymaf
gathétic,nerve fibres respectively, the first important
%1nks»betyeen the avutonomic agd'the endocrine systemswefg

~

forged.

/(b) ANATOMY AND PHYSIOLOGY
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(b) ANATOMY AND _PHYSIOLOGY.

A\l

1, Embrgologz.

The comparative anatomy of the sympathetic nervous
systenm ‘is not very well known, - In the Pétromyzon,the most
primitive of the chordates, a vagal system can be distinguished
and, as one ascends in the scele, portions Qf the sympathetic
system gradually make thelr appearance. The autonomic sysiem‘
appears comparatively late and, of its . three portlons, the |
thoraco-lumbar outflowlis the 1ag;-to appears

The e¢hromaffin system s much more extensive in the
lower vertebrates than in man and it undercoessa. progressive
reduction a8 one passes up the animal seale., With this
peductian in the chromaffin system tbérq is & progressive
incréase in the peripheral_plexuses of the sympathetic aysﬁem.
The role of adrenalin apparently was the replacement 6t the
postganglionic fibres by the distribution'thrdugh-the blood
of a chemical substance. 1In the course of evolution the
less exact has given way to the more precise and mors highly
| differentiated method, -

RKuntz (1922) and Jones (1937@ 1939, 1941) consider
that the peripheral nguronea of the sympathet&cgaystem in the
~thoracic and abdominal region are derived mainly from the
neural tube. Thelr work was performed on the chick an&‘
neuiobiasts were said to leave the neural tube and eénter
inte the formation of the sympathetic trunk..

_ Seott and Palmer (1932) outlined the embryonic
develovment of the cells of the sympathetic system as being‘,
derived from the neural crésts and ventral roots. ’

Woollard and Norrish (1934), too, constdered that -
the neucal crest Qas the source of origln of the cells of

the sympathetic ganglia;

/Hammond.
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Hammond and ¥Yntema (lQA?),(by removing the neural
erest from the lumbaf and.thoraéic regions of the c¢hick,
demongtrated that the periphefal sympathétic neurones in
.phoée'regions arise fromvthe‘neurél crest,
‘The bresgng;ionic column and iis fibres giffer«
entiate in the absence of the neural crest and its ‘
derivatives, They emerge frbm the neural tube and compléte
an esséntially'normal_pattern for & trunk sympathetic system
devold of peripheral éympathetic neurones; There is no
evidence that cells migrate from the preganglionic column or .
ventfal:neural tube to form neurones of ﬁhe sympathetic
'gangiia, Injury to the preganglionic centre, along with
" absence of sympathetic ganglia, is“reflected 1n:interrupfion
or absence of the paravertebral trunk fdr|one or more .segménts.
Thus it is from the neural crest that cells of the
" sympathetic ganglia and the chromaffin eells take origin,
They ari;e from the same soﬁrce~as‘the dorsal ganglia of the
cerebrospinal nerves, The neuroblasts whiéh are pfoliferatea
from the neural crest become‘aggregatedlin & segmental man?er,
8o that in the postganglionic system of the sympathetic the
metameric arrangement 1is preserfed. A ségmental plan does
not oceur in the preganglionic system, for this part is .
restricted to the thoraqid region of the cord. Its con= '
nections with the peripheral ganglia, therefore, show an

"averlapplng.

| | The paravertebral ganglia extend right down to the
codcygeai region and up into the neck. In the cervical
region, howeﬁer. although a strict segmentél distribution
undoubtedly-occurred; there has been fusion of the ganglia
into three main groups, forming the superior, middle and

inferior cervical ganglia. The inferior cervical ganglion
represents the fused seventh and eighth, and the middle

cervical ganglion the fused fourth and fifth cerviecal ganglia,

/whereas ﬁhe
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whereas the superior cervical ganglion incorporates thﬂ
upper four cervical ganglia, ‘

Pick and.Sheehan {1946) have pointed ocut that
irregularity in the number of ganglis along the sympathetic
ehaiﬁ is & familiar observation and is more . marked in the

lower thoracic and upper lumbar regions. There is appar-

ently division of each primordial ganglionic mass into

cranial and caudal portions,

| The two portions may fuse together again (or never
really separate), producing a single ganglion with connection
to only one spinal nerve - this type is truly segmental and
most'eommbnly seen in man in. the upper thbraeic regions,

; The caudél half of one primordial mass may fuse
with the eranial half of the next lower,Lforming a gaﬁglicn
with connections to two s8plnal nerves and is, therefore,[not |
strictly segmental. . | |

The;e may be a fusion of portions of more than two
primordial masses, All combinations are pﬁssible, and there-

fore one can find all types of ganglia with connections to

‘three or more spinal nerves., This is seen typleally in the

supsrior and inferlor ceryical ganglia.

One or both}portions of the primordial maés‘may

pefsist as a separate ganglion, thus producing additional

ganglia or complete duplication.
‘ A primordial mass, or a portion of iti, may appear
to be missing altogether, when the rami usually connected~‘.
with 1t come directly off the sympathetic chain.

All these varieties can, therefore, be recognised
if the ganglia are numbered in accordance with the distri- .
bution of the rami. = This is the only method of determining
the proper enumeration of the ganglia ahd of making a true

comparison between general dissections.

/2. Central Representation



Central Representation. )

2. |
The mechanisms which control.the vessels are by.no
means so clear cut as those which control the heart._isTwo
distinct influences constantly affect the blood vessels, the
vasoconstrictor and the vasodilator-mechanisms, which aré
partly nervous and partly éhemical_ Th@‘impulsee concerned -
emanate from the central nérvous system, especially from the’
medulla, where & vasoconstrictor centre haé besn deseribed,
although, as in the case of the cardiac centres, these may
really be the épices of reflex arcs.

The conception @fDSpecial centfes in the brain cqﬁe
troiling blood vessels was first suggested by Schiff (1855)
on the basis of the effect of section éf the spinal cord.
The workers of Ludwig's laboratory found that, even after all
the brain above the medulla was removed, they still‘oppainea
a rise of blood pressure on'stiﬁulaming the central end of .

the sciatic nerve. (Dittmar - 1870).

i. Cortex. .

There 18 no unaﬁimlty.in the literature on the

question of the sympathetic system being repre«:
 sented in the cortex. In the monkey, stimulation of the
vprémctor<@rea produced cardibvaécular effects‘and inérease
in intestinal peristalsis.{Watt and Fulton - 1934, K€rmard
- 1934)." LT ‘ :

- Hoff and Green (1936) and Green and Hoff (1937)
have concluded from animal experiments that the cortex may
influence the cardlo—vascular saystem depending on the needs
of the animal in relation to the externalvenvironmenpe

Both Clymer (1870) and Maxﬁell (1902) have reported
cases who seam to have & voluntary control over their sympa-
‘thetic functions. Lindsley and Sassaman (1938) reported on
a patient who was able to produce voluntary pilo-erection,

with an inecresse in heart rate and blood pressure.

/Eiectrical
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Electrical potential recordings show changes over the pre-
motor area only durinm the period of peripheral autonomic
discharge.

Vasomotor disturbances have long been noted in.
cases of hemiplegia., Eulenberg and‘Landois-~.1876;
Gowers .- 1888, Pilcher, Wyatt and Carney - 1941 demonsﬁrated
unilateral sympathetic over-activity following a lafge~'
infarct blocking the left middle ceérebral artery., This is
‘interpreted es.a.réiease phenomenon of corticalhinhibitionss

- Bucy (1935) obeserved a woman who, folléWing a
vascular accident, probably in the Left interna%‘caﬁsule,
Showeé cémpiéte disappearance of the fight brachial and
radial pulseés. The limb was cyanotic and cold éﬁ first;
Recovery was complete.. ' | . o

That emotional disturbances and mental strain cause
& decrease in peripheral blood flow,ﬁhich‘is dependent upon |
the integrity ﬁf the sympathetic pathways, was shown by
Goetz (1943, 1946).« |

Although most of the work on the euestion of
sympathetic representation in the cortex has resulted from
animal experimentation, there appears to be np doupt'that
in man, too, the cortical centres influence the function of
;ﬁhe sympathetic-nervéus systém; |

i3. Hypothelamus. -

© With regard to the evidence of sympathetic repre“

. ' sentation within the hypothalamus and wall df the.
third ventricle, numerous papers have appeared. Animal
experiments have again been the mzainstay of physiologists.
Direct stimulation of the various posterior nuclei has been
pewformed an& all aspecte of sympathetic activity noted.

(Renson and Magoun - 1933, Hare and Geo%egan - 1539,

[Walker - 1940
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Walker - 1940, and Pitts et al - 1941). , '
All the sympathetic activity resulting from stimu~-

lation of the higher centres is dependent on the presence of

_the intact thoracic sympathetic chain and is abolished by

resection or the injection of a sympathetic ﬁaralysant;

Beattiec in 1932 postulated e vasoconstrictor
centre in the caudsl,and a vasodilator centre in the oral
ﬁart of the hypothalamus. o B

‘White in 1940 found, Whiie operating~onvffve:con-

scious patients, that electrical stimulation of the paraven=

tricular nucleus of the hypothalamus caused a rise in blood

pressure and acceleration of the heart rate.  Bradycardia,

- however, resulted from stimulation of the anterior hypothalemus

<

near the preoptic nucléus;

Numerous clinical obeervations of tumours or other
1esiqne which compress or . destroy the walls of the third
ventricle support the experimental evidence. Peet and Kahn

(1936) report a case of "Raynaud's Phenomena"” occurring in a

- patient with a tumour of the hypothalamus, The "Raynaud's

Phenomena"~consist9d of severe vasoconstriction with cyanosis
and sweating of the extremities, Peﬁfield:(1929) reported a

case of tumour of the third ventricle, with attacks of what

'he called "Diencephalic sutonomic epilepsy". This included

cutaneous vasodilatation, salivation, sweating, pilomotor

hactivity,‘d;latation of pupils, tach?cérdia, rise in blood

vpressuré and spasm of sphincters,

There appéars to be evidence of two distinct
mech&nisms present a‘cne in the pésterior»part of the hyﬁo—
.thalamus.cauéing a co~ordinated response of sympathetic qutfloﬁ
and thé-other in the anferior part producing a éimilar response
of parasympathétic outflow. |

The whole objJect of these mechanisms &ppears to be
" [towards the

!
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'towar&s ‘the maintenance of a constant 1nternal gnvironment.
A8 emphasised by Goetz (1947). the cortex exerts a controlling
or 1nh1bitory influence upon these mechanisms.

' The c¢lose relationship of the hypothalamue to both
.the sympathetic nervous system and to the pituitary gland,

and thus to the entire endocrine system, must continually be

borne in mind.

111,  Medulla,
. In 1916 Ranson and Billingsley investigated the
. problém of higher centres in the médullaa/ They
examined the floor of the fourth ventricle wiﬁh stimulating
eléctrodes. Their work was performed on cats. They found
two points « one of which gave & Qefinite rise of blooq,
-preésure and the other a féll. These two points weéere no more
than'B mnm, gpart_ The pressor point was 'on the lateral 1lip
of the ala cineres,

These findings of a vasoconstrictor and a vasos
dilator éentre were confirmed by Alexander in 1946.

It 1s 1likely that these centres are in close relation
to the centre controlling cardiac activity. The proximity of
the vasomotor ceﬁtre to tge respiratory cgntre'ls well'recosé |
nised, This is well demonstfated by the respiratory fluctua~
tions imposed uﬁon the vasomotor impulses, and was well shown
in the plethjsmogréphic recoids of the peripheral'blood flows
(Goetz - 1943, 1946). |

iv. Spinal Cord.
In the frog'Goltz (1864) showed that, even after the
médulla is severed from the spinal cofd, the‘vgscular
tone might recover, but that 1t was 108t after the cord was:
destroyed. In the dog he also demonstrated that, if the cord

1ﬁ the upper lumbar region was cut, the temperaturerf the -

/lower limbs
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lower 11mbé became higher than that of the upper because of
dilatation of vessels. Gradualiy, however, the vessels
becaﬁe normal again, but again they dilated if the lumbar

cord was destroyed., This work suggests the existence of

' subsidiary vasomotor centres in thé spinal cord. Further

evidence supporting this view is that after the cervicaliéord
has been cut section of the splanchnic nerve may cause a
further fall of blood pressure, ,

The efferent vasoconstrictor pathway has been

'studied by cuttiﬁg'or stimulating it at various points, A

number of early workers had described the sympathetic as -
taking origin from all the spinal nerves, The 1dea that @he
white rami were abéént.fﬁom the uﬁper and lower regions of
the cord wés first put forwar& by Beck in 1846 Qp'the basis
of anatomical dissections of man, |

In 1883 Gaskell suggested that the‘vaéomotor
(meaning the vasoéonstrictor fibres) tookvorigih from~the'

lateral horn of the spinal cord and this was later confirmed

f

by Anderson. -

Vasomotor;'sudomotcr and. pilomotor fibres frém the
higher centres pass down along the extrapyrémidal tracts in
the poatério;‘longitudinal fascicu;us and-the'Veatibulospinal'
tracts into.tgeianterOalateral columns of the¢ spinal cord.,
Qhere,éynapse; are established with the ganglion cells in-
'the'lateral.horns; constiﬁutiné.the spinal sympathétic motor
centres, The axons of these ganglia in the lateral horn
arelmédullated éné proceed to the corfeéponding sympathetic
paravertebral ganglie via the anterior rooﬁs and the rami
communicantes to synapse with ganglion cells in the paraver-
tebral ganglia. 'Thééé white (medullated) fibres‘afe known

as preganglionic fibres, The axons of the ganglion cells

' in the paravertebral ganglia are non-medullated.  These are

/termed grey
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termed grey.flbres and reach the effector organe, either by

~ Joining the spinal nerves to the somatidé regions or by

Joining the blood vessels to the splanchnie {visceral) areas.
In man the {sympathetic centres in the iaﬁeral horn

of the spinal cord extendvonly”from.rh.l to L.2,  Harmsn in

1898 showed that the superior 1limit is at,thevlgvel of the

first thoracic nerve. In some few cases the limit may be

.extended to the eighth cervical nerve. This variation

appears to be so accérding to the fixation of the brachial"

plexus. - As the plexus moves up ore segment, the”pregange

lionic outflow’goves up to G.SQ' Should the plexus be poste-
fixed tﬁe secénd thoracic ganglion may becomé the highest
spinal outflow. Similar observations were made by Foerster
(i936) and Gostz and Marr (1944). |

No sympathetic outflew-appareptly ccecurs through
the anterior roots in the cervical regions, nor'in the lumbar
or sacral fegions below L.2. The preganglionic fibres to
the cervical ganglia reach them along the sympathetic cord
via the first thoreaciec ganglion." In the lumbar and sacral
ganglia the pbegangliontc.fiﬁres paés bj way of L2,

Pick and Bheehan in 1946 confirmed the thoraco-
lumbar outflow in man as belng derived from Th.1 to L.2.
They, however, noted that thé number of fiée mye}inated
fibres within grey rami has been greatly underestimated.,

They occurred in great numbers in C.7 and C.8. They found

~that fine myelinaped fibres were present to some extent in

-

ali grey rami,

/3
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3. Sympathetic Outflow to the Upper Extremity.

i« Erecanclionic.

In the upper extremity the sympathetic nervous system
ﬁas been found by the surgeon to be apperently anoma«
lous in its devious origins and remifications. Anatomic dis- -

section does not suffice to indicate the physiologic pathwajs

" of the sympathetic nervous systém. Varlations occur not only

in different individuals bﬁt also between the two sides in the
‘'same individual,

Much experimental work haa'been'dogé'on this‘problem
and the position is st111 far from‘cléar. The origin of the
preganglionic'fibres to the upper extremity is s8til1ll a matter v'
of considerable dispute. . o S ' .

’ Sheehan and Marazzi (1941) recorded eléctrical
activity of perlpheral-nervesvduring stimulation of anterior
nerve roote in the monkey, and qoncluded that the preganglionic
outflow to the upper extremity in the monkey 1s 1limited to
roots Th.4 to Th.8. | |

Also working on .monkeys, Ascroft found segmental
1evels wvere Th.3 to Th.9. _

Geohagan et al (1942) used'the skin reglstance
- method and stimulated ventral roots in the monkey.  They
found that preganglionic fibres to the monkey's hand'emerge
through‘ﬁéntfal'rdots.Th.A"to Th.10. The'preganglionic
fibres to the sympathetic chain leave the cord over the
first four thoracic ventral,roots. - They also found that
there is asymmetry of the preganglionic outflOW_on the
 two sidés o; the same animal. |

" Kuntz and Dillon (1942), on the othsr hand, using
the plethysmoqraph, demonstrated that, in the cat, and also
the monkey. complete sympathetic denervation of . the upper

extremity cannot be accomplished by any operative procedure,»

/which leaves the
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which leaves the cervico«thoracic sympathetic ganglion with
its grey communicating rami intact and does not interrupt
the preganglionic components of the first thoracic'nePVG;
They did this bf‘demonstratins vasoconstriction following
extirpation of thé second anﬁ'third thoracic segments of tﬁé
sympathetic trunk. . The first thoracic nerve includes pre-
ganglienic components which are involved in the sympathetic
innervation of the upper extremity.

| Thus, in the experimental animal, there is no
unanimity on the upper level of the outflow of sympathetic
fibres to. the upper eiﬁfemity; It is ‘this uppér level
which 1s‘qf the utmosﬁ importance.

Pick and Sheehén (1946) havé pointed out that,

although the th?rgcoalumbqr outflow in man is dérlved from
Th.l to L:i2, as &etermined by the guantily of ﬁyelinated

fibres, the number of these fine myelipatéd fibres has been

s
4

greatly underestimated. . Greét numbers. ocourred 1in C.7 and

.8 and myelinated fibres weré present to some extent in all
grey rami.

In the series of éoﬁkeys sympathectomised during

-the past twelve months, dir%eﬁ stimilation was applied to

the sympathetic trunk and ganglia. The plethysmograph was
used to record evidence of vasoconstriction. In all, stimue.
lation applied to the stellate ganglion resulted in constric-

tion. In only one specimen, monkey"G", was stimulation

applied cephalad to the syeilate ganmllon. ’ In this animal,

after the stellate ganglion had been removed the cervical
sympathetic was defined and identification confirmed by
observing the effect of stimulation on the pupil. »Stimga

lation of the cervical sympathetic, at a polnt Jjust above

‘the sixth cervical vertebra, did not result in vasoconstriction

observed plethysmographically. Each stimulation at this
point was accompanied by pupillary dilatation. Stimulation'
of thé caudal end of the sympathetic trunk, l.e. at the

| . /fourth
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fourth thoracic ganglion, had no effect on the hand volume,

In monkey “F",-befcre the'stellate ganglioﬁ was
removed, sll connéctiona,‘exceptiﬁg the two branches enclfcling
the subclavian artery and a largq'ramus from the firet
thoracic nerve, were severed, Stimulation of this 1gtter
ramus produced both vaSoconstriction of the’uppér extramity
and dilatation of thepupil. This ramus was the whité ramas
of Th,1. Once this fibre was divided, stimulation failed to
pro&uce anj évidence of vasoconstricthﬁ. This confirms the
impression of Kuntz and Dillon,

‘The lower. limit of eympatﬁetic_supply to the upper
extfemity Vafied. In three speeihena no vasoconstriction
occurred below Th‘éi .. In one specimen it waé not until the
seventh thoracle ganglion was reached that cqnst;iction d14d
not oceur. |

Thus; 1n:the ﬁonkey,the upper 1limlt of the sympé~
thetlc supply to the ﬁpper extremity appears to be the first
théracic segment. It is not, however, 1mprobable that some
of the myelinated filbres contained in the cervical segments,
as demonstrated by Pick and Sheehan, may also play some part
in the sympathetic innervation. |

Foerstef (1936) obéerved thgt Th.2 waé the upper
limit.of the sympathetic supply to the upper extremity in
men. Smithwick (1941) believes that both Th.2 and Th.3.
Qont?ibute,preganglionic fibreg to the arms in man.’

Hyﬁdman and Wolkin (1941) found ébundant thermo~

regulatory sweating of the whole upper extremity after

‘anterior rhizotomy in which only the second thoracic root

- was left intact.

Atlas (1941) removed the second intercostal nerve,

the second thoracic ganglion and all rami communicantes

/attacied thereto



«20

attached thereto on one side and Uyaccident removed a like
amount of the third on the other side. On the side that
the second ganglion was removed the limb wasfoﬁnq to be
sympathectomised, but not so on the-side from which Th.3 had
been removed, | ' ‘

Hyndman and Wolkin (1942) concluded that removal
of bﬁly the second thoracic eympatnét;c ganglion resuiﬁs
in as complete a sympathectomy as does removai of the
inferior cervical and upper two thoracic ganglia.

Fulton.(1943) considers that it ié hfgh1y unlikely
that Th.1l makes any contribution to the symﬁathatic inner-
vation of. the upper extremity.

| Goetz and Marr {(1944) claim that removal of the
second thoracic ganglion completely sympathectomisee the |
upper extremity., Immediately after operation plethysmo-
Agraphy reﬁeals absence of vasomotor tone and complete anhi-
drosis of the upper extremity is present. "The late results
of their cases seem to indicate that removal of:thé second
thoracic ganglicn only doeé nbt produce a last;Qg-sympathectomya
Goetz'(unpublished data), therefore, extended the operation to
inelude the third thoracic .ganglion. Later,, at his sugeestion,
the second, third and fourth thoracié ganglia Qére removed in
all sympathectomies of the uppervextremity. ' | .

Kuntz, Alexander and Furculo (1938) state that the
preganglionic neurones involved in the sympatiretic innervation
of the upper extremity are.located in the upper thoracic region
of the spinal cord, beginning ﬁith the first thqracic segment '
and extending downward at least as far as the third or fourth.
This statement is based on their work in the caﬁ and the
monkey. ‘ | o
| Ray and his éo~wquers (1943) used the skin resis~

tance method to determine the exazrct outflow from the apinal

f/cord.



cord, The tests were based upon the established fact that
sympathetic nerves leave the cdrd yia anterior spinal roots
and that faradic stimulation of these roote causes sympa-

* thetic activity, one effect of which is & change in the
electrical resistance.of the skin in the area innervated.

The cases were those in which the cefvico~thorac1c
reglon of- the cofd was exposea; .

| ’In sixteen patients in whom the study was made,
principally directed toward the hand, it was found that there
was a variation in the upper and lower levels of the sympa=
théﬁic outflow within thé limits of the first thoracic and
tenth thoraclc segmenis, However, in over 90}perceht. of
cases thé outflow was from the -second, fourth and fifth
thoracic segments,

. After having noted the‘ease with which the sympa-
thetic chain was stimulated in the monkey, the sympathetic
irunk and genglla were stimulated at operation in one of the
‘cases in the present serles, Vasoconstriction was observed
plethysmographicélly,

The sympathetic trunk was exposed by 6pen thqfaco@
tomy as described by Goetz and Marr (1944)_ _;The upper
‘thoracic.ganglié were'defined.by‘blunt dissectlén and
‘electrodes placed on the ganglia. The stgllaté. second ‘
and subseguent ganglia we}e “hus stiﬁﬁlated and the plethys~
mographic record observed. Vasoconstriotion resulted on
stimulatioﬁ of the fourth thoracic ganglion and at all
points of the chain céphalad, as far as and ineluding the
stellate manglion. It s impossible to stimulate above
the stellate gangllion via the thorax. Thus, whereas the
lower limit of the sympathetic innervation to the upper '
extremity 1s easily demonstrable, the upper limit has not

jﬁeen defined.

/The reaction
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The resction of the'pupil'was observed whilst
stimulation wes being performed, 'Stimulation of the stel-
late ganglion was followed by dilatation. But a similar - '

dilatation occcurred on stimulation of the second thoracic

.- ganglion. This genglion was includéd in the tissue

removed, Postoperatively a Horner's Syndrome was present
which, however, had completely disappeared by the eighth
daj.

In the majority of cases, removel of the second

‘thoracic ganglion will completely denervate the upper

extremlty ‘of sympatretic fibres (Hyndman and Wolkin « 1942;

‘Goetz and Marr «1944). In,iess than one out of' ten an

outflow oceurs.from the first thoracic nerve and in these
cases removal of the second thoracﬁc ganglion will not
cbmpletely'sympathectomise the upper 1limb., -(Ray et al -~
1943). ) |
| Goetz end Marr (1944) and Goetz (1945} have demon~
étrated that, Ey.removal-of the thoracic sympathetic below
Th.1i43 percent, of cases show abolition‘of:thermo-regulatory

sweatlngiof'fhé facé.and neck. In the reméining 57 percent.

"the skin strgctures of'the face and neck were not denervateds

In these patients Th.2 was not the highest source of sympa=
thetic outflow.  Although there was this differénce in the'

sweatinn fibres in these cases, no difference occurred in the

‘sympathetic aupply to the pupil. In all eases in which the

sympathetic was removed below the stellate,, Horner's SynQrome
was absent. This indicates that the central donnection of-
the oculo-pupillary apperstus via Th 1 is constsnt.

However,; 4t is possible for Th.2 to supply some

-fivres to the pupil. Horner's Syndrome was present 1in one

case for only eight days after removal of the second thoracic
ganglion and it is likely that the bulk of the fibres to the

'
~

pupil arose normelly from Th.l.

) /it is possible
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It is possible to-determine whether the 1limb has
been completely sympathectomiéed. In the monkey, aftqr :
sympathectomy had been performed, the caudal end of the sym-
pathetic frﬁnkr intercostal nerves and the bed from which the
‘ aympathetic tad been removed were all stimulated and the vasoe
motor responses in the limb were recorded plethysmographically.

"This method was applied in the patient mentioned
above. No vasoconstriction was noted bn‘séimulation of the
caudal end of the sympathetic, intercostal nerves, of sympa-
thetic Sea. The sympathectomy thus appeared complete.

) Using this method it is thus possible. to determine
at the time of operation, firstly, the extept of sympathetic
supply to the upper extremity and, secondly, the completeness
of operation. | | ‘

In some cases one of the communicating rami waich
conﬁects the cervicothoracic ganglion wiih the elghth cervical
nerve bifurcates and sends one division into the low middle --
cervical genglion. This ramus 1s made up mainly of unmyelin-

" ated fibres of émall calibre which are postganglionic. in some
instances small myelinated fibres are present among the unmyellns'
‘ated ones. These myelinated fibres probably are mainly
preganglionic Tibres which in these éasea emerge{thrdugh the
eighth cervical nerve, This communicating ramus,'thérefore,-
copstitutes-a pathway througﬁ whieh,vin certain cases, some
ﬁreganglionic fibres may reach the low middle cerviéall
sympathetic gangllion without traversimg the cervicothoracle
canglion, (Kirgzis and Kuntz - 1942).

' The firat sympathetic trunk ganglion below the .
cervicothorécic, 1.e. the second ihpracic ganglion, 1s located
at the 1level of the second thoracic nerve, In some instances,
however, the second théracic‘sympatpettc ggng;lQn is incorpor-

ated in the stellate ganglion,

/The second
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The second thoracic nerve is connected with the
seoond.thoraeic sympathetic ganglion of the sympathetic trunk
by a white and a grey ramus. | |

The second thoracic nerve iz not commonly regarded
&8s contributory to the bracb1a1~plexusav But in a large
peréentage of cases an 1ntrathora§1c ramus‘ef the secpnd
thoracic nerve joins the first thofaclc nerve. It may join
only the intercostal ramus of the first thoracic nerve or
only the brachial plexus or it may contribute fibres to both,
(Kuntz - 1927). |

Kuntz fgrther obseréed that, in some cases,; a grey
ramus from the second thoracic sympathetlc ganglion or the
sympathetic trunk was traced-dlrectlylinto'the ramus connect-
ing the first and second thoracic nerves, or a remus from the
stellate was traced into this ramus. In all cases in which'a
grey ramus was traced from the seeond thoracic ganglion or the
sympathetic trunk directly into the ramus Joining the first
thoracic nerve, one or more communicaﬁing rami also joined
the second thoracic nerve. In a few 1nstanceé & small ramus
was traced into the first thoraclc nerve directly from the
secoﬁd troracic ganglion, or the communicating ramus connecting
this zanglion with the second thoracic nerve,

Microscopy of the intrathoracic ramus joining the
first and second thoracic'nerve revealed that myelinated
fibres occur there more frequentlf than they do in sections
of spinal nerves distal to the cOmmunicatiné rami, Thus, the
intrathoracic ramus connecting the first and second thoracic
nerves, which is present in man in a large percentage of cases,
contalns éympathetic fibresﬂ Whenever this ramus Joins the
flrs£ thoracic nerve proximel to the origin of the first inter-

ostal nerve it constitutes a pathway through which symnathetic

fibresé which leave the sympathetlc trunk below the stellate

\

ganglion, enter the brachial plexus.

. /The third thoracic
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The third thoraclc ganglion is located at the

1evé1 of the third thoracic nerve. - It is connected with
this nerve by a white znd a grey communicating ramus, ~

| A ramus erising from the third thoracic nerve Just
distal to the jJjunctions of the communicating rami with this
nerve énd Joining the second thcracicvﬁerve, was demonstrated
bilaterally in fifteen and unilaterally in eigliteen of the
forty-four cadavers examined by Kuntz and Kirgis (1942). In
six‘ofithevremaining eleven cadavers, in which no direct
communication bgtween the third and second thoracic nerves
could be demonstrated, & ramué arising ffom the third thoraqic

nerve elther joined the second thoracic sympathetic ganglion

- or thé'sympathetic trunk Just below this ganglion. In all

cases in which the ramus ariélng fromwthe third thoracic nerve
Joined the second, the Jjunctlion occurred in proximity to the |
Juﬁctieﬁ of the grey oommunicatips ramﬁs with the latter nerve
or took place directly with 1ts grey communicating ramus, and
consequently, in proximity to the origin of the ramus of the-
second thoracle nerve which joined the first. In»sonaﬁcaséé.

therfamus arose from the third thoracic nerve.and Joined the

'sécond at more than one point, In a few instances oné branch

could be traced directly into the ramus arising from the
aecond.thoracic‘ngrée,”whieh joined the first, .:The ramig in
question, arising from pﬁe third thofacic_nerve, lay closely
applied”tO'the anterior surface,of.the third rib and the
intercostal muscle and was embeéded in the loose areolar -
connective tissue which 1a& in relation to the sympathetic
trunk;_"lﬁsteéd of joining the second thoracic sympathetic.
ganglion or the sympathetle trunk below the latter ganglion,

it may be completely concealed by the connective tissus.

(Kuntz and Kirgis - 1942).

/i1 Postzanzlionic
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11. FPostsanelionic.

~ Sympathetic fibres which supply the upper extremity

leave the sympathetic trunk mainly through grey com=-
municatihg raml which arise from the inferior and ﬁiddle
- caervical and secoﬁd‘thoracic ganglia and join the nerves which
make up the brachial plexus. These ganglia, as well as,the
upper thoracic ganglia, are extremely variable. |

The topogfaphy 6f the middle cervical ganglion 18
very uncertain. It 1s usually assigned to a place where
the cefvical sympathetic chain crosses the inferior thyroid
artery opposite the sixth.qervical‘v%rtebra. It is, however,
a fluctuatln; quantity and conéiderable variation occurs in
the origin and course of the raml to the fifth and sixth
-cervical nerves which are usually attributed to it.
(Woollard and Norrish - 1934) . o

Both Potts (1925) and Axford (1927) state that the

middle cervical zanglion may be of two typesi-

(1) The ganglion lies in close association with the
inferior thyroid artery at about the level of

the sixth cervical vertebra.

(2) The ganglion lies on the ventral side of the
vertebral artery at about the 1eve1 of the

seventh cervical vertebra,

The fofmer or hiéh type‘of_ggnglian gives rami
communicantes constantly to the fifth and sixth cervical
nerves. The raml communi¢antées from the low type of ganglion
are distributed most frequently to ths fifth and sixth cervical
nerveé, but there is some variatioh in that rami may proceed
from it to the fifth cervical nerve alone or to the fifth,’
8ixth and seventh cervical nerves.

When this ganglion 1is absent, or lies in close prox-

imity to the inferior cervical ganglion, the fifth and sixth
cervical nerves derive their rami direct from the sympathetic

trunk., (Potts - 1925, Funtz - 1927).

/The inferior
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The inferior cervical ganglion is commonly situated
1n the region of the level of the neck of the first rib, but
may occupy a siightly lower level. ‘ The ganglion aupplles
rami to the seventh and eighth cervic&i and first thoracic

‘nerves. The rami to the fifth, sixth and seventh nerves may
be on the surface of the scelenus anteriér or may wander among
its fibres, depending on whether they lie in front of, under
cover of, or pierce the muscle. (Potte - 1925).

However, Kuntz (1927) states that a discrete, infer-
for cervical symbathetic ganglion oceurs but rarely, if at
all, in man.  The inferior cervical génsllén is partislly
or entirely fuesed with the first thoracic gaﬁglian in 80
percent. of cases. All degrees of fusion can be seen. A
complete union occuré in only about 50Jpercent. (Sheehan -
1933) . ) _

Most often 1t is found that an elongated ovoidfmass
is situated in front of the neck of the first rib and this
mass, when traced upwards to the lateral angle between the 

}ﬁe%tebral artery and its origin from the subclavian, emits

' g stream of fibres in which one or more small ganglion masses
sw;euentangled. The lower pcle of the Ranglionic mass lamMS
directly downwards and backwards to the second thoracic. gang-
lion, thch lies opposite the medial extremity of the, first.
intercostal space and usualiy extendé’to the upper border ;f
the second rib. (Gray 8 Anatomy). ' : ,’ .

The stellate ganglion which is commonly located_in
the interval between the eighth cervical and first thoraclc
nerves, is usually connected to the first thoracic nervé‘hy
two écmmunlcating rami, with the eighth cervical b&'two, with
the sevénth cervical by one and sometimes with the sixth o
cervical by one. (Kirgis and Kuntz - 1942).

The white ramus communicans from the.first thora-

" ¢ic nerve enters the inferior cervical zanglion as a rule.

/It sometimes
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It sometimes enters the first thoracic ganzlion., It may enterﬁ
either the upper or the lower part of the inferior cervical.
gzanglion, most often into the latefal aspect 6f‘the lower part,
and always at'some distance (1 —_Smm.) below the origin of the
grey rami communicantes to‘the cerviecal nerves, Traced back~

- wards 1t courses almost directly outwards for abo;t lem., and
‘Jblné the rifst'thoracic nerve on its anteriér aSpect'where the
nerve is crossing anterior to the neck of the f;fst rib, Its
direction, though principally outwards, is ala? slightly backe
wérde, and, as it enters the upper part of thevggnglion, courses
slightly downWarde, it courses slightly upwardsvon éntéring the
lower part of the ganglion., - It Joins the nerve st a point

some distance lateral to the point of junction of the corres-
ponding grey ramus. It is relétively_longer'thén the grey
ramus ‘and 1t -lies anteribr to the auperior'intefcostal artery.

The opinion that.the vascular route 4is used by. sympa-
thetic fibres has diffused widely following the work of le
Riche. Actual observation‘discloses the penetration of the
spinal nerves by raml; it shows fibres from peripheral nerves
joining blood vessels < branches of vascular distribution.
Numerous nerve fibres, in the form of fasciculi, running for -
considerable distances, can 8lsc be obsérvedjinuthe adventitia
of ‘blood yessels; and finally in the tunica meaié a continuous
nerve ple%u% can be seen extending throughout the whole of the
'vascular txee. ' '_

The vaacular tree from the eaorta to the periphery
appéafs to be supplied with vasomotorvnerves in two ways.
(wOollarq'- 1926) . In the a&ventitia‘of the aorta there are
large bundles of nerve fibres which come direet from the adja«
cent ganglla of'the\sympathetic frunk¢ Theée bundles are com~
posed almost eﬁtirely of nonsmédullated nerves. This forms a
fine network which gives complete continuity thréughout the

N

vascular tree,

/This double
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This double mode of innervation had-alreaay been noted
by Kramer and Todd (1914). They observe&'that the subc1a§ian
and axiliary arteries differ from the.other arteries of the arm
in receiving a nerve supply direct from the sympathetic chain,
All other arteries in the upper limb obtaiﬁ~£heir nerve supply,
from”symﬁathetic fllaments which have traveiled along fhe spinal
nerves and whicﬁ are distributed to the varioﬁs}blood vessels
at irregular intgrvals; The distal and peripheral vessels,
more particularly those of the hand, receive nerve filaments at
more frequent intafvalé then do the proximal channels, .fhe
distribution of nerves to.vessels'corresﬁond§ rpu5hly with the
didtribution of 'nerves ‘to the muscles and‘ékin.

| | The continuous.plexus in the media of blood veséels
is, however, unlike a conducting system, It gives off peri-
¢sllular endings to' the ungtribed muscle fibres, Impulses
which énter thisrplexus.egteﬁd oveéer a small'area and then die‘out‘
Though its8 appearance suggests continqity, the arrangément is
of aﬁch a nature that its purpose 1s to subserve a restricted
portion of the vascular tree, and experiment shows that impulses
soon die out within this area and are not transmitted for any
distance ﬁpwqyds or downwards, (Woollard and Norrish - 1934).

That capillaries aré apcompanied by’nerves was  shown
. by Beal (1860). The fibres are fine and non-medullated. - They
beiong entirely to the sympathetic syétem andv@fe continued on
to thé capillaries from the arteridleé. Def'inite endings in
thé capillaries, however, are not found. (Woollard - 1926).

‘ ° Sanders, Ebert and Florey (1940) studied cabillary
contraction énd were unable to find evidenee tb support the
existing view that Rouget éells participate 1n:this process,
They'@éport thét*oapillaries contract independently of the .
Rouget cells, They were able to produce ccntbactions‘at will
by stimulating the peripheéeral end of the cut cervical portion
of the sympathetié trunk. They conclude that these contractions
are under the control of the sympathetic nervous system.

/The vasoconatrictor
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The vasoconstrictor flbres are recognised to be exclu-
'sively sympathetic, It can be stated fu£ther that all vaso=
constrictors are sympathetic postganglipnlc‘fibres and there is
‘ n? other source of supply then t?&se;

They ‘leave the spinal cord by the ventral nerve roots
“and Join the chain of sympathetic ganglla, in whieh they have
their cell stations. So far as the supply to the 1limb 15 con=- -
cerned, physiological evidence goes to show that the vasoconstric-
_tor fibres.controlling the arterioles travel with the peripheral
nerves, Section Qf such nerves causeS»vasod;latatlon; stimulae |
tion produces vasoconstriction.  Some dbservérs have found |
bundles of nerve flbres running along the larger blood vessels
and others have descrlbedvemall bundles‘of fibres approaching .
theyvessels from the adjacent peripheral nerve trunks,

It appears.thﬁt the emailer arteries énd arterioles
are supplied by sympathetic postgaﬁglionic fibres which reach
the vessels bylway of the peripheral nerves to the limb. |

(Bancroft -~ 1898).

(c¢) SYMPATHECTOMY.

Johnesco (1897) had called attention to the fact that
resection of the stéliate.ganglion with or without resection of
the middle and uppef cervical ganglia was first done, in 1896,
-for epilepsy and exqphtﬁalm&c goitre, and later by other surgeons
for migraine and glaucoma. Although operations on the sympa~
thetic nervous system had been nerformed as early as thls,
Jaboulay (1893) had previously suggested periarterial sympathec=-
tonmy fof trophic and gangrenous diseages of the extremities,

It was not until le Riche (1913) became interested in
- thig field that the Operétlon gained any pfqminence. . ‘Peri-
artértal sympathectomy was popularised by le Riche and the pro-
cedure.has been employed on mahy occaslons, Results, however,
of this procedure have been'conflicting and, in the main,
disappointing, |

/Kramer
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Kramer and Todd (1914) and Potts (1914) all
pointed out that only the subclavian and femoral arteries'
" received éympathetic vasomotor fibres directly from the-
ganglia. 1le Riche’s’csnclusions.ﬁere, thereforé.
unsound znatomlcally. Neveftheiess, le Riche-ahd
Féntaine (1928) étill held that perilarterial sympathegtomy
was 1ndicated and moreover claimed successful results.

The work of le Riche and his'follqwers prov{ded
a great stimulus to the surgery of the sympathetic nervous .
-systenm, Thus Bruning. (1923),Hunter (1924) ané Royle

(1924) with Adson and Brown (1925) and Davis and Kanavel
(1926) were all responsible for the interest in the
surgical possibilities in theeﬁfeatment of Vascuiar
diseases of the vasoconstrictor type. , °

Royle (1924) whilst treating spastic paralysis
by sympathetic ramisection noted that the leg on the
operated side was brighter 1n'colour'and was warmer than -
the normally innervated extremity. | | |

In those operations on the sympathet10 ﬁErvoue
system for aepilepsy, ctceters, the stellate‘ganglion was
removed., However, the middle gnq uppef'cervical ganglia
were, often as not, ineluded in the operation. Following
a suggestion by Frank, Jonnesco modified the operation for
the rélief of angina péctoris. |

In 1924 Royle modified the Jonnesco operation
stlll further. He suggested ganglionectomy (stellaté)
‘andreectlon of the sympathetic trunk below the first
‘thoracic nerve, Royle used an anteriér appfogch'for»
his sympathectomies; Royle, however, polnté&,oﬁt the
anatomical dangers of the anterior approach and noted
that failures of this operation were due to ;ncompleteness

of the manoeuvre. In an attempt to minimise the operative

/danger
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danger and thus prevent incomplete denervation, Adson and

Brown (1929) developed the posterier‘appraachQ
Prior to this, however, Kuntz (1927) héd pointed

out that the ;econd thoracic'gahglioh ccntributes_g?ey
fibres to the fifst thoracic spinal nerve éa wéll as to
the second thoraclic nerve, which often‘contributés to the
lower trunk of the brachial plexus, "

~ Even at this early stage it was obvious that
sympathéctomy of the upper extremity did not produce the sme

lasting denervation of 1umbar'sympathectpmy for the lower

extremity. This explaine Royle's observations on the

dangers of the anterior approach and the consequent incom-
pletenecss of operation, ’ | |

‘ Adscn and Brown 8 posterior approach was developed
to obviate. this difficulty and at the same time they ¢one

firmed Kuntz's observation of the intrathoracic ramus from

‘the second—-thoracic—ganglion—to~the first thoracic spinal

nerve, Thisr-comrunicating ramus was held to be the reason
for failure of operation in Royle's cases, They extehded
the,operétion to include. the second thoracic ganglion,
Removal of this ganglion would ensure, therefore,'that
Kuntz's neréé be. removed at operation, Theilr procedure,
therefore, was to remove the inferior cervical, first and
saecond thoracic gangliz and intervening sympathetic trunk,
The results of Adson and Brown's method of sympa=-
thectomﬁsing the upper extremity were no better than those
obtaiﬁed by cervico-dorsal sympathectomy. The ﬁheory of
sensitisation was theﬁ elaborated 1n order to explain
relapses after sympathectomy.of the upper‘extremity.
Meltzer and Meltzer (1903), Meltzer and Auer

(1904) had observed that the arteries in the rabbit 8

> - ‘/ear after
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ear after sympathectomy are intensely constrictéd,for hours,
after subcutaneous 1nject;on of édrenaline. Smithwick,'
Freeman and White (1934) showed the .same intense vasocon=«
striction in denervated arteries after adrenaline. Thase
same- authors suggested th&t the'adreﬂal can secrete suffic~
1en£ adrenaline in resporise to cold, emotion; etcetera to
account for the failures of sympathectomy. Thgy'found that
_this sensitisation to adrenaline manifests itself on
degeneration of the postganglionic neurones and lasts as

long as sympathectomy 1s complete. Simeone (1937) confirmed
that with re-establishment of vasomotor tone the phenomenon
disappears. | .

' Hampel (1935) and Grant (1935%) showed that after
preganglionié sympathectomy, the response to‘circulating
adrenaline is less than half that found after degeneration
of the postganglionic neuroneas, ¥White, Okelberry and
Whitelaw (1936) confirmed the apparent difference between
pre~ and post-ganglionic sympathectomy.

This hypersensitivity to c¢irculating adrenaline
after postwgangliénic section of . the sympatnetic;supply to
"the upper extremltyfwas.the suggested reason for the
fatlure of cervico-dorsal sympathectomy for Raynaud's
Phenoména of the upper extremitye. The good result
obtainé&:by 1lumbar sympathectomy for Raynaud‘s_Phenomena of
the loﬁér extremitiés was expiained by the fact that section.
of the lumbar chain, as done in most clinics, constitutes &
preganglionic section, It was felt.'thefefore, that pre~
’ganglibnic sympathectonmy of the upper extremity should bhe
performed.

Accordingly, preganglionic sympathectomy of the

/upper
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upper extremities was thus devised. Telfdrd (1938) divided
the thoracic ganglionated.cord beiow the third thoraciec
ganglion, The rami which enter the second and ihird thorééic
ganglia are sectioned and the upper end is slungfto the
scalenus anterior muscle and 19 &ither ligatured or silver
clips are put on it to prevent regeneration. Telford's
Operation was performed via an anterior approach. )

. Smithwick (1937) sectioned the thoracic sympathetic
trunk below the third thoracic ganglion ang the communicating
rami to the second and the third thoracic ganglia. The
divided £ruﬁk vwas sutured to the musclés to prevent regenera-
tion, Smithwick ciaimed that in this way all possible
sympathetic connections to the brachlal plexus were femoved,'
except those which might be contained in the first thoracic
nerve, section of which would give motor and sensory paralysis
1ﬁ the arm. |

Whereas initlally Smithwick considered that the
above progedure'would-be sufficient, he further modified
the 6perationa. His earlier cases showed what appeared to
be incomplete division and others appeared to show regeﬁéréa.
tion, _Following this, extfa-splnal root section was carried
out - the second and third intercostal nerves were resected
from the lateral portion of the operative f;e;d iﬁwar@
dividing tbé posterior and anterior roots sepérapely at a
point just proximal to the posterior root gangl;gn.
(Smithwlck - 1940). 'This. Smithwick claimed, ensured'division
of t@e white rami communicentes as the anterior roots were
always sectioned proximal to their origln. _

The operation was further modified and termed
intraspinal root section. The anterior root was divided by
éebarating'the attachment of the arachnoid and the root
gently teased out, The healing of the meninges would tend

to furtker guerd against regeneration. The immediate -

[effects



effectS‘ﬁere excellent but the late results showed a return
6f yasoécnstriction which was usually delayed as 6ompare@
with ramisectomy. . .

It was obvious from the foregoing that a new
factor would arise to explain the poor 1ate.results of |
sympathectqmy of the gpper eitremities, as compared with
the lower limbs « REGENERATION. Originally the divided
end of the sympathetic chain had been buried either in the
scalenus anterior muscle {(Telford ~'1938) or in the posterior
group of muscles (Smithwick - 1940). . To further guard
against regeneration, ligatién of the distally divided end
of the sympathetic trunk was started. A further procedure
was to covei the decentralised second and third thoracie .
ganglia and intervening trunk with a silk cylinder or‘cgllo~
phane, .

The purpose of this manoceuvre was ﬁo prevent regen-
eration. White and Hamlin (1945) observed that regenerating
fibres from the fourth thoracic ganglion or from the central
stumps of the second and third 1ntercosta1 nerves. were spparently
able ‘to bridge the gap. The authors auggested-the uge of a
tantalum sleeve and clqsing 1ts lower end by crushing in a
haemostat. They claim that regrowth should be prevemmed
more effectively by this method‘

The poor'resuits of aympathectomy of the upper
extremity are apparently due to rageneratione Simmons and
Sheehan (1939) have observed that, theoretically, it is more
difficult to visualise regencration after ganglionectcmy.

If all the postganglionic cell stations to the arm have been .
removed at operation thén either pregdnglidnic fibres grow
‘up ‘and pass directly into the bfachial plexus, or what
appears to.be more likely, postganglionic fibrgs whose cell'

stations are situated below the level of excision, régenerate

i | /through the



through the scar tissue to reach the nerves of the arm,

| de Takats (1940) felt that preganglionic sympathece
tomyvas practisgd by most surgeons would.not resulé in a
lasting sympathectomy. In order to make the removal as
complete as possible he suggested extending the excieion '
upward to include the middle or 1ntermed1ate cervical 5anglion
or, 1f this is invisible, to strip the vertebral artery.
Caudalward the third thoracic ganglion 1s'1nc1uded; de Takats
¢laimed .that these results are betpér than the prqganslloﬂlc
method, | |

At Groote Sehuur Hospital, particularly after the
work uf Goetz and Marr (1944). the second thoracic ganglion
only was removed or cauterised via the thoracosgopes All
the cases operated on in thié,way had fairly goéd immediate
results, The late results, however, inéicate that there 1is
complete or very nearly compléte return of va;omotor tone,
| The.second tndracic'ganglion could be removed in
several ways. Thus Goetz and Marr (1944) suggested endostople
ceuterisation of the ganglion. The difficulties of this
*m@noeuvfei however, are considerable, Not'infrequently
numerous adhesions are preseﬁt adding considerdbly to the
difficultles,of visualisatlon of the sympathetic ‘chain.

The same authors suggested and carried out removal
of the second ganglion by open thoracotomy; - Removal of the
second or third rib by means of an anterior skin‘incision |
provided a fairly easy eﬁ@@sure of the ganglion., Apart
from the results of sympathectomy by thls method, an'unsightly
"scar is left just above the breast. The'psychological and
cosmetic effect is conslderable. | )

Hyndman and Wolkin (1942) confirmed the observation |
of Géetz_and Marr. Neverthéless; Goetz fe;t that»caudal
exténsion of the sjmpathectomy'wouid ensure Qompleﬁe sympathec~-

tomy of the upper extremity.  Thus, initially, the third

/thoracic .
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thcracic_ganglion and intenvéning irunk was removed or
cauterised in addition to the}second ganglion and, later,
the operation was extended to include the fourth thoracie
ganglion. _

'No'diff;culty 1s ehcountered in removiﬁg the
sympathetic chain from the second to the fourth fhoracic
ganglion ﬁhrough the anterior approach, However, the
aympathetic could be removed quite easily épproéching the
chain fTrom the axilla. - The axillary approach 1s better
becauée, apart from hlding the scar, the chain could be
!reméved without opening tﬁe pleura, which could be stripped
quité easlly. |

_ - Finally, complete revieion»of’the‘method of sympa-~
‘thecéomlsing the upper eétremity has occurfed in the past
twelve months., de Takats' (1940) view and experience that
ektending'the sympathectomy cranially reéulted in lasting
sympathectony for Raynaud'sthenomena; is supported by the

observation of the case of causalglis who hes remained com=
pletely eympathectomised for thirty years, Thus, the method
of sympathectoﬁy at present used at Groote SchuhriHOSpital

‘and evolved by Goetz (1948), is removal 6f the stellate gang—-
lion with extension caudally to below the third thoracic
gangli;n and extension'cranially to include'the middle cervical
ganglion, ?th,Operatién‘is performed via Telfbrd‘szapﬁfoach (
anteriorly. The skin incision is about one inch above the
claﬁiéle. Although the operative fleld is surrounded by
large vessels, with care little difficulty is encountered in
this approéch;

- All pétienté develop a Horner's Syndrome on the side
of operation. This is maximal for the first eight days after
operation but & considerable improvement takes p;ace there-
abouts:and 1little difference 'is obsérved on the two sides,

Where the operation 1s perfdrmed bilateraliy there is no
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apparent difference, It is of interest thatvih those cases'
where the middle cervical ganglion is removed the Horner's
éyndrome appeafs less then 1ﬁ those ﬁatlénts,where the'stellate
ganglion only is resected, | | |

It 43 still too early to assess the results of this

procedure for Faynaud's Phenomena.
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111 | RAYNAUD'S PHENOMENA

(a) AN _HISTORICAL REVIEW

Ever since Maurice Raynaud described, in 1862, the
vasospastic éhanges’in the extremities which may‘go on to,
gangrene, g difference of opinion has existed ag to what
constitutes "Raynaud's Diseaee"; Raynaud hiﬁself; in
describing the condition ﬁhich was.iater to bear his name,
8aid: ".........that there exists a vafiety of dry gengrene
‘affecting the extremities which it is 1mposé1ble to eiplain
by a vascular obliteration - a variety charactefised especlally
by a remerkeble tendeney to symmetry, so'thgt it always affects
similan‘parts; the two upper or lower limbé, or the four at
the séme time; further, in certain cases the ﬁose and the ears;
“and I hope to prove @hat this kind.of 3éngfeﬁe haé its causeA |
in a vice oflinnerbation of . the capillafy VeS8eLBacacaaias"
Raynaud was not the first to deacriﬁe'thg-condition,
,vfor_he himself quotes several authors as hé%ing'recognised the
entity. Thus Rognetta‘(quéted by Raynaud)‘in 1834 reported
a case of so-called Bpontancous gangrens of the éxtremitieé
associated with éolour changes. In'lsaé ﬁuguierr(guoted by
Raynaud « p.45) reported the case of a boy of seven-and-a-half
 years who had "spontgnpous gangrened@, Virchoﬁ (quoted by
Raynaud - p.6) recoghised that'gangrené mighﬁlpcégr in the
absence of thrombosisp. o o

Racle in 1859 observed the cbnstapf iimitation of
theigangﬁéne to the skin end also the maintenance of well-
being, so freguently a part of the condition,v'ﬁﬁbweéen.
probably the firet knpwn-céée'of Raynaud's Pﬁenqméha_was
obserVed.invlﬁzg and was described by Bernard Schrdedef.aa
-8 symmetric, recurring form of gangrene of the extremities

in a youhg gi?l;'
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Raynaud in his original thesis commented on the
colour changes in the digits on éxposure to cold and noted
that'the gahgrene i; mostly limited to the skin, or, to a
. very emall extent, beyond. He noted that, in its simplest
form, the local syncope 1is a e&ndition‘perfectly_compatiblg
with health, VIt‘is the phenbmeﬂdn known under the name'of
the 'Dead Finger'." ' | ' ! | .

The minimal requirements for diagnosis as laid
down by Raynaud werei- | |

1, The intermittent attacks of discolouration
of the extremities.

2. . Absence of evidence of organic arterisl
.occlusion,

3. Symmetric-or bilateral distribution,
4. Trophic. changes, when present, limited to

the skin, ‘and never consisting of gross

gangrene.

Apart from these criteria many cases were labelled
as "Raynaud's Malady" because of the developmént of symmetrical
5angr9ne.  Such "symmetrical gangrene" may occur during thé
course of acute infections such as Typhoid an& Typhué or during -
convalescence from Pneumonias These cases ére often recorded
a8 examples-of.Raynaud‘s Disease. i
The cases associated with acute infections could
not be included as ceses.of Raynaud's Diéegseai This prompted
‘Hutchtnson'(1896) to'obserVe that all those qonditione groupe&
together under Raynaud's Malady should be properly classified.
Rayﬁaud himeelf included the cgee‘dieplaying many attacks of
discolouration and the case displaying & single attaek,of‘
symmetrical gangrene in one pathogenic categoryi' He believed.
.both typeéfto be the result of spasm of the vessél wall.

Lewis and Pickérins (1934) considered that the
term hﬁaynaud‘s Disease" should be gbandoned. Instead the
‘term "Raynsud's Phenomena" should be used to signify "the
active and intermittent closure of the small arteries of the
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order of those supplyinm the digits. a closure manifesting
1teelf clinieally in & pallid or fully cyanotic state of
the affected skin," . | '

rLewis and Pickéring realisad,»ﬁoﬁever, tha£ Raynaud‘'s
FPhenomena could not be regarded as the result of one set of
circumstandes. Thus it could be purely asﬁaemodlc affair
but it could be superposed, quite eaéily, on those cases wlth
obstructive lesions of the digital vessels or even more
proximal vessels, - In the laﬁter type of case. the arterial

supply may be eneroached on by é¢ither thrombotic or'embollc

processes. The anastomotic channels may be poorly developed

and subséqueht'normal inereaaés of tone.-su¢h a8 are induced

by eold, will cause transient arrest or conspicuous reduction

of blood=flow. Thusythé'original disfdrbance may be a suddep '

and non-recurring event; " but a proneness to attacks of cyanosis

remains which 18 wrongly regarded as. signifjing active disedse.
- Adson and Brown (1929) had claaaified patlents

clinically into four groups:-

1, 86-0alled normal persona. predominantly female. who
' have ¢old hands and feet and frequently suffer mild
degrees of pallor in aymmetric single digits - the go=-called
"dead finger usually aasociated,wmth-mpist; glammy, c¢old

extremities.t‘iwhey are,freguentlj of asthanie type and

‘suffor easily from cold... .These subjects have been classified

by Mueller (1913) ss having o vesomotor conetlt&tion;

. 2, Persons 1n whom the &isturbances in colour in the
extremities are more profound, frequently paroxysmal

in nature with lowered temperature.

: 3 The aggravation of the trouble is more.' The

attacks of pallor ére ﬁore'intenseg more palinful

/and recovery
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and ‘recovery more difficult. The changes are induced by
the least changes in temperature. The hands become .
swollen and puffy’and,ﬁinute areas of ganérﬁne“éccur'in
the tips of the fingens,.with symmetrie'distriﬁution.
| "4, More sevére but rarer typeﬁih which gangrene
| méy de#elcp in the entire end of th; symmetric
digits without pfolonged 1ntercedent-histbry of "vasomotor

'a@sturbances R

All.theee groups fulfil the critegia laid down by
Raynaud} namely symﬁetfy, intermittency afiparéﬁysmal nature
_Of'the-aisturﬁande,iﬁ accordance with 1its functional basis |
and the existence of pulsa@ioné of thé arteriea of the affected
part, | '

Thage groups raprescnt the same underlying fault

of the. vasomotor mechanism, - The term Raynaud s Pheneména
‘should be reserved f@r the last three of the groupa aceording
to Adson and Browm,: However. the 1ast group falls into that
categcry mentionad above by Lewis and Pickering.

Depending oni the severity of the symptoms a gradual
transition is noted 1n which the reaction of the extremities
to the ekpoaurg of cold is thg‘determinlng ériﬁerion pf‘clas{
sificationj y This‘rangesAfrom_ihe-nbrmal regp@nse‘tc cold
to those coses resuiting-invminute symmetric-areas of gangrens.

'Hunt;'perhapéi best defines;ﬁaynaud's Phenomena &g
"intermittent pallor‘br‘cyanosis of the ektremitiés precipi-
tated by eprsure to cold without climical evidence of’blookagé
of the large peripheral vessels and. with nutritional lesions.
if present at all, limi*ed to the skin,"

. In additien to the criteria laid down for diagnosis
by Raynaud, Allen (1932) insists that the conditlon must have

been present for a minimum of two years, He also stipulates

« -
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that there;must'be"ﬁnfeVEaence of_disegse,to_whieh it could
be aécbndarya Allen and Brown;(1932. 1937)'éomment on the
fact that the absence.ofugain is so striking‘théi-severe
pain during the attacks 1s exceptional and its presence
militates against the diagnosis of a primary vasomotor dis-

turbance. L -

(b) ETIOLOGY.

The ekact‘aaﬁse of Rayneud ‘s Phenomenaiis not Enown;

- However, numerouS‘predasposing factors are known to play some

‘part in the mechanism.

The onset of Raynaud'a Phenomena usually occurs in
the early decades of 1ife, predominantly during the first and
aeeond decades. Should the Phenomena eocur after this period
it 1s 11ke1y that some other primary factor would be found
responsible.. | o ‘

‘Heredity may play some part and 1t is not unusual
to have a patient disclose, on careful questioning, thet some
otﬁeﬁ.mémbérs of the famlly have éuffered from cold hands or
feet, Ydead fingers“ or other manifestations of vaSQSpasm‘

Raynaud, himself. commented on the fact that the
spasm éecurs in eubjgcts who are characterised by»a nervous
predominance, particularly young women, hysterical people and
children. | | |
| Various other authors have streased the nervous and
emotional make-up of~persona with Raynaud‘a Phenomena. Many
of them exhibit ev1dence of an 1nherent biologic 1nferiority
and nervous inatability. )

| The predilection of Raynaud's Phenomena for the
female 18 one of the outstanding etiologle factors, At the
Ma&o ciiﬁic the ratio of females to males 13 5 ¢ 1. (Allen,
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Barker and Hines~—119a6).l Various writers have reported‘that.
the Phenomena occurs in females in from 60 to 90 percent, of
cases (Allen and Brown « 1932, Smithwick -~ 1937). 100 percent.
of the patients examined in this series were females. Further,
of patients suffering from‘Raynaud'sPhenomena; 6pserved'at
Groote Schuur Hospital, females constituted 80 percent.. |

Allen and Brown (1932) comment. on this predilection
- for females an& they suggested this large incidence mekes its
dlagnosis in the male at best tentative: In thelir exﬁerienéeil
in cases ﬁhere\a diagnosis of Réynaud‘suphenomena in the male
hes been made early, subsequent follow-ups of these patients
show that evidence of organic occlusion of the péripheral
aerteries usually has been found..

Lewis.and‘Picker&ng (1934) Ain classifying their cases -
of Raynaﬁd'S-Phenamena seem. to indicate that thefe:are two
main groups. The first group includes:- '

i Raynaud 8 Phenomens, 1,04 1nterﬁ1ttent spasm
of digital erteries, without conlicatioﬁs.
11, - Raynaud's Phenomena with local nutriticnal

changes,

In the second.group arekincluéed the'following con=-

ditions associated with Raynaud's Phenomenate
1, ‘Generalised séleroderma: Goetz and Cole=Rous

(1942) have pointed out that Raynaud hlmself was
well aware of the assoeiatlon of scleroderma and Raynaud‘
Phenomene. Goetz and Cole<Rous have demonstrated other
lesions, viz. calcinosis, oesophageal spasm and duodenal
' fleus, associated with Raynaud's Phgnomena. The combination
of Raynaud's Phenomena with the described visceral changes
~ was stressed by the authors. Ih a later paper Goetz (1945)

classified these cases as progressive systemlc sclerosiss

\ ~ /In their
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VIn their ceses Raynaud‘s‘Phenomena_preceded tpe visceral
changes by many years.
1161 Raynaud's Phenomena arising out of locél 1n5ur§;
This includes the use of ¥ibrating tools, e«gs
pneuﬁatic drills. During the past twd yéars oné- case-of
Raynaud's Phenomena in a male was associated with hie.
employment a8 & crane-driver,
111, Raynaud's Phenomens may be associated with parox-
. . ysmal heemoglobinuria on exposure to colds It
has even been proposed that cold haemagglutination, with
which the cases of paroxysmal hagmoslobinuria are assoclated,
may be the cause of the ischaemig; in a large number of cases
of Raynaud's Phenomena (Iﬁai and Nin « 1926, Legoff « 1933).
However, Stats ond Wasserman (1943) investigated four cases
of Raynaud's Phenomena and did not £ind any evidence of cold
haemagglutinatidna _ » | '
iv. Lewis and Pickering (1934).has;observe& thet Raynaud's -
Phenemena‘were'ofteh‘supefimpoaed’on organic change
in the feségls<of the extremitj. - These éhangeé oceurred in
elderly subjects and were found to be on;éﬁ arteriosclerotic
basis. '
Ve In reviewing two hundred cases of Throﬁboaangiitie
.Obliterans. Allen énd Brown (1928) found that
Raynaud's Phenomena were the first symptoms 1ni12.percent;-
and that 1t oceurred at some time during the course of the -
disesse in 30 percenf.'. However, the classicsl three-colour-
phase 1n‘Raynaud's'Phenomena ocourred in only 27 percent.-
(Hines oand Christensen = 1945); \lee other subjectS‘with
Rayﬂaﬁd'srphenomena the exciting mechanism was cold- in
every case, They.found; too; that functional or neurotic

disturbances were common.

/vis Syphilis
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vi. Syphilis has been held to be the causative factor
of Raynaud's Phenomena. _Thus.semoﬁ (1913) and
Weber (1913) both‘commeni on‘ihe association of éhronic
Raynaud's‘Phenoména‘énd.syphilis in cases deseribed by them,
| vii, Endroerine disturbances have been associated with
Raynaud's Phenomena. Kleinefelter (1936) re§orted
on a woman of thirty-four with paroxysmal attacks of ﬁaynaud's'
Phenomena asséciatéd with .the menses. 1In this case tﬁea;-.
ment with oestrogenic substance.resultéd in complete cure,
In some.caseé attecks of Raynaud's Phenomena are aggravated
at the time of menstruation. Also some cases occur in which
Raynaud's Phenomena completely ceased dﬁring pregnancy.
Although none of the patients inéluded in the present
series had elther symptoms or signs suggestive of any hormone
disturbancg. several patients seen at the Qroote Schuur Hospital
~ were treated‘by the implantdtion of'ovarlan@extract. No 111 '
: ﬁffects'resuited but no‘&1fférence‘was.obsenved_in the number
or duration of the attacks. '
Pribram (1920)-describedfa patient,with Réynaud'a
' Phenomena«&uring the menopause. The sella turcica was-nqﬁed
. to befdéepened-and widened. Injection of pltuiltary extract
: led to the aisappearance of the Raynaud's Phenomena. .
o Peet and Kahn (1936) deseribe a case of Raynaud's
_ Phenomene océurring in a patient with a tumour of the hypo~
thalamps; ~ The attacks of cyanosis and'coldness appeafed. .
" several hours before,&eath;’
| Cold extremities sre not uncommon 1nlmyxoe&ema.
Myxdedematous potients may actually present with Rayriaud's
Phenomena. .A case occurred- recently at Groote Schuuy
"Hospital where'sympathectomy had been carried out on one
sidé for Rayhaud's Phenoménas. suﬁseqﬁent £OLIOWagp cf‘the
patient revealed the true nature of the complaint. Adminis«

tration of thyroid cured the "Raynaud's Phenomena".

/viii. Arthritis
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viii. Arthritis mey be associated w;th‘vasomotor ﬁhenodenag
One patient at Groote Schuur Hospital had had sympa-
thectcmy‘performed for Raynaud?s Phenomena of the hands. On
the fourth post~operative day Raynaud's PhenpmenavreCere&a
No differencs was.apparent;betweeh the pre- and pbstaoperative
attacks. Subsequent follow-ups showed thét the Raynaud's
Fhenomena were secondary to Rheumatoid Arthritia.
ix., Cervical ribs may- cause~Raynaud's Phenomena.
| Removal of the¢ offending rib results 1n completé

*

Crutch pressure in the axilla may give rise to
Raynaud's Phenomena of the uﬁper éxtremities, .

oo GOetz (1947) his observed that a high percentage

A of,patients»dévelop Raynaud's Phenbmena of the
hands following the "Smithwick Operation' for Hypertension.
This ocours particularly.in.thcse patients with ﬁ high ﬁaSO—
motof'toné, which, being'counteraoted by the_high blood
préssure@ does not manifest itself as Raypaﬁa's ?henomena
before the operaﬁion; Oncé the, systemic bloéd,pressura
has been lowered by sympathectomy, the original!high!vaso~
motor tone may producé Raynaud's. Phenomena., The ract that
this does not ocecur in the lower (eympathectomised) extremities
is regarded as evidence that this high vasomotor tone-is‘
neurbgenic.and not humoral in nature. (éoetz - 1947) .

It is interesting. to observe that at Groote Schuur

Hospital Cole~Rous has extended the 9Sm1thwick Operatlon" 80
that the second thoracic ganslioﬁ is 1neluded 1nAthe sympas
‘thetic tissue removed. In these cases Raynaud's Phenomena

xi. Among such irritant phenomena Beﬁnett and Boulton

(1928) deseribe a case of Raynaud's Phenomena

occurring in a patient who died of Carcinoma of the stomach.

AutOpsy_examlnation.of the-right inferior gervical ganglion

/revealed -
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revealed carcinomatous metastaees 1nfiltrat1ng normal sympae

thetic ganslion cells,

" Peet and Kahn (1936) describe a case“of Raynaud*s

r' l

FPhenomena of the feet where on microscopic examlnafion there

was marked ‘leucocytic 1nf11tration and 1ncrease in etroma in

the lumbar sympathetic ganglia.

' -It has not been unusual tOwﬁihd, in cases of Thrombo=
angiitis Obliterans or Raynaud's Phenomena of the lower extre-
mitiée, that difficulties have arisen in dissecting out the
lumbar sympathétlc trunk,. Numerous glands are found in many

cases and the chain may actually be buried in a mass of

‘inflammatory. connective tissue.,

In those cases of Raynaud's Phenomena in the present

series where transthoracic. symp&thectomy had: been performed,

it was the rule to find adheqions present at the apices. " The
difficulties of the tranthPracic thoracoscope have to a large
exten£ been due to the nuﬁéreua-adhesions found,

. What part these inflammatory lesions pley in the
production of Raynaud'e Phenomena 1s not really known. Cralg
and Kernohan (1933) also have observed indications of~inf1am6

matory reaction in both the pbsterior mediastinum and post-

peritonesl tissues. However, histological observations on

’

the ganglla removed in. these sub;ects and nermal ganglia
failed to explain the vascular dlsturbancel.~ All the changes

were within normal limits and most of them.according to the

.authors, could be explained on a basis of advan@img age.

They further state that the noxious agent causing the vascu-

lar diseases, for which operative relief had been instituted,

does not act on the sympatﬁetic ganglia removed. : .
xii. Kraetzer (1935) found arsenic in the urine of seven

patients affected with Raynaud's Phenamena._' He

treated these ceses with intravenous soaiumvthioéuxphite and

the symptoms either disappeared entirely or were greatly
improved.

/The associsation



The association of cold extrémities and various
nerve lesions is well known. Raynaud's Phenomena have been
deseribed in various lesions of the Sp;nal cord, e.g., tabes
dorsalis, syringomyelia &nd éisseminatevSC1prosisz L Perie
pheral polyneuritis may simulate Raynsud's Phenomen& particu«
larly where localised trOphic lesions develop. ‘ |

xitl. The-one cemmon-factgr in all cases of Raynaud's

Fhenomena 1s exposure to c¢old. All attacks are.
brought on by a lowered environmentdl temperature. Allen
snd Brown (1932) claim that generalised exposure of the body
is more 1mportant in producing attacks than exposurc of the
digits only. They also observe that the degree of coldness
necessary to induce ' a change in colour varied greatly.
| Raynaud's Phenomena may be brought on by’emotionai
and nervous upsstss ° Although not unusual; attacke are not .

'

as frequent as those caused'by exposure to cold.

(¢) _SYMPTOMATOLOGY. .

Classicelly attacks of Raynaud's Phenomena ere

divided into three phasesi=

1. ' Stage of local syncope. In Réynaﬁd's own wéfds;

"the skin of the affected parts assumes & dead
white or sometimes a yellow colour; 1t appears completely
exsanguine, The cutaneous sensibility becomes blunted;
then annihilated; the fingers become like foreign bodies
to the subject,"”

2. .Thii is followed by 2 period of local asphyxia.

The pallor of the extremity is repiaced by a
cyanotic colour. The affected part is deeply cyanosed
= blue or blue-black

3.- A stage of active hyperaemia then succeeds and

the fingers and toes become dry and hot.

/However



-50~

However, this three-phase colour in Raynaud's
Phenomena occurs in only 27 percentl of sufferers (Hines.
and Christensen - 1945). The stage of local asphyxia may
be absent when syncobe 1s succeeded by active hyperaemia.

;Raynaud, in his original déscripﬁion; noted that
swelling of thé fingeis and toes was commoﬁ.

Ih the cyanoéed phase, Raynaud noted less livid .
Patchesf #These extend and coalesce éné‘at the same time
‘& vermillion colour shows itself at the margin, which gains
ground little by little, chasing before it the bronzed
.colour which persists loﬁgest in the parts where it come
menced. i.e. in the most peripheral parts., = Finally, a
‘pateh of deep red is formed on the extremities of the fingers,
This pateh gives place to the normal pink coIour}and_thg
skin has returned to normal,

| “Sometimes the dlglﬁs bécomg black and entirely
insensible; small phlyctenulae appear upon one digit
(particularly the little finger), fills with‘serOpurulent
‘fluid sand ulcerates."”

These,phenomeha may eppear on other digits”or
remain confined to one digit, - Where ulceration occurs a
small, white, depressed cicatrix is left on the pulp of the
.finger." It 1s only the most superficial laygr;of‘the true
8kin that is involved. "This progress of the malady is not
'1ncompatible with veriteble sloughs. Bﬁt that'which strikes
one most 1s the slender form the ends of the digite take, the
hardness‘of their tissue and their shrivelled aspecé." \

The attaék may occur in a single‘digit or sven the
terminal phalanx of a single digit may be involved. However,
‘the lesion is most commoﬁly symmetrical and involves more
than one digita Mostly those digite on thé ulnar side are

involveds. The hand or wrist may undergo the same changeg

/as the fingers



. - aBle -

as the fingers and haynaud has deseribed a case where cyanosis
extended up to the ineeftion of the deltoids. Hoﬁeveri.the

- peripheral distribution is the most common. -Dﬁring the
attack the radial artery is usually easily pdpable.

Attacks occur most.often in'the upper extremities.
Occaslonally, one hand sufferé more than the other.
Frequently all four gxtrem}ties.are equally inv6lved, = At
times the feet shdé ﬁarkéd vascular spasm while the hands
show little. Allen and. Brown (1932)observed théi in 47
: percent@_of cases bpth feet and both hands were involved
whereas 1n;a.fﬁrth@r A7 percent. the hands only suffered.

The edges of the ears, the tips of the nose, the
¢hin, the lipé.andlthe,éyelids'have all been deseribed as
suffering from‘Raynaud's Phenomena in various cases,

Mental depressiopvaccompénies some attacks of
‘Raynaud's Phehomenaa Cne case in the\pfesent series ﬁaq
. both auditory and visual hallucinations during a severe
attack in\the handé. These lasted for two orlthreé days
beforevcleéring.upg A,competent_psychiatrist‘considered
that-the-hallucinations.coﬁldlbe described as "Cerebral |
Raynaud's'Phenomena? Mental symﬁtoms are more common
in those cases asaodiahed.withlPrdgressiveASysﬁemic Sclerdsis.
In the 1atter,£ype‘of-patient. as‘well a8 in the sufferer
of upcompliéatea Raynaudfs Phenomena, éhorexia;and vomiting
may precede or accompany an atgack; .

Osler reported a case complicated by three attacks
.- 0f aphaéia,‘wifh ﬁemipiegia; ending in cbmpletearecoferya
Deafnéss, tinnitus, taste disturbances and disturbances of ‘
vision have all béen associated with Raynaud's Phenomena |
Raynaud, himself, reported e case where viéion beéamevblurred
and confused in the period following an attack, He observed .
the retinal artery in this case and noted that spasmodic con~
traction of the értery could actually be seen.. Anderson and |
Gréy (1937) and Carpenter and Carpenter (1938) have observed

/the contractions
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.the‘contractipns of the retinal artery and its branches and
noted that the arteries appeared as white streaks whils% three
seéondary veins dontained segmente of blood.

All cases of Raynaud's Phenomené in this series
were exa.mined;Ophthalmoscopicallyi | No gross lesianswée
demonstrable in any case. At the tiﬁe of examination certainly
neither sﬁasm nor segmentation waé a feature. |
| The duration of the attacklof Raynaud's Phenomena
_varies considerably. The fingers may be white and numb for
a few minutes, such as during bathing in col& water, and may
rapidly return to normel on. exposure ﬁo a warmer temperature.
The attack may last for hours.and during the cold winter months
.the digital veéssels may actually be in a state-of éontinuai
Bpasm, |

From beginning in a uniform manner the condition
gaually progresses steadlily with periods'of discolcuration of
the digits and 1nterven1ng periods of entiré normality. The
condition may improve temporarily or remaiﬂ’étationary; - At
times progréssion\takes place. with surprising rapldity.
Spontaneous cure is vefﬁ.rare or uhheard of . (Smithwick - 1937) .

In.those cases‘whefe pfogreseion has bccqrred, the
‘fingere assume the characteristic.shape described by Raynaud.
The pulps of ﬁhé fingérs atrophy and the fingers taper to the
tips. The skin overlying becomés thickened and‘inelastic;
Radlologically theftermihal,phalanx shows atrophy with'disapa
+ pearance of the ungual tuft. (de Lorimér - 1G43).

| Sears of prévious ulceration are préégnta‘ caldino-
sis also may be mnifest, ' With the loés of elasticity of the-
ékini'Joint movements are 1n£erfered with. '

The skin appendages atrophy. Cessation of growth
of the nails occurs and the nails may actually drob off. |
¥ith all these manifestations. of reiative ischaemia due to

the continuous spesm, secondary infection is common and very

\
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p?oné to occurs This may lead to even‘more éxtensive gangrene
than the superficial destruction observed in the ear11er attacks,

These crippling effects of the. Phenomena, however,
Tzke place over a period of time. Allen.and_Brown {(1932)

- i .
observe that the lesions taKe jover fifteen years to develop.

(4) PATHOLOGY.

Raynaud observed from the start that the main ves-.
gels to the extremity were patenta' He did nqt'believe that
an actualyartgritis was the reéponsible factor, He com=,
mented on the fact that although stuctural lesions of the
Vessgls may be mecessory factors, he was unable to find in
these'leéions ?n adequate cause to account for the gangrenes
He suggested that géngrene was secondary éé persistence of-
capiliary spasm, ‘

" The attack commences as.a capillary spesm whereby
the blood is driven forward,gﬁd the extremity becomes pale
‘and insensible. This.1é responsible for the stage of local
syncope. He also commented'that, during th;s.period, the
venulés as well as the arterioleswere in spasm, |

In that-phase'ﬁermea "loeal asphyxia" the condi~
tion is more advahced.' .After én_initlal period of capillary
sbaem; there-occurs.a.period‘Uf‘reéction, but 1t 1is an-incom-
plete reaction. The vesse19fw1thlthé feweat contractile
eleméhts,‘viz. the venules, Peturn to their'initial calibre
vor evén-befond, At thié stage the arﬁeriolgs are still »
closed and venous blood flows back into the finest tributaries.
The extremities thus take on that hue which is indicative of
venous blood in the capillary netwdrks

‘ ) Shéuldi however, the nature of the capillery épdsm
‘be go intense and last longer, anoxia results iﬁ damage to the
:capillary wall, with resulting‘exudétion into the superficial
tissues., Ulceration and gangreﬁe:may then oceur.

. ' /Rayneud's
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Raynaud's opinion was tnat’the Phehomeha were dﬁe
to a vasomotor.neurosis. Thus "to sum up in a mofe‘defiﬁite
from 1 would say. that 1n the present state of our knowledge,
local asphyxis of the extremities ought to be considered as
a neurosig cheracterised by enormous exaggeration of the
execlto-motor energy of the grey parts of the spinal cord
‘which control the vasomotor trinervation."

Raynaud's contention that the primary source of
the bonditiOn wag derangement of the nervous eysgém has
_been supported by verious observers, Thus Slmpsoh. Brcwﬁ
and Adson (1930) and Adson and Brown (1929) were of the opinion
that in Raynaud's. Phenomeéna the. abnormality during the early
stages 15 wholly in the vasomotor nerves. Spurling. Gersman
and Rogers (1932) coﬁéurred; Villaret and his co~workers
(1935); too, wepé conv%nged that the paroxysms of Raynsud's
Phenomena were entirely meﬁiated'by the sympathetic nervous
system, | o : _ | ' 
| ~ Mufson (1944) aftef several years® observation felt
thet in Raynaud's Phenomena a cdntinuous flow of vasoconstrictor
etimull is meintained by a chronic psychosomatic disturbance.
'.Thesevinducé e partial angioSpasm“which ghen_becomés complete
when the skin is exposed t0.cold, | .

‘Sir Thomas Lewls (1929) observed tﬁat "4in the several
.cases paralysis of the vasoconstrictor nerves does not prevent
the vasseie of the'fihgers from .being subéequently thrownvlnto_
&8 complete obetructiﬁe spasm by 1qca1,applic§tlon of cold.
Also if thé vessels were alfeady all spontaneously in a state
of fu11 spasm when‘the'vasemotbr'paralysis'takes effect,'thé
paralysis does not greatly relieve this spasm;' ;t produces
only A little relaxation of the vessels frbﬁ their complete

¢losure,"

/Thus, according
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Thus, according t¢ Lewis théltone of the vessels
of the finger, when in épasm, 18 simultaneously maintained

from two sources, namely by the exaggerated effect of tempefaé

‘ture_acting locally and by the normal vasoconstrictor tone.

,.It_is because 1t is only a normal vasoconstrictor tone that

is abolished that the spasm fails to disappear, though
slightly lessened in aegreea‘ .

The primary cause of spasm of the digital vessels
in Ragnaud's Phenomena is not an ebnormal vasomotor impulse.
but a local fault of the‘vessels; Lecal applications of
heat and cold show thet the spasm is profoundly influenced
by temperature, in responsge to.which the Vesgéls behavé

abnormally. The abnormal reaction to cold is a direct one

.and 1s developed from a pecuiiaﬁjcondition of the vessel wall

+locally.

Subsequént investigations by Lewis and his co-
workers seem to support this éonteﬁtion; | fhus‘Léwis and
Lendis (1931) repest the assertion that the fault is a local '
one with euséeptibility to qold producing a state of spasm. '

-Lewis and Pickering (1934) agree that the local fault is still

unknovn. “They observed that, although intimal~éhénggs mey
be pfeee;t’in the group of seyeref cases, it is 1mpossibié to
say that thié’ié the primary pathological chanéé or whethg%_
it ie secondery to thellongstanding and severe spasms  The
intimal thickening plays but a Bubsidiafy part and the lo?al
fault in the vessel wall is regarded as & functional ones
.The concept of Lewis, that the p};mary faulﬁ lies
in the vessel wall and that, although vasonconstrictor tone
may be superadded,'it is not the responsible factor, has
been . supported by numerous observers., .Thus C#aig and-Hbrtoq
(1938) also maintain fhat the central vasoconstrictor effect

dbes play an importent part in the pathogenesis of Raynaud's

/Phenomena
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Phenomena but that the presence of botﬁ éentral‘and local
factors must be considered. o \
Heinbecker and Bishop (1938) do_noﬁ gubscribe to
the view that Raynaud's Phenomena is the result of sympathetic
hyperfunction. In fact,they point out that conditions in
.which hyperfunction does exist are ﬁot assdpiated with
Raynaud's Phenomena. The fact thatfthe paroxysm may be
initiated by -emotional-excltement as well as by exposure to
- e0lé is easily .explained by coqslderlng that the mechaniam
~of constriction is a combined reflex and‘humoial one. Cold
produces a reflex excitation 6f'vasoconstrict6r impulses to
the blood vessels and also reflexly produées an inéreasea
secretlonvof-épinephrine. They believe that reflex activity
of the autonémic nervous system 1s a definite factof in the
-developmen£ of an attack, ~Xn.norma1 persens,_oq exposurs
to cold, there is a reflex constrlction~of bloéd veassels,
;They do}not.believejtha§wthis reflex reeponse in persons
- with spestic vaséulaerlseaSe 1s’§nyAdifferent,from that in
a normal person but that there 15-5 definite quantitaﬁivé
lﬁéféase.in the response. The cause, in their opinion, is ‘
to be regarded as a‘eonstitutional change in the walls of
the blood vessels. .- They say that cold itself plays a minor
role as & direct constrictor agent in the typlcal apasm,
It 1s mefely the stimulus, .
. Heinbecker (1940) and Hyndman‘andvWQ;kin (1942)
consider that the‘eonditionnis primarily a vescular and not
: sympatﬁetlc disorder.

; Stats. and Wasserman (1943) have postulated the
hypothesis of<cold heemagglutination as & cause of the
Raynaud's Phenomena, Lewis (1941) has emphasised that on
exposure to cold vasoconétriétion of the peripheral blood

vessels and a fall in skin temperature is a normal feature,

/The blood
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The blood flow to the relevant arcas is reduced. If, at

the same time, marked'haemagglutination ocecurs within these
narrowed areas, or in the qapiilaries_of the regions, fufther
retardation or even céssation of blood flow might occur. In
a very short time the colour and sensory changes of‘Rayngud's‘
Phenomena supervene with warming of the body. | Vasodilatation
end.disruption of the haemagglutination would be followed by a
return ofvblood flow, Such a process could occur repeatedly
on exposure to cold. CdrioboratiVe evidencs, however, has
not been forthcoming, in spite of the known association in
some cases of Raynaud's Phenomena and paroxysmal haemoglo-
binuria bn~exposure to cola.

White (1936) has commented tﬁat.a'iasting vascdilaa
tation can only be 6bta1ned when édrenal secretion is abolished,
- Evidence that Raynaud's Phenomena may be associated with dls-
turbance of the huﬁoral mechanism of the péripheral vascular
control, has been suggested by Johneon‘Klgﬁl);' ‘The fact
that Reynaud's Phenomena has occured after the administration
of pilocarpine may add weight to this theory.  However, there
is not conelusive proof of any definite hnmoral factor being
responsible for Raynaud's Phenomena.

Sympathectomy i8 the treatment recommended at
Grbote‘Schurb‘ﬁospital, although Lewis‘ concept that the prime
‘factor in Raynaud's Phenomena ie an inherent fault in the
vessel wall, is supported'by.theresults obtained foilowing
such operation,: Various types of sympathectomy hsve been
performed but tioe final outcome is that subjectively the
condition is improved but after a period the attacks recur,
in the @ajority of cases less severely than before ‘operation,

The inherent sensitivity of the vessel wall on
exposure to cold is.not affected by sympathectomy. Vaso=
constriction on exposure to cold will st411l occur but reflex
vasoconatfiction'will not occur after éympathectomy.
Sympathectomy thus removes all the reflex causes of vaso-

Jconstiriction
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constriction witﬁout interfering with the local responses of
the vegsel wall,

'Numgrous observetions hoave been made on the changes
occurring 1ﬂ the vessals during an attack of Raynaud's
Phenomena snd on other occasions., Knowledge of the psthologic
state of the digital arteries in the early stages 1is practi-
 0311y nil, 1In the-advanéed stages intimal thickening and
other changes are usually present, Thase changes, however,
are the result of the vASOSpagm;raLher than the cause of
Raynaud's Phenomena; | ' :

' Lewis. (1938) has.shown that, in warm-handed adults,
the digital arteries usually show distinct 1nt1ma1 thickenins
28 age increases, In those casges of intermittent spasnm of
the digital arteries, exemplified by the mildest form of
Reynaud's Phenomena, there 1s no. more intimal thickening than

is found in the erteries of Warm-handedﬂsubigcxa_o £ _similay

81ﬁilar1y@'the cases of greater severity may show
,mbre intimal thickening but it was no more than that found
in many subjects who present no symptoms. ‘Thﬁs attacks of
discoloured fingers in these cases must be ascribea to over-
action of the muscular. wall,

" In cases of thrombo-angiitis obliterans and progres-
“sive systemic sclerosis presenti#g Raynaud's Phenomena, thefe
is a conspicuous evidence of occluding diseasevéf‘the digital
arterieé; In these casesj'however. Raynaudfs Phenomena'occur
as the result of exposure iptcold in ahlextremity with a blood
supply already interfered with.

The vessels at fault in Raynaud's Fhenomena appear
to be the digltallarteriés (Lewls - 1931). The main vessels
of the'extremities are pgtént and pulsatibns are present in
the usually palpable artéries. Allen (1946) employed arterio-
graphy and found that the digital arteries of mest aufferers_
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of Raynaud”s’Phenomena‘do not appéar to be filled normally -
there was absence of fllling of the distal part of the |
digital arteries and diminished calibre of these. But
similar changes were seen in asthenic persons who 814 not
_havefRaynau&'s_Phénomenam .

Brown {1925) observed that the stage of pallor’
indicgmed complete constriction of the terminal arteridles,_
capilléries and small venules, The blood ceases to flow
through the capillaries which are visible because of the
small segmenté of static blood retained in them, The degree
of constriction and amouni of bloo& in the exposed capilla?leg
and small venules determine the visible colour reaction.

) Numerous observations-on the~cepillaries infRaynaud’s
| Phenomena have been made, It fact, Deutach et al (1941) ‘claim
that capillarosccpy‘w1114revea1 abnormal capillaries even
before the appearance of clinical symptoms. They further
suggest that the severity of the disease could be defined
more acdcurately by capillaroscopy than by the gross clinical
findings. : |

| | Roth (1938), in discussing the capillaries of the.
nail folds in Raynaud's Fhenomena and Scleroderma. observed
that the capillaries vary according to the phase of the
attack. Thus in the stage of syncope the capillaries GZE?’
..contracted. As Adson and Broﬁn (1929} observe, few capil-
lariss are visible, the filling of the.100p9‘with blood'is
‘incomplete and the capillaries héve a ségmented or broken
aPpearanCe. The contained blood in the capillaries is
static and blood is nbt observed entering the caplllary
loops from the arterioles. - The‘collecting‘venules are
usually'invisible or contain small amounts of bloed.

In the stags of cyanosis blocd 15 admitted to

the capillaries both from the arterioles and by retrograde

/flow
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flow from the venules., (Aﬁsén,an& Brown - 1929, Roth ~ 1938),
The capillaries become dilated, and an increased number becomes
visible. . The flow in the cspillary loops 1is stationary or
occurs only after long intermissions,  There is gradual dee
eﬁygehatién of the,capilgary blood with 1ndfeasing eyanosis,
The capillaries may dbecome greatly disteéded and may 10861 ‘
-their characteristic shape. The collectiﬁé venules become -
d1lated. ' . °

After a variable period the'capillary'flqw is sud~
\denly'résuméd 28 a result of complete-reléxation of the arteri.
bléé; The flow of blood in the capillary loops becoms rapid
and the bldod Ghanges to»a bright red colour. -:Many additional.
capillarieQIOpen 80 that the stage of, rubor 1s;overarecéveryi
Both capillaries and‘venulea'remain‘ailéted and the venules may
contain red oxygenated blood, _ |

The ¢yanosis is not caused by’an‘obstruction on thé
venoue side. (Lewis - 1931), . Landis (1931) also observéd that
the stasis in Raynaﬁd's Phenomena is not due to #enousiobstrué-
t;on; . The spasm is apparently on the arterial side and not
the venous aide of the capilléry”networki' ' |

Although little ié known of the changes occurring in
the vessels during the early stages, numerous observations on
the vessels in the later. stages show gross changeé; in those
¢ases of Raynaud's Phenomena which go on to sclerodactyly or
are essociated with progﬁeésive aystemié sclerosis gross
 éhanges ogeur in the intima, In citing a case of the latter,
Goetz (1945) comments 6n.a marked proliferatlon'offthe intimq |
undergoing "fibtinoid“r&egenération. 'Fragméntatién of the
1nterna1_ela§tic membrane ané infiltragién of round cells
oceur with plasma cells grouped arcund the Small'veeselba
The pathology of these cases of Raynaud's'Phénomena,‘secondary ’

to some factor or associated with visceral lesions as in

/progressive
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progressive systemic sélerosis does not explain the true

nature of'the‘lesion.

(e).DIAGNOSIS, o

.The dlagnosis of Raynaud‘s Phenomena may prove
difficult, One of the cases in the serles was treated
for years for "anaemia" before the true nature ofithe
condition was realised; - In the majority of patients,
however, the hiatory\of-attacks ensuing on exposure to
'coidvclinches the diagnosis. | , »

In all cases a primery cause must be diligently
sought, . Thus numerous 1nve§tigatiéns-- éhehicalQ radio-
logical, etcetera must be cafried out.; |
(f) IREATMENT. |

The treatment OT'Rayﬁaud'e Pﬁenomena is not
satisfactdry.. In those cases where a ﬁrimary faétor'
is reéponeible for the lesion, removal of this factor
will result ih a cure of Ra&nau&‘s Phenomena,, dewever;
this is phé exceptioﬁ'rather than the rule,

Measures to improve the general health_aﬁiﬁto‘
protect the patient from worry, emotional diatﬁrﬁanées;
and over-fatigue éhould be used,. . Attention to clothing
end the choice of a suitable climate should be céneidereda
Expoéure to cold should be réeduced po é minimum,

| Numerous drugs have been tried. Thyroid
extraot,.calcium iactate. nicotinami&é, ovarian eitract;
steoters have bééﬁ tried end have proved useful.on.
occasions, Acetylcholine by ‘njection, the administration

/of intravenous
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.of 1ntravenous T.A.B. vaceine have been used at cne time or -
another to producevé lasting vesodilation.

 However, as Smithwick (1937) pointe out, medical
treatment is not satisfactory and no drugs havé been found
that effectively inhibit vasoconstriction. |

It is generally agreed that sympathectomy 18 the
tréatment of choice, The operative results are most |
striking when done early in the condition before marked
flgcal changes have taken place. However, even in the
advanced éaseé, the abolition of colour changes and the
.anhidrosis produced make the result worthwhile even though
there be only a slight elevation of skin témperaturei
(Smithwiek - 1937), |

(g) THE,E?FEGT,OF,BYMEATHEcTomy,

The immediate. effect of sympathectomy of the upper
extremity in Raynaud & Phenomena is a dry, warm extremity.
- With the vasodilatation that takes place no attacks of
Raynaud's Phenomena occur, Thé<extrémity does not sweat.
From a previously cold and sometiﬁes clammj‘eitremity of
a bluish . hue, a change occurs in that cyaﬁosis disappesars,
and g pink colour results, | o

The change in the extremity 1is apparent wlthin the

firat twentyafour hours after Operation. However, this
maximal dilatation lasts about eight days when the 1n1t1a1
complete vasodilatation begins to wear off, The extremity,
however, 8441l remains warm as compared with the normally |
innervated opposite limb} |

y "Immediately after sympathetic denervation, of
whatever nature, there is always an improvement in the cone

dition of the fingers except where actual digital thrombosis

/or extreme
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or extreme sclerodectyly exists, .Thé high ekin‘temperature‘
resulting from the operation, however, is not maintained and
e steady'deeline)oceurs until a level 1s reached which is
usually several degrees above the pre«operative temperatuféa
This decline in the skin temp?rature 6ccurs in both the hande
-and the feet and abpears even whén the operation is performed ,
.for‘ﬁonévascular diseaeéa It is a normal sé@uence to all
types of s&mpatheetomy Operation,.and is presumab}y due to the
,résumption of a certain degree of tone by the bioo& veésels
by virtue of their inherent muséular activity."  (Simmons
and Shechan - 1939). ,. "

Secondary chenges associated with the increased
blood flow to the extremity result. Thus the nails may grow
more quickly andlnot infreguently a‘definite liné of demarca«
tion can be seen corresponding to the moment of sympathectomy .
Previously distorted, irregularly shaped nails become smooth,
pink and'normal in every way. There.may be an increased
growﬁh-of.hair on the extremity. ‘The extremity seemsto take
- on a new 1ease-of41ifé and all signs of infectioni if present,
heal repidly and completely. ‘

: With the'interruptiontbf the sympathetic pathwayé.
.all spontsneous fluctuation in pulse and digital volume, a8
-well as-the constrictor reflexes following vgr16u§ stimuli,
-are no longer obtained. . »Thus.coéiing‘or pinching the body
{(Capps ~ 19356) will not ﬁroducé‘vasoconstricticguih the sym-
pathectomised extremity.. stérup. Bolton and Caémiohael
(1935) observed the saﬁe absence of vasoconstriction with
paié, fright or‘anéeri‘which usuzally result in vésoconsﬁriction,
Lewis and fickering (1931) observed that heating of the bédy
wili not produce vésadiiﬁtati@nc Johnsong'Scupham and Gilbert
(1933) could not produce vasodilatation by typhotd vaecine,
Gellhorn and Steck (1939) found that inhalation of carbon

_ /dloxiade



dioxide, which normally produces & marked central vasocone
striction of perlpheral‘vesseis, is abollshedvin the completely
sympathectomised extremity. o , -
Goetz (1946) has confirmed by plethysmography the
absence of these reflex stimuli following sympathectomy,
He.fﬁrfher states'that failure to evoke these respoﬁaes may

be accepted as evidence of the interruption of the sympathetic

Yéflex arec .

- Following sympathectomy. the. tone of the peripheral
vessels 1s mainly determined by three factors:=
(1) the locel metabolic requirements of the tissues (effect

of metabolites); (2) the local stimuli reaching the vessel

wall directly from the outside, without the‘med;ation of the
' nervous system (cold, ete.,) and (3) the effect of endogenous

;substénces - acetylcholine, epinephrine, ete.~ reaching the

vessel from the blood stream (Goetz - 1946). Therefore, as
Goetz points out, the blood flow of the sympathectomised
extremity may not be the same when tested on different occasions,
It sﬁéh influences are depressing in naturg; the blood flow
tends to return to its maximum as soon as such stimuli are
removed,

Lewis and Landis (1931) noﬁedi after cervical sympa~
thectomy, that exposure to.cold pbo&uces‘a deerease in tempera-
turs Gf”the normal hand more quickly than the denervated one,
They observed thét,‘after extirpation of the stellate and the
second thoracic ganglia in Raynaud 8 Phenomena, spasm of the-
digital vessels may'occur on exposing the .extrenity to. cold. -

This observation had been.noted previolusiy by Thomas
(1926). Freeman (1935) élso observed that if a completaly
sympathectomised limb is 1mmersed-1ﬁ=6b1d'watér,vﬁhe'blooq

flow drops to a low level., Inspection of his curves which

are characterietic for' the effect of temperature on the blood

flow through the normal and through the sympathectomised 1imb

revealea that they are of the same general shape. The chief
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difference in the two curves lay in the fact that the‘éxﬁremeﬁ
of constrictlon and of dilétation were absent in the sympathec«
tomised limb.,

The re3ponse of the sympathectomised extremity to
the appiication‘of local heat is shown in Figure 1, (page 67).
Figure 2, (page 67) represents the sympatheotomised extremity
after thirty minutes body heating. The extremity was then
immersed in a water bath at AS Ce The volume hss increased
from O.18ces 0 0.25cc. after ten minutes' immerdion.

Very little haé been observed on the changes in the
vessels after sympathectomy,. In 1897 Géhahoéie raported con-
nective tissue cell hyperplasia an& nuclear changes in the
muscle cells of the tunica meaialof 5lood véseéis‘after severs

© ance of their sympathemic 1ﬂnervat1oni .von Bechteren (1908)

concluded that the effect-of‘éympatheetomy on'the»bIbod‘veséels o

wes an *ncreaae of elastic tissue both in the intina and media
aceompanied by muscle coll hyperplasia. Lapinski (1908) showed
*rapid atrophy of the medical muscle cells at focal peints in ﬂ
the arteries of the rabbit 8 ear. In othera there was a hyper-
trophy of these cells whila many of the animels exhibited hypers
plasia of the intima. Kerper and Collier (1927) made histclogic
studies on the vessel. changes in the eat and.goat after sympa»«
théetomy. In the distel. portions of the denervated vescular
tree, atrophy of the muscle fibres, apparent dilatation of
the arterial lumen and oedematous swelling in the muscle cells
were noted, similar to the changes in the circular muscles o
found in §éssels after reduced functional excitétion of diéuse
airophy; . These studies seem to give anatomic proof éf the
permanent dilator effecﬁs of sympatheotomy. |

Although aweatlng ia conaistently abaent in sympa~
thectomised areas, Gurney and Bunnell (1942) found that no

~ histological changes occur in the swoat glands after dencrvation.

/After sympathectomy
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\ After sympathectomy the capillaries are decraasad
in calibre and many new capillary loops are Opened. The
outlines are more clearly defined. (Adson and Brown - 1929).
_{Ih some of the céses,of Raynaud's Phenomena where the eapil«
-laries were greatly dilated béfore opetatioﬁ.'soﬁe of the
large capillarles remain dilated but in a lesser degree than
béfore 0peration._ The flow of blood 1is contlnuous and rapid,
whereas before it was intermittent and slow (Craig and Horton .
»-.1938); Deutsch et a1~(1941)\obaerﬁed‘that the width of
the capillary decreased and also the capillary pefmeabllity.-

7 " In cases of vasospastlic disease the oxygen saturas
tion of the venous blood rises after éympaﬁhectomy. ‘de,Tékats
-(1937) observed phat.this»ia.difect evidence'thap the supply
of oxygen to tﬁe>tissues ia,increasea; a8 the veﬁous oxygen
content‘refleéts'the.oxygen content inithe tissues, provided
arterial oxygen eéturation is normal.: When the venous oxygen
saturation. does not rise; the ¢linical results aré poor.

| | _Subjeotively,»the 1mprovementiafter sympathectomy
in Raynaud‘s Phenomena.'is-mérkeﬁ@ : Howéver.~wi£h~the passage
of time the experience is that gradual detefibration ocours,
_ Uéually abéuﬁtwﬁlve to. eighteeh ﬁonths after thé‘operatian
:the upper axtremitiea are again cold and blues  However, the
majoriﬁy of. patients notice that the attacks are not as severe
nor do the attacka last as long..,ASome improvement.,therefore,

results even though the symptoms may recurs -
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IV. INVESTIGATIONS OF SYMPATHECTOMISED EXTREMITIES.

(a) METHODS AND RESULTS.

In assessing the results of sjmpatheetoﬁy of the
upper extremitleé 1nIRaynaud’e Phgﬁamena, & uﬁiform pattern
waéanOpteds The clinical history was taken with cars and
stress laid on any symptom auggeetiveraf'relapse, The
patients' own observations were GOrrelatéd,with those found on
re~exahinationa The case histories;subsequent to sympathegs
tomy are presented in & later section. ‘{Pase 233).

CApart from the Qllnical,assessmeh;:of‘the'case,
several.Speciél~examinationshad to bé done, Some of these
examinations and tests are standard in vascular elinies
thréughout the world, Pletnysmography; however, is only
‘ perforﬁed at Groote Schuur Hospital, |
The following épecial tests were pefformed:ﬁ
| 1. -Sweatinggx .

2, BSkin Resistance.
'3, Response to Filocarplne.

4. Plethyamagraphy.'

Each section 12 reviewed and the results are'then asgessed
as & whole as to whether the sympathetic denervation has

been mainﬁained or not.

1. Swe&tins .

Accompanying‘thelvasomotbr'fibres'to the skin are
sympathetic postganglipnlé fibres, which,; on excitation, glive
'rise to sweating and to contraction of'ﬁhe smooth muscles of
the»hair f9111e1éa, causing erection of hair. - Although
sweating commonly oécurs at the éame time as peripheral vaso«
dilatation as a mechanism of heat loes.‘if is. independent of
vésémotorAéhangee‘ | It can occur in association with vaso=

congtriction, as in the cold, clammy hand of fear, and it does .

/not necessarily -



not necessarily follow peripheral vasodilatation, vlz, the hot,
dry skin of fever, ’

Sweating may oocur reflexly to increased heat (envir-
onmental or during muscular action) and to emotioh. Sympa~
thetlc denervation abolishes:both. However, thermo-regulatory
and emotional sweating are not identical in distribution.

The latter is more looalised to the palmar surfaces of the hands
end fingers, plantar surfaces of the feet and toes, the axillae
and forehead,

Absence of sweating, induced by heat, 1,e, thermow
regulatory body heating, has been generally accepted as
evidence of the sympathetic denervation of a limb (Simmons
and Sheehan - 1939), Such anhidrosis follows complete sympa~
thectomy whether preganglionic or postganglionic, As Fulton
(1943) points out that absence of sweating follows peripheral
nerve paralysis (postganglionic section) and the line of
demarcatlion of sudomotor and vasomotor changés follows closely
the boundaries cf the area of sensory loss, The sudomotor,
pllomotor and vascmotor fibres are distributed by the cutaneous
nerve to the same skin area as the sensory filbres, If one
assumes that vasomotor and sudomotor fibres are the same or
that vasomotor and sudomotor fibres have identical distri-
butions, it is possible, by mapping out the area of anhidrosis,
to - demonstrate the extent of sympathectonmy.

In 1928 Minor introduced his method, which utilised
& colour reaction in a mixture of lodine and starch when
moistﬁre is present, | This technique made possible photogreaphy
of the various sites of sweating. List énd Peet (1938)
described the method in detall. The technique adopted in
thles series 1s essentially that of List and Peet, The

mixture contains the following:i-

/i. 1.52G. of
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1. 1l.52G. q§'chemica11y pure metallie 1od1nei
41, 10ce. of Castor 0il.
. 431, Sufficient Absolute Alcchol to make &
- total volume of 100ce.
Idiosynerasy t6 1oainé 1s excluded first in each
patient. "
The skin must be completely dry and clean before
the mixture is spplied.

" The mixture is‘nonairritant‘and innocuous, The
entire body, except the eyelids and the externalzgénitalia
may be painted. Initially the solution was painted on,

By painting it is impoasible; on occszsions, .to avbid transe
ferring any posslble insensible sweatingAfroh a norméliy |
innervated to a denervated area. The soluflon was thus
Byrayed on. Any suitable gss or aif. under pressure,; mey
be used - an oxygen cylinder proved most useful in this
respect., In addition an evennessvwaa obteined by spraying
which 1s difficult to obtein by peinting. Lastly, spraying
is much qulcker than painting.

The mixture dries very reedxly on the skins The
- gkin ia left with a greasy, dark yellowish appearance.

~ Fine rice starch (crdinary coocking malzena proved
most useful) is then dusted on. - This starch powder mey be
dusted on with-a‘eotton powﬂer‘@uff or sprayed on by oxygen
under préesuféQ. All excess 1s fanned or blown away. The
skin so prepared has a white or ivory hue,

| “he patient e then covered with blankets. care
being taken that none of the areas denervated are in contact
with ezch other or with normally innervated sking - -Hyndman
and Wolkin (1942) have shown that éympathectomised-areaﬁ will
sweat 1f two such areas are in contacts ‘Therefore each limb

was wrapped in a c¢lean, dry towel and towels were placed in

’

/the axillzae, ,



the axilllae,

| Thermo-regulatory body heating was instituted by
immersing both feet in water at 43 - 45°C. Heating was
continued for thirty minutes, at the end of wh;ch time the
blankets were removed and the patient photographed.

Sweating, whether induced by drugs or by thermo-
regulatory methods, first appears as fine blulsh-black dots
resembling poppy séede. As perspliration lncreazses the fine
dots enlarge gradually until they form violet-black surfaces.
The areas of anhidrosis, of course, do not turn black and
retain the whitish hue. The iine of demarcation between a
normally innervated area and the sympathectomised area, remains
fairly sharp. |

After the completion of the test the patient's skin
can be cleanzed by the application of hot water and soap.

In this series of patients thermo-regulatory body
heating was the method utilised to map out the areas of
anhidrosis, Sweating may be produced by pilooarpipe and was
observed during thg'completion of tests described in the
section, headed “Pilooarfins“ (page 148).

Results,
The patients examined by thies method are classified
into three groups:-

1. Raynaud's Phenomena ~ immediate results.
Four patients are included in this group, S8Sympa-

thectomy had been carried out not longer than six months
previously. In all cases the second,'thlrd and fourth
thoracle ganglia were removed or cauterised,

| Figure 3 (page T4) and Figure A (page T5) show
the presult of the sweating test on the twelfth post-operative

/day, after
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déy,‘after the left upper limb had been sympathectomised. ‘
There 1s complete absence of sweating on.;he whole of the
,1ef$’upper expremity.anteriorlj. Altﬁough}ﬁotgso'obvioﬁs
in the picture, sweétiﬁg censes at the‘midiiné; oatéfiorly;
sweating is absent to the midline and the. line of demarcation
-extenﬂsdownwards from the middle of the scapula to well
below the axilla. Although sweating is not seen on the ' .
face and forehead on the sympathectomised side, 1t 18 aglso
not present on the normally 1nnervated side. ;t,ia 1mpos¢
isible,in this patient tO‘state that removal ofﬂ¢h32 did
sympaﬁhectémise the face.. .-_ o \ |

'. Bilateral remov&l of the same three ganglia was
performed 1n the patient depicted in Figure 5 (page 76) -
and Figure 6.»(page 77)+ . The right side was sympathectomised -
foﬁr monthe,and the left two months previousiy;? There is
précﬁtcélly-completevabsen@e ofAswéating'oﬁgthé.whqie-bf both
,upperdéxtremitiesi The line of demarcation 1é'not as shérp |
aS'inléther.caseéa Sweating is prelent on the left side of
the faée“andineak. Both shoulders gre, however. completely
free of swéatlnga,,fSweating is present on the posterior ase-
pect 6f tﬁe ﬁppep'arm as far as the elbow. . @his may be due
to eontact wit; no;mally 1nnervated skin. The line of demars
cation is sharp and exten&s from the same 1eve1\1n the mid-
vllne. Just at the. superior border of the seapula, to the 1atera1

border of the arm. Both axillae are sweating.‘ Apart from -

- the face, there appearé to. be'a‘remarkable degree of symmetry

in this patient. Some small deviations oocur on either side

but the similarity is great.

o Pigure 7. (page 78) depicts a patlent who had had
the right side sympathectomised two mpnths previously.
Sweating'is‘compietely gbsent on the right upper extremity

N

1

/to the midline.
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to the midline, On this occasion the lodine was painted
on, = Subsequently Spfayingﬂwas-the*methodjofuchoicea
“Figurekag (page 79) ghOWS‘the sweating pat&ern ohc‘month
“"later, the leftf side having been sympathectomiséd in the
.interiﬁ;" The posterior aspect 1é_ehown;".Ther11ne.of
&emarcation is sharp and disﬁ&nct; The level 'of anhiérosis
is 1ower on the left side. ~Themsecond}Jthiraiandwéourth
thoracic ganglie had been removed on each siqe;‘ on. this
6écasionvii‘was noted that somevsweating was 8till present
on the left side of the neck, face and shoulder. This was
8ti1ll present three months later, (Figure 9. *’Pase‘BO)c
No,BWééting was present on the right face:and.neék six
months after sympathectomy. .

In the last patient in this group sweating was. .’
.absent on the left upper extremity,'forehead,:faéeAand )
neék seven days after sympathectomy. The. difference
between the normelly innervated and sympathectomised
extremities is striking. (Figure 10. - page 8l1). The
line of demarcation in the midline is preéentgv Three
Jweéks'iater the pattern is. seen after right sympathectomy,
(Figure. 11, é.page\Bﬁ)g Thé level on the right is lower
‘than.on.the‘leftﬁ Figure.12, (page 83) shows the complete
absence - of sweating on the hands. Posteriorly, Figure 13,
(page 84) sweating is absent on the neck and both shoulders.
The line .-of demercation is lower on the right side. The
right axilla does not sweat. Sweating 1a'prqsent in~tpe‘
left axilla and on a small area on the posteérior aspect of

the arm adjacent to the axilla.:
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Posteriorly, no line of demarcg@ion is geen. (Figu:e 25,

- page 98), Sweating is present fairly uhifcrmly over the
whole shoulders No areas of anhidroéigvcan be defiﬁed.

On the anterior aspect, too, sweating is pféfﬁse and generas
lised.over the whole gf-boih upper.éxtreﬁitieSa It is ‘
-impossible at this stage to dietinguisﬁ'betweéﬁ sympathecto=
-mised an&vnormally innervated skin, '(Figuhe 26, = page 99);
&his is 1n~dafked-centrast to the,ﬁattérn-obtaineq immedis
ately post~operatively. .(Figure 22, « page 96).  Although
sweating was pregsent on Boih hends it Wgé:paiéhy in nétures
"Figure 27. (page 100) shows the irregularity df the pattern
on the hands. ; On: both hands tﬁe ulnar side sweats less thaﬁ
the other areas, although sweating appears to be least on the
left thumb;, The forearms, 100, show an irregularity-in the
.relatively‘anhidrotie areas. Sweat1n5~is relatively 1éss

on the right forearm:
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-last operation, . Symmetry is wellenigh perfect, Sweating.

extremities by removal of the second thoracic gahglia only.
In this patient the second thoracic ganglion was cauterised

on the right side and removed by open dissection on the left

.81de., -‘Sweating is present on both hands but more 80 on the

right, Irrégular patchés of sweating are oresent on the
chest and face. Three years later aweating is again present

on %thne hands and forearms. 1he,patch1nes$ of the facial and

‘thoracic pattern is still present but the areas of anhidrosis

are sus slier, ‘ (Eigure'éoi‘ﬁ.page 94)@

o " The second thoracic ganélion was removed on each
8lde three years previcusiy in the*patient éhbwn‘in'Figure'Ela
(page\§5)a Anteriorly, sweating 13 present on the right.
hand .and forearm, The 1eft hand shows some sweating but

this 1s considerably less than on,the right@ - There-is no

'grosé‘difference in either forearnm. _irregular patches of
.. anhidrosis are present on both shoulders. - Sweating is present

-on both sides of the neck but more so on‘the-lefta“ Sweating

is also present on the upper lip and on the‘ereheada
Bilateral cauterisation of the second thﬁracic

ganglion had . been performed on the patient shown in Figure 22,

(page 96)s  The test wﬁs carried out one month after the

is absent on both upper extremities, up to a point on the.

.arms opposite the axillacs A minor difference in the line

. of demarcation ie present., . Sweatling is preseht on the

face. The band of‘anhidfosie acrosé the back i seen in
»Figufg 23_ (ﬁage 97)« . The(dlose similerity in the shape of
the band on both sides 13‘we11'seen{

. ‘Just over three years later, althouch some sweating is
present in the previously anhidrotic area, the line of demare
cation 1s still wellemarked and is closely similar to the
previdﬁs line of demarcations . (Figure 24. é:page.gv);

Five months later, however, a marked change is present,

/Posteriorly
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14, R@ naud’'s Phenomens = late results.

¢

Five patients are included in this group.,  Sympas -
' 1thectomy had been'performea two to nine yearslpreviOusiya'
‘The type of sympathectony, however, varied cansiderably.
Telford's nperation had. been pewformsd elsewhere

on the patient depicted in Figure 14, (pawe 88) and Figure 15.
(pagev89) nine years before. Sweating 18 profuse on both '
.hands and arms, although it appears to be absant on the left
. thumbs clinically. too, sweating 1s not perceptible on.
tnie-diglti - Sweating appears less on both shoulders but is
preéeht on both sides of the faceé. - No line’éf demarcation
';15 present sepa*&ting-anﬁsaréa.df.anhidrosis'anteriorly; |
.Posterierly. sweating is. present on both arms and on the
lower part of the shou]ders. -On the superior aspect of each -
“shoulder, however, sweating is absent« This is more-apparent
on the-ieft‘sidea WA well.defined iine bfidemarcatlon is
bfesént;’particularlylon the leftfsideo ' Thié.line appears
to be slightly lower than the line of’demgrégﬁion on the
right | _

' Figure 16, {(page 90) éepiets the sweating test on
a patient aftér bilateral sympatheetomy of the upper extremi-
'tics by cauterisation of the second thoracic genglia only.
 sweating 19 completely.absent on both upper extremit&es; upﬁer
.¢hest and face. The posterior aspect is.shown in Figure 17,
(page 91). Botth anteriorly and posteriorly perfect symmetry
appeaﬁs to be present. The line of demareataon on both
aspects is felirly well defined and repreaents & straight horia
gontal line. Figure 185 (page 92) shows the posterior aspect
three yeéars later, No ares of anhidrosis 15 present., ,{The
1%nc of demarcation hes dig appaareda ' On the anterior aspect,

- too, lweating is present on all areas and no distinetion can

. be drawn between sympa.uectomised and normally innervated skln. B,

' Figure 19. {page 93) represents_the<sweating Pattern
on a pétient within six months of sympatheétomy of the upper.
| ' ‘ /extremitiecs
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All cases of Raynaud's Phenomena observed within

six months of sympathectomy show absolute areas of arnhidrosis

‘on body heating aé demonstrated by the Starch-Iodine Sweating

Test .

In ‘those five cases observed three years previously

‘on which sweating tests had been performed, sweating was

abaent on thé extremities in four.,. ' One patient showed
sweating after sympathéctomy héd béen cafried out. In
these cases cauterisatiqn had been the method of sympathec~
tomy. |

Three years later the pattern shows that sweating
now occurs on vhat was apparently denervated skin. This
sweating, however, shong & tendency to be patchy in nature,
In -one case the arrangement of the swéatiug pattern seemed
to spare the ulnar surface of béth extremities, In this

case the line of demarcation as shown immediately after opera-

-tion is s8%ill present three years after sympgthéctomy, although

some sweatling could be observed in the previously anhidrotic
. R
area, o : v -

Flve months iater the line of demégcation had com-
plégelyvdisappeared; Sweeting was now dnlform through
"aympathectomised" and normally innervated skin,

' In two cases, not included under-Haynaud'&-?henomena,
sweating was absent in the denervated area of skin, even
though nine and thirty years had elapsed after stellatecﬁomya

Thelextént of sympathectomﬁ gseens to ﬁlay some part
in the areas of anhidrosis produced. Four of the filve éases
included in the "late results" had been sympathectomised by

removal of the second thoracic gangllon only, Cauterisation

- of the second thoracic ganglion resulted in anhidrosis of the

arms a8 far as the exilla in one patient, (Figure 22, =«

page 96). The face and upper chest eweated. Very little

/difference:
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difference could be seen on either side.  In yet another
case (Figure 16, « pagé 60), the same procedure resulted in
anhidrosis of the face as well as the upper chest. AIn one
bther patient cauterigation of the right second thoracic
ganglion did not produce anhldrosis of the hend or forearm.
Anhidrosis resulted, however, on the face and neck,
(Figurevlg‘ - pagé 93). When the second thoracie ganglion
was removed by opéen dissection on thé.left, sweating gbill
oceurred on the upper extremity. The area of anhidrésis.
however, extended lower than on the right side.

| '.In-the remaining patient Telford‘g operation, 1.e.
division of thg sympathetic.trﬁnk beiow the third thoracic
ganglion with rémisection.of the second, left an area of
anhidrosis on the shoulders only., Both hands sweated.
(Figure 14. - page 88), |

" Thus, although in two cases cauterisation of the

_secind thoracle genglion resulted in anhidrosis of the upper

extremity immediately. after operation. the extent of anhidrOa
sis varled in the two cases. Cauterisation of the same
ganglion in another patient féiled to produce anhidrosis of
the uﬁper extremity-and/when‘the~ganglionfwas;dissected out
on thke cther side, an‘hidrosis.stn"l was not'vcomglete.—

The 1a§e*resﬁ1ts-Bf-thesehanﬂfthe*othericéses“w@era
the second théraéic ganglion only was removed, indicated that
sweéting may re-establish itself shortly after "sympathetic
denervation“ of the uﬁper extremity by such a brocedurés

( _ It has been noted above, that sll the patients
examined under the "immediate results" had been sympathec=
tomised by removal of the second, third and fourth thoracic
ganglia, The areas of anhidrosis produced'by th1eprogedure

varied not only from patient to patient, but where the opera=

tion had been performed bllaterally, differences occurred on.

/the two sides
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the two sldes in the éame patient, A
Figure’Ss’(page‘Yg) and Pigure 13.*(page 84) show

the areas of anhidrosis in two patients resulting from dilat-

eral removal of the c¢hain and the above ﬁhreé-gangliaa- in

each case the anhidrotic area extends lower on one sides

The shoulder is free of sweating in both cases; both‘axillaé

are free in one case; whereas one axilla sweats in the others

.Simiiarly, wherees the rlght side of the faeé does not sweat
in tﬁe patient shown 4in Figure 8+ (page 79), the left silde

sweats (Figure 9. « page 80).

In one patient the posterior aspect showed a fairly
close similarity in the two sides (Figure 6. = page T7) but,

enteriorly, a slight difference is ﬂ%esent‘on the upper chest,

{Pigure 5. « page 76). On this aspect, tco, the left side of

the face sweats whereas the right doeg not,

A elbse similarity exists in the-areap,of anhidrosis
resulting in the two patients shown in Figure 4. « (page 75)
and Figure431._(page 109) yet the axilla sweats in the one but
not in the other; -In these .two patients éwegtinﬁ does not
occﬁf in the face, |

In those patients suffering from Raynaud's Phenomena.,

-the lmmediate results of removal of the second thoracic ganglion

.only or the second.to the fourth thoraclc ganglia inclusive,

show that out.of nine such patients ahnidrosis of the upper

extremity occurred in eight. In the remaining patient the

”haﬁdé 8t1ll sweated. In this patient, however, some doubt

was present, at the time of operation, as to whether the
gsecond ganglion bed been removed. -

In the patiant sympathectomised fpf éausalgia by
removal of the stellate and second thoracic'ganglia.-sweating
occurreg in the exilla but not on the rest of the arm except

for an area on the medlal sspect.

A

/A fairly close
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- A fairly close similarity,éxists in the pattern
of anhidfosis resultiﬁg from removal'éf’fhewétellata ganglion
with Qr\w1thout the second thorgcic géngiicﬁ, '(Figure'aé.
- page 103, Flgure 28,:-i page 102, Figure 32, + page 110).

Similarly, on the posterior aspect the linee of demarcation

‘aré very much alike in all three. (Figure 15.:« page 89,

Figure 30. - page 104, Figure 33#‘¢ pege 111)s The patient

.in Figure 15, (page 89) is included in thé*Réyﬁaud's group.
A left Harneris-Synaromeahas~persisted afﬁéﬁ'Télford‘s opera-

tion.,












=

.

«112-

Conclusions.

Immedt#te rasults of sympathetic denervation of the
upper extremity in cases of Rayﬁau&‘s Phenomena show énhi&rosie
of the eéxtremity with the Starch-Iodine Sweating Test.

- Late results show the pfesence of sweating on the -
extremitics in all these cases. -

A case of Causalgia still has aﬂhidrbsis of the
upper extremity thirty years after remo;él of‘ﬁhe stéllaté
and second thoracic‘ganglia.> A cgee'pf Bueréer‘s Diseage
has anhidrosis of the upper extremityvnlne_years after removal
of the stellate’ganglion, T | |
Thé upper leval of the preganglionic sweat fibres to

the hand eppears to be the second thoracic ganglion in all

cases examined, Removal of the ‘second thoracic ganglion,

however, does not result in a permanent'anhidrésisl

It ic apparent that removal of the stellate ganglion

plus the second thoraciec ganglion would result in a permanent

‘denervation of the upper extremity. - Should the. axilla have to

be include&.in the anhidrotic area, the third«and-founzh;ganglia%

also should be removed.

The resistence offered by the skin to the péesage ofﬂ
& -minute imperceptible current,. through the body is localised
almost entirelf in the skin., It has been shown ﬁhat a puncture
made through the skin with a hypodermic needle reduces tﬁe
resistance from any level to practically zerc. {Riehter ~ 1924),

This skin résistance is controlledAlargely through
the nerﬁous "gystem. _Bection of a peripheral nerve produces a
great inerease in ihe resgistance of the skin’égpplied by that-
nerve. (Richter - i929; Richter and Kat244'1943;:Riehter -
1946) 4 séimulation or irritation of the nerve‘hqs\the opposite

/effeet producing
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effect, produeing a decrease in the ekin resistance.

‘Phat the skin resistance depends on the sympathetic
componént of the,péripherai‘nerves'has'beén shown by Richter
and Tower (1931, 1932), Byypatheetomj, by set¢tioning the |
pregenglionic rami of the stellate ganglion in the caf, pro-
duces as great an incresse in .skin resistancg &8 does section
of the entire nerve_trué%@:~ Richter (1929) showed that
factors stimulating the éymﬁathetic ﬁervous‘systemg such as '
muscular\effOPti»emotional.éxcitément or mental tension, tend .

to dscrease skin resistances Factors &ecréasing.sympathetic

activity, such a8 rest; sleep and reléxation. tend to increase

skin resistances !

Skin resistance varies diredtl% withrsweat gland
activity, becoming léw when the sweat glands are active and
high when they'are inactive. (Richter = 1924, Richter aﬁd'
Whelan = 1943). However, tnese changes do not depend on the

ring;in the sweat‘glandé themeelves, (Richter~* 1946),

 Normslly innervated skin shows, under ordinary cons

" ditions, distinct regions where'ﬁhé resiestance is high and
-others where it is low. (Riohter;‘Woodruff and Eaton «

19435) . Thus low reedings are obtained for areas with a

rich sweat wland supply, €. 5. palms of the hands, face, éxlllae.
cubital fossae, These areas change in shape with the various
phygiq}ogicallchangéa whicﬁ effect the entire bo&yi‘ Oﬂ expo=-
sure. to héat the sresas enlarge and merge finally into one aiea
of low resistaﬁce which inc¢ludes the entire Bﬁﬁface of the body;

h ~

On exposure to cold the reverse obtains and only high resis-

‘tence remains,

i

By means of the skin resistance, it is possiale to ;

| define on any payt of the body areas of ekin affccted by

/sympathectomy
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sympathectony -« thoracic, lumb&r'or-tharaco@luﬁbar. Such
areas have an abnormally highvresistance; By sympatheetomy
"the sweat glénds aré denerﬁated and it 1s'thkough this that
the skin resistance is so h&gh‘- Carmichael et al (194l1),
hoﬁevef,Aclaim thst not only is the skin resistance dependent.
upon sweating but it is also depéndent upoq the syncnronbus
development of vasoconstriction. | The response occurs wheg
_either of these components is ﬁresent but is aboliehed ﬁhén
both are absent.

The method; as & test of eympatﬁetic‘activity, has
been greatly developed fecenply,_GSpecially‘by Richter and
his co~workeré. -According to Richter.énd Woodruff (1942,
.1945), the denervated areas, as demonstrated bj éhe resis-
tance method, cgrresboﬁd closely to afeasvwhich do not sweat
&s shown by the Minor Starch-Iodine éweating test,

Actually, campared 0 the Minor Starche~lodine
sweating test, the ﬂetérmination of the skin resistance 1s
simplerand involves less time and discomfort for thepatlient;
1t can be usad on coloured as well as on white patients and
on individuals who do not sweat sufficiénily to colour the

starch paste,

Methoé.

- The  technique adopted in thls series differs very
little from that used by Richter and hls colleagues. (1943,
1946). The apparatus used (Figure 34. « page 116) consisted
of: |

i. 4% volt battery.
1i, Mirror galvanometer.
111, Two electrodes.
iv. A 811t lamp. ,
Ve Reslatances of varlous strengths,

' The one electrode has the shape of & ¢lip. . By means

. -

/of & specially
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.nation,

of & spacially devised clasp it can be firmly fastened to

the lobe of the ear in such a way that the dise of the

. - electrode rests directly over the front surface of the ear

lobe. This electrode remains fixed throughout the exami-

The other eleotrodercohsists\cf a zine disc which
1s bullt into the end of an insulated handle;_. This eleg=
trode 1s used by the examiner to bring the flat, emooth .
surface in contact with-. ‘the skin on- any part af the body.

All these parts are connected in series and the-
4aflectians of the galvancmeter are projected . on to a2 scales
It waq possible to graduate the resistance of any part by
means of &, ﬁtandard-resistance box. . Resistances of 500,000
Ohms and -more were eonsidered«to~be -gignificant-of’ sympathec»

tomised skin amd, the instrument was standardieed acccrdingly.”
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Techniguea _

The patient was heated for a few minutes by
immersing both feet 1n water at 43 C.. The patient was
completely covered with one or two woollen blankets.

Trhis method of heating 1is ad0pted to make the resistance of

Jthg contiguous normally innervated areas as 1ow as posaibia;
'The heat has little or no effect on the resistance of the

.denervated areas of skin, Systemic measures such as

aspirin-or hot tea may be used either-separgiélywor~in
combination with heating. (Richter = 19&6);

Injection of pilocarpine can be used as a means
of lowering normal skin resistance but Richter (1946) found
that pilocarpine does not give constant outlines of areas
denervated by sympathectomy. | |

' The ear electrode is pléced 1in poeition after.the
skin of the ear hes been punctured by e fine needle, This
puncture eliminates -the reelstance of the skin under the

electrode, Before applying the electrpde«a paste, such as'

. thet used under the electrodes of.electroeardiographs. was

'apnliea to the skin of the ear lobe. A8 a result of the

elimination of the resistance under the ear lobe by the skin
puncture, all of the remalining res;stance offered by the
body  is localised in the skin under the mov@ble electrode
held by the examiner.

With one electrode attached to the eer lobe and

the other in contact with‘theuskin, the-amount of current

from the battefy that flows througﬁ the circuit is indicated
by the excursion of the galvenometer. . The extent of the
excursion varies directly with the resistance offered by the

skin under the movable electrode.. When this resistance is

‘ . . - -/nigh the mirror
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high the mirror will not deflect, indicating that no current,
is flowing. When the resistance is low the mirrdr moves
quickly across the scale indicating that a large amount of
current is flowing,

The full ¢urrent from the battery ;g turned on by
means of the switchi The flat surface of the moveble
electrode 1s held against any normally innervateé‘aﬁea of
skin; e.g. the chest énd,abdominal wall, If~the.aeflection
of the galvanomeier 18 across the scale and 1s rapid, the
patlient has been heated. sufficlently for the tests Should
this not occur and the response be small, the patient 1is
heated for a longer period,

As soon as a place is found whers no deflection
results, it is known that a denervated area is locatéd.~

The electrode -is then allowed to slide along the
ékin,sﬁrface. taking care to keep all the flat surgaée in
contact with the skin. The electrode must'pg used with

[

extreme gentleness. ' Any undue pressure on the skin under

.the electrode lowers the resistance of tha# particular part.,

The point where there is a sudden rise ffdm a high resistance
to an area of low resistance is mark%déop'the skin and.by 
trécing out the pattern so drawn the:dénervated areas cen be
mapﬁé& qut'quite easily. The line of demarcation is usﬁally
fairly sharp. |
In several patients it was noted that areas in the
face consistently gave readings of low resistgncé, in spite
of peins denervated. it was particularly sd_on the forehead
and cheek, Whilst there was certainly no evidence of éctive
sweating, 1t is possible sweating actually'waé preéent in
those "denervated" areas. ,
~ In some cases the resistance droés;to & lower level
than in the main sympathectdmlsed,areas‘bqt not down to the

level of the resistance of the rest of the body.- Such arees

/of partial
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of partial decréase in skin resistance must indicate, according

to Richter and Woodruff,-that some sympathetic innervation

8t11l remains. They termed 'such areas "zome" areas and attri-

butethem to overlepping of the distributian,qf the adjacent
<derméﬁgmes;7 -

In this ééries,only the uppef ektremities‘were
tested, This 1nc1ﬁdes»the head, nec¢k, arms and hanas;
The lowest reading taken‘wésfjust helow.the niﬁple in all
cases, | ) |

The current is below the range in which .1t could

v

‘be felt by the patient. . However, the sudden fall in resise
tence from over 500,000 Ohms to a few thousand Ohms made it

.difficuit always to make certain ttat'tné current remained

1mpercéptlbla.-.-The»fifst{tingling gensation reported by
the patient usually came simultancécusly with the drop in -

resistance. This sensation may actually be painful and was

not infrequentiy'felt‘about the face,

-

Results.

The skin resistance test was performed on twelve

patients in this series. Ten patients had been sympa-

thectomised for Raynaud's Fhenomena, one for ThrombO*angiitis

Obliterans and one for Causalgla.

Of those patierts with Raynaud's rnenomena,-five .
were tested shortly after sympathectomy, 1ae.'w1th1n the
first six months, and five were teeted at var;ous 1nterva}s,
but not earlier than one year after operatioh.

A,uniform pattern was ad0pted to depict the areas
of high resistance, i.e, sympathectomised areas, in the whole
groﬁp. (Figure 35, = page 128).. It was fé;t that if the
reéistanee was 500,000 Ohms or more, the skin area was denere-
veted, l.e., not under sympathetic controlQ ~ These areas of

high resistance are shown &s black in the figures.  Anything

[y

/that is not so,
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fhat is'not‘so. end is represented by the various crossed,

.obliquei verticél and horizontal lines, is not cons;dered

sympathectomised‘
The cases. suffering from Haynaud‘e’fhgnomena were
once more classified in two groupsie
1. Immediate - within six months of sympathéctomyi

. In all these cases sympathectomy was standard in

that the seeond, third and fourth thoracic ganglia had been

removed or cauterised. .
Figure 36. (page 129) represents the pattern traced
fourteen days after right syhpathectomya_"The whole of the

right uppcr extremity appears sympathectomised:, A The area of

vhigh resistance starts at the midline. The lower part of the

-

face and upper part of the neck show an area of low resistance

- 1ike that of normally, inmervated skin, Sweating was not elinie

cally perceptible at this point. The non-sympathectomised
left upper extremi%y shows. two largé areas of high reslstance.

Sweating was present in these parts at the time of ﬁesting.

‘Six weeks later, i.e. after sympathectomy of the opposite

extremity, the pattern'haa changed., (Figure 3T7. - page 130).

Both forearms and hands showed high resistance areas only.

_About both. cubital fossae. the resistance was low. The line

of demarcation'previqusly.present has compleﬁely disappeared;
Areas of low resistance now appear on the‘riéht chest and -
shoulder., There is no evidence of areas ofﬁhggh resistahce-

in the face and forehead on either sides In spite of the

" areas of low skin resistance about both cubital fossae and

the axillae,both extremities are still sympathectomised six |
weeks after sympathectomys. | | T
The result of sympathectomy eleven days after opera~
tion is.shown in Figure 38. (page 131). | The whole of the left
upper extremity has a' high resistance., Thils area of high

resistance extends to the mwldline. The line of” demarcation

- /is sharp
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is sharp. The lower level is below the nipple, The face;
however, has a low resistance, only the-left side of the
forehead appears sympathectomised as Judged by this test,
but even on tﬁe forehead tﬁe line qf demarcation is sharp
end well‘defined. On the posterior aspect the appearance
1s the same, The whole upper extremity from just below
the hairliné in the neck ﬁo below the écapulg has‘é high
registance, The sharpness of. the line of-deﬁarcation in
the midline indicates the extent of the éympatpectomise&
areas. (Figure 39. -« page 132). |

| The areas of skin sympathectomised, as jﬁdged

by the skin resistance, coincide remarkably with that shown

by the Starch-Iodine tests The area of anhidrosis, as

- Judged b& the latter test, is shown in Figure 3. {(page T4)

and Flgure 4. (page 75). . The only difference is the lower

level of high resistance on the posteriér aspect of the

patient, Sympathqctomiséd skin appeers to be Just below

the inferlor angle of the scapula, whereas in the sweating
test the line of demarcation passes through?tne body of the
scapula., )

The pattern produced by mapping out the areas

of ekin,resistance on the third patient one month after

sympathectomy of thé left upper extremity by removal of
the second, third and fourth thoracic gangliz, is shown

in Figure 40. (page 133). The right upper extremity had

‘been sympathectomised in the same‘way two months previouslya'

The posterior aspect only 4is shown, The resistance is

high on the rightvside, but.on the left side this i's not so.
The line of demarcation in the midline is sharpé-and‘distinct.
The resistance of the left upper extremity -lay between
100,000 and 500,000 Ohms, but whilst this is higher than
other normaﬂly inneryatéd skin areas, the difference between

the two sides is- convinecing. The test was repeated four

/months later-
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months later. On this occasion both upper extremities

‘appear sympathectomised after body heating\‘had been per-

formed., The whole of both limbs are included in the area
of high resistance. No difference 1s'seeﬁ qh the two
gldes, except for an area of low-resistance-on- thejforehead

and upper faces In these sites—-a-sharp line of demarcation -

‘18 present in the midline; (Figure 41. - page 134);"‘The
~evidence of whether the left slde is sympathectomieed or not

is conflicting, for the right side consistently shows a high
resistance, Starch-Iodine sweating tests show that sweating
1s present on the left side of the forehead and faceg But

sveating is also present on the left neCK”and shoulder which

.show high resistsnce. (Figure 9, = ﬁage'BO)c

The remaining patient in this group had been
sympathectomised. five days before éxamipationa The sympa=
thetic supply to the left upper extremity had been inters
rupted by removal of the second, third and fourth thoracic

ganglia. Pilocarpine gr.1/6 was administered intramuscu-

'iarly and shortly after the secretory effects hecame manifest,
.the resistance was estimated.  Areas of lowiresistghce were
-found to be present over the whole forehead and face. As far

a8 the angle of the jaw resistance was low. - The neck and

both.shoulders.showed»high reeistance‘to thg éuPrent. The

-right upper limb.revealed.a high resistance to just above the -

elbow. Below this point the resistance was lower. The
resistance of the left upper limd was'hlgh apart from a small

area on the antero=lateral aspect of the forearm. No line

.of demarcation was present between the two sides on the chest

anteriorly. The area of high resistence. extended well down
on both sides to just above the umbilicus. No distinction
could really be drawn between the sympathectomised and nofmally

innervated extremities in this patient after the administration

/of pilocarpine.
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of pilocarpine.

1/
In the remalining subject of thls group sympa-

thectomy of both upper extremitiecs had been performed six

.months previously. Figure 42. (page 135) depicte the

pattérn of skin‘resistance after body heating;;' Both upper
éztremit;es have a high resistance, = These areas of high
resistance a~e uniform and extend on béth‘s;des to the neck.
The high resistance pattern extends siight1y ﬁlgher on the
left side than on thé right. The face and ﬁéck have & low
resistance on both sides, In this patient Th.2, Th.3 and
Th.4 were removed on the left side and on. the right side
Th‘2 only. - As Judaed by skin resistance metheds both upper
extremities appear to be sympathectomised six months after
@p@r&tion,, |
11, ' Late - includes all sympathectomies—performed one
year or more prior to‘examinatipn.
The nature of sympathectomy was the same in four l

of the patients in this group..i.e. the'égcond thoracic

ganglion bnly was either removed or cauteérised, in the

fifth patient Telford's operation had been performed nine

years previously,. _

Figure 43. (page 136) depicts the pattern of akin}
resistance on Hoth-upper extremities fourteen months after
cautériéation of the left second thqraclc gaﬁgllonk,- The
area of high resistance extends over the whole of the left
upper. limb,=shoulder and left side of the .chest. At the
midline a well marked llne of demarcation exlsts where the
resistance is lower, The area of high resistanee extends
on to the face but the forehead has a low resistance.‘
Here, too, the demarcation is sharp in the midline.' on
the right ‘side, l.e. the normally innervated extremity,

the feéistance is lower than the sympathectomised left side.

/however, several
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However, several patches of high resistance are present, viz.

- onh the right shoulder and the right thumb. The sharp distinc~

tion between the two sides indicates that sympathectomy of the
left upper limbdb, as Judged by skin resistance;. is still
complete‘fourteen months after operation. - |

Bilateral .cauterisation of the.secbnd thoracic

genglion had been performed three years ﬁrevipusly on the

-patient -depicted in Figure 44._“(pa5é }37) and Figure 45. =«

(page 138)., The skin resistance patierﬁs ghow that the -
resistance is uniformly low on both upper extremities. The
neck aﬂd facg,éhow.a still lower pesisﬁance boﬁh on éhé
anterior &nd posterior aspects. Although the resistance is
comparatively higher on the limbs. than oh‘thé?face and neck,
comparison with the reaulos'shown»above'indlqates that sympa*“
theetomy of the . two unper extremitieé, in this.pat;ent, is no

longer complete., That tnis is so 1é'confifméd by the Minor

Starch-Iodine swéating test. Sweating ls present over the

whole of the back and shoulders, (Figure 18, « page 92).
Three years after sympathectomy‘of the upperlgxtremities in
this patient; skin'resistance.patterns fail,tb reveal any
denervated afeas of siin; ’

_About the seme time as the above patient wes sympa=
thectomised. another patient also haé the same type of operation
for Raynaud's Phenomena.of the hands, The'ékin reéistance
patte;n of this paﬂiéﬁt three years‘after‘Operétion is depicted.
in Figure 46. - (page 139) and Figure 47. (page iao).. On thg

anterior aspect the only patches of high resistance are on the

.medial aspect of thenright limb, viz. on the elbow and the

hypothenar eminence. The resistance of the rémainder of both
limbs is relatively higher than on the neck and face, but the

only areas thet can be considered to be denervated are the

patches on the medial aspect on the right uppef 1imb, That

’ /the height
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the height of the skin resistance is not due to a technical -
fault was confirmed by the Starch-Iodine sweating test,

Sweating was present on both upper extremities and on the

- face after thirty minutes body heating. (Figure 25. =

page 98, Figure 26. « page 99). In certain areas. the

\ \ . .
degree of sweating is less, viz. the right arm and upper

forearm, In this patient, too, skin resistence patterns
reveal little, if any,'éympathéctomised areas to be present
three years-after operation,

Flgure 48& {page 141) and Figure 49. (page 142)

.deplct the patterns of skin resistance in a patient who had had

bilateral sympathectomy four years previouslyi Removal

and cauterisation of the second thoracic gaﬁglion was the
method adopted on the-rlghivaﬁd left sides respectively:
Anteriorly; areas 6f'high resisﬁancé ere seén on the lateral
aspect of the léft arm, the whole palma;'surface of the left
hand and 6n t@e right.shoulder.‘ The resistance of the rest

of the extremities is relatively lower, whilst:.on the face:

-and neck 1t is very low. On the posterior surface the whole

dorsum of the left hand has & high resistance. A strip of .
high resistance-is'preeéht on the right shoulder which extends

across the midline and enlarges to embrace the whole of the

..left shoulder, extending down the lateral surface of the]arm."

-These areas of high resistance, therefore, are those remaining

from the sympathetic denervation four years previously.

. Comparison with the Starch=Iodine sweatiﬁg ;est (Figure 21, -

page 95), shows a close similarity. Sweating is absent on

the left hand, lateral aspect left arm and on the right

shoulders
The remeining case of Raynaud's Phenomena had had
Teifprdﬁe operation performed bilaterally nine years previously.
Skin resistance patterns on the anterior‘aapect show o small
aree of high resistance on the right side of the face and forea
head. This area extends to the midline. The rest of the
/face,
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fece, neck and the whole of the upper-extremities and upper
. chest have 2 low resistance. (Figure 50. -page 143). On
the posterior surface an aréa of high res;stanée extends across
the neck slightly on to the right shoulder, but extends further
Govn on the left sides The remaining areas all have a low
.resistance, (Flgure 51, « page 144)., Starch-Iodine sweatins'
tests reveal sweating to be present on all arcas of the 11mbsi
and face, Sweating was particularly profusé‘bn the 11mbs,
Posteriorly, sweating 16 absent on the.neck‘gna left shoulder,
Apart from thé Pignt.face; & close similarity exists between'
the skin resistance and Starchslodine gweatihg?ﬁattern;.
(Figufe 14+ ~ page 885 Figure 15, « page 89); |
111, Sympathectomy of the right ﬁpper extfemity by‘stelé
_ » l@tectdmy had veen performed niné years previously
on & patient wifh Thrombo~angiltis Obliterans. Skin resis=
tance patterns are shown in Figure 52. {page 145). On the
‘anterior'aspect'the Qhole of the righﬁ hand and forearm
below the elbow have & high resistance, The 1atéra1 aspect
of the right arm.and. shoulder simllerly appear denervated,
The remalning areas show low resistance only.s 'The reaistance
on the .posterior aspect 1s.high on the right forearm and hand,
‘twith a narrow band of high resistance on the iateral side of
the arm and shoulder,
Causalgia was the.reasbn for sympathectomy of the
" left upper extremlty in the remaining patient. - The stellate
and secoﬁd thoracic ganglia were removed thlrty years previously.
The skin resistance paitern is!sépwn in Figure 53. (page 146).
Thé whole of the left upper ex%r?ﬁgty 1s covered by an area of
high'resistanoebl_.This areg stops short at the midline and
extenés tﬁ just bglow the-nippleiu' sﬁperiorly, 1t extends to
just above the clavicle. High resistance areas cover the
rigﬁt stide of the forehead and upper face., - Again, the .
'extens;on is just to the midline. The left side of the neck
and lower face has an area of low resistance intervening.

/betwesn the
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between the two areas of high resistance, _The,&ifference in
the two sides and the extension just to the midline indldates
that sympathetie innervation is stlll absent on the left side

of the body@ A very close similerity to the skin resistance

‘pattern is revealed'by.the Starch~Iodine sweating test,

(Figure 29, « page 103), Sweating is absént over the whole
of the left upper 1imb, upper chest above thé nipple and left

side of the neck and face. The only disparity between the

‘tests is the»areavof low resistance énccuntered in the neck
" and face and the fact that the reslstance 1s high to below

-the nipple whereas snhidrosis extends abeve'the_nipple;

However, the close simlarity between the two tests, in spite

',of‘the.minor differences, indicates‘sympathegtomy'to be still

complete, thirty years after operation.
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- PIGURE _36.

Fourteen days after femova.l of ‘
Right Th.2, Th.3 and Th.4.



‘ e-130-
-
"
P
|
Y.
=4 .
|
?‘.
y. - S Same case as in Figure 36.
' . 'Six weeks later |
i.6, ¢leven days after removal of
Left Th.2, Th.3 and Th.4.
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Eleven days after removal of
Left Th.2, T™h,3 and Th.4.

" Anterior Aspect.
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Same case as in Figure 38.

Posterior Aspect.
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FIGURE _40.

One month after removal of
Left Th.2, Th.3 and Th.4
and S
Three months after removal of
-~ Right Th.2, Th.3 and Th.4.
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EIGURE _41.

Same case as in Figure A0.

Four months later,
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Six months‘after removal of -
Left Th.2, Th.? and Th.4 and Right Th.2e
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Fourteen mnonths after caut.erisation of
- Lert Th.2.
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Three years after bilateral calterisation of .
. Th.2.

Anterior Aspec‘h.ﬁ
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. FIGURE _46.

Three yeafs after bilateral cauterisation of
Th"ai

Anterior Aspect.
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PIGURE _A7.

Same case.as in Figure 46.

Posterior Aspect,
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FIGURE _48.

Four years after cauterisation of Left Th.2.
- and '
removal of Right Th.2.

Anterlor Aspect.



Al

«l42=

It
aaa
ru e

: | :

: \/ X
tH | B
7 ; N,
5/ ! E-::EL

Same case as in Figure 48.

Posterior Aspect.
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Anterior Aspects-

3o

~ Nine years after bilateral Telford's operation.
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FIGURE _S5l.

Same case as in Figure 50,

Posterior Aspect.
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FIGURE 62.
- .
Nine yeazrs after removal of
Right Stellate Ganglion.
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FIGURE _53.

Thirty years after removal of
Left Stellate and Second Thoracic Ganglias
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Discussion. . .

In asqessing the value.of the skin resistance test,
‘as o means of determining the prcsence or absence.of sympa-
‘thetle {nnervation to the akin, the striking feature is’the
close similarity, in results of'thié test and the Mindr Starch-
, Todine sweating test, 1In all three types of patient examined,
the patterns outlined are remarkably simllar. Both tests, of
course, are mainly dependent upon the reaction of the sweat
‘glands, :

All areas of ﬁlgh.realstance,"tﬁereforé, are con-
sidered sympathectomiséd. Any‘resistancé oﬁ.iées‘than
500;900 Ohms 1mp11e§ intact'eympathetic innervation to that
area of skine. 'Areas of resistance of’lOO—OOO.é 500,000
cannot be accepted as areas of partial innervation.

(Figure 53, = page 146). In this patient the areas of
resistance of 100,000 « 500,000 are obviously'normally
' innervated by the sympathetic system,

- The result, therefore, indicates that those cases
examined within six months of sympéthectomy are still sympa=
thectomised as judged by the skin resisﬂancei That this is
80, is‘particularly well shown by those patients with a unls
lateral sympathectomys A strlking-fqature is the manner in
which the sympath@ctomisea aress e#ﬁeﬁd to the midline,

The late results, with one excepfiqn, show a marked '
patchiness in the areas of high resistance.' 'In only one
case,; fourteen months after unilateral eympathectomy, was there.
evidence of uniform areas of high resistance. Here, too, the.
difference between the sympathectohiéed and the normally
innervated sides was definite and well-markeds (Figure 43, =
page 136). |
' The remaining patients all éhowed areas of low
resistance predominantly. Iin isolated areas the resistance

/remained high
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remained high but no connection between the areas was apparent
in the group. This inconstancy of the pattern of areas of
high resistance is a feature of these cases, ',

Thereforé, the late results of sympathectomy of
the upper extremities,by removal of the saéoﬁd ﬁheracic ZENT~
lion only in patients suffering from RaynaﬁdfslPhenomena,
show that sympathetic dener&atfﬁn is not as complete és the
'aarly results obtained by the skin resistance test, These
- results are in agreement with those obtained by the Starch~
Iodine sweating testa

In those cases where sympathsctomy had been péré
-formed for thrombo=angiitis obliterans and causalgis, the |
skin resistance ehows that sympathetic denervetion is still
.extensive nine and thirty years aftér operation respectively.

Those cases éyamined within eiﬁ*m&nths-of sympa«
thectomy, &1l had the;aecond, thlrd and faurth thoracie
ganglla removed. All the cases among the late results had
had only the second thoracic ganglion removedg The,non«
Raynaud's patients hsad been sympathegtomisedkéy removal of"
the stellate ganglion alone or with the second thoracle

ganglion.;

3. Res ense to Filloearplne.

Hyndman and Wolkin (1942) had observed that pilocar~

pine did not produce swéatihg in the extremity denervated by
'posﬁganglionic section provided enocugh time had been allowed

to elapse for degeneration of the postganglionic flbre to
occur. ~Furtber, they observed that aweatlng oceurred in the
1imb denervated by preganglionie Bection. In order toc confirm
this polnt, pilocarpine g¢r.1l/6 was administered to a patient

to induce sweatlng - preganglionic section-had been done six
.months previouslya‘ Sweating occurred in the sympathectomised
areas. Shortly after swéating had begun one hand wes removed

: froﬁ the cover of the blankets to determine whether sweating

/was present
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was present or not, After the hand had been exposed for a
short‘ﬁhile;,ﬁéynaud's Phenoména appeared. . The hand.was
¢0ld, blue and sweating! |

The. action of pilocarpine on @he peripheral
vessels was, therefore, studled in each of the cases examined
. in the series.

Further, pilocarpine was administered to ‘six normel
medicael students to act as controls. None of these subjects
had zny suggestion of vasculariabnormality. j;The sympathetic

supply to the upper extremity in‘each case was intact,

:Pilocérpine.ie the ch}ef alkaloid from the leaves
of Pllocarpus Jaborandi; . The close similarity between pilo-
‘carpine and acetylcholine has been known for some time.
Wilson. (1934) comménted on the similarity of the two drugs,
on the haemodynamic responses and noted that the secretory\
responses are apparently.identical. _ The eimilarity between
‘pilocarpine and acetylcholine concerns the muscarine (smooth
musecle and glands) and not the nlcotine effects of the latter
drug., Pilocarpine, hdwéver, is éhemiéally_distinct from. -
~acetyicholines, It does not inhiblt chéllnggterase and |
-appears to act directly . on.effector cells,

. Aithough Cushing (1931) suggestéd that piloéarpine,
subecutaneously or 1Qtramuscu1ar1y. might act partly or wholly
on a hypothalamic centre and not periphesqlly; Laﬁgley‘and
Anderson,(1§04) had already established that sweating produced
‘by pilocarpine}occufred efter division and degeneration qf the
secretory nerves, Furthér work by Langley (1922) end
Burn (1922, 1925) confirmed this. Theyfalao demonstrated
that the responée to piloeérpine might occur, usually in
greatly diminished emount, after division and degeneration of
‘ 511 nerves tb theﬁpart@ Adsonuand Bfown, and Lewis have also
obserﬁed that pilocarpine can induce aweatiﬁgrin 8 completely
sympethectomised part.

/It was apparent
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1t was epparent that the autonomic responses o
pllocarpine are due to a highly éelective action‘of the
alkalold on celle innerﬁate& by poetgangliénic choliﬁergic
fibres,' The action is a direct one of the‘reaétive sub=
-étancévahd occurs after nerve section and complete nerﬁé
v degeneration,

1. Normai Controls,
( The same routine of administration énd'observation
e ' was aGOpted with the control subjects as with the petients
| examined, | In all céses the subject reolined in a sitting
position on the couc? demised by Goetz. The body was covered
by one blanket and only the hands. feet and face were QXPOSGd
to the room temperature.

Continuous plethysmographit records were made of .
the fluctuatidns occurring-ih,the digif'examineds Reguiar
blood pressure and skin tempersture readings were taken
throgghgut the duration of the test, The subject was asked
to observe and remark on any departure from the normal.

) | In all cases the blood préssure and skin temperatures
were observed for a period of at least fifteen minutes to allow
\for stabilisation. | | .
- Pilocarpine was~then‘administered'intramuscularly,
- usually into one or other deltoid muscle. 1/6gr. of the
nitrate salt was given.in all these caseé:~ Some degree of
- discomfort‘ﬁas felt at the site of injection., The total
quantity of fluid 1ﬁjected.nevef exceeded 2,5cc.
| The patient was closely observed. Should any
. distress or disconmfort have resulted, atropine was administered.
0.5mgm. was given intravenously if a sultable vein was found.
If no sﬁitable veiﬁ preagented, the atropine waé given subcu-
‘tanecusly without any attempt to administer the drug intra-

' venously.

/Pilocarpine
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Piiécarpine is 2bsorbed fairly rapidly and the
first effect of the drug may become apparent within a
‘ minute."'In some,; however, the first ¢ffects wére.noted
ten m;ﬁutes later. _ _

A féeiing of warmth in the face is usually the .
first effect noted by the subject. The face may actually
appear flushed. This "flushing" 1s felt over the whole face
and also the anterior part of the stérnum. Four of the six
control aubjécts were conscious of this esénsation. The time
of onset varied from one to ten minutes. after injection,
Flushing ﬁas the earliest effect of piloﬂar@iné'n@tioeda ‘

It preceded salivation in every-case; . in which‘it oceurred,
The total‘éﬁ;ation of this sensation variéd;from three to
eleven minutes and in all cases was of shofter dufaiion than '
the duration of salivation, -
| Selivation was & constent’ feature in all cases,
The quantity of saliva produced,'although'nevef*estlmatedj
varied according to each~1ndividua1. The increased secre«
tion of saliva began 1 to 10 miﬁuteé after pilocarpine admin}s-
tration. 1t was usuzally pPecéded by the flushing of the face,
but in one case salivation preceded flushing. Increased flow
of saliva lasted about twenty minutes or until a minute or two
after the injection of atropine. Atrépine;given intravenously
caused cessation of salivation sconer than intramuscular
administrstion.

- Increased nasal secretion was manifest in two out of
the six control subjecte studied, Iﬁ became apparént snorﬁly
after salivation had. started and lasted for a similar'peribdo

In none of the controllsubjedts gstudied was evidence
of 1ncreaseé.bronehia1 gecretion present, | '

Naueea was present in one of the control Subjects;
but was only a transitory phenomenon,

~ One subjéect noticed blurring of vision. At this.
stage dilatation of the pupils was present. ;
' x /Sweating
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Sweating was present in all %hé subjecte examined. |
The first sign of sweating usually became manifest on the
forehead and face. It began 7 to 22 minutes after 1njection.
~and slways ocourred well after the ‘onset of sallvation,
Sweating then rapidly occurred on the covered parts of the
body, and finally was pereéptible on the exposed hands, In
none of the cases examined was sweating noted on the dofsum
of the feet, élthough the plantar Sﬁrfaces and the lower leg
sweated.

Sweating persisted for about ;wentﬁlminutes. If
atropine was given, sweating perceptibly ceased 5 to 10
. minutes after administration.. | .
- | Cutis ansérina was observed in_one:subjecﬁa It
wes accompanied by a sensetion of tingling ﬁﬁ‘the forearm,
The hair was visibly erect on inépection«.:'2hié;feature,
however.'was noﬁ observed in all subjects.

The following facuors weré noted by continuéus ple=-
thysmosraphic tracing throughout the duration of the test.¢‘~

(1) Pulse rate:- |

The resting pulse rate before the administratién of
pilocarpine was 70 to 96 beats per minute in all six subjects.
Fluctuation naturally occurred accordingntd“the individusal, but,
‘nevertheles , the-variation was never great.~ '

‘ In three of the six subjects the actual 1ntramuscu1ar
injection Pad 1little or no effect on the pulse rate., in two
'subJegts a rise in rate of 20 beats per minute occurred simule-
taneous with'the injection. In the remaining gubject the rate
increassd from 90 to 126 beat';s per 'ml‘nute on injection.

| " No slowing was obser&éd in any.subject following .
‘pilocarpine administration, In five out of six subjects, the
rate 1ncreased 10 to 15 beats per minute. . This inerease in
.rate was maintained until the completion of the test or until

atropine was given, ~In one subject pilocarpine hed little or

/no effect



no effect on the rate of the heart.

(2) Pulse volume:~

The effect of pllocarpine on the volume of the pulse
i1s difficult to assess in the normal non-sympathectomised
individual. Factors such as excltement, anxicusness,
breathing, etc. are impossible to'avold. Even the pulse
volume et rest, before the administration of the drug, is
subject to considerable fluctuation,

Neverthelesa, the pulse volume in four of the six
subjects showed an appreciable decrease. In one subject‘
the pulse volume (apart from minor fluctuations) did not
diminish after injection. In the remaining subjlect an
actual incresse in pulse volume was apparent. '

An inocrease in pulse volume lasting 5 to 15
minutes was apparent in three subjects. Thereafter the
volume decreased steadily. The increase in pulse volume
occurred in all cases, where present, before sweating became
¢linically perceptlbie. In those casee where constriction
ocourred, 1,8, decrease in pulse volume, sweating was already
established, In the one subject that received pillocarpine
only, the pulse volume showed a tendency to rise when sweating
had ceased., Ceéssation of sweating as produéed by atropine,
did not result in an increase of pulse volume in four'gubjects.

(3) Dimital volume:- |
As would be expected the fluctuation in the volume
of the diglt, enclosed in the plethysmograph tube, is dependent
on the rate of the pulse and on the height of the pulse volume,
Varlationa in either of these fectors will influence the digil-
tal volume.

In the normal non-sympathectomised digit, reflex and
other phenomena greatly influence the volume of the digit at
rest. Thus stabilisction of the volume 18 not an easy
matter. Other ecriteria - skin temperature and blood pres-

sure, were used to determine whether the digital volume was

/stationary
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statlonary before administration of pilocarpine,

Even though the skin temperasture and blood pressure
mﬁy have sttained a constant course, considerable variation
in the pulse and digital volume may still occur,

In three subjects & slight rise in the volume of

the digit occurred within a few minutes of administration of

pilocerpine; the increase in digital volume, however, was not

very great, the average rise being O.lce., Subsequent studies
.8how thet the rise is only transient and a decrease eventually
ensues. |

_ Five Subjects_ehowed‘é.decrease in‘digital‘volume;
‘with or without & preliminary increase. In théiremainins
subject there was no initialveﬁfectvat‘ali of pllocarpine,
In the latter subjlect fifteen minutes after 1nject10n,'the
volume of the diglt gradually increased 0.7¢c. This 1ﬁcrease
in digital volume was maintained after atropine was a@minist4
ered, a further rise of O.5¢cc. being encountered.

The decrease in digltal volume varied from O.3ce..
to 1.0ce. in the sﬂbjects tested. In all cases the decreése'
in digital volume was assoclated with‘a fallnin pulse volume
and in skin temperature.

It is further af note. that the fall in digital
volume}occurred at. or about the time of onset of sweating.

It would thus appear likely that the fall in digital volume
_in these subjects is directly related io the'eﬁaparation of
‘sweat from the exposed surfaces. |

In the sixth subject no decrease in digital vqlumé
ocourred. In this person both arms wérechmygetely covered
by blankets, only the hands and face being exﬁqsa&; It ;s
likely that,; although séeating oceurred as easily ana as
readily as in the rémaining subjects, evaporation and con-

sequent cooling 4id not take place., This lends further

/support
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support to the fact that vasoconstriction, as produced by
pllocarpine in normal subjects, is not due to the direct
action of the drug on the vessels, but resulte from the
cooling ensuing on B8veating, produced by pllocarpine.

In one subject the response of the digital volume
to pilloocarpine only was noted. Sweating appeared to step
spontaneously thirty-one minutes after administretion of
the drug. At this point, or shortly artep, the digiltal
volume began'to rise and was still incressing at the end of
the test, |

All the remaining subjcots were glven atropine
to terminate the secretory effects of pilocarpine., The
digital volume 1in one subject, after an initial fall of
O.60c. immedirtely following intravenous administration,
increased l.4co, during the next fifty minntes., In one
subject a rise in digital volume ogcurred after administra-
tion of atropine. The increase in digitel <volume became
apparent in both subjects after the cessation of sweating.
In the remalning two subjects cessatlion of sweating, by
the administration of atropine, did not appear to influence
the digital volume,

In spite of the two subjects in which no rise in
digital volume occurred after ocessation of sweating as
induced by atropine, the hypothesis postulated above, viz.
that pllocarpine does not cause vasoconstriction by direct
action on the vessels, is confirmed.

The constricting action of pilocarpine is apparently
due to the 1ocg1 cooling éffect of the evaporation of sweat,
‘induced by the drug.

(4) skin tempersature:-

In five subjects skin temperature readings showsed
very little variation before the administration of pllocarpine.

In the remaining sublect considerable fluctuation was present.

/The skin temperatures
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.The skin temperature of_bethumidale fingers rose 8 - 990.‘
and again decreased 3 - Aoc, before the drug was given.‘
The temgérature was falling when pilpcarpine,wae 1njected@
© In ell eix subjects examined, a fall in skin
temperature occurred after injection df pilocarpife intra-
muécﬁlérly. ! A grédual ﬁrqp took plece in all cases,
» The &eéline started in 5 to 1% minutesvand oscurred before
sweatiﬁg-and salivéb;on became éliniaallyvperceétmble. The
aeclina varied from 2 - Sbc,'and was mﬁinﬁainea in all,
except one, In this Subject, after an initial fall of
2 ~‘3?c.. £he temperature began to rise seventeen minutes
after pilocarpine administration, At this stase gsalivation
was marked, but lnereased sweating had not‘yet become
-clinically,not§ceablea No rise in skin temperature Waé
-epparent in any of the éubjecte‘examlped.'
In the one subject that received pilocarpine. only,
a rise of 3°Oc-occurred 3¢ to 40 minutes after injection,
At this point sweating and salivation had ceaégd.. |
.Awopme.aid not appreclzbly affect the dedine
of the skinAtemperatﬁree. .. In three subjects a further
slight fall occurred and‘altﬁough the'Secﬁéﬁbry effeet of
pilocarpine had ceased, no inerease in skin temperature
occurred, . | |
| One subja@tpshowed,é further decliné pf 1%, after
" atropine injeetion. but three minutes later, i.e¢, more than -
taenty minutes after the'césaatibn‘of all the secretory |
effocts of.ﬁiloﬁarpine, & rise in skin temperature begamé
manifest, o . | -
. in the remaining subject atropine wa s admlnigtered
‘while .the ekin temperature was still rising. A further .

rise of 2 - AOCQ occurred,

/Pilocarpine
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Pilocarpine, thus, produces a fall in skin tempera*
ture in the -normal non-sympathectomised digi§‘> ihis fall
becomes manifest a short while before.sweating,Peéulting from
the drug, is clinically perceptibles Following the cessation
of sweating, whether induced by atropine or not, the skin
temperature may decline further or may increase., It appears
1ikely thet any further decline would be due to continued
evaporation of sweat still present on the_exgosea hands.

(%) Bloé&hPfeﬁsure;s ;
. There appeared to be‘a fai?1y cénstant level of both

dlaestolic and systolic pressures in. each of the six subjects

_before the administration -of pilocarpine, _ As.a group the‘

systolic pressure vapied between 105 and 160 mms Hg. The
dlastolic pressures were more consistent, ‘the maximum varia-
tion never‘exceedihg(EOmmiﬁ Hg. The diastolic pressureés |
reglstered varied between 65 and 90mm. -Hg. -

In the one subject where pilocarpine only was é&mini&
étered, a rise of 3Qmm.“Hg; in aystolic pressure occurred at -
the time of injection. This riise was maintained for ten °
minutes, subseocuent mo whi6h a further rise: of 10mm. Hg.
oceurred in.the next'fifteen'éinutes\ : Littlefeffect was
observed in the dtabtolic pressure until twenty minutes efter
injection, .Apartwfrom a singié’reaéing, 10mm." Hg. ;ower than
the resting dlastolic pressure, a slow and gradual rise of .

5 to 8mm. Hg. occurred. Twenty~five minutes after injection,
the dlastolic pressure rose a further 15mm. Hg. The pressure
was‘ﬁaiﬁ;ained at,. or sligh@ly’below, this highér level until
the completion of the test. A gradual deeline in aystolilec
pressure had meanwhile occurred. | '

' In this subject the rise in systolic pressure occurred
beforé.sweating became perceptible clinically, aithough saliva-

tion wag already established. The rise in diastolic pressure

/apparently
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apparently only oscurred when sweating wes firmly established.
The gradual dec¢line of both systolic and dlastolic pressures
appears to coincide with cessation of sweating. |

- The changes in the remaining five subjects are not
very marked.' Little or no decrease in systollc pressure
oceurred., Oné subjeet had a ries of 15mm{ Hga‘after 1?ject;on.
Apart from this, the systolie pressures, at tbé moment of admini-
strat;?n of aztropine, were approx&matély the same as the resting
levels.,.

Similarly, the effect of pilocarpine on the diastolic
pressure in these‘subjgcts wasg minimalalllf anything, the ‘
diastolic pressure appeared to be slightly lower than the regting
levels, | |

k - In all these subjects the secretory effects of pilﬁ-
carpine were well estgblished. . \

. Atropine, however, hed a marked effect on the blood
pressure, as well as causing an abrupt cessation of the |
secrétory effects of pilocarpine, The diastélie pressure mainly
was effected. A'riae téok place within a ﬁinuﬁe or two of
intravenous administrat;oﬁ, This rise in diastolic pressure
took place in all subjeets and.vafied.betéeen 10 and 50mm. Hg.

- At the same time there was a tendéndy for the syspolic_preBSuré
to decrease. 4 small rise occurred at the moment of injection
but the general effect was to diminish the systolic pressure,

¢ In one subject the effect of atropine was rather
striking., Within four minutes the systolle .pressure rose
from 120mm. Hg, to 180mm. Hg, and the diastolic from 70mm. Hg.
to 120mm.‘Hg. At this point the subject hotieed palpitations
and some praecordial dlscomfort. This startling effect rapidly
subsided, the systolic pressure quickly dropped to 150mm. Hg.
although the diastolic pressure only settled at 110mm, Hgs

| The sum total of the effect of atropine wags & dimie
nution in pulse pressure. This feature was comﬁon to all the
subjeéts examined,

/ii. Raynsud's
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The effeci of pilocarpine on the normal non-sympathec~

tomised extremitles is shown graphically haregnder:
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14, 'Raynaud's Fhenomena. .

The effect of administeriﬁg:pilocarpine to patients
with Raynaud's Phenomena was observed in three instances.
The resction of the normally innervated upper extremity to
the drug 1B¥épparent1y that of vasocénstridtione Buring-
Raynaud's Fhenomena the vessela are conatricted and- these
cases were tested to determine whether eny further vasocon-
strlction_will ogcur: Thus, 1t ws8 possible to Qbserve‘
6ﬁe case before any operative procedure had been undertaken
and also two casee where unilateral sympathectomy had been
perfcrmed.. Any difference between the normally innervated
extremity and the extremity of Raynaud's Phenomena was
observed. Also the diffefence in Raynaud‘s-Phenomena ﬁeforé
and after aympathectomy was noted, | |

Graph 7. {page. 171) depicts the result of adminis-
tration of pilocarpine gr. 1/6 1ntramuscu1ar1y before any
‘operative procedure hed besn undertaken on @ither side, in a
‘case of Raynaud's Phenomene., Tne patient was observed for
twenty minutes before the drug wes given; Dufing tﬁia )
period it was ratﬁer difficult to find a stable levgl of
skin.temperéture cf either hand in order to standardise E
cbservations. T . h

Both hands were cold and blue and Jjust reached
'zroomltempenature, No sweating was apparent anywhére¢
Aftér twenty minutes the skin temperature had‘riéen slightly
to 21°C. and 19°C. on the right and left hands respectively.
Pliocarpine was administered at this peint. The rise in
temperature was maintained for a further eight minutes.
Subsequent to this a gradual decline occurred, the temperature
of both middle fingers finally settling at 19°C. ana 21°C,

The pulse volume of the right middle finger shows

) /e steady
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- & steady line at about 0.00Scé,‘with a.suddén peak Just
before the injection. At the time of 1nja¢tioﬁ,'howeve:y'
the pulse volume had returned to the previoﬁs"léﬁeiw At
'firstg 1little effect was noted but; a8 the graph indicates,
a gradual decrease occurred and at the‘cqnclusicn'of the.
test, the pulse volume was O;OO?cc;; i.e. even—lowef than
et the ocutset,. - ) |

The digital #olume shows changes very similar do
the skin temperature. ' The'voiume r1ses slowly to the moment
pf}in;euticna - After injection there is a momentary decrease
followed by the maintenance .of the volume at a slightly higher
‘level. There i1s then a gradual decline to slightly above the
résting level.

The effeét on the blood pressure is not very great.
The diastolic level 4id not vary but the systolic pressure
rose 10 - 20mm. Hg« )

A slight increase in hean rate occurred. -

Subjectively, the face felt fiﬁshed within six
minutes of injection. Salivation became obvious three
minutes 1ater; l5weating firet became apparent on the face
teh.minutes after injection and in the axillag two minutes
iatera Swe;ting was not very gross on ihe exposed hands
but, hé?erthelessﬂ.nceurred. |
| It~1siw6rthy'of note that the decrease 1;.ékin
- temperature, pulse %olume and digital %clume was not reélly
apparent until the secretory affects-cfgpilocarﬁine had been
well established, | | |

Graph 3. {page 172) sﬁows the_éfﬂect of pilocarpine
on a normal, i.e, non-sympathectomised, upper limb twelve
days after the oppeaiﬁe extremity had been_sympathectomiaed.

This patient, too, had Raynaud's Phenomens.

. - /As judged by
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A8 judged by the skin tenmperature of the non=

sympathectomised extremity, the vessels were fully dilated,

vLittle ﬁariation in temperature occurred before administra-

tion of the drug, After gr.l/6 had been given intramuscu-
larly a slight rise became apparent. The rise was, however,
not great. Tventy minutes after administration the tempera-

ture started decressing. The fall was falirly rapid and at

‘the termination of the test the temperature was 27°C. (at the

outset 32 - 33?Cc)a

The pulée volume fluctuates considerably before ths

‘injectlion, A fall of very nearly 0,0lce. occurred at the

moment of injectioni The volume, however, quickly recovered.

A further dilatation\oécurred after injectibn. The maximum

volume was 0,04Bee, Fourteen minutes later a rapid decline

occurred and thirty minutes later ihq pulse volume of the
digit was 0.002ce.

The marked change in pulse volume is reflected on

‘the digital volume., There was no increase in digital

volumelimmediately after injection. For nearly twenty
minutes the volume of the digit wae meintained. Im the
next thirty‘minutes, however,'the decrease in digltal volume
was nearly 2ce. _

There was an incresse in heart rate from 100 o
120 beats pser minuiei |

| Again, the secretory effects of pzlcgarpine were

well estsblished before the constrictor effect occurred.

A similar picture is seen in Graph 9, (page 173).
Here, too, a patient with Raynaud's Phenomens had undergone
sympathectomy of the other side, but on this cccéaion-seven
da&s previously.

The skin temperature of the normally innervated
dtﬁiﬁ from an even steady 30°¢, dropped to 26°Qm in ?he

fifty minutes subsequent to injection,

/The average
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| The average resting -pulse volume was 0.006cc. Ten
minutes after injection the maximum level of 0.0lee, was |
reached. This was succee¢ded by e gradual decline to 0,003ce.

’forty~fiva minutes efter administration.

_ The digital volume continued to inerease gradually
after administraiion. but decreased-slowiy twenty minutes
later o be slightly below the resting volume observed initxally._

The secretory effects of pilocarpine were fully '
established -before the constrictor effects bpgan. ‘

By contrast, enother patient had been sympathec= .
tomised forfcausalgia thirty yaaﬁs previouﬁiya“ Pilocarpine
Ahy 1ntramusoular lnjection had no effect on tne skia tempera-
ture of the non—sympathcctomised extremlty. (Graphs 10 - ,
page 174). No decrease occuryred nor was there“ény appreéciable
increase, | |

The pulse volume of the non—sympathectbmised extremity
showed considerable fluctuation ‘even at rest. The avérage
-resting level was OiOQScc. At the moment of injection there
was a‘mérked fall in pulse volume to 0.0lcec. Recovery was
‘immedlate to 0.035cci Thereafter a gradual. tendency to
deereese can be.séenj'The‘average‘?olume fifty.minutes after
inJection was 0,02¢e: a slight, but definite decrease from
the resting levels.

The 4digltal volume did not'vary‘ﬁery much in resgponse
to pilocarpine; Nevertheleoss, a definite tendency towards -
constriction ip notlceablg ?articularly at the termination of
the teéﬁ. |
’ . The secretory %ffécﬁs‘of pilocarpine occurred as
usual on the nonasympathectomiseﬁ side. TﬁéAoneet of these
effécts, however, took'place‘some while later ﬁhan usual,

It wes only when the sec¢retory effects had been established

. that the tendency to vasoconstriction ensued.

/Conclugions i«
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The effect of intramuscular 1nJection of pllocar«
pine gr. 1/6 was observed in ten 1nd1viﬁuals with intact
sympathetic 1nnervat19n to an uppeér extremity.~ The following
facts wefe*observed:- | | |

(1) Secretory effects occurred in all. The time of
onset varied in each case, but oecufred within
1 to 15 minutes, |
(2) Plethysmographically dilatation of the digital
\ veséels was poi observed in ncrmally innervated
extremities.
(3) Constriction of the diglital vessels results after
" the injection of pilocarpine. o
(4) This vasocongﬁriction does not aﬁpearhto be due to
‘the diréct ectlon of the drug on the vessels,
(5) It beceme established oniy'after.the secretofy
effects were clinically manifest, It 1is,

‘ therefore,“likely that vasoconstriction, as 1nduch by .,

pilocarpine, is due to the local action of the vessels
secondary to the cooling resulting from the evaporation of .
swéat from the extreﬁities@ .
(6);Thgre.1s no apparent difference'in the reaction
to pilocarpine of the rormal extrémiyy and the
extremity of Raynaud's Phenomena. 1In thellatten the
secretory effects ocour as ususl; vasoconstriction occurs

at relatively the same time; phe:degreé of vasocdqstriction‘

48 less because of the small pulse volume at rest;vand"

the extremity is unable to constrict much more as the vessel

is already in spasm.
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111, After Sympathectomy.

o Pilocarpine was administered to all patients who had
been sympétheetomised. The type of aympatheétomy varlied in
rany of'the'casés examined and also the durétion after sympa=-
thectomy varied considerably.,

Thus the second thoracic ganglion only was removed

or cauterised in elght subjects. However, only thirteen

‘upper extremitiés had been sympathectomised in this manner,

Both the gecond and third thoracic ganglila wére removed in
two subjects,»épnstituting four such sympathectomies.

The second, third and fourth thoracic ganglia were removed
in six subjects. A total of eleven éympathectomies are .
available in this groups Lastly the stellate ganglion was '
removed in one‘subjeét and the stellate and second thoracic
ganglia Were removed in another.

The cases were studied as early as the eighth poste~
operative.day. I@ ihfée cases the recordé were first
observed within twerity-one days of operation, Two cases
were observed three months after sympathectomy and two

within eight months. 5Six subjects were re-examined 2 to 4

years after sympathecctomy and two nine years later. One case’

‘was observed in which sympathectomy had been performed thirty

years ago,
It is proposed to deal with the cases firstly with
regard to duration after sympathectomy:- |

(1) Immediate post-operstive period.

Five patients were cbserved within this period. In
eaéﬁ of these cases the second, third and fou:th thoracic
ganglia were removed, Sympathectbmy~ﬁas carried out by
removal of the ganglia and intervening chain in two patients

and by endothoracic cauterisation in the remaining subjects.

]

/A1l three
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A1l three sympathectomised extremitieas were noted
to be warm and dry and no Raynaud 8 Phenomena had been observed
sincé operation. No eweatins had  taken place. The non~ '
sympathectomised gide was in all cases oold and sweating and
Raynaud's Phenomena occurred as previously.: Gontinuoue
piethysmographic records and zll other observations were made
es usuai; | , ' _

Graph 9. (page 173) represents the record observed
'-on injection of pilocarpine gr;1/6. By +contrast, the reaction
of‘thenoneeympatheotomised diglit was recof&eq simultaneously.
This has already been commented on. cauterisetion was the
method of operation performed in this case.

The skin temperature of the symﬁéthecﬁbmieed digit
.dia not vary at all at rest, belng 30 - 31 Cs After twenty
minutes pilocarpine was admlnistered. No effect at all was
observed on the skin temperature which remained at 30 - 31 Cs
throughout. In contradistinction theé non-sympathectomised
diglt became gradually oooler, the temperature being over
4°C. less than at the outset. ‘

_ The pulse volume at rest maintained an evemrenOQBGU.

A slight rise to 0.0lec. took place within five minutes of
injection. This. rise was maintained at just above 0. Olcc.
for over thirty-five minutes and then gradua;ly returned to 
the resting level, The oontrasting reaction ‘im the non-sympa=-
thectomised digit is well seen, the steady even line of the
gympathectomised dislt differins in all respects from the
variations and fluotuations tn the normally 1nnervated digit.
Finally marked constriction 1is noted in the latter digit
wherezs the sympathectomised one remains dilated.

The digital‘volume'similarly remaioe steady and

even at rest. About ten minutes after iﬁjection ihe volume

/of the digit
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of the digit slowiy rises, This increase in digital volume
remain;d until the cohpletion of ﬁhe teét. ﬂA total 1ﬁefease
in volume of 0.8cec. cécurredf A slighpﬂ;fée'ln heart rate
6ccurred. |

 he secretory effects: of pilOcarpine'begaﬁ about
ten minutes after injection, }5weatihg;'hqw%ver; oceurred
about sixteen minutes after aémiﬁistration. The sympathece

tomised haﬁd sweated in the same manner as the normally

_innervated extremity.

The rise in digital volume appeared to begin just
béforé the onset of the secretory effects\and sweating became.
clinically perceptiblg whilst the pulse volgme was'at its
meximum, | : "
| In spite of profuse sweating on the éympathectomised
extremityztge skin temperatures and pulse and digital volumes
remained at their previous. or at a higher level,

The reaction of anothér patienﬁ in which the second,

third and fourth thoracic ganglia were removed is shown in .

'Graphla.u(pase.172). This patient had been sympathectomised -

by open operation twelve days previously. 'Skin temperatures

~of the sympathectomised digit did not vary from the resting

30 - 31°C..throughout the ﬁeriod of observét;on following
piiocarﬁinei '

The resting pulse volume showed little variation at
or about 0.008ccs. Within a minute or two of injection of
piloéérpine, however, the pulse vo;umé ;ncfegsed. The
increase.reached & maximum within eight minutes and remeined
so for a furthér %e? minutes. A gradual® fall to the reating
0.008cc. then occurred.  The maximﬁmlﬁﬁise volume of 0.015¢c.
was reached. < i - i - , .

‘The digital volume at rest was constant, but five

- minutes after injection a graduasl increase began which reached

" & maximum of Q.4ce. thirty minutes after injection.

The normally innervated extremity was a marked

/econtrast.,
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contrast, Dilatation, as represented by an increase in pulse
volume, seemed to oceur in this extremity.- 'This increazse in

Volume was maintained for the same duration as the increase

observed in the sympathsctomised digit: -However, a marked

’fall in both pulse and aigital volume was the ultimate outcome.

A rather more marked rise 1n pulse rate occurred in
this patient,

The secretory effects of pilocarpiné became manifest

within fourmnutes of injection. Sweating was well estab-
-1ished in both sympathectomised and non-sympathectomised

extremities six minutes after administration, The whole -

of the sympathectomised extremity except the axilila sweated,
The sympathectomlised eitreﬁity did not show vaso=
constriction as did the normally innervated upper limb.

In another patient the second, third and fourth

-thoracic ganglia were.removed by transpleural dissection,

Opvthe seventh postaoperative.day.pilocarpinejgr‘1/6 was glven

intramuscularly., 'No'?ige in skin témperatufe was apparent

above the resting 32‘-_33°Gi‘ (Gfaph il; - page 188).
fThe'pulse‘volumé at feetyaveraged 0.018ce, Within

& minute of injection a sharp rise to 0.30cc., was apparent.,

The rise was maintained at this level for about ten minutes;

a tendency to fall followed, but unfortunately atropine had

'to be administered at this point. An 1mm¢diate"fa11'from

0.025¢cc. to 0.015ce. wa.s apparent within two minutes of
intra%enous administration of atPOpine. *Thé pﬁlse volume
soon returned to the resting level of O, 018cc. without really
being in a phase of vasoeonstriction.

| A sharp rise in digital volume occurred on the

edministration of pillocerpine. In the short time before

Jatropine was administered the digital volume had increased ."

lcec.
An increase in pulse rate from 80 to 100 beats per

/minute
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minute oceurred wiéh'pilocarpine and an even more marked riée
to 140 beats per mlnuté with atropine.

The secretory effactis océurred with the same rapidity
as d1d the increase in digital and pulse ﬁolumeai Sweating
occurred_on both sympatpeetomised and non-aympathectomised
areas.

The striking feature'of these three patients is the
regponse of the pulse volume to pilocarpine, WYhereas, in the
normally innérvated extremity, it had not been proved whethgr
vasodilatation occurred before onset of sweating or not, the
removal of inhibitory factérs by sympathectomy has shown the
vasodilator effect-of pllocarpine, (Graph 5. ~;P&Sé 163,
‘Graph 3, = bage 161, Graph 6. = page ;64),

In assessing the reactlion of pilocarpine on the.
normal students it was never certzain whether. the slight rise
in pulse volume after the injection resulted from pilocarpine
oniy, or whether other factors, such as emotlion and excitement,
which naturaily oceur 1n’the normally innervated extremity,
had merely been inhibited. That this dilatation followed
immediately after vasoconstriction, as produced by the
injection, caused one to question whether dilatation. resulted
from the release of such factors the moment the injection had
been gilven., ' | '

By sympathectomy the reflex arc is broken., The
vessels of the extremity are thus no longer under thsfﬁoﬁtrol
of such factors as emotion, excltiement, etcétera. 1 The.
response, therefore; of the vessels 1is a direct one to the-
drug only. The response is not influenced any longer by
central connections and the 1nh1b1toryvﬁasoconstrictor'fibres
have been extirpated. Following on, thérefore. piioearpine'
produces the secretory effects by causing an active dilatation

of the vessels concerncd. A8 a result of dilatation the

/glands
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glands secrete,and sweating'and the other secretory phenomena
oceur, |
| ”Vésoconstriction as produced by pllocarpine occurs
not as an immediate effect, but is rather a secondary phenome~
non, . Vasoénnstrictionionly results in g:ﬁgrma;ly innervated
1imb'and 15 consegquent upon the cooling induced B&tthe evapora=
tion of sweat, A sympathectomised‘extremitf will not show
evidence 6} ﬁasoccneiriction on the adminiétratibn of pilocar-
plne. - This may be due to two factors:- (1) swéating may
not occur and, (2) although sweating'may 8till occur, the
coolling as induced by sweating will not cause any reaction
on the denefvated blooa 6es§elé. o

' A further period;elapsed before p;locarpine was
administered agaln" Meéﬁwhile the opposlté extremity had
been sympathectoﬁiseda Therefore, the‘prévious results -
obtained éould be confirmed and also the réaction of the
same extremlty.could‘be’stuaied after a fUrﬁher'lapse_of
time, |
’ '+ The patient recoidea'in.ﬁréph 11, (page 188)‘was
studlied one-and<az~helf months iater. On this occasion the
pulse volume at rest was 0.008¢c. The same dilatation
\occﬁrred within three minutes of.injection,;aa previously,
the volume r*a%a,cl*xfz.ngr,6.0].3:::&i (Graph 12;_ﬁ.page 189).

The ogposige extfemlty was symﬁathectomised geven
- days previously. The'reactian to pilocarpine appears identi-
éal, dilaﬁation oceurring at the same time as on the other
extremity. Both sides react therefore, in a parallel manner,
The same changes take place here in both pulse and

digitael volumes as on tﬁe first examination. | The skin tem-
perature is unaltered onveitheQ side., | '

| Just over a month-had éiapsed after sympathectomy
when_plloeafpine was again administered to the patlient

depicted in Graph 9. (page 173). Meanwhile the opposite

/extremity
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extremity had“?een sympatheétomised nineteen days before,

Both extremities were warm}'vsweating di&-not occur ordinarily;
sympathéctbmy appeared complete. The resting puise‘volume-
-was high and appearea'reasonably.constanps _ﬁhortly after
injection the rise in pulse'volume becamg,appgrent._' The‘
rise was sgeaterwon"thiavoccasion~thén oﬁ the rirst_

(Graph 13. - page_lQO). The rise in‘bothlpuLSe and digital
volumes runs a parallelecourse in sach extremity.

It 1s of note that, whereas sweating was olinically
 percept1blé-on the aympéthectoﬁised extremity in response to
pilocarpine on the eighth post-operative day, sweating daid -
.not aﬁpear one month laterlv' Sweating was Juét dlscefnible
-1h-the recently sympethectomised extremity.

v ~Graph 14. (page 191) shows the graphic record on
adminietration of pllocarpine two aﬁd four months after sympa-
theciomy of each side.l .In.both extramitieawﬁhebsecond, third

" and fourth thoracic ganglia wére'removéd, | '

The pulse volume of the right'ﬁéper extremity'mainv
tained an even course priof to 1njeotionia 0;006ee.,being the
mean volume. Enllowing'Injecttaﬁ'a risg to 9300860‘ becams
manifest immediately. Thevvolume~was~ma1ntainedfat this 1§vei‘
for the remainder ofi-the test. A tendency to return to the
resting level is appéfeht, |

No change occurred in the skin témperatﬁres of the
right second digit and the extremity remained warm.threughout-
Sweating took place on this extremity, as 1t did all over the
body, 1.e. sweating oceurred on both sympathectomised and on
normally 1nnervated.éreas. . | |

The left upper extremity had been sympathectomised
‘only two monthe prior to the test. As judged from skin tem-
perature reeording;vasoconeiriétlon occurred. -A glow steady
decrease in temperature occurred in the left second diglt,
from & resting 30 = 31%. to 26°c, at the conclusion of the
test. The left ﬁénd felt cold in marked contradistinection

| /to the right
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to the right,

| One month later the test was repeated,  The result
is shown in Graph 15. (page 192). The same features are present
as on the previous occasion, The pulse vd}umé of the right
' third digit does not show such[deflﬁi;e dilatation,;but never=
théless the vbluﬁe_ls 8lightly higher than the resting.level;
No evidance of constriction is present. The digital‘volume_
showS'afsteﬁﬂyvincrease after pllocarpine, not materlally affected
by theé injection of atnopine,, | |

- The skin tempergéube_af the left second digit is

between 27°C. and 28°C. at rest., A drop to 2500._agcurred‘aftéf
pglocarpine administratioh‘and foll still more to 24.,5°0, after
atropine had been given,

Itlls thusképparent‘ﬁhat pllocarpine has caused vaso«
cgnstr}ction 1h the left upper extremity but none 1n,the,rxghtm
after both extremltieshhad,been.Sympaihsatomised by removal'éf .
the second, third and fourth thoracic gangila on each“éidej! |

h Eight months after sympathectemy of the right upper
extremity and six montha after the left, pllocarpine was again '
administered. Sweating occurred on the Sympathectomised areas

|
~as previously observed.

' The skin temperatures of both extremities,reaéte& in

,thé same waylas.notad.tWQ,ﬁbnths beforehand, The temperature

" of the right second diglt remained at or about 30°C. throughout.

A sharp drpp.oeéurrgd in the same digit on tnebléft side - from |

29.5°C. to 27°C. Unlike the right digit, a further fall occurred

to 24.596. after atropine had been given., (Graph 16. « page 193),
On thils oecasion.‘however,‘iﬂ wasﬁnoticed-that, althQqu

the right hand felt warm througholit, confirmed by temperature

feadlﬁgs of the second éigit,athe,fourth %ﬁﬁ‘fifth digits were

~ ¢old one hour éftef piiocarplﬁé admlnigtr@@;on. Whilst the

ltémﬁer&ture of the gecond digit'was'?g.Boc‘,vthosé of the fourth

and fifth dlglts were 24.5°C. aqd'24i1°c. respectively. It 1s

/likely
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11ke1y5 therefore, that, as judged by skin ;emperatures only,
‘the vessels of the medial. two digits were constricted ﬁhllst

the vessels of the'second digit remained unaffected by pilo=-
carpine. |

Thé pulse volume of the right thiré digit shows, for
the fifst time, & decrease from the resting level of 0.006ccf
to. 0.003cc. after'bilocarplne., Altenaency to vasoconstriction,
therefore, first appeared eight months after sympathectomy.

© In this patient vaqoconstriotion following pilocarpine
was obtained in the left extremity as early &s two months after
sympathectony, ';In the right extremity -the firet indicatlon
- of vasoconstriction appeared eight months after opsration and
on this side vasocénstr;ction oécdrred on the medial three
fingers only. Apparently the lateral two digits'remained
completely sympathectomised. .

One other patient was observed within & year of sym=-
pathectomy. In this case. sympathectomy of the upper extremity A
had been undertaken by removal of the second thoracic ganglion
only on thne right side, The left upper-extremity was sympa—
thectomisecd by removal of the second,'third and fourth thoracic
ganglia, | ‘. ‘

Bweating following pilocarpine occurred on both upper
extremitles and éll over the body except for both lower.extfee
‘mities. (Graph 17. - page 194).

The pulse volume of the right digit was observed
-vcontinuously.‘ EJuet before-pglpcarpine éaﬁigisfration thé
resting volume was 0.00écc‘. ‘Q‘rise-to 0.00Bcca occurfed
within three minutes of 1n3éction: this was followed by a
gradual fall to O, 00300. thirty minutes leter.

The skin températures of both second digits fell
from 31°C, and 329, to 2800._after 1njeetiéﬁ. |

Atropine, although causing cessation of the seére«.
tory effects of pilocarpine, did not effect e;ther skin tempera~
tures or the pulse volume, |

/Therefore
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Therefore éeven months after sympathectom? of both
upper extremities.vasoconstriction'occugred foilowing‘intra~‘
‘muscular 1nject16n’of pllocarpine,gasvjudged by skin temperature
réadingé. " This wasvconfirmed-on}qne sidéfbyJﬁlethysmography._

(2) Late,Results:;l : . '

- The majority of patlents fell- 1nto -this groups Late
results include all patients sympathectomised one year or mo“e
' previously. The most recent sympathectqmy,had been performed
thirteen months before examinatlion ani the eafliesi sympaﬁhectémy
hed been carried out thirty years befdré.'x | |

Eight patients weré eympathectomised for Raynaud e'
Phenomena. one for Buerger's Diseasé and one for Causalgia.

The second thoracic ganglion only was removed or_
«'caﬁterised.in six patients, in four cases bilaterally‘and‘;n
one patient on one side only, 1In one subject the second and
third thoracic ganglia were removed, One'patient had Telford's
operation performed nine years prviously on both sides. The ,
stellete ganglion was removed on oné side 1n the case of Buerger s
Disease apﬂ 1n.the causalgic(patient the,stellate and second
thordcic ganglia had been removed, | |
' Graph 18, (page 195) depicts the‘effect of'pilocarpiné
adminietration_thifteen months afﬁer cauteriéation of the second
thoracic ganglion in a case of Raynaud's Phenomena with calel«
nosis, | |

Sweat ing ocourred on both sidés of the body aﬁd
appeared on the,sympathGCtomised uppér extremity, although -
aapparently in diminished amounts.
- Skin temperature readings of.the second digits were
reasonably ‘steady at 31°C. at rest. An 1mmed1ate fall in
skin temperature in the normally 1nnervat§& digit occurred
9fter injection of pilocarpine. The sympethectomlsed digit |
also felt ecolder éhan before 1njectibn@ The fall in tempera-

ture was delayed.'however; and was not so marked.

-~ /The fall in
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The fall in skin’temperature was mintained after
atropine was given and reached the lowest readings 10 to 11
minutes 1at§r. This corresponds with the delayed caésation
of sweating following atropine administration:

A slow, slight tendency to increase is apparentfin
the puise volume at rest. The rise in voiume continues agfter
.pilocarpine, but falls considerably in the period following
-atrppiné aedminigstration. It is probable that, here too, the
decrease in digital volume results from pilocarpine and not
:from atroplne,v

. It 18, therefore, apparéht that vasocdﬁstriﬂtion
occurred in this digit thirteen monthe after sympathectomy
of the left upper extremity by cauterisation of the second
thoracic ganglion.

Graphs 19. (page 196), 20. (page 197) and 21,

(page 198) show very well the marked fall in skin temperatures
and pulse volume three years after sympathectomy. Sympathec=
. tomy was bilateral by endoscopic cauterisation of the sgecond
thoracic ganglion ip;two cases; The femaining patient had
had transpleural resection of the second ganglign on the one
sld@e with cauterisation on the other.

In each of_these patients the rezctions were 1déne
tical. A marked fall occu;red in skin temperature withih.a .
"few minutes of pilocarpine administration. The diglte were -

¢old to the feel and sweating was apparent both in the sympa-
‘thectomised and ﬁormally 1nnervated areas. ,

The pulse volume in each case diminished consider-
ably. 0.002cc. was the lowest value recorded in two cases,
in the remaining case the pulse volume was barely registrable."

A tendency towards dilatation is apparent 1n Graph

20. (pagé 197), but this is purely transitory and ls soon

/succesded by
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succeeded by vasoconstriction,
| Therefore after pilocarpine'intfamuscularly, vaso-
constriction occurred in three subjecte sympathectomised three'»
vyears pre§1ou91y., o : ‘ |
- Graph 22i,(page 199) depicts a ﬁat{gnt 6peréted on
bilatéraily nine yearé previously fér‘Raynaud’s Phenomena..
’On each side 2elf0rd*svoperation*was pérformea,but whereas
- no Horner's Syndrome 1s‘épparent on tﬁe_fight, the left |
upper éyelid.drécpé and the 1eft‘pup11.has-been smaller ever
éinée@f' At rest both hands wére~¢old and blue; skin tempera#
ture réadings were 23 *.EAOCL,ana the pulse volume was 0,00Qcc.
6n eaeh side,. - |
Spohténeoua release of thé spasm occurred about
fobty.mlputés-lateri. gkin temperatures‘weré about‘34°0. -
full 41latation level,. The pulae'volumeé at this stage,
however, were only‘0.006‘~u0i0680c‘ Complete release,
‘however, was obtained in both sides 10 o 20 minutes later,
‘the pulse vblumes being 0.04cc. and 0.03ce. on the left and
right sides respectively,, ' .
Pilocarpine was given at thisstage. Sﬁeating
.and the other secretory effects became apparent almost _
A 1mmediately_; The pulse volume on the righﬁvrosg to 0.04ce..
‘and’ then dropped rapidly to 0,02¢e.. A éimilar decrease to
0.02cc.;océurred on the left aide but no dilééation cccurred
in this digit.,,
| Atropine was given thirty minutes after pilocarpineil
.A'sharp decrease in pulse voluﬁe, down to 0.008¢c., occurred
immediately.. Aﬁ.ﬁhls polnt;_however.fthe secretory-effeets
of pilocarpine are still present. It is,likély, therefore,
that the final vasoconstriction is not due td.atropiné.
Tre changes observed in the pulse volume_haﬁé'nov;become

manifest in the skin temperatures, although a ten&gney to

/decrease 1is

A
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decrease 1s prasent., o N _
| Sweating occurred. all ove?.ﬁheibb§§ except'for the
forehead and face, ‘ On these surfaéés it‘ﬁas'abeent bilat-
eral;y thréughout the test, o
Graph 10, (page 174) depiets the effect of pilo- .
earpiné on a §at1edt sympathectogisedby~rqmqﬁal of the
:ﬁéiigte‘ana gecond théracic‘gangiia.thirtj years eafl@er@

b The ekin température‘of the symbathectomlsed second
digit rﬁse gradually . from 25°G; to 28°%. bef§re injection,
The rise was continued rapidly to 30°C. Thereafter it was
maintained for a further forty-five'minutes; 1.es the duration
of the test. - |

The pulse volume remained at 0.66406e dufing the
whole period of obseervation at rest,. Oﬁly after the adminig=
tration of piloecarpine did any change occur, A slow gradual
increase in volume to 0.0lcc, occurred ojer a period of fifty
minutes, No sign of vasocdnstrictionxié éﬁident»~«(compare
the tendency of the normally innervated éxtremlty to vaso«
constriction). K . -

Sweating was abasent on the left side of the face
and forehead. . It 4id not ocecur in the left éxilla but was
present on the left hand and foreafm; ) The failure of the
left upper extremity to show evidence of vasoconetrlctién is
not, therefore,hdue to the absence of sweating which normally
occurs after syﬁpathectomy; It is, thereforg, apparent that

sympathectomy is etill complete thirty years after-bperation.
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Summary end Conclugions:

£

Sympathectomy was performed,for Raynaud'é Phenomens
in fifteen of the patients examined. In one patient Raynaud'é
Phenomené was associated with calciﬁosis, and Qefvical ribs
were:rémoved in one subjects. causalgig was the reason for
sympathectomy in one patient and thromboéangixiis cbliterans
in another. . 4 |

‘ Asvnoted.above, the 1ntervalAbetween-sympathectomy
and re-examination varied from the‘;mmediaﬁé pbst—operative
days to thirty years after_sympathectomy; : The,time interval
varied part;cularly in those patienté with Rayhaud‘s Phenomena;
which group constitutes over 80 percent. of the patients
examined. -

/ Fivé patients with Raynaud's'PhganenaAwere re-
examlhed_with'piioéarpiﬁé within the\firét’year»after sympa«
theetomj.\ Three of these patients were examined within the
first post-operative dayé. - In tpese pat;énps'pilocarplpe
414 not produce any vaeoconstriotion and no Raynaud's Fhenomena
occufred subsequént to injection of the dru5.1> : ' .

- One patlént showed. Raynaud's ¥henomeéna after pile-
carpine six:months.after sympathectomy. *Inithe remginips
patiénts pilocarpine ﬁroduced a fall of skin temperature in
one éxtremity.fouf months after Sympéthectomy, Three months.
later, i.e. nearly seven months after sympathectomy, the other
extremity showed diminution of the pulse volume after pilo-
carpine, although the skin temperature remained relatively .
steady. (Graph 16. = page 193). On this ocecasion a fall |
in skin temperature; however, was preseni in the meéial three
fingers. | |

Thus vasoconstflction kas resulted from piiocarpine

within six months of removal of the sympathectlc nerve supply

/to the upper
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to the upper extremity in two out of five patients, The
remaining three patients had been observed for a shorter
Intervel and it is not possible to state that Raynaud's
Phenomena would not recur im these cases.

‘The remaining ten patients suffering from Raynsud's
Phenomena were.éll cbsefved at least one year aftsr sympa=-
thectomy. All these patients -responded to pilocénginé by_
eventual vasoconstriction. In'some cases actual Raynaud's
Phenomena were reproduced.,

| Iﬁgis apparent that, except for the three patients
observed at too short an interval after sympathectomy, vaso-
conatriction has resulted.in‘this groub of patlients after

sympathectomy had been performed, This feature is & common

" one no matter what type of operation was undertaken.

Whether only the second'thorg?ic-ganglion was removed
or whether the operation was extended downwards to include the
third thoracliec ganglion or the third and fourth, all |
constricted after pilocarpiﬁe. In one subject Telford's
operation hed been uﬁ&eri&teﬁq‘ In thie patient, too, vaso-
constriétion resumted,fjf{g ’

The method of %pération obvibusly'played.nogpﬂnt,
in determining whether-yasocoﬁstriction would ensue Or;not‘
Actﬁal dlsﬁection‘by transpleural thoracétomyi,or csuterisation
of the ganglla and trunk by the thoracoscope, or sympathectomy
via a posterior approach did not affect the outcome in any
particular case. |

One‘pétient’with Buerger‘s‘niaéase was given“pilo-
carpine nine jears after removal of the stellate ganglion.
No vasoconstriction resulted in this extremity. (Graph 234 =
page 203). In this ﬁatieat the sympathectomised area d4id -
not sweat, élthough sweating occurred in the normally 1nnerva£ed

arecas.

/The remsining
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The remaining subject, a case of éausalgia, had
been sympathectomised {thirty years previQQSIy by femovalnof
‘the stellate and second thoracic -ganglion, No evidence of
vasoconstriction resﬁlted after pllocarpine, ivThe extremity

is thus apparently still compiétely sympathectomised.,



‘ . i
. .
. .
<
il N
L]
.
-
. .
. .
g '
. - /
v : g
I -
1
. 1
. ) Bopy .
- LEFT HAND o
) 3 { 11 " = ) RIGHT HanD | 3
) I vmmi———— cer7 axiia | B
S ) L | — ] RIGHT AXILLA | W -
: 0 —— 1 ceFr Face |3

o . C 1 ) RIGHT FACE . .
. e —————————) s vaTiON '

.

s0 . .

80 p——

7o \ NV W VYV AA nJ HEART RATE
60 - .

34 2.RF.

23" B B .’J‘VA@V" > =
32 | - SKIN TEMPERATURE

ROOM TEMPERATURE 158 'C.

1.40 _ n/
' ' 1.30 AN
- N ) .20 /J— \,v

? A}
3.RF.

- t10
100 A
090 p-cc. // DIGITAL VOLUME
0.80

aro / .

) o10 Lee . PULSE VOLUME

I| 000 W"W\—M .
" - ‘I (l? I.O 2 slo 4'0 5‘0 I‘Hn. I.O 2:0_ 3‘0
> - j PlLO(;A RPINE ATROPINE

. [ _ — R M
T - &
GRAFH 23, .
The effect of Pilocarpine
: _ nine years after

‘ 4 Right Stellatectomy,



.

PR

of the blood flow, Thue, skin temperature measurements or

4 Plethxsmograghza v
The value of the opticél digital plethysmograph in

assessing the circulation of the extremltiés hés been repeatedly
emphasised by Goetz (1943, 1945.'1946). ~ From the original
model (GOetz'ﬁ,1935, 1939) the plethysmographihas been developed

‘considerably. ‘Although originally it was possible to record
‘the blood flow through only one digit at a time, the spperatus

has been developed so that two digits can be examined simul-

taneously (Goetz = 1948)., This has been of inestimable value

- because of the posslbility of observing the reaction of both

2 normally innervated and a sympathectomieed.extremlty to the
game stimulus simultaneously.
The methods generally used for measuring the tone

of the peripheral blood vessels furnish only indirect indices

~

-colorimetric readings, which hsve been used to a large extent

in many clinics to show changes in the periphéral circulation,

do not by themselves offer the information obtained from the

plethysmograph, The plethysmograph in agsuclétidn with skin

temper-ture measurengnts furnishes an accurate conceptyof the
capacity of the vascular bed. |

. The methods adopted by Goetz have been used throughout
the plethysmographic examination of &ll the patients examined

in thie series and have followed the same routine in each

patient,

Method.

All patients were clothed in pyjamas and reclined
on the couch specially devised by Goetz (1948),' Either one
or two blankets completely covered the patients, except for
the head and face and the distal part of each extrémitya
Heat dissipation was thus'preveﬁted.

The room temperature'waé estimated by an ordinary
, | 4

/mercury
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\ )
mercury thermometer, Althdugh considerable varlation occurred

fgbm day to day, the degree of change during the actual test

- amount to very little,

In order to obviate any changelin the circulation

. attributable to environmental conditions, the patient remained

on the examining couch for 30 to 60 minutes before any inves-

tigations were begun, In this wa§ the pulse volume recorded

at rest 1is probablj a8 true reflection of the circulation at

that temperature. T Thus only after iais 1nterva1a gould the

-changes occurrlng at-rest be standardised and plethysmographic

‘examination start.

Initially Goetz was able to record the changes occure
ring in only one digit at a time (1943, 1946)@ However, the
plethySmograph.has been developed feéénbly'and the blood flow
of two digits of .the same or different limbs can be recorded
51mu1taneousi§ on one and the samé filﬁ. (Goetz = 1948),

The advantage of this is obvious and . the vascular reactions

of a normal limb can, be compared with that of & sympathee-

-tomised extremity at one and the same time.

After conneotlng the digit(s) to be examined to the
apperatus by means of the glass container(s), a sample tracing
1s recorded of the patient during rest. ~ Skin temperature
mEasuremenfs are récordeé at this stage, toé; énd any other
inve:tigation that is necessary.

Both lower extremities are then lmmersed An the

water bath to a point about six inches above the ankle, -

The bath, designed by Goetz (1948) contains water thermos
statically heated to a temperature of 43 = ASOCi
) This them-re:gulatory body heating 1s continued fof
a period of 30 to 35 minutes, as suggested by Gibson and
Landis (1930); A continuous piethysmogréphic record c¢an be
taken throughout the perlod of body'héatihg- This was done
in several patients and the changes in blood flow were then
drawn graphically. (Graph 24. - page 207). 1In the majority
A ' ‘ ' /of patienta
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, .
of patients a continuous tracing is not necessary and a

plethysmograph at the end of thirty-five minutes will yield

any necessary information,

Skin temperature measurements are agaln recorded

',after body heating. . Any further test, e.g. effect of a
_deepnbreath.en the pulse volume, is thén performdd and the

.test concluded.

' The immersion bath has proved useful, too, in

‘determining the reflex changes oceurring.! in a fully dilated

extremity, as the result of immersion of the extremities in

iced ﬁatera The bath is a handy receptacle and except for
emptying 1t, the patient is not disturbéﬁ et 81l.  The patient

remains on the couch. connected to the apnaratus -by -the glass

-

- container around the digits, - -

H
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In ascessing the vasomotor tone of the extremities
Gibbon and Landis (1932) first noted that immersing the .
- forearms in water at 43 - 45°C. produced vasodilatation of the
lovwer extremitiecs. The authors observed that this vasodi-
letion may result in two wayss- (1) the réspense may be due
to sensory impulses from the limbs immersed in hot water;‘or
-1t may be due'to'(2)«the beat‘carrled into th@ body by the venous
blood, returning from the. warmed limbs, o
| However, they- produeed evidence to show that the
hypothesis. that the vasodilatatlon resulte: from afferent
nerve impulses originatlng in the immérsed Limb, is not ten-
able, It was apparent that the vasodilator response depends
on the return bf warmed blood.from the immersed extfemityi
The effector mechenism of the dllator response had
been studied by Lewis and Pickering (1931). They showed that
the response is absent in the.aympathectomiséd extremity.
This method, therefore, c¢ould be usedbin determining whether
the sympathetic innervation of vessels of the'limb had yeen
lost, |
f Prior“to Gibbon and ﬁéndls' obServétian, several
‘Methods of producing vasodilatation had been suggeated.
Brown (1926) had rroduced pefiphcral‘Vasodilétation by the
injection of typhoid vacciné. Morton and Scott tlQBO)
induced vasodilatation of the lower limbse by means of spinal
angesthesia and later proposed tpe'use of geperal anaesthesié
- étheri-nitrous oxide cr ethylene, io prcduce the same
effect (1931). Injéotion of peripheral nerves with novocaine
has also been used to produce local vasodilatation by White
(1930), Lewis (1929) and Scott and Morion (1931); |
Immersion of the lower extremities in a water bath

8t 43 - 45°C¢ for thirty~five minutes has been the standard

/method of -
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method of 1nvestlgat1ﬁg the perlpheral circulation of the
upper'extremities at the Groote Schuur Hospital.

. In view of the faot that the effector mechanism of
dilatation of the peripheralivessels is mediated through the
vsympathetié nerveg, this thérmo*resulatory body heating test
. has 5een used in gll the patienté exanmined in this series.
" The effect of body heating on both & normally

innervated and a sympathectomlised extremity is shown in
Gfaph 24. (page 207). The patient, a'case'of‘Raynaudfs
Phenomena, had been sympathectomised by the removal of the
left second, third and fourth thoracic 5anglia; - The pulse
»volumeAat rest of the.normally innervated extremity was
barely registrable, . Thé,sympathectomised‘extreﬁity, however,
hadla resting #olume.of 0.Clcc. ,Twentnyiye minutes after
the onset of thermb~regulatory vody heating,the pulse volume
of the normal side had increased to‘0.0Icc. and.dilataiion
was maeintained, reaching nearly 0.04ec.’aftef thirty«five
minutes, - The sympathectomised extremity, however, did not
dilate in the same menner and the volume after thirty-five
-minutes was, if anything, slightly less than at rest. |
Figure 54. (page 221) 1s a copy of the plethysmo=
.graphic‘tracing-tgken at rest end after body heating in the
patlent'dep;cted in Graph 24. (pagé 207). °~ The upper
tracing in each case is the sympatheétqmised‘digit. The
relatively small change in pulse volume is obvious. - The
change in the norﬁally innervated digit from a barely regis-
-tfable volume to-o.odcc. after body heating is striking.

| As Gosetz (1943) emphasises, since reflex dilatztion
of the digital vessels results mainly from the 1nn191£10n of
vasoconstrletor'tene ang, thegefore, is dependent upon the

integrity of the sympathetic nerve supply, no change is

| /expected
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expecﬁed in the rate of blood flow of sympathectomised limbs,
The pulse volume remains at the 1n1tiai ievel.’i\Goetz in the
same'pAper; has pointed out that there may be an actual decrease
in the pulse volume, ‘He oemphasises that thls decrease 1s not
éue'tp the enVlronmenﬁ,‘which.remains the seme; and, the extre-
mity being sympathectomlsed, is not due to central impulses,

.It is due toxa passive effect resuiting from the dilatation

of the vascﬁlar treé in thé other normally innervated areas,

As a result of the decrease in vasomotor tone in
the areas under normal sympathetic c¢ontrol, the unaltered
vagomotor tone of the‘sybpathectomiséd extremity precents
itself as a relative increase in tone, The blood follows
the path of least resistance énd, therefore, & decrease in
blood flow through. the sympathectomised extremity ensues.

A similar decrease in pulsévvolume of the sympa-
thectomised ext&émi}y is seen in Figure 55, (page 221).

From a pulse volume of over 0,03ce¢. at rest, after thirty
ninutes thermo-regulatory body heating, the pulse volume had
 decreased to Just'ovef O;OQcc@

The changes 1n*digital volume reflect those per-
teining to the pulse volume, There is an increase in the
volume of the normally 1nnervated-digit by nearly 2ce.  The
sympathectomised digit, ﬁowever. has 1ncreééédio;500. after
the same degree of body heating. |

" The skin tempeéature of the sympathectomised digit
remsined at'30 - 31°C§ throughout thé duration of the test, '
On the normally‘innemvated aigit the»akin.temperature remsined
at 2206. for over twenty minutes after the onset of bo&y'
heatiﬁga At this time, however, the pulse §olume had risen
from baiely'reglatrable reating level to 0.0lcc, Only
four minutes later 41d any appreciable increase in skin tem=

perature take place and in this interval the pulse volume,

/had risen to
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had risgp to 0.0260.

This feature of the delay in the rise of skin tem-
perature whilst the pulse volume has risén.£00.01cc. emphésises'
Goetz'é claim of the value of plethysmogrsphy., The skin
temperature furnishes only an indiréct index of blood flow,

7 o whereas the most sensitive change in blood flow.has Seen
- -easily recorded plethysmographlically.
. A rise in pulse rate from a resting 110,p$r minute
to:125 per minute took place as a';esult of body heating,
.. This change in pulse rate is observed 1n‘most:§atientsa It
, 1s shown also in Figure S55. (page 221). ‘
| | Graph 25. (page 222) shows the- changes consequent
upon -body heating tn a patient after bilateral sympathectomy
- of 'the upper extremity by removal of the second, third and
fourth thoracic ganglia about one month previously. At a
\ room temperature of 18°¢. . the resting pulsenvolumes of both
" sides was over 0,0lcc, At the end of thirtyéfiie minutes
N thermosregulatory body heatinn the pulse volume was still Just
over-0,0lce. The pulse volume of the right middle finger
was, if anythinq, slishtly less than at the outset.-
‘ The close: 8imilarity of the changes. in the pulse
and digital-volumes is wellrshQWn5 There hps been no increase
:in the latter, Similer changes are reflectedpin the skin
tempers ture records. The heart rate hss not altered in this
patient. in response to body heating,
The changes in pulse volume are reflected 1n
| Figure 56. (page 223), The upper tracing 1s the left middle
flngerlin'each case, An actual decrease 1is apparent in the
pulée volume of the right middle finger after body‘heéting@
Two years'after\cautefisation\of the left second 

) thoracic ganglion, reflex body heating was performed on the

/bgtient,
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patient observed in Gréph 26. (page 224)i The pulse volum@
of the left middle finger was over 0.0lcc. at rests After '
'tbir{§ minutes the pulee volume rose to 0.023ce.  4n increase
in digital volume of 1l.3cec. took place -and the ékin'ﬁemperéa
‘ture rose from a resting 28%c. to over 33°C, |
The response of all three components observed during .
the test, viz, pulse volumeé, digitalivqlume and skin tempera=«
tures,; to thermoe~regulatory body heating in this‘patient
'indicates that vasomotor tone is present.  Although the resting
pulse volume is relatively high at the room temperature, the
increase in volume. inditates that some sympathetic control
has been relased, Further studles with other reflex pheno-
mens confirm this observation, | _ |
Thus, should an eitremltf; that hes undergone sympa-
thectomy,'react to refiex ﬁoay heating by inhiblition of vaso-
constrictor tone and the pulse volume incréease to the normal
vasodilatation level, it is likely that sympathectbmy has
‘either been imcomplete originally or that regeneration haé
taken place., (Goetz (1948),desc:1bes a subject where the
fcrmeriwas the case.  Subsequent complete fembvalsresulted
in this testAsh6Wing the changes expected in a completely
‘sympémhectomised extremity.,
Reflex body heating on ﬁhe same patient but on the
sympatheetomisedpoppgsitﬁextfemity chows the same release
of Qasogpnstrictor tone. {(Graph 27, ~ page 229). Other
‘observations also confirm the 1nte§r1ty of the effector
mééﬁanism on this 8ide. |
| Fourteen patients were.examined by the: thermos-
‘regulatory body heating test to determine the presence or
~eabsence of vasomotor tone, |
Five patienté were examined within a year of sym-

pétheetomy and in these reflex body heating failed to produce

/any rise in _
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any rise in pulse volume from the festing level, The assumpe
tion, thereforé, is that sympathectomy is compléte in these
ecases, |

of thE'eight‘patients examined one year or more after

sympathectony, reflex body heating resulted -in vasodilatation in

:alI‘ Sympathetic tone has returned in these cases, In this

group the second thoracic ganglion only was removed in four
patients bilaterally; 4in one patient the second thoracic only
and the second and third thoracic ganglia were removed on each

side respectively. In one case both second and third thoracic

ganglia were removed on each sida} in another Telford‘'s opera-

tion had been performed bilaterally and in yet another the third

ganglion'only,en each side, ‘

| ‘Reflex body heating in £he;sympathect0my of thirty '
years' standing 1s depieted in Graph 28. (page 226). A rise
in pulse volume frOm a’reaﬁing 0,005cc. to 0,01lces after thirty
minﬁfes occurs, The mormally 1nnervéted extremitg was obviouse
1y fully dilated at the outset and no change oceurred therein, ;
The considerable. fluctuation in the pulse volume of the normai
side is striking compared with the minimal changes occurring
in the sympathectomised &1git.-

That this failure of the pulse volume of the sympa~
thectonised extremity to diléte after reflex'body heating is not
due to an 6rgan1c occlusion, is easily shown. By immersing
the extremity in warm water at ASOG. for ten minutes, i.e¢. by
the‘application of local heat, dflatation results, This has
been demonstrated by G&etz‘(IQAB) and is well.shoWh in this
last patient, Figure 2. (pagé €7) shows bofh hands after thirty
minutes body heating., - Direct heat, as indicated above, was
thén.applied‘tp the sympathectomised extremity. A further
dilatation ensued to the maximum dilatation level, (Figure 1.

- page 67).

-/In 1933 Goatz
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In 1§33 Goetz demohstrated that a profound peripheral

_constriction resulted from a single deep breath. This dimi-

1

nution in blood flow iz reflex in nature, since it can be
abolished by sympathectomy (Goetz - 1935), The reflex
apparently originates in the lungs (Peters = 1939). and is

'set in train only by the inspiratory pngse.;; It ies dependent

upon the integrity of the sympatheiic pathways.

The reaction is’ easily recorded when the extremity

is moderately or fully dilated but under ordinary conditions

vasoconstriction mey -be absent because of the already. high

vasomotor tone. . Thus the reflex effect of a deep breath is

: alwéys tested when the extremity is well-dilated.

The reaction in\a normally innervated extremlity and

“in & sympathectomised extremity 1é shown in Figure %7. (page 227L

The height of the pulse volume is ﬁnaffeotéd,by the'single deep
breath nor 1s there any alteration in the digital volume of the
sympathectomised side. In the normally innervated extremity

e profound decrease in pulse volume occurs. At the same time
the digital volume decreases raﬁldly. A géadual return to
normal thep oceurs.,

Figure 58. (page 227) shows the effect of a deep
breath on both a normally innervated extremity and a sympa-
thectomised extremity at the séme time, .The same changes as
noted above 'occur in & stiriking manner, Where éassible the
test was recorded, as it is a simple indication of the intezrity
or etherwiss of the sympathetic innervation to ‘the extremity,

A yawvn or a sigh has exactly the same effect as g
deep breath and, on occasion, the acclidental recording of such
a étimulus has yielded invaluable information. The accidentdl
recording of a sigh is shown in Figure 59. (page 228), Vaso-

constriction occurs as shown by the fall in pulse and digital

-~ /volume.
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volume, - This patient hsad been sympathectomiaed three years
previously by cauterisation of the second thoracic ganglion,
As judged by this response, the sympathetic supply to the
~extremity is intact. This is confirmed above by the response
to reflex body heating, |

Goetz (1946) has also pcinted out that other sensory
stimuli may result in peripheral vasoconstriction. Thus an
unexpected nolse, pain, eingle or multiple pinpricks, emotional
cante;t of thought'or mental straln mey result in vasoconstri&@°n
Even the anticipatlon of these stimulil may have the same effect.,
All of these are wellwknuwn vasoconstrictor reflexes and as such
are not obtained after sympathectomy. ~ Absence of vasoconstric-
tion foilowing any such.eensofy stlﬁulus; pfovlded moderate or
full dilatation is preaent; 1nd1cateé 1nterrﬁpt10n‘ofvthe Sym=~
pathetic innervatlon of the part concerned. 'Conversély the
pfesence of suéh-vasocopstrlction.would_megnsthe integrity of
the sympzthetic supp;y_. _ |

| The effect of.multipie pinpricks on the face, which
normally result in vasoconstriction, is sﬁawn in Figure 60,
(page 228), Nolehanse is observed in the pulse or digital
volumes thirty years after sympatheetomj;v A similar absence
of vasoconstriction is seen in Figure 61, (page 229), in a
patient with Raynaud's Phenomena one year after sympathectom&.
The absence of sympathetic innervation to the extremity has |
" been ¢onfirmed in each case by other tests.

The moet striking reflex vasoconstriction 1s observed
when the feet, if the arms are being tested, are immersed in
cold water., Normally an immediate v339cgn§§rictiqn oceurs.,
=I?,-however5 the~sympathe§tomy is satisfactgry,.no change
occurs in the pulse or digital volume as recorded plethysmo-
graphicallya Actually, it is theomretically possiblé for a
slight dilatation to ensue. | ' |

/Figure 62.
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Figure 62, (page 229) showe-the'efféct. observed
simultanecusly on both a normally innervated and & sympathec-
tomised extremity. “hereas & fall in both pulse and digital
volume is apparent within a few secondg in the normal‘limb;
the pulse and digital volumes manifest no change at all in
the sympathectomised extremity, The test was repeated agailn
with the identlcal result,

. In Figure 63. (pagé 230) the same pffect 1s observed
eighteen months after cauterisation of the second andnthir&
thoracic ganglia on one sidgs . Both feet were immersed in ¢old
water and a fall in pulse volume and digitel volume occurred |
'Aiﬁmediately. in thé normal side. On the sympaphectomiéed side;
- however, no decrease occurred in either pulse or digital
volumes, )

In all, thirty extremities, in which some fdrm of
sympathectomy had been undertaken during the previous thirty
years, were examined plethysmographical;y? If vasomotar tone,
as judged by thermo~regu1atory body hesting and the résponse to
the various reflex vasoconstrictor etimuli, was preéent, it ’
‘ihdicated.that the vessels of‘the extremity were under_thé con=
trol of the sympathetic nervous system. If, on the other hand,
vasomotdr tone was absent, as juégg& by the same criteria;;the
extremity was consldered not to be under any sympathetic'controlg

) In determining the results obtained by plethysmography
three factors have to be, considered:- ‘(1) the nature of the
disease, (2) the type of sympathectomy, arnd (3) duration of
time after sympatheotomy, A Lo

Table I. shows the results as\determined in the type
105'1esion for which sympathectomy was done. | Twenty~seven
.(dr 90 percent.) of &ll sympéﬁhéetomiee werérperféfged fér
Raynéud's Phenoﬁena. One of these was assocdiated with a2

cervical rib, and one ‘other hed associated calcinosis. No

/other etiological }
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other etiocloglcal factor was found in the remaining subjects.
Vasomotor ione was present in seventeen (63 percent.) and
absent in the remaining ten (37 percent.,) ‘At Tirst sight
sympathetic funct;oh had returned in 63 percent. of all
cases sympathectomised for Raynaud's ?henomega;

Althoﬁgh only three ceases of nonavasospashic’condi-
tioné are included in the series, not one case shows a return
of sympathetie function after operation, Causalgia Qas the
reason for dperétion in two ¢azses, and thrombo«angi;tis
obliterens in the remesining case, "Aé'willibé seen later,
tpe type of operation differéa in the two‘grbups.‘

. In the group of ten extremities‘operated on for
Réynaud's Phenomene, where vasomotor tone was gbiént, only
'.three had been observed for more than one year after opera=-
tion, These three extremitigs had been sympathectomised
Just over one year before re-examlnatién and‘althéugh they
have not been examined égain, one case, fepresenting two
extremities, has since noticed return of Raynaud's Phenomena.
Thus, only one extremity out of twenty (5 percént;) has a
campiete lasting absence of~vasomotor tone, The seven .
extremities included in this group have poﬁabeen followed

for a sufficlent time to be finally essessed,

TABLE I.
Disease. Number. VASOMOTOR TONE.
_ - Present. Absent.
Raynaud's Fhenomena 27 7 10
Thrombo~anglitis - .
Obliterans - 1 0 1l
Causalgia 2 .0 R

/The nature -
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The nature of the sympathectomy has varied during the
‘past few years, Thus, Qriginaily the second thoracic ganglion
only wﬁs removed or cauterised, The operation haa-been extended .
¢caudally to:include firstly the third thoracic ganglion and
latterly the third and fourth ganglia., Telford's operation had
béen performed elsswhere on two extremities and in one case the
-third thoracic ganglion:on‘bqﬁh sides wae~removed 1natea&»of-the;
second, Removal of the stellate ganglion with the~saoondvthor§é
cic ganglion was perfo?med“on two patieqts at differentAclinlés.

A8 seen in Table Ii., where remdval of the stellate
and second thoracic ganglia was undertaken, vasomotor tone
remained absent. However, both of these eympathectomies were
.performed for conditionsjbtbef than Raynaud‘'s Phenomena,
Bqth patients were sympathectomised some yeafs pievioualy. the
‘operation being done thirty years preiioﬁsly'in one subject.
| Thirteen extremities we.e sympatheetbmisgd by removal
or cauterisation of the second thoracic ganglion only. As
judged by the plethysmographic observation, vasomotor tone was
present in ten (77-pereent;) instances. Three extremities
" in this group showed absence of vasomotor tone, l.e. sympathece .
tomy'is still completé. However, a return of symptoms haé
occurraed in one subject, representing two extremitics. Twelve
of the thirteen extremities were sympathectomlsed for Raynaud's
Phenomena, the remaining subject suffered from causalgia. It
is this last patient that stlll has absence of vasomotor tone. |
Removal or cauterisation of the second thgraéic éanglion in
patients with Raynazud's Phenomena has not been succesaful -in
100 pereentivof céses, as judged by the plethysmographic method
of determining vasomotor tone, .

The second and third thoracic ganglia were removed
in three extremities. Vasomotor tone has returned in two

{poth with Raeynaud‘'s Phenomena). The other patient also had

/Raynaud's
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Raynsud's Phenomena but secondary to a cervical rib, Following
removal of the rib and sympathectomy vasomotor tone ié still
absent. However, sympathéctomy wa s undertaken only eighteen
months prevlbﬁély‘ |
| Remqvai of the second, third and fourth thoracic
gang;ia had been done on eight extremities, Although return
of vasomotor tone waé apparent in only one extemity, the
interval after operation is still too short for final assess«
ment. Oniy six months had elapsed in most of the subjects
examined and several of the tests were recorded within & month
of opsration, Thefsubseqﬁent'hietqrf.1n she patieﬁt, however,
noteslthat although Raynaud's Phenomena have not recurred, the
extremities are colder than in the immediate posi-operative
period, | | | .‘
Telford's operation had been performed on both sldés
in one patien£ nine yéarsrprevlously. Vasomotor tone was
present when re-examination took place, '
| The third thoracic ganglion waé removed bilaterally
in one subject, Vasomotor tone is present on re-examination
three years later. | o |
Therefore, ae judged by the nature of sympathectomy,
vasomotor tone is absent in only four cases with any degres
of finallty. Three cases represent non-vasospastic conditions,
viz, causalgle, and of these, the stellate and secon& thoracic
génglia were removed 1in two and the second phoracic ganglion in
one;. One case of Raynaud's Phenomens associdted with & |
cervical rib still has absence of vasomotor ﬁbne after removal
:0f the second and third thpréciCJsanslia. |
r The remaining fourteen patients constituting twenty-
8ix extremities are aii sufferers of ﬁaynaud's Phenomqna‘and-

no matter what type of sympathectomy was performed either

/vasomotor
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vasomotor tone has returned or the period after operation is

not sufficient for definlte assessment,

TABLE II.
Extent of Number. VASCMOTOR TONE.

Sympathectomy. - Present. Absent.
Stellate and Th,2 2 o 2
Th.2 13 10"’ 3
Th.2 and Th.3 3 2 1
Th.2, Th.3 and Th.4 8 1 7
Telfofd’S‘Operation 2 2 0 |
The3 2 2 o,

| The time factor has been discussed already to a large
extent. However; it is significant that in the first year  ‘
after'operation vasomotor tone has returned in 20 percent, of
‘extremities examined., Of those éxtremitieé_tested one or

more years after oﬁeration, only four (21 péréent.) 8ti1l have
ebhsence of'vaeomotar tone. Of these four, Raynaud's Phenomena
have.beeﬁ noted subgectively'in‘two extremities, One extre=-
mlty'was‘sympatheétomised for'thrombo«angiits obliterans;
Thue:on.a long~term basis only one (% percent.) shows absence

cf vasomotor tone,

TABLE III.
Time after Number. YASOMOTOR TONE.
Qperation - Present. Absent.
Q0 - 12 months 10 v 2’ 8
1 - 10 years 19 15 4

Over 10 years ' 1 0 1












.34

33

32

31

2.4.F,

—"c. / SKIN TEMPERATURE ———— 1 -
. . / . ;
/ :

:u.;/ :
{——————————ROOM TEMPERATURE-19.7-C. . //
‘—C.C."/ // DIGITAL VOLUME ——— ]

N /

. . JLrF,
l-cc. /W
- — - PULSE VOLUME
L ) S | 1 L l 1 L Il l l L | 1 1 I
o 10 : 20 3o
MINUTES -

threé years after cauterisation of Left Th. 2

The effect of body heating



«226a

) FEET
! 5 1
1 [
. 800y ]
1 Hanvos g
] FacE ‘i‘
. ) FOReHEAD | ©
{‘ ] RHINORRHOEA
‘ k ) sALIVATION
‘ 140 r
130 :
I 120 . ya i
110 [ =AMN] ART RATE
100

= A b
: N\

DIGITAL VOLUME:

osotcc.
0.40 /

I ROOM TEMPERATURE 22 °C.

TEMPERATURE

020 Lcc. ™\ PULSE VOLUME —————

L i L " ‘ J L L L i 1 L i . !
©- 10 20 30 40 SO I HR 10 20|30 40 50 2 MRS 10 20 30 40 SO

PILOCARPINE ATROPINE

GR. 116 1M, 0.50' mgm. 1M,
[ " S EODY HEATING™WAZ{C. "\ N b 8]

GRAPH 27.

Same ease as in Graph 26.
Cauterisation of Right Th.2 thfee yeafs preﬁiouslyu

_{r )
Note the effect of body heating
before the administration of pilocarpine.

3



‘?226‘- .

HEART RATE

\ 60.

7 VN

! -2.4

I 2.3

L2z

-1

-1.80

1.70

. . 1.40.

1.30

1.20-

110

- DIGITAL VOLUME ———1

1.00——

t-0. 80

o7

SKIN TEMPERATURE

24.F,

020

£of

3LF.

| .ooo.

PULSE VOLUME

040
o30.

3RF.

| oso

R AT SIS

PULSE vOLUME

010 e e - — e - s —_— - e
000.
f
[ s 10 s 20 25 30 MINUTES
[ YOS SN SR SN VAN S SN S VU S NN U DO YA Y, O YN YOO TN S TN NN VO SN DS O Y 1
BODY HEATING 43°C.
I\ ASNANNNN SN\

AN\ N\

GRAPH 28. ;

The effect of body heating °

Stellate and second thoraclc ganglia removed

thirty years previously.















—2311

(b) BSUMMARY AND CONCLUSIONS.

In assessing the results'of the investigations-as
- whplg, the striking feature was the clcse‘agreement amonget
" the various tests, VAlthough the tests,ﬁay»illustrate aif-
ferent aspects of sympathetic activit&,‘correlation showed
that there was uniformity-throughduts" Tﬁus, thgre.was close
similarity in the denervated areas obiained froum both the
sweating and skin resistance tests, Similarly, where there
was a return of sweating, the plethysmograph indicated return
Of'vasomotof toﬁe, Also vasoconstriction occurred in response
to pilecarpine, | |

It was at once apparent that 90 percent of cases
examined within twelve months of operation éiill showéd sym-
pathectomy to be complete.. :Tﬁose cases ekahined within six
-months of:sympathectomy~conaistenly~showed;this~feature. ‘

Thé late results of aympathectomy.of the upper
extremity, however, showed é dlffereni'pictﬁfe. All tests
indicated that there had been a return of both sddomotor and
vasomotor functlons 1n-ail. ,

In all cases of Raynaud's Phenomena the second
thoracic ganglion was the upper limit of sympathectonmy. The‘
second thoracic or the second and third thoracic ganglia were
removed or cauterised in those eéees 1nc1udéd as "late
results", 1,e., twelve months after syﬁpathectomy. In these
patients retﬁrn of‘sudomotor and'vasémotor'functioﬁs had
occurred, | ’

The second, third and fourth thoracic ganglia were
removed in the cases classified as "early®. In these cases
suaomotor sctivity and vasomotof tone were still absent.

' However, the period after sympathectomy is still too short
to assess the results finally. As Judged by thé vasocon- .

’

striction caused by pillocarpine in two cases, it is llkely

/that further study
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that furtnervstqu in these ecases will reveal a return of
vasomotor tone in the future,

Cauterisation via the thoracoscope was the method
of sympathectomy in some Cases, In others, dissection’ trans
pleuraily was performed, The difficulties of the former
procedure are greater and, therefore, éxactilocalisation‘isv’”
mdre difficult.  There is very little,differenée'in the
results of eithef_methoa\of gsympathectomy. Anatom;eal
abnormalities or the presence of adhesions comb;né t¢ make
errors more prevalent.in cauterisation of the thoracic cﬁain,
Errors.are less likely in oyen\dissection‘of the ganglionated
trunk, . ‘ .

The vasomotor and sudomotor changes after sympa-,'
thectomy were noted in a case of thrombo?angiltis obliterans
4nd in one case'of causalgia 1h wh1ch stellatectomy had»been
dqne.- In these two cases the Sympathectomy wes stlll complete-

| nine and thirty years after‘operation;
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(c) CASE HISTORIES,

Number 1.

Miss M. v.R., 42, white, female, wes first seen in
1943 wlth a diagnosis of 7Raynaud's Phenomena of two years'

. Thorgelc sym athectomy was performed. using the
thoracoscope, on 21/1/§A (left) and on 17/2/44 (right).

In each case the second thoraoic ganglion only ana its rami
were cauterised,

In both instances the hande were warm aznd did not
sweat immedlately following operation,

Bilateral transperitoneal lumbar sympathectomy was
performed on 9/3/44. L.2 and L.3 were removed on both sides,

. Sweating tests done between and after operations
revealed definite levels of anhldrosis, It is interesting
- to note that removal ,0f the.second thoracice ganglion did not
result in a loss of sweating of the face and nec¢k. The
anhldroesis was confined to the upper limb and a band across
the back. (Figure 235 - page 97)» :

Exactly three years later the patient was re-examined,
Since operation she has never hed a return of symptoms, The
hands have remained warm throughout the coldest weather,
The cyanotle colour changes have not recurred, She.never
experiences any pain or feelinz of coldness, The hands have
never sweated since operation, As far as ghe 1s concerned
the operation has been 100 percent, successful. The results .
in the hands correspond exactly with thoese of the feet, '

On examinatlon at this time both hands and feet were
. Wari. The colour of all four extremities was a pale pink,
There were no changes in the textures or nature of the skin of
the digits. No ulceration or trophie disturbances were seen,
All the pulses were. readily palpable,

- Skin temperature recordings taken on 28/1/&7 revesal
high temperatures at rest, . (Figure 64. =~ page 235). The
recordings taken after immersion of both feet in a2 water bath
at A5°C, for thirty-five minutes show no increase in skin
temperatures.

7 Thermo~regulatofy body heatins'was fqpeated two
monthe later and agalin no appreciable incresase in skin tem~
peratures occurred,

Greph 20. (page 197) shows the response of the'digit‘
to plliocarpine. Vasoconstriction occurss

At rest the pulese volume of the right middle finger
measures .0Olec. (Figure 65. - page 235), whereas after thirty
minutes thermo«regulatory body heating the pulse volume has
increased to ,02cc.: (Figure 66. - page 236), The response
to ?hermo-regulatory body heatlng is shown in Graph 26, (pasge
224).

/The response
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The response of the pulse and digital volumes to
8. deen~breath is shown in Figure 67. (page 236). Vagocon=-
striction ocecurs, .

Three years after the second thoracic ganglion had
been cauterised on both sides, the patient 1s completely
satisfied with the sympathectomy. There has been no return
of gymptoms for which the sympathectomy was performed., Yot
in spite of this subjective cure the evidenS8e pointe to 2
return of sympathetic tone in the vessels of the upper limbs.

There is a dilatation of the veseels in response
- to reflex body heating. This can only occur where the sympa=-
thetic supply to the vessela 18 intact.

Further it is noted that on deep inspiration both
the pulse volume and digital volume diminished, another factor
dependent on the 1n@5r1ty of the sympathetic nerves t6 the {
vegsels,

Pilocarpine nitrate acts as it aoes in the normal
nonﬁsympathectomlsed 1imb, producing a fall in the skin
temperature.,

The Starch~Iodlne eweating test was inconcluslve
at first, Sweating was quite apparent in those places where
it was not immediately after operation, 1.e, on the forearms
and, to a lesser extent, on the hands. ~ Yet on the posterior
aspsct of the trunk the same line.of demarcation is seen three
.years later as was noted after operation, -Five months later,
however, the line of demarcation had: complctely disappeared,.
Bweating wae generalised-over the whole extremity although small
patches of anhidrosis are perceptible, particularly on the .
ulnar surfaces of the hands. (Figure 22, « 27,, pages 96 - 100).

. The skin reeistanee method shows the same patchy
.pattern as does the Starch-lodine test. (Figures 46, and 47.,
- pages 139 and 140C).

Coneclusions:

There .18 return’ of sympathetic innervation tc both
upper extremitica,
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Number,aa

Miss, W., 38, white, female, was first seen on-
20/9/43., At that time she complained of numbness of the
left.- fourth finger of about three months' duration, This
was not assoclated with exposure to cold. It was accompanied
by colour changes., At first the finger was yellow and, later,
blues The blueness remained for a variable period of & few
minutes up to several, hours and then dlsappeared.

‘The patient was noted to have rather cold hands. -
Nothing else of note was found locally except that all the
peripheral pulses were .easily felt. -She was a rather
nervous type and sweated easily. ‘

The patient was Judged to be. a case of ?Raynaud‘s
Phenomena.: Accordingly, a bilateral thoracic sympathectomy
wag performed in two stages. In each the thoracoscope was
used and the second thoracic ganglion cautérieed. No come«
plications developed. There was no Horﬂer 8 Syndrome, The
left ganglionectomy was performed on 2/3/A4, and the right on
23/3/44. ' ‘

On the day following operation on each side the
sympathectomised 1imb was noted to be warm and dry., -

Minor's Starch«Iodine sweating test was performed
.shortly after, at which it was noted that there was complete
absence of sweating of both hands and arms, face and chest
-wall. Sweating was present in the axille, A well~defined
line of demarcation was present separating the sweating and
non-sweating areas. (Figures 16, end 17. = page 90 and 01),

Five months after operation, on 23/8/A4, the
patient complained of numbness of the left arm., On one
‘oécasion, subsequent to operation, she noticed blueness of.
the left fourth finger after exposure to cold. Her hands
. had not sweated since operation. '

8he was referred to the consultlng neurolo§iat
and was diagnosed es having 'a highly nervous atate.

The patient was next observed on 22/3/47.
Throughout the three years following operation she had
been somewhat improved. Her symptome were more general
than confined t¢ the extremities. The symptoms referable
‘to the hands had never been very severa, She had noticed
‘that her hands had been warmer than before operations
They very seldom sweated, Since operation she sweated
rether more on the body than previously.

7 Examination at this stagé revealed dry, warm,
‘"pink hands. No evidence of trophic changes was present,
There was no sign.of scleroderma or sclerodactyly.

General examination was negative.

- Bkin temperature recordings at rest are shown
ih Figure 68, (page 239). The hands were warm and 4ry.
After thirty minutes thermo<regulatory body heating she -
sweated profusely on all areas of the body except the face
and neck. Both upper limbs sweated profusely. At the

/same time
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4ame time the skin temperatures had risen to the full dila—
‘tation level,

At rest the pulee volume 0f the left middle finger
was Just less than .0Oled. After thirty minutes thermo«
regulatory body heating the height of .vhe pulse volume had
risen to .Ol5ce. * (Figure 69. = page 240). : )

Minor's Starch~lodine sweating test performed on ~
4/4/44 shows complete absence of sweating on both hands,
face, neck and part of the chest anterierly. The margin is
well defined, The test was repeated three years later, /
Sweating as a result of thermo-regulatory body heating is
seen to. occur on both hands; no definite area of anhidrosis
i3 seen, Sweating occurs on all areas previously dry.
(Figure 18. « page 92).

The skin resistance was estimated. There was no
apparent difference between the sympathectomised and normally
innervated- areas, '(Figures A4. and 45, - pages 137 and 138).

It was apparent five months after bilateral cauteri-
sation of the seecond thoracic ganglion that sympathectomy, as
performed in this case, was not complete. Since that time

"there has been a complete return of sympathetic function in the
- +two upper extremities, This is indlcated by the following
featuresi=-

1.  Subjective improvement has not bheen maintained,
ii.  Thermo-regulatory body heating produces reflex
sweating; the pulse volume rises from .Olcc.
to .01l5cc. , _
11i, Regpiration changes the pﬁlse,volume.

iv. Pilocarpine causes vasoconstrietion.

Conclusions:

There is return of sympathetic inmnervation of both
upper extremities, )
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Skin temperatures of both hands,
Three years after cauterisation of Th.2 bilaterally.

Room temperature 25.500.
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~ CASE NQ- 2.

IGURE_69. _
The left middle finger at rest and after body heating.

Three years after cauterisation of the
second thoracic ganglion,

Note the inerease in pulse volume,
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Number 3,

« Miss L., 45, white, female, first attended the
peripheral vascular c¢linie on 21/11/43. .

For the past twenty-two years she had noticed
that her hands went dead in c¢old weather. There was no
pain but:"pins-and-needles”. The fingers only were
affected. Cn exposure to ¢old the fingers turned white
followed by a purplish blue colour.. On warming, her hands
became a deep red. Paraesthesiae were felt in the stage
-of pallor., The attacks occurred during summer when exposed
to strong wind. They were not brought on by mental or
emotional strain, ' '

: She also complained of an epigastric pain, burning

~in nature. It had no relastion to meals. She was nauseous

on occasion but there was no association with the epigastric

pain. . No vomlting occurred. )
She also complained of nervousness;.was said to '

have a goitre when seventeen years old.

During winter she also suffered from chiiblains
of both hands and feet.

She wésvan'éxtremely nervous individual, There
wasg no suggestion of exophthalmos. 8he had a coarse tremor
of the hands, No trophic or other changes were present in
. the skin, ’

There was 8 tachycardia of 100 beats per minute,
Slight fullness of the neck was present.

: , A1l pulaes in both hands and feet were easily
palpable., The hends were ¢cold and clammy., -

A diagnosis of Raynaud's Phenomena was made and
she was recommended for sympathectomy. :

An adequate degree of collapse was obtained by
artificial pneumothorax and on 18/7744 the right second
thoracic ganglion was cauterised via the thoracoscope.

After operation the right hand and arm werée much warmer -
~than the left and there was no sweating on the 1limb or in
~ the axilla, as compared with free sweating on the left side.

Repeated attempts to produce an artificial pneuno-
thorax on the left side failed.: Therefore, by open thoraco-
tomy through the second interspace anteriorly the sympathetic
chein was exposed.,: ' Many recent non=vascular adhesions were
divided in the exposure, The second thoracic ganglion was
defined and removed together with the 1ntratharacic ramus to
the first thoracic nerve. :

The left hand and arm were warm end showed no evi-
dence of sweating after operation.

Minor g2 Staroh-Yodine sweating test was performed
on 20/2/45. 1.&. nearly six months later, Sweating was
present on both hands and forearms. Swesting was absent

/on the face
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on the face, neck, shoulders and left upper arm, (Figure 19,
- page 93).

, Since operation there had been some improvement in
that it is only the extremes of ¢o0ld which bring on attacks,

She wes quite free from attacks during the summer, There

had been no difference in the degree of sweating of the

- hands,

In Marceh, 1947, skin temperature readings show a
rise in response to thermo»resulatory body heating (Figures
7C. and Tl. - page 243).

The pulse  volume of the left middle finger at reat
on 26/3/&7, i.e. nearly three years after sympathectomy, is
+005¢ce., After thirty minutes thermoeregulatory boedy heating
the pulse volume is ,017¢c. The corresponding filgures for
the right middle finger are .006zc¢. at rest, and .019cc. fully
dilated. {Figures 72, and T3, « page 244).

Minor's StarcheIlodine test, repeated on 28/3/47 by
meens of thermo~re¢gulatory body heating, showed sweating
present in both hands, arms, shoulders and neck, Sweating
was not brought out on the face with this method, but sweating
was prafuse thereon following pilocarpine. (Figure 20, =
page 94).

The integrity of the sympathetle nerve supply to
both upper extremitles appears to be intact, according to
the tests above., 1In each case the second thoracic ganglion
was removed, the right by cautery, the left by open dissection.
Although both handes were warm and dry lmmediately after opers-
tion, a sweating test, performed thirty-one weeks after the
<first operation, revexléd sweatins present in both hands,

Conclustions:.

It 18 possible that sympathetic coﬂtrol of the upper
extremities in this case had been re-established six months
after operation. - _

Three years later there is little evidence to indi-
cate that a sympathectomy had been done.



FIGURE 70. = CASE Nos 3.:.

.. The skin témperatures]cf bothﬂhandsnaﬁ regt, .
Three years after ceuterisation of the
right second thoraclce ganglion and
‘ removal of the left,

'Room’ temperature 19.9°C.

i GR%ROa 26

Skin temperatures after body hecting.
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FIGURE 72. = CASE No, 3.

The left middle finger at

rest and after body heating;A'

Note the chdnge in pulse
volume,
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The right middle finger at
rest and after body heating.

Note the changé in pulse

volume.
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‘Number,ga

: Miss D.M., 33, white, female, wes first seen in
1943. At that time her history went back fourteen years.
During the winter months, on éxposure to c¢old, ‘her hands
became white in colour, The fingers mainly were affected
but the colour changes extended to the wrists. On very

gb 4 days when sne arrived at work, her fingers were blue

‘ stiff, and some time elapssd before normality was
reached., During the warm summey months she was not affected
in this way.

-

I Her feet were similarly involved but did not 1nca—
pacitate her to the same extent.

She also suffered severely from chilblains during
the winter months. Ulceration occurred not infrequently,
but healed rapidly with the onset of warmer westher,

She was easily depressed and always felt tired.

On occasion she has had "bilious attacks".
These had been more frequent just prior to admission.

- Exemination revealed that this patient was suf-
fering from Raynaud's. Phenomena. The skin of her face. was
8lightly thickened and she had rather expressionless
features, It was felt that the cutaneous changes were
those of early scleroderma, and the combination of Raynaud's

~ Phenomena, sc¢leroderms and a history of gastro-intestinal
disturbances suggested the dlagnosis of progressive systemiec
sclerosis, Complete radiological investigation of the
gastro«~intestinal tract, however, wes negative.

v

When tested between attacks, the skin temperatures
and the blood flow were all markedly below normal,  There
was hardly any pulse volume registrable even between attacks,
and after the application of cold, there was complete arrest
of the circulation. :

/. .When fully dilated, the skin temperatures reached
the normal vasodilatation level and. the pulse volume
reached +018cc. .

" Capillary microscopy did not reveal any marked
abnormality. Most of the loops were normal, only very few
being slightly distorted and dilated.

7 Preganglion1c ramisection was the treatment suge
gested.

' Accordingly, on 9/6/&3 g bilasteral lumbar sympa-
thectomy was performed transperitoneally, L.2 t0 L.4 being
removed on- each side.

On IB/B/AB a midline incision extending from the
sixth cervical to the third thoracic spinous process was
made with a view to removing both second thorecic ganglia
and their remi, ©Part of the right first ridb and trans<
verse process of the first thoracic vertebra were removed
and the sympathetic chain identified. The rami of the
second thoracic ganglion were divided and the ganglion
removed, The left side was not touched at this stage.

/on 23/9/43
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 On 23/9/43 the left second thoracic sanglion and
its rami were removed via an incision in the gsecond inter-
gpace anteriorly, Some oozing was noted and controlled,
Fost-operatively, however, massive pleural effusion developed '
which, with treatment, only resolved after eight weeks.,

Immediately after operation the hands were warm and
pink. Immersion into ice or ¢old water did not produce any
Raynaud's ‘Phenomena,

The upper - -extremities were consi&ere& to.-be come
plétely sympatheetomised.

Congiderable improvement in her clinical state has

resulted, Excépt for the last féw months her hands have

been warm. She has always noticed that the left hand
appears somewhat warmer than the right. Her feet have been
perfect and seem to be siightly warmer than the hands.

Depreséion, tirednéss, and billous attacks have
not recurred. She had put on twenty,pounds 1n weightu

She has noticed no change in the ekin of her face

~gince the operations,

Her hands and feet have been free from any sweeting,
She sweats excessively on the abdomen and ‘back slnce sympa~

.thectomy.

o When re-examined. on 28/5/47 her hands were pink,
but cold. Her feet were warm, There hed been no change
in her faclel sppearance, Both feet and hands were not
sweating. ‘ '

Al

Skin temperatures of the hands were recorded at

rest (Figure 74. = page 248)) and after thiriy minutes®

- R
l\)‘

bgdy hegting (Figure 75. - page 248)., From a resting
« 23°C,.- the temperature rose to 33 C. o

Plethysmographic recoras*of ‘the right fourth

finger werée taken at rest an after dilatation by thermo-

resulatory body heating. pulse volume, at rest, is
again barely registrsble and ithe rate of blood flow poor.

At full dilatation the pulse’volume reached 0,018¢ce.

(Figure 76. -~ page 249). Similar change occurred in the
left middle finger (Figure”TTa - page 250) and the leftd

big toe. (Pigure 78, - page:251).

Minor's Starchelodine aweating test revealed
sweating to be present on both upper extremities following
thermo=regulatory body heating., Although patchy, there
seems to be definite areas of anhidrosis. ~(Fizure 21. -

page 95) .

Estlm&tion of the skin resistance canfirme this.
(Figures 48. and 49, - pages 141 and’ 142).

Sweating in response to pilocarpine.occurred all -
over the body and covered the whole of 'the upper extremlties.
There was no fall in skin temperature or pulse volume aa
these were low at the onset

/The. striking



The striking feature of this patlent is the marked
subjective improvement. Pour years after preganglionic
sympathectomy the patient 1s completely free of her pre~

: Operative complainta.

Yet the state of the vessels appears to be
unchanged from that before preganglionic sympathectomy was
undertaken, The pulse volume at rest was barely regise
trable and after full dilatation the pulse volume rose t0 a
figu%e identical to that obtained before operation, viz.
0+ 018cec.

Sweating tests irdicate that reflex control of the
sweat glands has been regained in a patchy and irregular
manner. This is borne out by the skin resistance test which
shows that the areas of high resistance are 1rresu1ar in
]arrangement and appear to correspond with the Minor's Starch-
Iodine test.

‘Injection of pilocarpine in this patient did not
produce any vasoconstriction, This, in all probability, is .~
due to the fact that the vessels at the time of administration
were already in a state of constriction. It is, however,
worthy of note that no vasodilatation occurred.

Sweating, as induced by pilocarpine, resulted in
both sympathectomised and non-sympathectomised areas alike,

conclusianse

There has been return of sympathetic 1nnervation
of the upper extremities in the patient.



.EIGURE 74s = CASE Nos 4s

Skin temperatures of hands at rest.

Four years after billateral removal of the
-seccnd’thpracic ganglions

Room temperature 19,6°C.

Skin temperatures of the hands
. after thirty minutes' body heating.

Room temperature 19,690,
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EIGURE 76. - CASE No. 4.
Right fourth finger at rest (upper tracing)
and after thirty minutes® body heating.
Removal of Th.2 four years‘prevlouslx.
" Note the increase in pulse volume and the

change in rate of blood flow in response
to a venous pressure of 60mm, Hg.



Left middle finger at rest (s

“{@wper tracing)
and-after thirty minutes*-

Hody heating.
Removal of Th.2 four years previously..

_'Néte the increase in ﬁulee volume,
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Left blg toe at rest {upper 4tracing) and

after thirty minutes'! body heating.

L«2 to L.4 removed four years previously.

Note the increase in pulse volume and

increase in rate of blood flow

(pressure 60mm. Hg.).
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Number 5.

Mise M.H.,, 44, white, female, had had "dead fingers"
for as long as she could remember, No mattér what clothes .
she wore her fingers turned cold and blue every time she left
the house. Numberous physiotherapeutic measures were advised
and tried without any improvement. At one institution gang-
lionsctomy was suggested but not carried out, .

8he was gseen by Sir Thomes Lewis. In London,; it
#uB. noted that she had had Rayneud's Phenomera all her life,
‘The attacks were frequent in cool or cold weather, Discol~
ouration was present to the bases of the fingers,. the hands
vere c¢lammy; there was perfect mobility of the skin of the
fingers and no scars were observed,

Right sympathectomy was performed on 2&/5/38.
Her notes report that: "Telford's operation, 1.¢. section
below the third right ganglion" was the method: employed.

Left sympathectomy was performed on 16/6/38. " The
_result clinlieally was equelly as good &8 that on the right. -
On 16/9/38 the patient reported that her hands werg keeping
es warm as when she left hospital. .

™A 1ittle droop persisted of the left upper eyelid.
She apoke of having acquired free perSpiration from the .
waist down (abdominal sympathetlcs were untouched).

"In January, 1939, Sir Thomas Lewis heard 1nairect1y
that 'her hands still keep warm'.'

- After the operation she did not have attacke for
about one year,

7 - However, the first winter thereafter the attacks
slowly came back. . It Tirst started in one finger of the
right hand, then the others followed and within one year all
fingers showed attoacks again.

* . In 1942 it was noted that the left hand was also
showing attacks, When waterinc the garden, even on a warm
day, she hed attacks, . The attacgs developed particularly
when the temperature was below 67 F,. Excltement never pro-
‘duced an attack, but when excited@ colé prodnced an- attack
‘more easiiy. : -

- . Since operation she had noticed that, whereas before
her nose used to turn dblue, this had disappeared complitely.

'~ on 18/5/42 it was noted that the right hend was
perapiring freely whereas the left hand was damp.

' Her condition remalined unchanged for the last five
- years, certainly es far as the hands were concerned. She /
had numerous other complaints, each of which had been completely
investigated and no organic lesion noted. £Ehe had to nurse

her fatber, aged 96, <

A psychoneurotic element playe& & part in her numerous
complaints.

' fon 25/7/47
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Oh 25/7/47 sweating was present in both axillae, .
The hands felt ccld but were pink in colour. There was no
evidence of pallor or blueness, - :

Skin temperatures of both hands showed that the left
was 29G. higher thap the right, The left thumb registered
339C, - about 6 = 7°C. higher than the other dlsits. (Figure

?90 - page 254)0

After thirty minutes' body heating the temperature
of both hands reached full dilatatlon level, No difference

~ was apparent in the two hands., (Figure 80.- page 254).

Sweating was present on both hands, forearms and
arms, although the amount on the left appeared to be less,
No sweating was observed on the face, neck and upper part of
the chest., Sweating was profuse below this level,

Minor's Stareh»Iodine sweating test confirmed this
observation. (Figures 14. and 15, - page 88 and 89).

The skin resistance test also provided confirmation.
(Figures 50. and 51. ~ pages 143 and 144). ’

On.12/8/4T the pulse volume of both hands was simul-
taneously recorded on the plethysmograph, ‘The middle finger

‘wgs used in each case. The pulse volume on the right side

at‘the onset of the test was 0500300., and on the left 0.004ce.
(Figure 81, - page 255),

Sweating in response to pilocarpine ocecurred on boih
upper extremities, The face, neck and shoulders, however,
d4id not sweat at all, This corresponded with the areas of
anhidrosis found with the Starch-Jodine sweating test.

On the administration of pillocarpine, both hands

.being fully dilated, first dilatation and then vascconstriction

oceurred, (Figure 82. « page 255 and Graph- 22. - page 190).

Gonclusipna:<

. Subjectively, therefore, Raynaud's Phenomena have
returned. Objectively, there has been return of vasomotor
and Sudomotor funections.  However, it is worthy of note that

the Horner's Syndrome persists,
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" PIGURE 79, =

- Bkin temperatureevofﬁboth'hands!atfrésts
Nine years after bilateral Telford®s operation,

0.
Room temperature 21 0.,

?

- EIGURE 80, =« CASE Nos 5.

Skin temperatures of both hands-
after thirty minutes' body heating.

[l . : o
Room temperature 21 C.
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FIGURE 81, = CASE No, 5.

Right middle finger (upper tracing) and
- left middle finger at rest,

Bilateral Telford's operation nine years previously.
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Right middle finger (upper tracing) and
left middle finger twelve minutes after
pPllocarpine.
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Number‘6.

Mrs, O.L., 33, white, female, was first seeén on
6/11/44. She complained of attacks of coldness and blueness
of the hands and feet for the previous nine years, The
attacks were brought on by ¢old weather and lasted from a few
hours to a few days, The attacks were relleved by the appli-
cation of warmth to the hande. The hands were affected rather
more than the feet,

3y

Examination revealed az mentally retarded individual
with practically continuous attacks of Raynaud's Phenomena,
No ulceration was present on the fingers, There was no evi-
dence of scleroderma,

Plethysmography revealed a marked degree of spasm
easily relleved by reflex body heatlng. No organie change
was demonstrable plethysmographically, '

On 6/12/44 the right second thoracic ganglion was
cauterised via the thoracoscope. Immediately after cauter-
‘1sation the right hand became warm and pink,

One week later the hand was still warm whereas the
left hend was noted to be cold and blue,

Cauterisation of the left second thoracic ganglion
was attempted subsequently but considerable difficulty was
encountered from mumerous vascular adhesions. Accordingly,
the ganglion was extirpated by open thoracotomy. ‘

, Bilateral lumbar sympatheectony was performed on
20/2/45. |

Minor's Starch-Iodine sweating test was performed
shortly after, Patchy areas of sweating were seen over the
face and neck. Sweating appeared diminished over the arms,
but it was not completely absent.,  The result of sympathectomy
on sweating was less effective on- the left side,

The patient was discharged from hospital on 11/3/35.
She reported again on 6/1/48. .

Following lumbar sympathectomy her feet have always
been warms. She. has never had any recurrence in the lower
extremities. ‘

On 12/3/45, on reaching home, her hands were blue
and cold. The hends eweated again shortly afterwards. For
g short while; in spite of the return of symptoms, some
improvement was obvious, The attacks d4id not come on as
freguently, nor did they last as long. Also the fingers did
not feel so “dead", ' '

During the last six months, however, the attacks
have been as severe as before operation. Exposure to cold
bringson an attack, as does any emotional disturbance.
~ During winter the hands are continually cold and blue.

She also has had several attacks of hallucinations
and confusion. One such episode was actually observed in

/hospital
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nOSpital and was considered to be possibly cerebral Raynaud's
Phenomena. : .

On examination her hands were continually blue and
cold. This was in marked contrast to the warm, pink, dry
feet.

Plethysmography revealed & marked degree of spasm
(Figure 83, - page 259), which could easily be relieved by
reflex body heating. The spasm spontaneously resolved on
several occasions, (Figure 84. - page 259).

In view of the return of symptoms it was declded to
remove the stellate and middle cervical ganglia, On 5/2/48
the stellate ganglion was exposed on the left side. Telford's
gpproach was used and, after division of the scalenus anterior,
the ganglion was easily defined.

The' sympathetic trunk was traced downwards from the
stellate by stripping the pleura. The latter was easily
reflected past the second rid to the lower border of the
third rib, Here the pleura was firmly adherent and could
not be separated. At this point the sympathetic trunk dls«
appeared into a mass of fibrous tissue.

The sympathetic trunk was divided at this level and

-the second thoracic ganglion freed of all its connections.
“The sympethetic chain above the stellate wee dissected crani-

ally to define the middle cervical ganglion, The whole piece,
1.8. second thoraclc, stellate and middle cervical ganglla '
was then removed.,

It is of interest that the subelavian artefy became
thread-1like at the slightest touch, so intense was the spasm.,
After sympathectomy the spasm was relleved.

The following day a distinct difference was present

. betweén the two sides, The left side of the face was pink

and 4ary. There was ptosis of the left upper 1id and the
pupil waes smaller than the right. .
The left hand was warm, dFy and pink. There was

no evidence of Raynaud's Phenomena, in marked contradistinc=
tion to the right hand whieh was blue and cold.

- 8ix days later Raynaud's Phenomena were still present
in the right hend, The left hand was still warm and pink.
No sweating was observed on the left si&e of the face or left
hand.

On 19/2/4A8 the right stellate ganglion was exposed
in the same way. On this side, too, the pleura was separated
from the posterior aspect of the thoracic cage. Reflection
was relatively simple up to the third rib., Ageln difficulty
was ‘encountered at this point on account of thick fibrous ’

tissune, The intact second thoracic ganglion was removed
together with the stellate., On this side the middle cervie

cal smanglion wss not defined,

The following day there was no evidence of Rayneud's
Phenomena on either side. Both hands and both sides of the
face did not sweat, The puplls were equal and no apparent
difference could be observed between the eyes.

/on the sixth



On the sixth post-operative day it was noticed that
the Horner's Syndrome was less marked on the right side,
Ptosis wasg 1ess and . the right pupil was.larger than the left,

The patient was discharged fram.hospital‘three weeks
later, Sympathectomy appeared complete. The skin of the
- face wae dry and appeared looser and more elastic than on
admission. No Raynsud‘'s Phenomena had occurred in either
hand, .

- This patlent presented over three years previously
‘with Raynaud'e Phenomena of the hands and feet, Billateral
lumbar sympathectomy resulted in complete cure, There had
been no return of symptome over three yeéars after operation.
‘Bympathectomy was so far complete and permanent.

The upper extremitiea, however, presented a different
picture. “Sympathectomy"” was underteken <n both limbs,
‘Whereas cauterisation was considered succeéssful on the right
‘upper 1limb, an attempt to cauterise the left second thoraciec
ganglion was abandoned beceuse of dense adhesions. The thorax
wag, therefore, opened and the ganglion removed transpleurally
under direct vision. o ) ‘

Post-operatively no Raynaud's Phenomena were observed
for one month. The patient was discharged from hospltal and
the. following day Pajnaud’s Phenomena eppeared in the hands?

- Bweating tests prior to discharge, whilst showing
considerable diminution, di1d not reveasl the expected -¢complete
absence of swesting. At this early stage, therefore, 1t was
probable thst sympathectomy was not completes

The  subsequent progress of the ease,confirmed this
assumption, Raynaud's Phenomena recurred and for a short
while the. patient observed that there was some 1mprovement¢
At the time of re-examination, however, Raynaud's Phenomena
were continually present. -

Plethysmography, sweating tests and the response to
pllocarpine all confirmed, that, whatever had been removed
originally, sympathectic innervation to both upper extremities
was 8till intact. .

Re~operation was, therefore, carried out. On each
side the second thoracic ganglion was found to be present,
It appeared that the third thoracle ganglion was mistakenly
removed for the second on both sldes,

In this patient, therefore, recurrence of Raynaud's
Phenomena was not due 4o regeneration of thé sympathetic
but to incompleteness of the sympathectomy, That this was
80 ‘'eould be surmised from the early and complete return of
symptoms, ,

) By removel of the stellate and second thoracic
‘ganglia together with the Intervening trunk on both sides,
and of the middle cervical ganglion on the left, it 1is hoped
that sympatheetomy is complete ncw.
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Left middle finger (upper tracing) and
right middle finger,

Three yeérs after bilateral removal
‘ ‘* Third thoracic gangliocn,

 FIGURE B4. = CASE No. 6.

Left middle finger (upper tracing) and:
right miﬂdle finger.

Bpontaneous release of spaem.
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Mrs M.C., 38, white, femaie, wes firet seen on
12/3/&6. Her history was of five years' duration. She
noticed that her hands were abnormally cold and numb. This
was present throughout winter and was more marked on direct
exposure to cold. The numbness involved all fingers of both
hands., At the same time her hands were also bluish in colour.

A few monthe after the onset of the condition in the
hands, the feet also became involved. The condition was

. 1denticel both in the hands and feet.

Apart from noticeably cold and blue hands and feet
exanination was negative, o .

Plethysmographic records were taken, At rest on
12/3/46 the pulse volume of the.right middle finger was 0,003¢ce.:
(Figure 85. « page 262). . Thermo-regulatory body heating,
raised the pulse. volume %0 O. 03ce., (Figure B86. - page 262),

She was diagnosed as having Raynaud's Phenomena and
preganglionic section was advised.

on. 25/7/46 bilateral lumbar sympathectomy was per-

.formed. L.2, L¢3 and L.4 ganglia and intervening chain were
TEmoved by the extraperitoneal approach on. each side.,

The . right second thoracic ganglion only waes removed

on 23/8/46 The -approach was anteriorly through the second

interspace. ' Through a similar approach on the left side, .the
sympathetic chain from above the second thoraecic ganglion-to -

“below the fourth thoracic ganglion, was removed on 19/9/46.

Immediately after operation both hands were warm,and -

The scars of both wounds tendéd to undergo kelaid
formation, X-Ray therapy was given on four occasions, No
other complication ensued. )

Two months before being re-examined 1.6, in January,
1947. the patient developed e¢ramps in both legs and arms.
This appeared in midsummer and occurred at any time of the day

~or night, This has persisted. There was no relation to .
cold, emotion, warmth or effort, They were relieved by mag-

sage. She experienced numbness in the right hend and right
foot. This numbness 1s vague and indefinite and varying in

_onset and duration,

Both hands and feet were dry and have been 8o ever
since operation. She had noticed an increased amount of
sweating about the body and her face, too, appeared  to sweat

rather more than formerly.

She returned for re-examination in March, 1947, i.e.
8ix months after sympathectomy of the. upper extremities.

.. Skin. temperature readings at rest revesl low records
for both hands. After thirgy minutes' body heating the
temperatures reached 30 - 31 On other occasions, however,
the skin tgmperatures of the fingers of both hands have
reached 33

"\ The pulse volume of the left middle finger sb rest

/was 0,003¢c,
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was 0,003cc, After thirty minutes' body heating the.pulse
volume reached 0.02cc. (Figure 87. - page 263).

. The pulse volume of the right middls finger at rest
was 0,002cc. and after thirty minutes' thermo-regulatory body
heating reached 0,02cc. (Figure 88. - page 264).

The effect of a deep breath on the pulse and digital
volume of the left middle finger is shown in Figure 89, =
(page 265)., There ig conatriction and a fall in the digital
volume

It wae noted that after body heating no sweating
was present on the hands and forearms, Sweating was also
absent on the feet and lower legs but was profuse on the face
end body.

Sweating occurred on the hands after pilocarpine

vinjectiona It ceased with the administration of atropine,

Together with the aweating and fall In temperature, the hands
felt ¢old and were a dusky bluish colour, Plethysmographs
show that vasoconstriction occurred following pilocarpine
administrations  (Figure 90. - page 266). .

’

.Conclusiona.

81x months after preganglionic sympathectomy the
hands of the patient were cold on examlnation. Both skin
temperature and pulse volume recordings had returned to the
level existing before sympathectomy.

Although on the right side only the second thoracic
ganglion was removed and on the left the chaln from the second
to the fourth thoracic ganglia inclusive were removed,- there
wae no gross. differenee on the two sides following sympathec=-

4 Omy *

Vasonmotor tone, therefore, has returned as early
as 8ix months after sympathectomy. : :
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A case of Raynaud's Phenomena,

Right middle finger during an attack
before Sympathectomy.

FIGURE 86, =~ CASE No. T.

Right middle finger after
thermo-regulatory body heating.

Before Sympathectomy.
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FIGURE 87. = CASE No. 7.

The left middle finger at rest {upper tracing)
' and after body heating.

Left Th.2, Th.3 and Th.,4 removed
six months previously.
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‘The right middle finger at rest (upper tracing)
and after body heating. :

Right Th.2 removed six months previously.
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FIGURE,BQ@,A‘,;CASE,NOJA?m

The left middle finger six
months after sympathectomy.,

Note the effect of a deep bﬁééth@
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, FIGURE 90. = —CASE No. 7.

The right middle finger at rest ‘(upper;t.m;cing)
and after the administration of pllocarpine.
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Nomber 8.

Miss. I.B., 42, white, female; was first seén in
1943, Her complaint at that time was "coldness of the hands

and feet", .

For the previous twenty years her hands were
always cold during winter, In addition sue experienced
attacks of pallor in the hands on exposure to c¢old, winter
or summer, Attacks laested from five minutes to two hours
and eculd be relieved by plunging the hends into hot water,
Pgllor was followed by cyanosis and during the stage of
pallor numbness was présent. As the attack subsided tingling'
in the fingers was experienced.

Examination was essentially negative. Plethysmas'

- graphy in 1945 revealed a large element of spaam easily

relieved by reflex body heating.

Lumbar sympathectomy had been performed in 1943.
Since then her feet hed been completely relieved.v

- Thoracic sympathectomy was performed on 7/3/45 and

25/3/45. The second and third thoracic ganglia were cauterised .

on each side via the thoracoscope., Numercus adhesions had
to be dlvided ‘before the ganglia were cauterised.

Clincielly the hands were warm and dry for a short

* while post~operativelys A month or two after discharge from

hospital, however, attacks of Raynaud's Phenomena appeared
againg Some improvement had cccurred in that attacke were
not as frecuent.

Meanwhile the patient has beén in and out of honpia
tal for numerous. other complaints@ .

¥When examined in 1947 both hands were colds The

.fingers—and distal part of the hand were blue. . Attacks of

Raynaud’s Phenomena could easily be induced by 1mmersion of
the hands. in cold water,

: Plethysmography . on 25/11/47 of both hande at rest
reveals that the pulse volume is larger on the right than on

~the left -hand; -the -actual- figures being .008cc. ‘and - ,OOGcc._

(Figure 91. « page 269),

After thirty minutes® body heating the pulse volume -
of both hande 1s the same, There has beén complete release
of vasoconstriction and the vessels arée fully dilated at

0.025¢cc, (Flgure 92, - page 269).

, , The implication, therefore, is obvioua that vaso-
motor tone is present in both hands after cauterisation of
the second and third thoraecic ganglie three years previous;ya

4

Whilst both hands were fully 4ilated, reflex vaso=-

,constriction was tested by immersing the feet in iced water,

Constriction occurred in the left hand but was not so obvious
in the right, From this test alone the sympathetic innerva~

~-tion to the left hand is thus intact. On the right hand

further proof is necessary that innervation is still complete,

‘Sweating was observed during the response to reflex

* body heating. At rest sweating was not apparent on elther .

the face or the hands. After thirty minutes' body heating,

/however,
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“however, sweating was present on the left hand and left side
of the face., No sweating could be observed on the right
hand or face, :

Confirmatory evidence 18;'therefore, at hand that
the left upper extremity still retains its sympathetic inner-
vation. .

, The right upper extremity, however, shows conflicting
evidence. Whilst vasomotor tone, as Jjudged by body heating,
is undoubtedly present, both sweating and reflex response to
immersion of the feet in iced watar, seem to indicate that the
sympathectomy is still partially complete.

In response to pllocarpine gr,1/6 intramuscularly
attacks of Raynaud's Phenomena appeared on both hands,
S8weating occurred on both sides of the face and on both upper
extremitiés, It was notlced, however, that a small area on
the right chest 4id not sweat. :

, The pulse volume and digltal velume of BOTH hands :
decreased, ' ’ ' ‘

conclusignaz

Investigation of the sympathetic innervation of the .
upper extremities over two yeare after cauterisation of the
second and third thoracis ganglia, shows that BOTH hands are
8t11l under sympathetic control, Return of symptoms occurred
within a2 month or two after sympathectomy.
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FIGURE,QID « CASE NO 08-

The  left middle finger (upper tracing) and
right miadle finger at rest.

Over two years after cauterisation of
" The 2 and Th.3 on both sides.
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The left middle finger (upper tracing) and
right middle finger after thirty minutes®
body heating.
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Mrs. J.T«R.8., 42, white, female, had had cold feet

since childhood., Her feet were always cold during the winter

months, especlally during the nights No matter how many :
blankets were applied, the coldness persisted. 4t the onset
of summer and warm weather relief was obtained.

‘This coldness was associated with a bluish discol=
ouration of the ankles and toess The blueness was continuous

“throughout winter and disappeared during the warm weather,

, Examination revealed cold extremities with a bluishe
purplish discolouration of both legs above 'the ankles and
8light oyanosis of the toess The dorsum of the fool was

"normal, Ther¢ was no trophic disturbance and no oedema.

All the palpable pulses could be felt.

‘The skin temperatures were only slightly above room
temperature in all extremities., In the feet there was a
markedly diminished blood flow at rest. But on release of
vasoconstrictor tone the skin temperatures reached full vaso=~
dilatation level. The pulse volume also increased considerably
but only reached 0.012c¢ce¢. which was somewhat below normal. -

Bilateral lumbar sympathectomy was performed in May,
19A3 and subseguently her feet have remained warm and d4ry.

Prior to the 1umbar sympathectomy, apart from cold-

ness, her hands were normal. ,

: One month after the operation both hands became cold,
during winter. The coldness involved the fingers and hands

up -to the wrists. The hands and fingerS*had a bluish~purplish

‘eolour.

There was no pain or numbness at this stage. If the

. hands were warmed, they felt hot and itchy. The hafds. felt
tight™, particularly under the nails. There was never any

pallor, Childblains appeared and her hands became swollen and
useless, There was never any excess sweating of the hands,

Examination revealed a similar state of affairs as
existed in ‘the feet prior to operation. A marked degree of
erterial spasm was present in both hands. This was easily
removed by reflex body heatings At full dilatation the pulse

‘yolume reached 0.,018cc.

Preganqlionio sympathetic section was, therefore,
undertaken,

On 20/4/46 the right second shoracic ga.glion was
cauterised via the thoracoscope. The left second thoracic
aangllon was similarly cauterised on 6/5/46.

After operation both upper extremlties and the fece
were dry and warm, The post-operative improvement has been
maintained, Two months after operation the patient was able
to go fishing in mid-winter without any 111 effects.

Sweating was completely absent from both hande and

the face, She still sweated in the axilla and observed that
the amount of sweat present on the body was more than previously.

/Plethysmographic
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Plethysmographic examination of the left index finger
on 11/6/46, 1.e. two months after operation, revealed a resting ’
pulse volume of 0,004cc. (Figure 93. - page 272), After
thirty minutes' thermo-regulatory body heating the pulse volume
was 0,006ce., as compared with 0,018cc. before sympathectomy.
(Figure 94. ~ page 272),

After reflex body heating on 11/6/AT the pulse volume
of the left middle finger wes 0.0lecc. This isstill short of
the full-dilatation level reached before sympathectomy.

The right middle finger was tested on 13/6/48, At
rest the pulse volume was 0,006ce., (Figure 95. = page 273).
After thirty minutes' thermo-reguletory body heating the pulse
volume had risen to 0.,00Bees . (Figure 96. -'page 273).

On 9/6/47 the skin temperatures of both hands were
recorded whilst at rest, Both hands folt cold but were pink .
and dry. _ The tempsratures of the left hand were much lower
than those of the right, (Figure 97. - page 274). After
thirty minutes' thermo-regulatgry body heating the temperatures
of both hands were equal at 34 C. (Figure 98, - page 274).
Both hends felt warm, were 2 bright pink, and were still dry.

Pilocarpine, intramuscularly, proaﬁcea vasoconstriction
Also sweating was observed on both hands and forearms after ‘
pilocarpine. The face also sweated.

‘Swesting wassbsent on both arms and on the fdce as
Judged by the Starch-Iodine test, '

Whilst the left middle finger was fully dilated the
right hand was immersed in 1ce water, Although the effect 1s
not as striking as with a non-sympathectomised finger there is
a tendency for the digltal volume to decrease and the pulse
volume shows a definite diminution in amplitude. (Figure 99, -
page 275). . In the 1light of this there appears to be some ress
ponse to reflex cold stimulation., Similar changee were observed
on the right side,

~ This evidence then points to there being some communi-
cation between the vessels of hoth upper extremities and the
sympathetic nervous system. - -~ :

However, other evidence 1s still strongly in favour
of the vessels of the upper extremities still being sympathes-
tomised, There nas been no redurn of symptoms, Sweating is
completely absent in response to reflex body heating and also
the pulse volume after body heating has not returned to the
pre-sympathectomy level, . '

Conclusions:

It appears, theraefore, that the upper extremities
are still practically completely sympathectomised over a year
after cauterisation of the second thoracic ganglion bilaterally:
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PIGURE 93. - oASE Nei'o.

The left index finger at rest,

Two months after cauterisation of the
left second thoraclc ganglion.

F; G‘QRE 945 - CéSE No & 2-

X The left index finger
after thirty minutes® body heating.

Beforé sympaiheétomy.
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FIGURE 95, = GASE No, 9.

The left middle finger at rest,

Two months after cauterisation of the
left second thoracic ganglion.

7 The left middle finger
after thirty minutes® body heating.

Two months after cauterisation of the
left seocond “horacic ganglion,.
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.- FIGURE 97. = CASE No. 9.

‘8Skin temperatures at rést.

Bilateral cauterisation of the second thoracic ganglia
fourteen months previously.
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.~ CASE Nos 9.

Skin temperetures after thirty minutes' body heating.

\ Bllateral cauterisstion of the second thoracic ganglia
“ourteen months previously,
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FIGURE 99, <« CASE NO. 2 o

Thé left middle finger fully dilated,
Immersion of right hand in ice water, during signals.

Cauterisation of left second t.horjacic' ganglion,
fourteen months previously.

i
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Number 10.

o " Mrs B.Ch., 30, white, female, was first seen in
1946, Her complaintse were of one year's duration., The
left hand was always cold even in warm weather. On exposure
to cold the tips of the fingers became white. The pallor
lasted for several hours and was succeeded by a bluish-red
colour. The attacks were also brought on by emotional
disturbances. :

The right hand was similarly cold but no pallor
or blueness was apparent until shortly before the patient
was first seen, However, the attacks were always milder
in the right hand and were fleeting in duration.

) Both heands became swollen and dueky if exposed to
any form of heat. _

. Examlnation revealed cold hands but the left hand
was perceptlibly colder than the right. The pulses on the
left side were less easily palpable than on the right.
Postural change caused obliteration of the left pulse only.

A fullness in the left supraclavicular region was
apparent, .

, X-Rays revealed a well developeq cervical rid on the
left side and a rudimentary ridb on the right.

The cervical rib was removed on 17/5/46.. At the
same time the first rib was removed. On leaving ‘the opérating -
table, it was noticed that a léft Horner's Syndrome, was pre=
sent., This, however, 4id nét persiet and had disappeared in
fortyaeight hours:

: Exploration of the right side falled to reveal either
a rudimentary rib or a fibroys band, representing a cervical
rib.

However, removai of the cervical rib d4id not relieve
the patient completely. TRaynaud's Phenomena, although mild,
8t111 occurred in both hands! -

On 19/6/A6 the sympathetic chain was cauterieed
through a thoracoscope from above the eecond thoracic ganglion
to below the third ganglion.

The left hand was noted to be warm.and dry, subse«
gquent to operation, No further Raynaud's Phenomena have
cecurred on the left side, .

When re-examined eighteen months later, the patient
observed that there had been no further attack of Raynaud's
Phenomena 4in the left hand. The right hand 2till manifested
symptome. : :

The left hand was slightly warmer than the right.
It was dry whereas sweating was present on the right hand.
The veilns were less prominent on the right hand. .

Plethysmography, however, revealed a difference on

the two sides. At rest the pulse volume is higher on the
left. (Figure: 100. < page 278)‘ fter reflex body heating

/the pulse

gty — e - -
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the pulse volume of the normally innervated digit hes risen
to nearly 0.03ce. The pulse volume of the sympathectomised.
gi%§t, however, only rose to 0.0lcc. {Figure 101, - page

78) : '

The inability of the sympathectomised digit to
dilatée in response to reflex body heating is in keeping
with the clinicel impraovement of the patient.

Further measuresto deternmine the presence or .
absence of reflex vasomotor tone in the sympathectomised
digit were taken., On immersion of both feet in iced water
a marked fall occurred in the digital and pulse volumes of
the normally innervated right hand. The effect on the
sympathectomlised left hand was nil., Neither the pulse
volume nor the digital volume decreaseds {(Figure 102, -~
page 279). : '

conclusione:

Sympathectomy of the left upper‘extremity!hy
cauterisation of the second and third thoracic ganglia
is, therefore, still complete eighteen months later.
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The left middle'finger (upper tracing)‘
and the right middle finger at rest,
Left sccond and third thoractie ganglia
removed eighteen months previously.

v’

EIGURE 101. = CASE No. 10.

The left middle finger (upper tracing)
and the right middle finger af'ter thirty
minutes® body heating.

Left second and third thoracic ganglia
removed. aighteen months previously.
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FIGURE 102, = CASE No, 10..
The 1éftrmiddle fingerr(uppeb traéing)
and the right middle finger,

Left second and third thorsclc ganglia
removed eighteen months previously.

Both feet immersed in 1ce water.

Note the effect on the pulse and digltal
volumes,
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Number 11.

Mrs M,B., 57, vhite, female, was first seen in
February, 1946 Eight years previously she. had noticed
"red pateches" on the fingers and neck, These "patches"
disappeared in the neck but on the fingers nodules begen
to form. ° The nodules increzsed in size and a patch of
whitenessa appeared in the centre, Signs of inflammation

appeared and the nodules ulcersted and discharged a:firm,

chalky material. The skin overlying the nodule became
thickened, . ,

On several occasions she hed "pain" 4in the hands,
which appeared dead-white in colour and felt cold.  She
was not able to associate this with any known faetor.

There were no attacks of blueness. The "pain" gradually
passed off and the hand became normal in colour. :

In addition she had noticed that the skin of the
fingers had become thickened. = She was unable to use her
hands as well as formerly because of the nodules and the

“thickening of the skin, - \

There were no other symptoms.

Examination revealed typical calcinosis of the
fingars, with scleroderma of the hands.

It was felt that she might be a case of progres~
sive systemic sclerosis, although no changes were demonstrable

in the viscera. The evidence of scleroderma was confined

0 the hands.

: Preganglionic sympathectomy of the upper extremie -
tles was recommended. At first the patient refused opera«
tion but subseouently she consented.

On 29/3/26 the left second thoracic ganglion was
tauterised via the thoracoscope. Immediately after opera-
tion the left hend was noteﬁ“ﬁb be warm and dry. :

On 17/4/46 an attémpt was made to cauterise the
right second tnoracic ganglion via the thoracoscope. Due
to a fault in the instrument, however, the attempt had to
be abandoned. A subsequent attempt met with the same
result. The patient at this stage was still more appre-
hensive and refused thoracotomy.

Subseguent to operation the patient noticed that
her left upper extremity was warm, Although the right
hand sweated normally, and even more than normally, the left
hand d4id not sweat at . all,

o - Sweatling also was less noticeable on the left
side of the face, :

There did not appear to be any gross 1mprovement

in the calecinosis, althouwh the patient thought there might

/e a diminmution



~281~

‘be &-diminution in the amount presenti-

 The patient: also noticed-that when she drank hot-
liquids or was emotionally upset the right side of the face

became flushed; the 1eft side did not.

She had not experienced the "pain" in the leff

hand and the fingers since operation nor has there been any
feellnz of numbness,

. When examined again fourteen monthe later there

was a difference of 3°C. in ‘the two hands, the left belng
warmer than the right. '

After thermosregulatory body heating the skin téme

perature of both hands had reached full dilatation level,

The pulse volumes of the middle fingers of both

hands, however, showed .a considerable difference after
-thirty minutes' body heatings The pulse volume on the

left was 0.,0045ce, whilst that on the right (non«sympathec-
tomised) was 0.015¢cc.

.Sweating in response to thermo-resulatory body

heating was completely absent in the left upper extremity .
and face, whereas on the right sweating was profuse. The
!right gide of the face had 8 red flushed appearance whereas
+he left was o pale. pink and did not change st all.

4.4

The skin resistance of the left upper limb and

face was high., - The right face and upper extremity registered
lower readings except for patches on the thumb and shoulder.

- The differentiation between the sympathectomised &nd-non-
sympathectomised: eides corresponds to the areas of sweating.

Pilocarpine produced vasaconstriction in both the

normally innervated right extremity and in the sympathectomised
left extremity. (Graph 18, = page 195).

Fourteen months after cauterization of the left

second thoracic ganglion the left upper extrenity etill shows
no evidence of return of sympathetic tone. - This is borne
“out by the following featuresi- ‘

(1)

(2)

(3)

{4)

Although there hes been littleé or no improvement
in the calcinosis, the.attacks of numbness have
completely disappeareda

Absence of sweating, noticed by the patient, and
confirmed by thermbaregulatdry body. heating.

The high skin resistance of the left upper
extremity and face indicate failure of return
of sympathetic function.

The pulse volume does not increasé in response

to reflex body heating, Although direct heat
wags not dpplied in this case the faét that the

/vessels
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vessels were capable of further dilatation |
is noted following the administration of pilo~
carpine. (Graph 18, < page 195).

'Gonclusions‘

Sympathectomy of the left upper extremity is thus
8till complete in this patlents

/Number 12,
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Number 12,

. 7 Mre du Te; 44, white, female, was first seen on
5/11/46 complaining of a severe intractable pain in the
left thumb. On 13/7/46 she was pricked in ‘the left thumb
+by a safety pin. Exploration fourteen days later was
performed but no pue found. Thereafter, the pain became
very severe.

7 The pain spread to zll the fingers, hand and
shoulder, It felt as if the nails were being hammered.
Heat did not improve it and ¢old made 1t worse, It was
not improved by working. :

Drugs, X-Ray therapy and dlathermy were tried,
but no improvement resulted.

In certain positions the hand felt very congested,
had a burning sensation and felt as though about to burst.

- Examination showed that the left hand wes slightly
palsr than the right. It was slightly mottled and the veins
-were less prominent than the right, Theére was no sweating
of elther palm, A scar was present over the tip of the left
thumb, ' '

‘ 'Hyperaesthesia of the -left hand and forearm-of the
glove type was present,

The skin températurea were about 1 = 2°C, lower
than the right hand. '

On body heating the circulation of the left hand
reached normel vasodilatation level within the normal time.
%tofull dilatation the skin temperatures were between 33 and
-34YC., vl : '

- “The sdepnd thoracic ganglion was removed for thise
causalgia. Relief was marked. The patient was able to
use her hand and the palin was relieved, S8he was conselous
only of a pricklipg sensation in the tip of the thumb which
did not interfere] with her work. .

. Afterjoberation she noticed that the left hand was
not sweating atjall,  She sweated only on one side of the
head and fsce, | The sweating on the normal side appeared
to be more than before operation. - .

Recordings of the skin temperaturés foupr months
later revealed that the left hand was about 1 ~ 2°C, higher
than the right hand. After thirty minutes! body heating,
the right hand reached 34°C. and the left increased to 33°C.

The left hand and arm were dry whereas the palm
of the right hand was molst. After thirty minutes' thermo-
regulatory body heating sweating was profuse on the right
side. The left upper 1limb and left side of the face d4id
not sweat at all, - '

/The: pulse volume
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The pulse volume of the left middle finger at rest
was 0.0lec. whereas after thirtymnutes' body heating the
volume had decreased to 0,009ce. The pulse volumé of the
riggg middle ‘finger after thirty minutes' body heating was
0.0léce. : '

The pulse and digital volume were recorded in
response to a deep breaths Whereas no effect was cbserved
in the left mlddle finger or sympathectomised digit, a marked
vasoconstriction oecurred in the normally innervated extre-~
mity, as Juiged by a fall in pulse and dizital volume,

o Although no further tests were performed on this
patient, sufficient evidence is present thet indicates
absence or interruption of the sympathetlic supply to the
left upper extremity four months after thoracic sympathec~
tonmy.

There is absence of sweating both at rest and after
reflex body heating. There is no evidence of dilatation of
the vessels on reflex body heating, In faot, a slight con-
strietion has occurred. The response to a deep breath, again
a reflex mechaniem, shows no vasocconstriction, whereas in the
normally innervated limb vasoconstriction occurs, Lastly,
“the causalglia has been cured by sympathectonmy.

Gonclusionsa:

. '51x monthe after cauterisation of the left second
thoraclc ganglion sympathectomy, as Judged by all tests, is
still complete.

/Nuzber 13.
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Miss B.8.,; 22,. colourad female, was first examined
on 10/9/46. On that occasion: her complaints dated back six
months. During those months she had become conscious of
‘blueness of the fingers. ~ This blueness involved all the
fingérs of both ‘hends and extended over the wrists to the
middle of the forearms. The blueness was present throusghout
the cold preceding winter,

. At the same time she found that she was unable to
purcue her usual duties as a secamstress, Her fingers felt
~numb and eclumsy. There was no swelling of the fingers,

The numbness was- particularly marked during the early
morning when the coldness of the air was maximel. It
improved after use of the hands but was never completely
normal,

" S8he was unable to wash in cold water. ©On im~
mersing her hands, the colour ¢hanged to a dead white. ,
-This occurred on every occasion on which she washed in c¢old
water, It took some time before the fingers returned to
their normal. colour.

During the time that her fingers were white she
wag unable to feel anything with them. When they became
warmer, she. experienced a feeling of pinsﬁandﬁneedles s

' For the past yéar she notlced that her feet have
been very cold. There have been no.assocliated colour
changes. '

Examination revealed extremely cold extremities,
The skin temperatures were-barely above room temperature -
and the hands from the wrists distally had a bluish tinge.
On immersion in cold water a definite pallor of the distal
parts of the fingers resulted.

. There were no trophic disturbances of the flngers
and no evidence of scleroderma.

A diagnosis of Raynaud's Phenomena was made and
preganglionic svmpatheetomy of the upper extremitics advised.

Accordingly, on 1/11/46 the wight second, third
and fourth thoracic ganglia and intervéning sympathetic
«ehain were removed by an incision in the third interspace
anteriorly. The right hand became warm and dry after
operation and was & pale pink colour, Smooth post-operative
convalescence was interrupted by a swinging temperature for
which no apwnarent reason was found. 3+200,000 units of
penicilliin over a period of eight days, however, resulted
in- complete subsidence of ‘the temperature.

On 5/1/47 it was noted that there was complete
relief on the sympathectomised side whereas the left hand
was, possibly, c¢dlder than before. The right hand was a
pale pink colour with no discolouration of the finger tips.

Minor's Starchéiodine sweating test revealed
complete absence of sweating on the right upper limb and

/f&Ge‘a‘-
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face.. Sweating was profuse on the non-aympathectomised 1imb
and face. (#igure 7. =~ page 78)

On 15/1/47 the left second, third and fourth thora-
cice aanwlia and intervening sympathetic chain.were cauterised
with the thoracoscope. No difficulty was encountered and the
poat- operative course was smooth and -uninterrupted. -

~ Immediately after the left sympathectomy “the left
hand was warm and 4ry. The colour changed from a dusky blue
to"a pale pink. . :

One month later skin temperatureas of both hands were
recorded whilst at rest. Both hands were warm, The fingers
of the 1eft hand were no higher than the right. After thirty
minutes'! body heating a slight rise only was noticeable,
(Figure 103, « page 290).

Plethysmographic records of the left middle finger
at this time show the pulse volume to be 0,0lce. After
- thirty minutes' body heating there was no inerease in the
height of the pulse volume, (Figure 104. ~ page 291).

; An accldental deep breath is reoordéd in this figure.
At the moment of inspiration there 1is 2 barely perceptible
rise in the digital volume,

The pulse volume, however, actually shows a alight
decrease to 0. 009500. .

The right mlddle Tinger sympathectomised two months
earlier reveals a pulse volume of 0.,009ce. After thirty
minutes' body heatinn no change is observed. (Pigure 105, =~
page 292), :

Minor's Starch-Iodine test at this stage revealed
complete absence of sweating of both upper extremities, A
.small amount of sweating was perceptible on the left side of
the face, (Figure 9. « page 80).

Posteriorly a wellemarked line of demarcation was -
noted, The line of sweating on the left side extended lower
down than the margin on the right. (Figure 8. - page 79).

The whole of the right upper extremity showed a
+high resistence to the passage of an electrical current,
The areas of high resistance extended across the midline, but
on the left side the resistance was lower. Patches of high
resistance were, however, present. Resistance in the face,
which showed slight sweating with the Starche~Iodine test on
the left side only, was low on both sides of the face;

On 15/3/47 pilocarpine gr. 1/6 was 1njected intra~
muscularly. The pulse volume of the right middle finger was
recorded continuously, The height of the pulse volume rose
from a mean resting level of 0.005ce. to 0.008cc. This
increase was . meintained for the period that the patient was
observed following injection, (Graph 14. < page 191).

The skin temperature of the second finger was
recorded at intervals together with that of the left second

/finger.,
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finger., Whereas the right index finger meintained an even
leve}, that of the left gradually decreased from 30.5°C. to .
25.5°C, Cliniecally the right hand remained warm throughout.
The left hand, however, gradually began to feel cold. The
¢olour of botn hands was unchanged.

Sweating was present all over the bedy 1nc1uding
the face and hands, .

on 29/3/47, L.e. two~andsaahalf months &fter left
thoracic sympathectomy, the response of the left middle finger
to reflex body heating was noted, The mean resting pulse
volume was 0.004¢c. After thirty minutes' body heating,
by immersion of the right arm in a weter bath at 45°C., the
pulse volume rose to 0.006cc,

Further. thermo-regulatory body heating produced .
.sweating of the left forehead only, There was no sweating
on the upper extremity. Following pilocarpine, however,
sweating appeared on the whole of. the left face and upper
extremity.

on 26/4/47 pilodarpine was once again administered
and the effect on the pulse volume of the right middle finger
observed, . (Graph 15. - page 192).

The pulse volume shows 1little variation froﬁ the
mean resting volume of 0,005¢¢, .

The digital volume of the finger, however, reveals
what appears to be a decrease before the administration of
pilocarpine. The volume then incresses until atrophine is
- given, There is a small decrease, succeeded by an increase
- the slope of the curve being practically the seme as before
. atropine,

' A8 on previous occasions the skin: temperature of
the right index finger showed no gross variation. The left
index finger, once again, showed a @esrease in skin temperature,
not affected by the administration of etropine,

Sweating occurred &as on previous occasions;

On 14/6/47, & cold mid-winter day, the skin tempera-
tures of both hands were recorded at rest. (Figure 106, -
pege 293), The temperatures were lower than at any other time
'since operation. In spite of~thia.both hands were pink and
£81t warm. There was no evidence 6f sweating. It was notice~
able, that the hair on both forearms had increased in amount
since sympathectomy. .

After thirty minutes' body heating the temperatures
of both hande rose to 32.5°C. No evidence of sweating was
observed on either hand. (Figure 107. « page 293),

Skin resistance determinations on the same day
showed areas of high resistance (sympathectomised) on both
upper extremities,  Areas of low resistance were encountered
on the left side of the face and on both sides of the fore=

head.
On 28/6/47 pilocarpine was administered again.

‘ /(Gr‘aph 165
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(Graph 16. - page 193). The mean pulse volume of the right
middie finger st rest was 0.005ce. A tendency to decrease
was present before pilocarpine administration, the lowest

eading being 0.0035ce., At the moment of injection the
readinu was 0,003ce. Immediately after injection of pilo-
carpine the pulse volume rose to6 0.,005ces This was main-
tained for four minutes and succeeded by a gradual decline
in pulse volume, Shortly before the administration of
atropine the pulse volume Qecreased to 0,002¢a. .

At intervals the pulse volume of the left middle
finger was determined., TFrom 2 resting volume of 0.008cc,
there waes a decrease to 0.003¢ce, after pllecarpine,falling
to 0.002ce. after atrepine.

The skin temperatures of both hands 414 not show
any change from the previous tests.

‘ On thie occasion, however, 1t was noted that, whilst
the . right index finger felt warm, the right mediasl three
fingers felt cold fifteen minutes after atropine had been
adminlistered. The temperatures of these finaers were then
taken with the following result:.

2 R.F. ... 29, 8961 2 LaF. see 24. 526,
3 R..Fl . 25 8 Gw 3 u.Fg"".na 25.7 C».
4 R.F. o1y 23,556 2 L.F. ... 23, 59C.
5 R.F. PN 23,1°C. f5 LaFe ees 23, 3

In spite of being cold, the fingers still were pink
and dry. - ‘ »

' It scemed apparent from the. reSponae to thermo-regu-~
latory body heating that both hands were stlll sympathectomised.
'This was borne out both by skin resistance and sweating tests.
Also a deep breath had no effect on the pulse or digital volume
of the right middle finger.

Whereas the pulse volume of the right middle finger
' did not decrease following pilocarpine and atrOpine on
26/A/A7, vasoconstriction resulted two months later.

. The left middle finger, however, on the first occaslon
tested, four weeks gfter sympatheetomy, constricted in response
to;ﬁlocarpinec

Sweatina was present on the face on the left side
in response %o thermoeregulatory body heating whereas on the
right side it was absent,

It 1s worthy of note that svmpaxhectomy on the right
was carried out by definition and dissection of the sympathetic:
“ganglia and rami, On the left sympcathectomy was undertaken:
by cauterisation. It would bes mors likely that the 1eft sym=
- pathectomy is incomplete,

Conclusions:

Although thermo-regulatory body heating indicates

/that
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that vasomotor tone is probably still absent, the vaso«
constriction obtained by piloecarpine four wesks after left
sympathectomy indicates that operation is probably not
conplete. Vasoconatriction from pilocarpine only first
eppeared in the right finger as early as six monthe after
operation,

N
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FPIGURE 10%. -~ CASE No. }2.

Skin temperatures of both hands
after thirty minutes' body heating.

Three~and~a~half months after removal of the
right Th.2, Th.3 and Th.4 and
one~and-a-half months after ceuterisation of

left Th.2, Th.3 and Th.4

Room temperature 26.6°¢.
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FIGURE 104. =~ CASE 13.

The left middle finger at rest (upper tracing) snd
after thirty minutes' body heating.

One«and-as~half months after cauterisation of
left Th.2, Th.3 and Th.4.

Note the acoidental\deep.bfeatﬁ“recorded in
the upper tracing, .
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FIGURE 105. = CASE No. 1J.

The right middle finger at rest (upper tracing) and
after thirty minutes' body heating.

Three~and-a~half months after removal of
Th.2, Th.3 and Th./"’
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Skin temperatures of both hands at rest.

-Seven-and-a~half months after removal of
right Th.2, Th.3 and Th.4 and

five—and-a-half months after cauterisation af
-left Th.2, Th«> and Th.4.

Room temperature 21.,7°C.

'EIGURE 107. =~ CASE No. 13.

8kin temperatures of both hands
after thirty minutes'® body heating.
\
Seven-end-a-half months after remcoval of
right Th.2, Th.3 and Th.4, and
five-gnd-a<half months after cauterisation
of left Th.2, Th?3 and Th.d.
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- Misg L.M.B., 37, white, female, was first geen at
Groote Schuur Hospital in 1940. Her complaint at that time
was that her fingers were ¢old and swollen..

For the last twenty years she has had cold fingers
‘during winter, The fingers are cold throughout winter dbut
‘the coldness is azggravated by immersing her hands in cold
ggter. During the warm summer months her hands are quite
rmal. : '

Blueness of the fingers during the winter has beén
present for twenty years. The blueness is made worse by
immersion ot the hands into cold water, If the hands are
‘varmed the colour changes to a deep bluee~red.

There is no pain or numbness in the fingers or hends
normally, even during cold weathers On warming the hands,
lowever, an intense bursting and itching feeling is present.

Throughout’ the winters of the last twenty years she
"has suffered severely from chilblains. They occur at the
onget of winter and continue until the beginning of summer,
They are associated with a severe itching gensation, Ulcer=
ation has never occurred.

With the chilblains the fingers of the hand become
very swollen-.and there is gross limitation of use.

The patient had numerous other complaints and~had
attended every out-patient clinic in the hospital at some
time or othpr,

On 3/7/47 it was observed-that both hands were
cold and blue, The medial four fingers of both hands were
markedly swcllen, . Numerous chilblains were present on all
the dimgits except the -thumbs, All movements at the inter~
phalangeal joints were restricted. -

The patlent was extremely nervous but gensral
examination revealed nil except a chronle perforation of the
left tympanic membrane.

. Skin temperature recordings of both hands show

very low readings. (Figure 108. - page 08). Plethysmo-
graph records of the middle fingers, showed barely registrable
pulse volumes,

After thirty minutes' body heating the skin tempera-
tures had risen to full dilatation level. The plethysmograph
showed normal vasodilatation had occurred. . :

The patient was recommended for sympathectomy of
the upper extremities..

On 20/8/4T after an artificlal pneumothorax had been
induced, the left sympathetic chain was cauterised from the
lower border of the third rib to the neck of the first rib via
the thoracoscope. The intention was to cauterise the second
and third thoracic ganglia and intervening chain,

/Immediately
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Immedlately after cauterisation, the left hand was
noted to be warm. Next day it was observed that a Horner's
Syndrome wes present on the left side. Thus either a portion
of the stellate ganglion had been removed, or the sympathetic
supply to the pupil arose at a lower level than usual.,

Five days after the left sympathectomy, skin tempera-
ture geadinga of the two hande showed that the left hand was
4 « 5°C. higher than the right. The hand was warm and dry
and has remained so since, The right hand in contrast was
ccld and blue. (Figure 109. - page 298).

Minor's Starch-Iodine sweating test performed on
that occasion showed complete absence of sweating on the
whola of the left upper extremity, on the left half of the
face, and the left half of the chest as far as the base of
the breasts. The' 1ine of demercation was in the mid~line.
Posterliorly the left half of the neck and the left shoulder,
and back &s far-as the middle of the scapula, did not sweat.
(Figure 10, -~ page 81).

On the eighth post-operative day pilocarpine nitrate
gr.1/6 wae adminlstered intramusculerly. The mean resting
pulse volume of the left middle finger was 0.008cc. At the
moment of injection there was no effeet on the pulse volume.
Within three minutes the pulse volume’)rose to O, 010ccs This
incregse was mainteined and & maximum. of 0,012¢c. was attained
eleven minutes after injection, A gradual decrease then
aecvrred and the resting level of 0,008¢c, was reached thirty-
one winutes 1ater and wes maintained.,

ge skin temperature of the left index finger showed
e rise of 17C, for the duration of the test.

-In marked contrast to the steady curve of the left
middle finger, the pulse volume of the right (non-sympathec~
-tomised) middle finger recorded simultaneously varied greatly.
The mean resting volume was 0.,006cc. but within a few minutes
readings. of 0.003c¢e. and 0,009cc.. were obtained.,  Whereas the
.injection itself had no effect on the pulse volume of the left

- digit, the pulse volume of the right middle.finger dropped
sharply from 0,009ce. to 0.006cc. -This was succeeded by a
rise irregularly maintained at 0.009¢c. Twelve minutes afier
'injection a.definite decrease in the size of the volume was
observed, which continued so that thirty minutes after injecs
tion the pulse volume was only 0.002cc. Similarly the skin
temperature of the right index finger fell steadily after
fifteen minutes.,

Sweating occurred alli’ over the body after pilocarpine.
There was no apnarent difference between sympathectomised and
;nonﬂsympathectomised areas. - (Graph 9. - page 173).

On 4/9/47 the right second, third and fourth thoracic
ganglia were removed through the axlllary approsch. The
sympzthetic chain was stimulated before- reémoval. Dilatation
of the pupil was observed on stimulation of the second thoracic
ganglion. It was expected that a Horner's Syndrome would be
preecent’ on +he right after operation.

/After operation
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After operation the right hand was warm and 4ary.
On observing the eyes no difference between the two sides
was apparent. .

Eight days later, however, the fact that there was
a left Horner's Syndrome was once again obvious,

Nine days after right thoracic sympathectomy both
hands were Warm, gink and 4dry. The skin tegperatures at
rest were 27 - 28YC. on the left and 29 - 30 C. on the right.

Minor's Starch-Iodine sweating test performed at
this time showed complete absence of swezting on both upper
extremities, The face was completely free of sweating and
the line of demarcation on the chest anteriorly was slightly
lower on the left side. Posteriorly, both shoulders were
devoild of sweating and here, too, the area of anhidrosis was
greater on the right side,- :(Figure 1l1l., 12. and 13, -

- pages 82, 83 and 84). '

On 23/9/47 the response of the pulse volume to
thermo-regulatory body heating was observed. As can be
seen on @raph 25, (page 222), there is actually a slight
decreaae in the height of the pulse volume after thirty
minutes' body heating.

There was no apparent rise in digital volume &and
the skin temperature reai&ngs of the index fingers pursued
an even course at 31 « 52°C,

On the same day pilocarpine nitrate gr.1/6 weas
administered. intramusculariy. {Graph 13, - page 190).
The pulse volume of both middle fingers was recorded, on the
plethysmograph simultaneously. = The mean resting pulse
volume of both middle fingers was 0,0lcc. The prick of the -
needle had no apparent effect but within five minutes of
injection a rise in the pulse volume of both sides was
noticeable., The rise in pulse volume was greater on the
left than on the right, Nine minutes after injection the
pulse volume of the right mlddle finger was 0,0léce. whereas
that of the left was 0,022ce, (Figure 110, ~ page 299). The
maximum volumes reached were, on the right O. o18cc. . and, on
the left 0.026cc, o

‘ At the completion of the test fofty-flve minutes
later the pulse volume of the two diglts;had subslded but
‘was still above the mean resting lewels.3

The fluctuations in digital volume were plotted
and show very 1ittle change. to be present. -

| Similarly, skin tempefature reegrdings of both
_1ndex fingers showed an increase of 1 = 2°C., but no’ decrease.

Sweating was present on the' abdomen and legs but

was completely absent on the left side of the face and whole
left upper extremity. Sweating was ‘present on the rlght,

The patient was last observed on 27/10/47. The
left Horner's Syhdrome was still present and both hands were

/dry and warm
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dry and warm. There had been ne recurrence of swelling,
chilblains or blueness.
There was an increased growth of hair on both
forearms as compared with her pre~operative state., The
nails, which were previously flecked with white spots, were
apparently reforming completely., A well-marked ridge was
present at the margin of growth since operatlon. The newest
part of the nail was completely normal, . :

Gonclusiens.

There is no apparent difference in the result of-
~eauterisation or removal of the second, third and fourth
thoracic gangilia. One month after operation. sympathectomy

IS

appeawe complete on @oth eides.
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FIGURE 108, = CASE No. 14,

Skin temperatures of both hands at rest.
A-tese of Raynauds Phenomena before Sympathectomy.

Room temperature 2100;

"FIGURE 109, ~_CASE No. 14.

Skin temperatures of both hands st rest.

Five days after cauterisation of left
Th.2, Th:3 and Th. A

Room temperature 23 Ce
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FIGURE 110. =~ GASE No, 14.

‘The left middle finger and right middle finger
at rest (upper tracing) and nine minutes after
pilocarpine gr.1l/6, : 4

One month after cauterisation of left Th.2,
Th.3 and Th.4 and nineteen days after removal
of right Th.2, Th.3 and Th.4.
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Number 15,

‘ Mise J.E., 22, vwhite, female, was first seen on
7/5/47. The hands and feet had been cold during winter for
the previous 'five years. It seemed as if the coldness had
been getting progressively worse with each succeeding winter,
During the warm summer months her hands were normasl except
when exposed to cold water or a cold wind. The c¢oldnéess was
relieved by use of the hands but was not relieved by the
wearing of warm woollen gloves, The right hand was colder
than the left. '

The hands were always a bluish colour. There was
never any whiteness even when inserting the hands in ice
iwater, The blueness persisted throughout winter. - If the
*hénds were warmed they became g deep red.

» Numbness of the hands was pregent bubt never any
rain, The numbness occurred on exposure to the more severe
degrees of cold. It improved with the usé of the hands,
gn varming the hands the numbness was succeeded by a burning

eeling. .

There was never swelling of the hands and the .
patient has not suffered from chilblains. '

l ‘ The feet were involved in anlldentical‘wgy to the
‘hands., ' .-

On examination, the patient had cold and blue hands
and feet, No troohic changes were present, All *he peri-
pheral pulses were palpable. ' '

: Skin temperatures of both hands at rest were just
above room temperature. (Figure 11ll. - page 305). After
thirty minutes® thermo~regulatory body heating the skin
‘temperatures of both hands rose to full dilatation level..
(Figure 112, -« page 305). :

The mean resting pulse volume of the right mlddle
finger was 0.004cc. At full dilatation the pulse volume was
0.039cc. + (Figure 113, « page 306). .

Thus & marked spastic element was present, which
ves completely relieved by reflex heating. Bilateral
thoracic sympathectomy was thus advised. :

Prior to sympathectomy pilocarpine gr.l/6 was
administered intramuscularly. On this occasion both hands
were blue and c¢old. There was no evidence of sweating at
the ocutset of the test. The mean resting pulse volume was
0.005¢c¢., but shortly before the injection, the pulse volume
of the right middle finger unaccountably rose to 0.0l2cc.,
Pilocarpine was given at this moment of dilatation and, with
the prick of the needle, the pulse volume decreased to 0,006¢ce.
& further decline gradually occurred to 0.002cc. one hour
after injection. At no stage had any dilatation occurred
after pilocarpine,

' . The digital volume of the finger had shown a tendsncy
to rise before the administration of pilocarpine. Apart,;

/from one peak
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from one peak five minutes after injection, a progressive
decrease oceurred, reaching a basal level forty minutes
later,.

The skin temperagure of the right index finger
inereased from 18°C, to 21°C. before injection. The fol—
lowing reading, two minutes after pilocarplne, was 23.3°C,,
While three minutes later it was 23,89, Thereafter there
was 2 gradual fall to 20.4°C., sixty-eight minutes after
injection, The left index finger showed a similar gradient,
although the initial rise was not as mosrked as on the right
side and the decline was less obvious,

~ Sweating occurred all over the body in reésponse to
pilocarpine.

. On.23/5/47 the right thoracic cavity was entered
after preliminery artificlial. pneumothorax had been induced.
The approech was anteriorly via an incision in the third
intercostal space, The cartilages of the third and fourth
rits were divided and. s rib-spreader employed to énlargze the
“aperture, -

) The sympathetic chain was easily identified and the
overlying pleura divided and separated, By blunt disseetion
<the ¢chain was eXposed from the steliate to below the fourth
rib,

The fingers of the hand -had been connected to
plethysmograph tubes which, in turn, were attached to a

- mounted pipette. Electrical stimulation, of the chain was

then performed and the effect on the pupil and pulse and
digital volume noted.

“0n application of the stimulator to the stellate
ganglion, an increase in heart rate was at once apparent;
vagoconstriction of the 4igits occurred and a dilatation of
the pupil resulteds - On stimulation of the second thoracic
ganglion the same changes cceurred, but stimulation of the

third thoracic ganglion, however, only resulted in a fall in

digital volume, No effeect was observed either on the heart
rate or on the pupils .

It was decided to rem%ve_the second, third and

fourth thoracic ganglia.

Following the removal of this portion of the sym«
pathetic, the intervening bed and the cut caudal end was
stimulated in an attempt to decide whetheér any fibres had
been left unsectioned, .Stimulation of the distal stump,
second and third intercostal nerves and the bed of the syme-
pathetic over the second and third ribs was without effect
on the heart, pupil or pulse¢.

, Stimulation of the stellate ganglion at this stage

’still resulted in an inerease if pulse rate, dilatation of

the pupil and diminution in the pulse and digital volume.
The post-operative‘course was uninterrupted,
Before the patient was moved from the theatre, the

right limb was warmer than the left, No c¢change was, however,
observed in thepupil at this stage. '

/Twenty-four hours
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Twenty=four hours later the right upper limb was
warm end dry. The right pupil was slightly smaller than the
left and there wasg s slight but definite ptosis; Thus,
there resulted, not unexpectedly. a Horner's Syndrome.

The Horner's Synarome persgisted until the eighth
post~operative day when it was observed to be absent.
It appears likely that the main sympathetic outflow to’the
pupil was from the first thoracic ramus, but in this case,
some fibres arose from the second thoracic ganglion,

Five days after operatlon skin temperatures of .
both hands at rest show the fingers of the sympathectomised
- 1imb to be 10 C, higher than the normally innervated- limbf '
(Pigure 114, ~ page 307)e

The mean resting pulse volume of the right middle
finger was 0.03ce. (The fully dilated value was 0,039cc.)
After thirty minutes' body heating it was 0,026cc. = an
actual decrease being present.

. Bwesting in response to thermoeregulatory body
heating occurred on the left upper 1limb and left half of
the face only. There was no evidence of sweating on the
right half of the face and right upper extremity at all.

On the sixth post-operative .day pilocarpine 5r‘l/6
was administered intramuscularly. {Graph 11. -~ page 188).
The mean resting pulse volume of the right middie finger was
0.018ee¢. (Figure 115, <page 307). VWithin two minutes of
‘injection the pulse volume had risen to 0.03cc. The maxXimunm
height resched was 0.035ccs  (Figure 116. - page 308). This
level was maintained for six minutes but thirteen minutes
efter injection the pulse volume had fallen to 0.,026cc., At
the fourteenth minute atropine 0.5mgms was administered intra-
venouslys An.almost immediste (within fifteen seconds) fall
to 0.0l4ces occurred, simultaneous with an increase in pulse |
rate to 144. On continuing the recording the pulse volume .
gradually returned to the mean resting pulse volume of 0 0l8cc.

Although a tendency to rise was nded in the Gigital
volume before pilocarplne, the curve was much steeper after
injection. A momentary decrease in digital volume occurred
-at the moment of injection. Similarly, after atropine injec-
tion, a slight fall occurred but was succeeded by a progressive
increase, reaching a peak thirty-eizht minutee later.

Throughout the test the skin temperature of the Sym-
pathectomised right index finger did not very, remaining at
32 -~ 339, .

The normally innervated left index finger, however,
showed some fluctuation in skin gemperature. There wvas &
8light rise from 22, 8°C, to 24.3 C. before pilocarpine,
Following pilocarpine the temperature had declined to 23, 5°c.
The decline continued after atropine reaching 22°C, twenty
minutes later. Fifty«five minutes after atropine the tem="
perature of the left 1néex finger had risen to 25,8°C,

Sweating occurred on both sympathectomiaed and

normally innervated areas and no distinction could be drawn
between the two, as Judged by sweating after pllocarpine.

/on 4/7/4T7
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on 4/7/47 the left second, third and fourth thoracic
ganglia wers removed. The approach on this side was identi-~
cal to the right. Stimulation waes attempted before removal,
but, owing to a fault in the connections, no result oceurred
on stimulation, ‘

Immediatoiy after operation the left hand was warm
and 4ary. Thers was no Horner's Synﬁrome on this side.

The skin temperature of the left hand was 1°G‘ higher
than the right.

On the eighth.postwoperative day pilocarpine gr,.1/6
was administered intramuscularly. = (Graph 12, « page 189).
The mean resting pulse volume of the left middle finger was
0.015¢c. whilst that of the right middle finger was 0,C088ce.
Within five minutes of injectlion there was a rise of pulse
.volume of the left middle finger to 0,022cc. The volume of
the right middle. finger at the same point was 0.0l2cc. The
inecresse in the volume of both fingers was maintained for four
minutes, Atropine was given by intramuscular injection
eighteen minutes after pilocarpine. The pulse volume was
meintained at a level of 0.017cec., for eight minutes followed
by a decrease to 0.013cc.,- coincidental with an ‘increase of
pulse rate to 95. .

At thile point the VQlume of thc right middle- finger
:as 0.006cec, at which level 1t remained until the end of the
ents

The skin temperatures of both index finwers did not
vary throughout the test,. the temperature of the left finger
being 1-1,5°C. higher than the right,.

oweating oscurred all over the body in response to
pilocarpine and no distinction could be drawn between sympa-
thectomised and normally innervated skin by this method.

On 18/10/47, well over three monthe after the latter
operation, the patient was seen agsain, 8he had no further
complainte sbout the hands, both being warm and not sweating.
8he considered the result to be excellent. ‘

Minor's Starch-Iodine aweating test was performed. -
Sweatlng was absent on the whole of both upper extremities,
A slight amount was present on the left forehead but nothing
on the right slde of the face. (Figure 5, and 6, - pages
76 and 77). |

NOTE:

The mean resting pulse rate after sympathcctomy was:
50 <« 60, (Figure 117. - page 308). Immediately after pllo-
carpine had been injected intramuscularly there was a gradual
lincrease in rate to 84, reached in seven minutes, For the
next ten minutes the average rate was 70 - 78. Immediately
after the injection of atropine a decrease in rate occurred

/to 54 which,
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to 54 which, after three minutes, fell to 48 beats per minute,
(Figure 118, - page 309).- The heart continued beating at
thls rate for a further five minutes, after which a gteady
fbut/rapid rise took place to 90 -~ 96 beats per minute.

- The resting pulse rate of this patient can be con-
sidered to be slightly slower than normal, i.6. after
sympathectomy. It $8 of intsrest that, on stimulation of
the sympathetic ganglia at operation, an increase in cardiac
rate was noted when the stellate and second and third thoracic
ganglia were stimulated. Stimalation of the fourth.ganglion
was8 without effect,” . : v

It is thus likely that, on removal of the second to
fourth ganglia, the synapses cancerned with the sympathstic:
supply to the heart were interruped. This sgoplies certalnly
to the direct cardiac fibres. Ag it was uncertain what the
sympathetic supply form the left slde was, due to falilure of
the stimulator to function, it is not unlikely that the same
ganglia supply the heart on the left side. This would mean
complete sympathetic denervation of the heart. It also
implies that the reactions of the heart are to the drugs them=-
- selves and not via the sympathetic nerves.

It is also worthy of note that the slowing of the
heart-had not occurred when only a right sympathectomy had
been done, , )

, From the foregoing it appears that the initial

action of pilocarpine on the heart was increase of rate, but
as more of the drug was being ebsorbed, the effect became
that of the vagus, with marked slowing. It is likely that
the decrease in rate immedlately after the injection of atro-
pine is purely coincidental.

Atropine wasg injscted intramuscularly on this
occasion and 1ts effect thus only became manifest after some -
time. Sweating and salivation ceased only eleven minutes
after atropine administration and, as this time corresponds
with the increase in heart rate after the slowing, it is
‘reasonable to assume that the slowing of the heart rate can-
not be attributed to the injection of atropine, but rather
to the vagus-like effect of pllocarpine.

Thus, it s pbssible that by bilateral removal of
the second, third and fourth thoracic ganglia the sympathetlc
supply to the heart may have been completely extirpated.
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FIGURE 111, =  GASE No, 15.

Skin temperstures of both hands at rest.
A case of Raynaud's Phenomena Lefore Sympathectonmy.

Room tempersture 19°C.

FIGURE 112, - CASE No, 18.

Skin temperatures of both hands
after thirty minutes' body heating.

A case of Raynaud's Phenomena before Sympathectomﬁ.-

o o .
Room tempersature 19 C.
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FIGURE 113 - GASE No, 15. -

The right middle finger at rest (upper tracing) -
and after. thirty minutes' body heating.

A case of Raynaud's Phenomena before Sympathectomy.
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EIGURE 114, - CASE No, 15.

Skin temperatures of both hends at rest.
Five days after removal of right Th.2, Th.3 and Th.4.

Room temperature 19;4005
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' The right middle finger st rest. .

S8ix days after removal of right Th.2, Th.3
and Th.4.
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_CASE No, 15.
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The right middle fingér ten minutes after pilocarpine,

Right Th.2, Th,3 and Th.4 removed six days previously.

+

- ——————

-
g e -

—

Y

[

sedbbbiig

vooohibibb A b oA RAARAAABARAL

Lo AR LR RAARD

-

”A,GASE,NOc 1§i

'FIGURE 117.

The left middle finger at rest.

Eight days after removal of the
left Th.2, Th.3 and Th.4.
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At signal O.5mgm. atropine given: intramuscularly,

Note the pulse rates
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Number 16.

Miss I.M., 23, white, female, was perfectly well until
one year previously. She then notlced that her fingers became
numb during the c¢o0ld weather., At the same time they were
white in colour. This was succeeded by a bluish colour and,
on putting the hands into warm water, they became painful and
very red. The attacks of pallor and blueness lasted for an
hour or two and then passed off. The hands felt cold and
were ¢lammy., '

The attacks weré praesent whenever she exposed her
hands to cold and occurred during the summer months too.
Anger or other emotional disturbance 4id not result in an
attack.

She had élso noticed thét her feet were cold through- h

.out winter. Vhen she rose in the morning her toes were white

and numb. If she warmed them, they, %to0o, became red and pain-

ful, The feet had been involved for about a year.

There were no other ecomplaints,

‘Examination &t room temperature—revealed cold, clammy

.extremities. The tlps of the fingers were white and the

hands bluish in colour. No trophic changes were seen. Skin

-temperature readings of both hands were Just above room tem-

perature, (Figure 119, - page 312)., The pulse volumeés of
both hands were barely reglastrable on the plethyemOgraph; '

After thirty minutes' thermo-regulatory body heating,
however, -a marked change occurred., The skin temperatures of
both hands rose to full dilation level, (Figure 120, =
page 312). The pulse volumes, to0, rose to: appreximately

0.04ce. on either hand.

With a diagnosis of Raynaud's Phenomena sympathee-
tomy was advised and performed. . :

Oon 11/9/47 the left thoracic cavity was entered via
the axilla. Many adhesions were present at the apex. These
were divided and the sympathetic chain exposed, The second,
third and fourth thoracic ganglia, together with the inter-
vening trunk, were removed., On leaving the table the left
hand was warmer than the right.

No Horner's Syndrome was present at any period postﬁ
operatively, _

Elght days later skin temperatures of both hands wére
reoordedﬁ (Figure 121, -~ page 313). The left hand was
5 = 7°C. higher than the right, It was impossible to estie
mate the pulse volume of the right middle finger at rest.
The pulse volunme of the resting:eft middle ringer. however,
was 0,01lce,

On the eleventh post-operative day a continuous
plethysmographic record was made of both middle fingers simul-
taneously. Graph 24. (page 207) depicts the changes occurring
during thirty minutes' thermo-regulatory body heating.

The pulse volume of the left (sympathectomised)idlgit

/had a mean
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hed a mean resting level of 0.0lcc. After thirty minutes’
body heating the pulse volume was O. OOQcc.j A slight decrease
had actually occurred. .

In marked contradistinction, the mean resting pulse
volume of the normally innerveted right middle finger wae -
0.00lccs After thirty minutes' body heating the pulse volume
was 0.,034cc.

Whilst & rise of*o :5ce. occurred in the dlgital volume
‘0of the left middle finger, the digltal volume of the right.
middle finger 1ncreased by 1.8cc. -

The lkin &emperature of the left 1ndex finger varied
slightly between 30 C. and 31.5°C. The skin tgmperaturg of
the right index finger rose from a resting 22,4°C. to 353°C. at
full dilatation, . ;

Minor's Starch-Iodine sweating test, performed on this
occasion, showed complete absénce of sweating on the left upper |
- extremity. Absence of sweating was also complete on the left

half of the faces The line of anhidrosgis extended to the.:
‘midline. (Figures 3, and 4. - pages 74 and 75).

- Skin resistance estimation confirmed the extent of
sympathectomy. ‘Except for an area of low resistance on the
left.cheek and lower jaw; the whole of the left upper eéxtremity
had & high resistance, indicating absence of sympathetic con-
nections. (Figuree 38. and 39, - pages 131 and 132). '

. filocarpine nitrate gr.l/é was administered intraa
muscularly on the twelfth post-operstive day. (Graph 8. - '
page 172). At the outset the mean pulse volume of the sympa<
thectomised left middle finger was 0.008cec, Within five~

.minutes of injection & rise in volume was discernible, The
pulse volume rose to-0:015ce¢, and wae maintained at this level
for s further ten minutes. The rise was followed by a gradual
decline to the previous resting 1éve1. The digital volume
inoreased by Os4cce

- The pulse;volume of the normally Ainnervated right
middle finger fluctuated between 0.,02¢c¢: and 0.035cc, The
diglt was apparently fully dilated. At the moment of injec=
tion the pulse volume dropped from 0G.03¢c: to 0.025cc. This
was succeeded by an immediate dilatation to 0.04ce. which, with

-meny fluctuations, reached 0.048cc, fourteen minutes after
injection. A sharp decline in pulse volume then occurred till,
at the termination of the test fifty minutes_sfter injection,.
the pulse‘volume was‘o‘oozcc. .

: A fall of l.6ecc. in the volume of the right middle
finger occurred after injection.

The sympathectomised hand remained warm throughout
the duretion of the test, whereas the right hand felt cold -
forty minutes after injection, The temperatures of both
index fingers werg plotted gnd showed that the left finger
varied between 30°C. and 31 C. - The right finger wes at the
full dilatation level « 33°C, = at the onset., 4 slight rise
occurreg after injection, but was succeeded by a rapid fall
to 26.5 C. at the conclusion of the test.

Apart from the left axilla, which remained dry
throughout the test, sweating occurred on all parts of the
body.
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FIGURE 119 - CASE No. 16,

Skin temparature~of b0tﬁ handa at rest.
4 case of Raynaud's Phenomena'befare Sympathechomys

L
Room temperature 21 Cs

FIGURE 120, = CASE No. 16s

Skin temperature of both hands
after thirty minutes' body heating.

Before Sympathectomy.

0
‘Room temperature 21 C.
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FIGURE 121, « CASE No, 16,

Skin. temperatures. of both hands at rest.

Lef% Th.E, Th.3 and Th.4 removed
elght days previously.

Room temperature 20,
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Number 17.

E.Mey 47, white, male, had Buerger's Disease for
seventeen years,

, In 1931 in New Zealand the right leg was amputzated
through the mid-thigh for sangrene of the bilg toe,

: In February, 1935, a left lumbar aympathectomy was

performed in Cape Town.
In 1938, again 1n New Zealand, a right stellatectomy

was performed for involvement of the right upper limb. A

Horner's Syndrome was manifest immediately after operation,

It 48 s8till present. -+ Ever since operation he has not sweated

on the right side of the face and on the right hand.

The patlient has been seen at irregular intervals
.since 1940. His symptoms are confined to his remeining lower
‘1imb. On four oceasions in the last seven ysars he has been
-hospltalised for uleceration and intermittent claudication of
the left lower limb. Each time this has improved on local
treatment of the uleer, intravenous hypertonic saline and
intermittent venous occlusion.

At no time haes he been admitted for any 5pecific
complaint of the Pight upper limb,

In June, 1947, the patient was re-exsmined and tested
to determine the integrity of the sympathetic supply to the
right upper limb.

- :He has no occupation and exlste on a chariteble insti-
tution. - He has a strong history of - al¢oholism. Since .
amputation of the right leg, he uses a pair of c¢rutches,

Since stellatectomy he experiences occasional peraesg-
thesla of the thumb of the right hand, This was present
before operation and appears to be related to the use of the
-erutch, - He has noticed, however, that the right hand ies colder
than the left, pnrticularly during warm weather. The 4iffer-
ence is not so marked during the ccld weather, o

The right pupil is smaller ‘then the left. There
is ptosis of the right upper 1lid and nerrowing of the palpe-
bral fissure,

The right hand is cocoler than the left, G&weating
~was apparent on the left but 'the right hand was dry. There
were several small scars on the fingers of the right hand
but a2lso” geveral on the left. The right brachial artery
was felt with coreiderable difficulty, a faint pulsation only
being present. The left brachlal artery was easily felt.

The radial and ulnar pulses were omly felt on the right on
full dilatation and there was considerably less force than
the easily palpable pulses on the left,

: Skin temperature readings at rest confirm the dif-
ference on thé two sides. (Flgurel22, - page 316). Pulse
volume readings at rest also re¢vealed a gross difference, the
right being 0.002¢e.y the left 0.0045cc,

/Thermo=regulatory
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Thermo-reau]atory body heating caused a rise in skin
temperature of the right hand. (Figure 123. - page 316).

There‘was‘profuse sweating on the left upper 1limb and
face 1n response o body heating but no sweating at all was
apparent on the right.

Minor's Starch«Iodine. test showed sweating on the
left face, neck and chest. (Figure 28, - page 102), There
was no sweating on the right face, neck and anterlor chest
wall to three inches below the clavicle where a definite
margin could be seen.,  The hand was free from sweating.

- After thermo~regulatory body heating the pulse vclume
of - the right middle finger increased from a resting 0.5066cc.
to 0.0lee, ,

The applicction of direct heat to the right hund
resulted in a further increase to 0.0llcc.

Pilocafpine, although producing the secretory effeets;
did not result in vasoconstriction.

Skin resistance measurement showed a high resistance
of the right hand and forearm.  The responses on both sldes
of the face and upper chest revealed low values. The fact
that a high resistance was pregent means that the right hand
and forearm was sympathectomised.

- It was not possible to assess the 1ntegrity of the
sympathetlic supply to the right upper extremity purely by the
plethysmographic record,; Clinically, marked organic change
was present, This was borne out by the fallure of the pulse
volume to increase following the application of direct heat -
to the limb,

*

The relative fallure of the vessels 4o dilate on
thermo-regulatory body heating may be due elther to the com~
pletensss of the sympathectomy or due %o the inabllity of the
vessels to relax because of the local organic change.

.

‘

Conclusions:

The persistence of the Horner's Syndrome, the absence
of sweating on the right face and upper linmb, both in response
to thermo-regulatory body hesting and to pilocarpine, the
"absence of fall in skin tempercture following pilocarpine,

and the high skin resistance following pilocarpine, all sup=-
port the view that sympathectomy 18 complete nine years later.
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EIGURE 122, - CASE No, 17,

The skin temperatures of‘bothmhahds at rest,
Right stellatectomy performed nine.years previously.

Room temperature 1857065‘

FIGURE 123, =~ CASE No. 17.

' The skin temperatures of both hands
- after thirty minutes® body heating.,

Right stellatectomy performed nine years previously.



-317-

Number 18.

J.P.J.y. 56, white, male, received a bayonet wound
in the left arm in 1915, The wound did@ not heal for twenty-
one months, There was associated pain which was so severe
.a8 to require morphine gr.1/4 every four hours. Tolerance
was acquired to morphine after six months and perilarterial
sympathectomy was performed. _

After a further nine months Major Ackland (then
at St. Thomas' Hospital, London) performed a cervico-thoracic
ganglionectomy at the South African Hospital, Richmond Park,
The operation was performed on 16/3/17. . The immediate '
effect of the operation was that the arm became completely
anaesthetic, and felt as if dead, ° The wound healedrepidly
-thereafter and pain was relieved. After two years sensiti-~
vity gradually returned to the arm and today there is no
difference between the left and right arms,

Immediately after operation a Horner's Syndrome was
present and ne improvement has ever been observed.

.. Ever since the operation the left arm and the left
side of. the face h-ve not sweated. The left hand has always
felt colder than the right hand. : . : :

- He never suffers from chilblains. He is easily
able to distinguish between hot and cold with either hand.
There 1is no difference in the two hands to ordinary sensations
and.- the power of the left hand is as good as the right. ‘

On warm days the right hand sweats profusely, whereas
the left remains perfectly dry.

An extract from the operation note reveals that the
sympathetic chain was cut just above the stellate ganglion, \
and one inch of the ‘chain, with the second thoracic ganglion,
was removed. All réami-communicantes were divided. The
operation was performed via the posterior approachs

4

The patient was first seen during 1640.. 1t was
observed that the left hand felt coldér than the right.

Skin temperature measurements at that time showed that the
right hand was 3.7°C. higher than the left. The inner three
‘Tingers of the left hand were cooler than the thumb or index
finger,

The pulse volume of the left middle finger was O. 004cc.
at rest. No. change occurrsd with multiple painful stimuli. ’
(Figure 60. = page 228). ) :

The left hand was dry and no sweating was observed
on the face. Ptoeis of the left upper eyelid and narrowing
of the palpebral fissure was present. The left pupil was
smaller than the right. :

Three years later the patient was ageain tested.
Thn‘glinical appearance was unchanged.

‘ : : /The pulse volume
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The pulse volume of the left index finger at rest
was 04003¢c. After thirty minutes' body heating the volume
was 10, OGAScc. - Again no decrease occurred in pulse volume
in response to vearious_ painful stimuli. :

In the second half of 1947 the patient was ther—
oughiy tested to determine the presence or absence of -
eympathetie supply 4o the left wpper extremity.

‘ No further change had oceurred in his c¢linical
condition, The Horner's Syndﬁome was still present and
did not hinder him at alle The left hand was colder than -
the right and did not sweat, although at rest all the other
parts of the body were sweating profusely. Sweating was
not present on the 1eft side of the face either,

- The skin temperature of the left index finger was
28,8%, and the right 30.5°C.

' The pulse volume at rest of the left middle finger
wes 0.0045cc. The resting pulse volume of the right middle
finger was 0.,035¢¢.

~ Thermo-regulatory reflex body heating was then

- instituted and the skin. temperature of the left index finger
rose from 28.8°C. to 30.1°C. The increase in skin tempera-
ture of the right index finger was only 0.5°C.,

A A The pulse‘VQlume of the left middle finger rose to
0.012¢e, A simultaneous recording of the right middle finger
showed a pulse volume of 0.037¢c¢. In both sides an increase
occurred, smeller on the right, but it must be remembered that
the richt middle finger was practically fully dilated &t the
onset of the test. (Graph 28. ~ page 226). L
_ » The left hend was then placed in & water bath at
145 C» and retained there for ten minutes, The pulse volume,
.after the epplication of direct heat, rose to 0.024ccs
.This ability to dllate further is indicative of absence of
organiec change in the vessel, as would be suspect from the
Tigure gg?ained from reflex bodv heating. (Figures 1. and 2,
- page »

The digital volume of the left middle finger
1ncrea8ed by 2.5¢cs in response to body heating. The right
middle finger volume increased by 0.25cc. | ‘

, Little or no change gecurred An the pulse rate 1n *
response to body heatlng.

The akin resistance, as estimated on 22/8/17, showed
thet the whole of the left upper extremity had a2 high resis-
teance. High reaistance to the passage ¢f an electrical
current was alsc pregent on the left forehead and cheek., The
resistance was low.on the left lower Jjaw and lefti side of the .
neck to a line about one inch above the clavicle. Reslistance
on the right side of the body was lows "The line of demar-

cation between the areas of high and low resistance was in the
§1%?1e 1ine and eould be sharply drawn. (Figure 53. = page
-146). «

"/Minor‘a
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: Minor's Starch-Iodine sweating test was gerformed
on this patient on 30/9/47. After thirty minutes' body
hegting sweating was profuse on the right side of the fore-
head, face and upper 1lip. There was profuse sweating on the
whole of the right upper extremity and right side of the
chest. Sweating also occurred in the left axilla and below
a line about one-and-a-half inches above the left nipple.
Posterlorly, swesting occurred over the wheole of the right
side of the back and below & line drawn from the seventh
cervical epine to the left axillao (Figures 29, and 30, =
pages 103 and 104). '

' Bweating was completely absent on the left upper
extremity, except for the axilla and an area on the medial
and posterior aspect of the left arm. Bweating was com=~
pletely absent on the left side of the neck, left face and
left shoulder,

_ The 1linec of demaroation between sweating and non-
-sweating areas was well defined.

On 9/9/A7 the patient received pilocarpine gr.l/6
intraemuscularly. Continucus plethysmographic recordinus
were made of both middle fingers. (Graph 10 - page 174).
The pulse volume of the left middle finger at rest wes
obaserved for over thirty minutes, Very little change
occurred in the height of the volume which averaged O. 004ce.,
It is thug apparent that the pulse volume appeared stan-
derdised Before the administration of piloecarpine., . No
change in the hsight of pulse volume was apparent at the
moment of injec¢tion,

Nine minutes after injection an increase in the
height of pulse volume was. apparent, The pulse volume was
0+«006ecc. The increase in the size of the pulss was main-
tained. Nineteen minutes after injection, the pulse volume
was 0.,0075ces Thirty minmutes later the reading was 0,009cc.
Although at several points the reading was 0.01000., the mean
volume at the termination of the test, fifty~two minutes
after the administration of pillocarpine, was 0.00%cc.,

‘The pulse volume of the normally innervated right
middle finger showed considerable fluctuation. At rest
the pulse volume veried between 0.029ce., and 0.0l7ce, At
the moment of injection of pilocarpine, the volume decreased
sharply to 0.0llco. (Fizure 124, ~ page 322). This was
followed by a rapild return to anl over the previous maximum
level. The volume reached 0.C32cc. The YTluctuation in the
pulse volume percisted but the average volunie appeared slightly
higher than before injection. This increase persisted for
about ten minutes; following which the curve took a gradual-
downward trend. Whereas before injsction the aversge pulse
volume was between ©,029cc, and 0.017cc., forty minutes later
1t was between 0,023¢ccs and O. Ol4cc. =~ a tendency to vaso-
constrictlon. _ :

‘The digital volume, whilst showing an innrease of
nearly 0O.,2c¢c« in thirty-sight minutes in the left middle
finger, increased 0,7¢cs in flfty minutes after pilocarpine.

Whilst an increase in the 4igital volume of the

/right middle finger
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\ .
right middle finger was apparent before pllocarpine, a.decrease
oceurred after injection, The changes present are, however,
Blighﬁi . '

The skin temperatures of both index fingers were
recorded at regular intervals. The left finger initially
was 25°C. Shortly before the injection of pilocarpine the
plateau of the curve appeared to have been reached, The -
highest reading before injection was 28,7°C. Ten minutes
after pilocarpine the temperature had risen 10 30.2°C,
Thereafter variation occurred between 30°C. and 30.79C.

‘ The right or non—eympathectomised fingeg had an
initial temperature of 29,5°C. This rose to 30.8 C. before
pilogarpine.. After injection the temperature varled between
30.8°C, 2nd 31.5 C. No gross rise occurred following pilo-
carpine intramiscularly.

WYhereas in other patients the effect of piloearpine
an the gecretions was manifest within a few minutes, twelve
minutes ¢lapsed before salivation or sweating occurred,

- Sweatling was observed to be present on the right face and
upper extremity but no sweating at all occurred on the left
upper extremity or leftvfaceﬁ Swesating was present “in both
axillae, S :

’ The effect of a déep breath on the pulse and digltal
volumes is seen in Figure 58, (page 227).

: Both middle fingers were recorded slmultaneously.
At the outset the right (normally innervated) finger 1s the
upper. The regplrations are noted above, At the moment
of the deep breath the diglital volume of the right middle
finger appeared to rise slightly. This was follewed by a
marked decrease in digital velume - the right now becomes the
lower tracings At the same time, there 1s a marked reduc-
tion in pulse volume from 0,04cc. to 0.013¢c.

The volume of the pulse of the leéeft middle finger
(sympathectomisea) was 0.022cc. before a deep breath and .
0.024cc, at the correapondlng polnt of the right middle finger,

Whilst both hands were well dilated, both feet were
immersed in ice water, The responses are observed in Figure
- 62, (page 229). The right (normal) middle finger is recorded
on the upper tracing at first, The signal indicates the
point at vhich immersion occurred. Immedliately, a constric-
tion took place, as Judged by the fall in digital volume,

A fall of l.8cc. occourred in the space of twelve seconds.
The pulse volume decreased from 0.04lcc. to 0.0llce,

The left middle finger (sympathectomised) is thé -
lover tracing at first. On lmmersion of both feet in iced
water, the digital volume did not vary at all. The pulse .
volume before immersion was 0.018cc. and, after immersion,
was still 0.018ce. )

The response to immersion was repeated. The
pulse volume of the left middle -finger actually increased

/elightly
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slightly from 0. ,02¢c. to O. 02200. following immersion of both
feet in iced. water. .

7 _ The right middle finger again constricted following

immersaion, The pulse volume decreased from 0.01Scec, to

.0,010ce., The digital volume, too, decreased, although the
gegriase is not as marked as when the vessels were better ’
1lated, .

This patient is, perhaps, the longest post-sympathec~
tomised individual reported. - The management of the éase from
the onset deserves every coredit, Following a bayonet wound
of the left arm, the patient developed intractable csusalgla
which did not respond to conservative measures. Six months
later perlarterial sympathectomy wes undertaken, - Not unex~
pectedly, it was of no avail. Then, after nine months,
through & difficult approach, the stellate genglion and the
sympathetic chain to below the second thoracic ganglion were
removed, following section of all the connecting ramij This
took place seven years before Royle s observations were
published! H

Yhen examined thirty years later, this patient is
85 compstely sympathectomised as immediately after operation.
This lg borne out by the following features:=-

(1) Presence of the Horner's Syndrome,

(2) Absence of -sweating in the sympathectomised
areas, ag brought out both by reflex body
heating and after pilocarpine injection.

\ .

(3) Failure of the vessels to.dllate on reflex
body hesting. That this fallure is not due
to any organic change, is shown by the -
abllity of the vessels to dilate on the
application of direct heat.

(4) A high resistance ie present to the conduc~
 tivity of an electrical current.

(5) Reflex vasoconstrictors, such as a deep

' breath and the immersion of both feet in
iced water, are without effect on the
pulse and digital volume of the sympathee=-
tomised digit. The striking contrast
between the sympathectomised and normally
innervated hand is brought out.

Thus there has béenvno return of sudomotor or vaso-
motor function in & limb sympathsctomised thirty years ago,
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FIGURE 124, & CASE No. 18,

The left middle finger (upper tracing) and
right middle finger at the moment of $injection
of pillocarpine.

Thirty years after removel of left stellate
and seécond thoraclc ganglia. .

”
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v. EXPERIMENTAL INVESTIGATIONS.

The vast majority of'experimental work on the
Sympathetic Nervous System has been done on animals which
do not bear a close resemblance to mén; fabbits, rats, mice,
cats and dogs have all besn used. The animal of choice for
the present experimental investigations was the rhesus |
monkey. | |
. This monkey, although small, is readily handled .
and 1is eaay'to keep under observation, The animal's salient
feature, however, is the close similarity of its sympathetic

nervous asystem to that of Man.

(a) ANATOMY AND PHYSIOLOGY.

* In human anatomy it is customary tc regard the

thoracic sympathetic trunk as generally comprising'eleven
or twelve ganglia set in relation to the thoracic vertebra,
and separated, by the diaphragm; ffom the abdominal or lumbar
chain, whose genglia are in relation to the lumbar vertebrae.

Radiographs of the vertaebral eulumu iu five speci-
mens of this series bear out the gfeat similar}ty between the
vertebral column in the rhesus monkey and in the human. No
difference was observed in the number of cervical vertebrae.
Normally, both men and monkey posséss seven cervical vertebrae.
At first sight, there appears to be eight cervical vertebra,
both in the antero-posterior and lateral views - on careful
enumeration, however, the actual number is seven, Special
views of the cervical spine ﬁere taken in subsequent speci—
mens. (Figure 125, - page 326, Figure 126. =- page 32%. énd
Figure 127. < page 328). Confirmation of the preséneé of

/seven cervical
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seven cervical ﬁertebfae was thus obtained.

) No varistion of the total number of thoracic verte~
brae occurred. There were twelve thoracic vertebras, as
Judged by the presence or absence of a rib, in each of the
specimens examined. In thése animals there appeared to be
eiiher two or three floating ribs. The énalogy between the
humen and the monkey thus is drawn even closer. |

7 In each of the five animals raﬁioéiaphed there were
}either six or seven lumbar vertebrae; In these specimens
there appears to be either "lumbarisation” of the first sacral
segment or “sacralisation” of the last luﬁbar vertebra.
(Figures 128., 129., 130., 131., 132., 1334, 134, =~ péges:
329, 330, 331, 332, 333, 334, 335).

" Therefore, as far as the number of the cervical
and thoracic vertebras are concerned, the monkey corresponds
-exactly with that of the human. It woﬁla bes a natural c¢on-
-elusion, therefore, that the sympathetic nefvous gystem of the
cervical and thoracic regions should be ideéentical in both the
monkey andﬁin the‘human_being@ |
According to'Zﬁckerman, howevert-a corresponding

deseription of the sympatheticrchaiﬁ'in the rhesus monkey and
the human, would be misleading, for in the normal animal‘With
;twelve rib—bearing vertebrae, the first lumbar vertebra (and |
frequentlv part of the second) is without exception intras
_thoracic in position.  This thirteenth post-cervical verte-
bra and 1its nerve should be regarded as e fixed point that
marke the cranial limit of the lumbar plexus, whether or not
it is rib-bearing and irréspective of the number of non-rib~
.bearing lumhar vertebrae. |

In thirty-three out of forty-eight specimens

/Zuckerman
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' Zuckerman observed an extra rib. Thie_thirteénﬁh rib ranges
in size between lem. and 7em.  The rigﬁt and 1eft thirtebhth
-ribs are frequently uneQual and, in suchiéaaes, the right is
always longéra‘ An extra rib may be present on <ne side only'r
In none of the animels of this series was a;thlr;
‘teenth rib demonstrable radiologically. Iﬁ any case, the
preéence of & thirteenth rib should not méterially affect the
arrangément of the sympathetic supply to the upper extremity.
Zuckerman was able'£0 recognise a definite anatomi~
cal plan but noted the‘v&riability of thé sympathetic nervous
system of monkeys., Basically ali specimens of thie series
agreed with eacn other but, as Zuckerman states, sven'biléteral

symmetry is unusual in any one animal.
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In this series Qf‘rhesus monkeys the cervical symps-
thetic chain was so intimately asscciatéd with the vazus nerve
g8 to be considered as one trunk, However, the two components
could be separated eagily throughout £ﬁe whole length of the
course. In "G" the vago-sympathetic trunk was one structure
and the sympathetic and/vagus could not be separated from each
other. The sympathetic trunk was apparently eontinuous7with
the vagus below but, on stimulatiﬁn, dilatatlon of the pupil
resulted., - Only thus were the sympathetic components of the
trunk recognised. This close assoclatlion of the vagus nerve
and the sympathetlic chain was confirmed by the numerous amas-
tomoses existing betwsen their cardliac branches and the recur-
ront laryngeal nerve. After'dlssection the sympathetic 6hain
~ususlly could be recognised lying posterlo-mediallto the vagus
nerve, Zuckerman (1938)»also noted the close association of
the'vagus and the sympathetic in the cervical region of the
rhesus monkey. He found also that the anastomo?ic.networkv
of one side may communlcate with that of the other. ~vFunana
‘and Shinosaki (19}@) found that communicétions between"the
vhuman vague and cervigal sympathetic chaln are more mumerous
on the right side thak 6n the left. With this Zuckerman .
-agrees and notes thatgtﬁe,same appears to be true for the
monkey.

In most lsboratory animals the cervical sympathetic
chain is dis@inct fro¢'§he vagus. In'the dog, however, the
sympathetic and the vagus are intimately united within é singie
sheath and it is extremely difficult to separate the two _
{Sisson - 1917, Sonntag - 1923). There is an extensive inter-
communication between the vagus and the sympathetic trunk where
they run separately. | |

| In the dissscted specimen in Figure 135. {(page 341)

the superior cervical ganglion is an oval, elongated flattened

/strueture
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structure at the bage of the skull lying in close relationship
to the vagus nerve. The ganglion lies'péstero—medial_to the
vagus and 80 1ﬁtimate is its contactlwith the vagus, that biunt.
dissection is necessary to define the two structures, The
internal carotid aftery lay anterior to thé ganglion and, as
it enteread thé carotid foramen on its way to the craniel cavity, .
the sympathetic accompanied it,
' Medially, fibres from the superior cervicel ganglion
run to the carotid sinus and fibres accompany the superior
laryngeal nerve which crosses the lower parﬁ of the ganglion.
Laterally, branches are distributed to the contituents of the
cervical plexus. ‘ |

Tracing the sympathetic trunk caudally, no definite
ganglia are demonstrable, The first suggestion of a ganglion
is at the subclavian artery where the middle cardiac nerve
aﬁpears to arise, At this po;nt‘a slight thickeminé is pre-
gent. ' ‘

Viewed from within the pleural cavity, the stellate
gaﬁglion is seen to be & ¢rescentlc body shining through the
parietal pleura. (Figure 136_ - page 342). 1t is about
Ta5e. ~.10mm. long and extends from the‘neck'of the second rib
to the neck of the first.  Its concavity faces medially’and-
*éaudally, and the superior intercostal vessels separate it
from the first'tnoraeic nerve, In the dissected specimen
itvis seen to lie posterior to the subeclavian artery, which,
in Figure 1385. (page 341) has been.éiapladed &edially to»demonh
strate the ganglion and its raml communicantes, |

The middle cervical ganglioq is not a definite

structure in this specimen. It is comnected to the stellate
ganglion by the two limbs of the subclavian loop. It was

recogniaed as such by the fact that the middle cardisc nerve,

/took origin
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took origin at a point just cranial to the junction of the two
subeclavian loops.

In Figure 135. {(page 341) the second thoracic ganglion
appears to be incorporated in the inferior horn of the stellate .
ganglion. A definite but narrow walst or constriction, however,
eould be seen separating tné Lwo,. Zuckerman found that in
8ixteen of twenty~two specimens the inferior horn of the stel=-
late ganglion included the genglion of the second space,

' The branches of the étellate ganglion are convenlently
divided into & medial and & lateral group. The lateral grou§
comprises grey ramil commﬁnicantes to the first thoracic hefve,
eighth cervical nerve and to the -seventh cervical nerve and &
grey ramus accompanying the vertébral artefy.

A grey ramus to the sixth cervical nerve has occaslon~
2lly been demonstrated by Zuckcrman, who also considered th&t,
when the second thoracic ganglion 1s incorporated within*the,
ateilate complex, its rami communicantes can be regarded'éﬁ‘- {
branches of the Qtellate. | “

White and.grey raml communicantes are given off to
both the first thoracic nerve and to the communicating branch
between the second end first ﬁhoracic nerves,

On the lateral side of the stellate there‘appears to
be a ramus cocmmunicans dividing into two branches - one to the
firat thoraciec nerve and the cther‘té the sscond thoracic nerve.
It passes over the neck of the second rib. This is the com~
municating branch between the‘secénd and first thoracie nerves.,
Zuckermén found 1t to be a well-defined branch of the second
thoracic nerve in nineteen of twenﬁy—eight animalis. Iﬁr@bat

’iof these cases the stellate ganglion extended sufficient1y far
\caudally t0 incorporate the second thoracic ganglion. In
almost each of his cases the arrangement of the raml communi-
cantes of the upper two thoracic nerves suggested that, even

when nc separate branch connected these two nerves themselves,

/fibres



~339~

fibres yet passed by way of the stellate ganglion from the
geecond to the first thoracic nerve, énd.thence to branches
bf the brachial plexus. The communicating branch may be
closely applied to the lateral aspect of the stellate éangl;on.
¥When 2 distinct communication passes from the second
to the first thoracic nérveg itAmay receive one or two ﬁami
Fcommunicanfesﬁfrom either, or from the caudal and eranial
parts of the stellate ganglion. Sometimes the only sympa-
thetic fibres to the communicating branah pass via the grey
ramus of the second thoracic nerve (2Zuckerman). ‘v
The g?ey rami communicantes to the séventh,énd
eighth cervical nerves appear to take 6r;gin from the stellate
ganglion by a common trunk which arises as a supero-léteral
extension éf the body of the étellate. This common trunk.
';19 also the pathway by which the fibres which pass with the
vertebral ertery go to form the vertebral plexus., In this
specimen a definite branch seemed to accompany the vertebral
artery, from the,steliate ganglion, It;is interestihg in
view of the fact thcot Botar (1932) states that this "vertebral®
trunk is the true cervical part of the sympathetic chain.  He
“says that in mén And the anthropoids it cont;nueé.to give deep

communicating branches to each cervical segment, except the

first. ' ) .
The medial group of branches of the stellate ganglion .
1pcludes the inferior cardisc nerve, seen running downwards
and medially, closely related to the subclavian artery. to the
Aaeep cardiac élexus, and the two loops around the subclavian
"~ artery, wnicn.unite‘above the artery to form the cervicdl sym-
pathetic trunk. The infersor cardiac nerve is intimately

connection with the recurrent laryngeal nerve.

~ /The second thoracic



~340-

The second thoracic canglion is a well-defined
structure lying in the space below the neck of the second
ridb. It is separated from the stellate by a narrow but
definite constriction. It is connected to the gsecond thoracic
nerve by a short but relatively thick ramus, probably 1n¢ora
porating both grey'anﬁ white raml communicantes, This ramus
‘enters the nerve Just medial to the point at which the com-
municating branch to the first thoracic nerve is given off,
On the medlal side a fibre 18 seen running from just belqw'
the second thoracic ganglion to the cardiac plexus,
o The third thoracic ganglion lies in the third inter-
"space. The ramus to the thér&cic nerve is surprisingly large.
There 1s no obvious communication between the third and second
thoraclic nerves. |

Tracing the sympathetic trunk caudally, the thifd to
the seventh ganglia are situated in the middle of their respec-
tive spacea and are connected to their corresponding 1ntercostal
nerves by short white and grey raml communicantes which are
either wholly conjoihed or connected together at their gang-

lionic 6r intercostal nerve extremities.
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divide the-adhesiona, a cavity was entered - extrapulmonary
-~ which contained‘a creamy, string-like material (culture waé
sterile < no cells were szen on micrescopy). | The “cyatﬁg

- was dissected free and removed completely.

The sympathetic trunk could be easily seen through
the parietai pleura. After localisation of the barious
ganglia, an attempt wzs made to stimulate the trunk and zanglia
~tbfough the intact pleura. No response was noted e€lther
‘plethysmographically or by observation of thepupii;

The pleura was then incised oveéer the sympathetic
‘trunk and the ganglia and remi cbﬁhﬁnicaﬁtes‘defined by blunt
dissection, care being taken not to apply an§ form of crushiﬁg
"to the ganglia or to the chain. . The chailn, gaﬁglia, andéd rami
having been defined from the stellate ganglion to the fifth
thoracic ganglion, the trunk was elevated on a blunt hook,
the stimulator applied and a piethysﬁogfaphic record takeh.u

| The caudal iimit of the sympathetic supply to the
upper-limb was determined by stimulation. The trunk was
divided just below this point and the sympathetic chain dis~ -
sected free to a point just above the éecond r1b‘and this
fpprtion removed. The bed was mtinrlatéd'at several paints;
;to‘ascertain whether ény stray éympathetic fibrees hed been
.‘leftvintact.. Farticular care was takeﬁ.not to'ingure Lhe
lintarcostalyvessels as they ran under the trunk. Eicept in
“8* the 1ntercosta1‘vesséls all ran posterior to the‘chaip;' -
The cut ends of the>syﬁpathetié trunk were left as they'lay
when divided. No attempt was made to bﬁry‘them in muscle,
nor were any clips or cylinders gpplied ovef the ends. '
. LT bleeding points were chécked‘aﬁd_the pleura
closed without drainage. The lung - was fully expanded by

/?oéitive pressure
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'positivé prgssure before the iast'suture was inserted and
100,000 units of penicillin were instilled into the pléural
cavity. The pectoralis major and minof were suture& 1n?1ayers,
‘using chromicised gut. 511k sutures Qere used for the skin,
A dréssing‘was placed in position‘and the anaesthetic discon~
tinged. | _ ]

The time taken to recover from anaesthesia varied.

For the most part the animals were sltﬁlng ub within three
hours of completion of the operation. Within twelve hours
they were eating normally and moving afound freely. Thére
was no apparent‘restriction of movement of the limb on the .
opersted sids,

The wounds all healed by primary 1ntention; . The
aninals never touched the wounds at all. The skin sutures
uaually came out spontaneously zbout 6 - 8 weeks aftgr opera=-
tion. )

Out of seven animals operated on, there were two
deaths, Animal "A" dled on the tenth post-operative day.

- The animal was an oid Specimeh and -the animal house was extremely
cold during the night before death. - Post-mortém revealed no
cause for death. The wound was healthy and there was no evi-
dence of infection in the piaural cavity. Apart from sOﬁe
eplcal ¢ollapse, the 1ung was-comp1ete1y exﬁanded. _ Exposure
to ¢old appears to be the faﬁtar resﬁonsible for death. Great
attengion was paid to this aspect in all subseguent specimens,

_ ¥onkey "c" aid not}recover ffom the anaesthetic and
died two hours after completion of operation. Post-mortem
revealed that the left lung was cémpletely fibrosed ané prac-
tically ﬁon—existqnt. Dense pleural adhesions bound the. lung
down to the posterior chest wall, In view of thé fagt tha$ the
right luné ie eollapsed throughout the period of operation, the
chests of thevfollowlng animals wefe thoroughly examined bhefore

tne operation was commenced.

/Re-operation
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Re-operation was carried out at a varying period in
| éach‘aﬁimal. The same procedure was adopted in anaesthetising
the am;mal and in the preparation of the field of operation, as
for the original operation. A plethysmographic record vias, |
howevér,‘made of the ﬁofmal as compared with @he sympathectoﬁised
1imb. .

The original skin incision was visualised with great
difficulty; the power of reparation is excellent in these
animals. The scar was excised and.the incision deepened

" through the fibrous tissue of the previoue operation.'
_ The lung was found to be adherent to the anterlor
chest wall in all cases. The adhesions were easily broken
down by blunt dissection and the lung freed. The lung‘wés
also adherent pos%eriarly where the sympathetic-chaiﬁ had been
;removed. This, tbo, wés gently and eaéily freed.

In "B" several strande¢ of a pale, creamy matérial
were foundhin»the pleﬁral‘cavity@ | It was removed completely .
and examined microscopically. No cells and no organisms were
seen. Presumably it was fibrin clot | |

In “B" and "D" the trachea and mediastinum were pulled
over to. the right side. The trachea was displaced in arcurved
manner and actually overlay the cut ends of the symnpathetic
trunk. = The displacement was presumably partly due to ccllapae
of the apex, an&,partlyﬂdue to fibrosis at the site of pleural |
incision, puliing the mediestinal structures over. |

The free cazudal and craniel ends of the sympathetic

‘trunk were readily visualised. The bed between was closely
'iﬁspGCted fof any semblance of an ocutgrowing fibre but none
found. The stimulator was applied to both ends and the effect
‘noted plethysmograpnically. Slmilariy, various areas in the
posterior chest wall between the unconnected ends were stimu-

lated and plethysmograchie reaﬂings.recordéd‘

/Metallic
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Metallic clips were then inserted at the caudal and
distal free ends of the sympatnetic.trunk'to act as markers.
The wound was again closed in layers and skin sutures inserted,

While the animals were still ansesthetised radlo-

graphs -were taken to demonstrate the markers inserted.

Seven monkeys were sympathectomised, after the supply
to the upper exiremity had beén ascertained by electronic
stimulation. The following are the relevant features noted in

8ach case,

MONKEY "A".

This animel was the oldest and the tamest of the

series,

No difficulty was experienced with anaesthesia and theg
right chest was entered as described. In this case the apex
of the lung was adherent and, on attempting to divide the
adhesions, a cavity was entered. The cavity contained a thing
whitish, c¢reamy material which was easlly and completely
removed., 1t scemed to be a loculated empyema cavitya.

The sympathetic éanglia and trunk were reedily seen,
The pleufa_covéring the posterior chest wall was incised and the
sympath:tle trunk definéd'by‘blunﬁ dissection. The trunk was
picked ﬁp on a blunt hook at various points and the stimulator
applied direct to the nerve,

A positive response-caused & drop in the total volume

cf the hand and a diminution of the pulse volume. The pulse

/and hand volumes
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and hand volumes gradually returned to their previous levels.
Working caudally from the stellate ganglion, where alstrongly
positivexrgsponse was obtalined, each sympathetic ganglion was
stimuiated in an attempt té determiné the outflow of vaso-
constrictor fibres to £he upper limb. In this monkey stimu-
lation of the ganglia from the stellate to the fourth thoracie
ganglion regulted in vasoconstriction. . (Figure 139. - page 35g),
Etimulation of the fifth thoracic ganglion was without any
effect. (Figures 140. and 141. - pages 356 and 357).
| Thus the sympathetlc outflow to the upper extfemity
wés confined to the sympathetic trunk from the fourth tnoracic_
ganglion to the stellate.

. No evidence of vasodilatation was noted as a result of
stimulation.

The sympathetic truﬂxwds;dividgd at the lower border
of the fourth rib and'dissected, eranially, tO'aApoint Just
below the stellate ganglion. The 5anglla,vcha1ﬁ and all con~
necting_rami were cut and removed. Tha cut caudal end was
stimulated once again to determine the.cempleteness of the sym=-
pathectomy - no vasoconstriction resulted,

This Specimenu took some ei@hteen‘hoursvta recover
fully from anaesthesia but then resuméd a normal routiné.

- On the nintn day, however, fél.].owing a bitterly cold night,
the animal was founa puleeiess, cold and comatose., It was
‘revived with intravenous coramine and warmth and took some
food of its own accord. Special precautions were taken but,
owing to an electriczl fault, the-heaﬁlng apparatus falled
during another cold night. Thedgnimél-snccumbed on the tenth
post-operative day.

| Post-mortem revealed a wound flrmly healing. There
was some collapse of the richt apex but no apparent cause for
death could be found. |

The sympathetiec chaln was found exact;y as left at

operation. (Figure 142. - page 358).
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FIGURE 139. =~ "A"

Stimulation of the fourth thoracic zanglion.
(White lines indicate duration of the stimulus). °
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FIGURE 140. - "a"

Stimulation of the fifth thoracic ganglion.
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Stimulation of the fifth thoracic_‘ga‘nglibn
and the fourth thoracic ganglion. A
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This specimen was the only one to have any vessel
1ying snterior to the sympathetic trunk. The fourth inter-
costal vein crossed the sympathetic trunk anteriorly to enter
the azygzos vein. The remaining lntercostal vessels all lay~
posterlior to the trunk.

. The fourth intercostal vein proved a usefulvlocaliser
in stimulation. It #as found that stimulation of all points
caudal to the vein produced no effect on the plethysmograph,
whereas all points cranially resulted in vascconstriction, |
{Figure 143, -’page 362)., Mo evidence of vasodilatatlon was
‘noted on stimulation of the sjmpathetic chain and ganglia
before sympathectomy.

The chain was divided at the site of this inter-
costal vein, which was 1nadvertentlyiin3ured. The wein was
7thus divided, and both ends ligated. The . resection of the
chaln was carfied cranially to a point Juét below thevstellate/"
ganglion,

The bed of the syméathetic was stimulated between
the cut ends to check completeness of thé,operationu No
vasoconstriction resultéd. (Figufes‘ldd, and 145. - pages
362 and 363).

Stimulation of the lower end‘of the steliate ganglicn
resulted in a momentary rise in the hand volume 1astiég four
seconds followed by vésoconstriction and a fall in the nand
volume. (Figure 146. - page 363).

On examining the plece of iissue removed, it was
found that a small plece of the stellate ganglion was incor-
pargted in the sectioﬁ. This was conflirmed by the presencé
of a Horﬁer’s Syndrome, observed when fhe animal was Been

next day.

/The animal
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- The animal was observed at regular ilntervals after
Operatién and, although skin temperature_reeordings were not
obtained, the right hand {sympathectomised) waslobserved to
be always warmer than the left {non-sympathectomised).

Also the Horner's Syndrome was present throughout. Eighteen
months after the original'Operatien,miosia,‘dronping‘of the
upper 1id, and narrowing of the palpebrallfissure were still
present. A

. 112 days after original operation, the animal was
again anaesthetised and ihe thoraex opened through the ori-
ginal fncision. _Befcre any operatiﬁe manosuvre wss psrformed,
plethysmegraphs were taken of both the non-sympathectomised
and the sympathectomised hands. (Figure 147. - page 364).
A marked difference is seen in the relative pulse volumes,
In comparisoﬁ~w1th a plethysmograph of the right hand_before
sympathectomy under the same conditions of anaesthesia, there
 1s;no doubt which is the sympathectomiseﬁ 1limb.. (Figure 148.
- page 364)., The pulse volume of the sympathectomised hand
before sympathectomy was 0.02cc., ahd'éfter sympathectomy 1t
wag 0.,01lce. Under identical conditions the pulse volume of
the nen#sympathectomised'limb was 0.02cc. ‘

On.opening the thorsx, the lung was Tound to be
adherent to the anterior chest wall, : Thﬁse adhesions were
divided by blunt dissection. Much "fibr;n clot” was found
and removed. The apex of the lung was collapsed. The
trachea and superior mediastinum’were deviated over to the
right side. The trachesl deviation was a gentle curve
convex to the right.
The lung was &lso adherent pogferﬁarﬁy;-&ttthe

site of the pleural inecision. These.adﬁésions 8ls0o were

removed by blunt dissection. The anaesthetist found that,

/after the posterior
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after the pogterior adhesions had been divided, it was: possible
to inflate the whole lung completely.
No evidence 6f communicating fibres betwe;n the two
cut ends of the sympathetic chain was found. The stimulator
was applied at the caudal end. No response was elicited.
There was thué no evidence of vasoconstrictor fibres
between the cut ends of the éympathefic chain 112 days after

sympathectomy{
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stimulation of the sympathetic gang
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Stlmulation of the bed of the aecond thoracic ganglion
after aympathectomy.v ' . -

|
|
|
|
|

IIIII

Stimulation of stellate ganglion
. after sympathectomy.



~364-

I NI . gt
I i“llllllll““lll Hal, unlllllllll"llIlllllllnImlllllllll“llll | lllml i L
mﬂm W_

LIS DLELELE | EARRLLLARRADADI ARG V11 KAMARILILIN AN L}

T eaaas il OB G taaavnannanresbonnbaa i

FIGURE 147. - "B"

Left hand (upper tracing) and right hand.

Right hand sympathectomised by removal of
Th.2, Th.3 and Th.4 112 days previously.
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Right hand under anaesthesia before sympathectomy.



Thers was no difference in thefprocedure adopted wiih
this animal,

After the,sympathetié~ﬁhain.had been expossd, stimu-
1ation produced vasoconstriction from the stellate as far
;egudally a8 the sixth thoracie ganglion. Thus stimulation
of the second, fourth, fifth and sixth thoracic ganglia all
rgsuited'in vasoconstriction. _(Figureé 149. and 150, - page
366)., Stimulation of the third thoracic ganglion did-hoi
have any vasoconstrictor effect. (Figure 15l. - page 367);
Stiﬁulation of the trunk below the sixth ganglion was also
without effect. |

| After division below the gixth ganglion, the trunk
waes stlmulated. Caudal to the sectlion no vasoconstridtion
resulted, whilst cranial to the section vasoconstriction was
elicited. (Figure 152, - page 367). After dividing all
the rami communicantes from the second to the sixth thoracic
-ganglia, the trunk and 1ntefvening seciioﬁ was removed. »

This animal q1d not recover consciousnesg after the
anaesthetic and died téo hﬁurs later, Post-uortem examination

revealed a fibrosed, functionless left lung.
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Stimulation of the fourth and fifth thoracic ganglia.

FIGURE 1%0. = "¢"

Stimulation of the sixth thoracic ganglion on two occasions.

Note the difference in response to the shorter stimulus.
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PIGURE 151, - "c"

~

Stimulation of the third thoracilc ganglion
~ - and the fourth thoracic ganglion.

- Stimulation of the seventh thoracic ganglion
twice and the sixth thoracic ganglion after
division of the chain below the sixth thoracic
ganglion. ‘



-368-
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There were no unusual features in the anastomy of
the sympathetic chain and ganglia in this specimen.

Vésaconairiction resulted from stimulation of the
stellate ganglion and the ganklia situated in the second, .
third and fourth spaces. The second, third and fourth
thoracic ganglia were, therefors, removéd,

Immediately post-operatively the right (sympgthec-
tomised) hand was warmer tbah the left. There was no evidence
of a Horner's Syndrome.

Repeated observation éubsequent to operation con-
firmed the warmth of the right hand éa compared with thét of
the non-sympatﬁectomised left hand.

g8 aéyé after the original operstion,the thorax was
re=-opened under ansesthesia. S8kin temperatures of the hands

were taken before anaesthesia was beguni=-

Palm of right hand ees 28.3°C,
Palm of left hand ... 25.2°C.

There was thus a difference of 3.1°%. between the
sympathéctomised and the non-sympathectomised limbs,

Under full surglcal anzesthesla, the temperature of

the nbn-sympatheetomlsed left hand rose to 34.200,,‘wh118t

the skin temperature of the sympathectomised right hand
dropped to 27.8%. |

- Plethysmographic reéorﬁs'of both the sympathecto-
mised and non-sympathectomised hands again revealed a marked
difference. {Figure 153. - page 370). The pulse volume of
the non-sympathectomised hand is 0;00800. and the sympathec-
tomised 1imb 0.003cc., both under full surgical anaesthesia.

/The pulse volume
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- The pulse volume of the sympathectomised limb under anaes-
thesia previous to operation was 0,015ce. (Figure 154. =
page 370). |
Before the thorax was re~0penéd through the originel
incision, it was noted that the apex best was displaced to the
right side., ©On opening the thorax the lung was adherent to
the anterior chest wall and to the posterior chest wall. The
: sympathetic stump was defined, no macroscopic evidence of
continuity being found, ) v v |
‘Silver clips weré inserted at the free cut ends of

‘the sympathetic trunk. The animal was then radidgﬁapheda

’
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FIGURE 153, - "p"
Left hand (upper tracing) and right hand
under anaesthesla,

Right hand sympathectomised by removal of
Th. 2 Th.3 and Th.4 98 days oreviouslyg\
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PIGURE 154. - "D"

' Right hand under anaesthesia before sympathectomy.



There was no enatomical departure from the ordinary
in this‘specimen. On entering the thorax the sympathetic
chain could be seen shining through the pleura covering the
:posterlor chest wall, The sympzthetic chain was stimulated
?through the parietal pleura. A small fall in hand volume
occurred after-an apparent initisl rise. (Figure 155. =~
page 373). o |

After the pleura had been incised, the sympathetic
'trunk 1tself was stimulated at the same point, i.e, the sscond
thoraqic ganglion. 4 definite fall in the hand‘volumeuénQA
pulse volume was séen. (Pigure 156. -~ page 373). Vasocon-
striction wis ohtained on stimulating the stellate. second,
third and fourth thnracic ganglia., . The rami‘of the second@
'tpird and fourtk thoracic ganglia ﬁere divided and the trunk;
wes cut‘just below the fourth thoracic genglion and just below
the stellate canglion. -After the sympathetic’trunkAhad been
dlvidea.between the steilate and sédond'thoracic ganglia, the
cavdal end was stimulated. _ No vasoconstriction resulted.
(Figure 157. ~ page 374).

Stimulation ofvthé bed had no vasocoustrictor effect. '
(Pigure 15&@‘5 page 374). The sympaihedtomy appeare&.compléte;
Néxt day the sympothectomised limb was warmer than
the non-sympathectomised. It has remained warmer ever éincé.

No Horner's Syndrome resulted.

106 days after aympathectomy the animal was ana esF
thctised for re-operation, Prior to gperatien,pletnysmogﬁaphs
were taken of the sympatnectomiséd and non—aympatheetomiged
hands. A marked diffcrence is seen on the twe sides. Tﬁe

‘pulse volume of the non-symnpathectomised hand is 0. Ol3ce.,

/vwhereas
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whereas that of the sympathectomised hand 1is 0.006cc. (Figure
159, - page 375). The pre-sympathectomy pulse volume of the
'sympathectomised hand 19 0301860. (Figure 160. -~ pags 376).

| The incision was found to be soundly healed.
Sevefal deep chromic sutures were partly absorbed. The lung
" was adherent both to the anterior and pasterior chest wéilﬁ
The apex of the lunzg was scllapsed and coul& not be completely
aerated under positive pressure. _ _

The divided ends of the_eympatﬁetic chain were easily
identifled. There was no macr0500p1§ evidence of continuity.
The caudal end was stimulated. No vasoéohstriétor effect was
noted. Although no flbres were seen_conﬁecting tﬁe two ends
of the syméathetic chain, the whoie_ped was etimulated in an
attempt to determine whether any sympathetic fibrés ﬁaﬂ‘re~
established continuity. No evidence of continuity was obtained.

Thus, at 106 days, there was no evidence indicative
of return of vasomotor tone to the vessels of the upper 1imb.

| Silvef‘clips were inserted at the free ends of the
sympathetic trunk toc aet as markers, The animal was X-rayed

after the chest wall had been sutured in 1ayeré.:
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FIGURE 155, «~ "E"

Stimulation of the secohd thoracie-ganglion
thriough the intact overlying pleura
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FIGURE 156, « "g"

Stimulation of the second thoracic ganglion direct =
after the overlying pleura had been incised.
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Stimulation of the second thoracic gangllon
after division of the trunk between the
stellate and second ganglia.
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Stimulation of the bed of the sympathetic
after sympathectonmy.
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The left hand (upper tracing) and the right hand
under anzeathesia,
Removal of right Th.2, Th.3 and Th.4 106 da.ys
previously.
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FIGURE 160, - “E"

Right hand under anaesthesla before sympathectamya



—

3

It was declded to remove the stellate ganglion in
this monkey. The incision, thus, was centred over the second
aepace, in the belief that the approach;ﬁo the stellate gang=
lien‘wauld be.easier. The second rib was remoﬁed and the
cartilage of the first rib~divided¢ The stellate ganglion
wes e23lily sean.

Stimulation of the vaerlous ganglia determined that

the third and second thoracic ganglla and the stellate gang-

‘1ion only contained fibres to the upper limb. The trunk was

dividéd,Just below the third thoracic ganglion and the rami
communicantes to the second and third intercostal nerves were
cut. The stellate ganglion,was:pulled down and all its rami
divided. The two loops, around the,subclévian artery, were
divided close to the stellate ganglion., The stellate, 8econd,
and third thoracic ganglia were thus excised. Stimulatioﬁ
of the sympathetic bed failed to produce any vasoconstrictor
response thereafter.

The sympathectomised hand was warmef;next day and
has persistently remained so.

As expected, a Horner's Syndrome resulted. It has

persisted and is still present eighteen montha afier operation.

105 days after initial operation the animal was pre?
pared Tor re-operation. Before anaesthesia, skin temperature
recordings revealed no difference in the sympathectomised and
non-sympathectomised sides =~ 26.500._

After anaesthesia, however, the sympathectomised
hand recorded 27.500., whilst the skin temperature of the

non-sympethectomised hand read 34:200.

/on entering
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On entering the thoracic cavity, through the scundly
healed original incision, the lung was agaln adberent both to
the ahterior and posterior chest wall. = Although there was
slight tracheal deviastion to the operated side, the displace-
ment was not as gross as in the other specimens.

| The sympathetic chaih was visualised running up to
the third space where 1% had been sectioned previously.}
Abbgejthis level there was no evidence of sympathetic trunk
’or gaﬁglia, The upper sympathetic (actually cervical) could
not be demonstrated from thia approach. |
) The distal end was stimulated and no effect was
obgerved on the piethysmograph. 1S£1mulation vas applled tb
several areas of the sympathetic bed without any evidence of
activity. |
Stimulation of the first thoracic nerve resulted 4n
imuscular contraction oniy. _

Thus, 105 days fqliawing‘removal of the stellate
and second and ihird thoraéic.gangliaivno gvidencs of sympa~
thetic activity wes present in the upper limb.

In an attempt to note whether anj vasoconstrictor
fibres were present in the phrenic nerve, stimulation was
applled. Convulsive movements of the diaphragnm resulted but
no effect was observed on the pulse or hand volume,

Similarly, vazal stimulationbhad no effect on the-

pulse or hand volume of the sympathectomised limb.

/et The same



The same procedure was adOpted with this animald as
with "F%, i.e. the stellate ganglion'plus the ganglia res-
ponding to stimulation were to be'removed.

| It had previously been noted that there was a 8if-
ferenEe in the pulse volume of the limb %o be sympatheétomised,
before and after the pleuralAcabity'had been entered, i.e. the
presence of a pneumothorax diminished the amplitude of the
pulse. Tracings wefe,'therEfore, taken under the same condi-
tions of anaesthesis before, and after, thoracotomy.

'The pulse volume under anaesthesia beforé thoracotony
was 0,005¢c. (Figure 161. - page 383) and, after, 0.002cc.
Also respiratory waves weré more noticeable on the recording
taken after opening the pleural cavity. (Pigure 162. - page 383)
| Stimulation of the sympathetic trunk revealed that
‘the outflow 10 the upper limb was through the second and third
thoracic and the stellate ganglie. Accordingly, all the
rami of the second and third thoracic ganzlia were cut and the
trunk segticnéd below the third thoracic ganglion. The rami
- of the stellate ganglion were then defined, sectioned, and the
‘,sympathetic trunk and genglla removed.

Stimulation of the stellate ganglion, in addition
to the vasoconstrictor effects of the hand, also produced a
dilatation of the pupil. This ailgtaﬁion was not seen if
the stimulator was applied caudal to the stellate ganglion.

Stimulatiaﬁ of the bed after asympathectomy had no
effect on the volume of the limb. = Sympathectomy appeared
complete. Stimulation of the vagus also had no effect on

the limb.

/Observation



~ Observation next day revealed & Horner's Syndtbme{
whieh was unchanged 95 days after operation.
The sympathectomised limb is still warmer than -the.

non-gympathectomised,

84 days after sympathectomy "G" was re-operated on.
The second riv only had been removed in this gpecimgnﬁ.
.Aftef induction with sodium pentothal 1ptravenously,.piethys- '
mogfapha'weré taken of both. the sympathéctomised and non-
sjﬁpathéétomisea hands. Again it-is noted that the‘pulsé.
volume of the non-sympathectomised 1imb ié7greater than the
sympsthectomised. (Figures 163. and 164. - page 384).

On entering the thoracic cavity through the original
1ncisioh, the lung was found to be adherent to the gnterior
chest wall., A small area of collapse 6f the upper lobe was
note&; The lung waé adherent wherever the parietal pleura
had beén interrupted. The non-vascular adhesions were
separated by blunt dissection ané the lung completely freed.

. The cut end of the sympathetic chain was identified
Just above the fourth rib.’ Radiatins'up towérds where_the
stellate ganglion originally‘wasﬁ'wepe'two fibrous strandse.
Application of ¢the etimulator to theée bands had no effect"
on the pulse'or hand volume, Thus there was no evidence
- of sympathetic nerve fibres in these strands.

The bed of the sympatﬁetic chain was stimulated
atvarious points. No evidence of vasoconstrictof or vaso-
dilator fibres was féund. ‘ | '

No sign of any of the rami of the stellate ganglion
was seen., Dissection in-the region of the subclavian
artery faiied to reveal any sign ofﬂthe two 1oo§s~around
the artery. Stimulation of this area again was without

effect on the pulse,

/The vagus
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The vagus was defined and stimulated, Stimulation
was ﬁithsut effect either on the pulse volume or the heart
rate, '

In order to define the sympathetic trunk cephaled
to the ablated stellatelganglion, it was decided to approach
the structures via the neck. Accar&iﬁgly, through the same
‘1ncision, the medial end of the clavicle was diéarticulateﬁ
at the sterno=-clavicular joint. Some of the sternal fibres
of the sterno~mastoid were divided and the freed claviecle dis-
placed upwards and laterally. The scalenus anterior was
.dlividel c;cse to its insertion into the. first rib and the
subeclavian vessels exposed. The carotid gheath was then
Opened and eg,cn structure defined. '

The internal jugular veln was lateral to the carotid
artefy. end lateral and posterior to the vein lay a Bingle nerve
trunk. No otﬁer trunk or chain was visible at this site. .
This nerve was continuous with the vagus in the thorax. It
was ﬁhought that, in view of the absence of a definite cervi-
cal sympathetic chain, the sympathetic and vagus together
"canstituted 2 single vago-s&mpathetic tfunk»

This single trunk was, therefore, stimulated and the
effect on the pupil noted. Diiétatlon ensued; this c@nfifﬁed
the presence of sympathetid fibres within the single trunk:

At the same timé, plethysmographic records~§howed
no sign.of vasoconstriction. No vasoqonatrictor‘or vasoe-
dllator effects were observed on stimulation of the vago-

sympathetic trunk at any point along bhe'course¢ Yet, eacch
time, dllatation of the pupil ensued.

A silver clip was placéd on the vago—syﬁpathetic
trunk, The claviecle was réstored to the sternum and fixed

there by sutures through the periosteum of both bones. All

/the divided
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the diviﬁed muscles were theh sutured in positioﬁa

| Silver clips were. inserted atih_ (1) the free cut |
end of thg thoraéic sympathetic c¢hain, ard (2) the site
Judged to have been the site of the lower pdle of the
-Btellate ganglion. The thoracic wound was then sutured
in layers and the skin incision closed. ‘

The animal was then X-rsyed and the position of
the c¢lips noted. _ |
| In spite of the extensive manipulation, the animal
recovered full éonscioﬁsneés within three houré of completion
of the cperation. » ,‘ ‘
| Sympathectomy of the‘upper extremity still appears'

to be comﬁlete 84 days after\section of the stellate and

second and third thoracic ganglia.
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Right hand under anaesthesia before thoracotomy,
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FIGURE 162, =~ "g"

Right hand under ansesthesia after thoracctomy.
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FIGURE 163, =~ "g"

‘Left hand (none~sympathectomiced) under anaesthesia,
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FIGURE 164, = "g"

Right hand-under - aneesthesia.

Right stellate, second ans thind thoracic
ganglia removed 84 days previously.
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(¢) HISTOLOGY.

Thevrighs second, third end fourth thoracic ganglia,
toggther with the intervening sympathetic chain, were removed
in "B"., The animel dled eighteen months after sympathectomy.
Post-mortem examination failed to reveal any definite cause
-of death. The mediastinal structures were deviated to the
right « this feature had béen noticed at re-operation twelve
months previously. The lung was adherent to the pleura
anteriorly. The apex of the lung wss oollapsed and, poat=-
eriorly, the lung wzs adherent to the thorac;c wall. A plane
of cleavage was readily demonstreble and the adherent 1uﬁg wa.8
0as5ily separated boih anteriorly and posteriorly.

fnspection of the posterior wall of the right-thorax
was undertaken with the thbraciq viscera in situ, ‘fhe stel~
late ganglion was visuédlised at the apex of the pleura but
the chain ended abruptly just below the lower border of the
first rib. No sympathetic chaln, i.e. truhk or ganglia, was
ﬁisible over the second; third, or foﬁrth ribs or in the core-
responding rib spaces. The-sympathetic ¢hain was easily
identified on the neck of the fifth rib and caudally there-
from was continuous to the diaphragm. - | |

The macroscopic findinge are represented diagram-

-~

matically in Figure 165, (page 393)

In view of the abaence of any obviocus macroscopic
communicetion between the upper and lower free'ends of the
sympatbetic chain, microscoﬁic examinatioen of the denervated
area had to be undertaken; |

Therefore, the thoracic¢ viscera were removed. The
head and upper cervical structures were amputated through the
fourth cervical disc and the lower part of the body was severed

L]

* /through the upper
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through the upper border of the eighth thoracic vertebra.

Thus & block of tissue was left, exténding‘from the fifth cer-
vical vertebra cranially to the seventh thoracic vertebra
caudally. Both the sympathectomised right and the normally
innervated left sides were included in thé'block. Laterally,
the bloek extended to one-and-a-half inches from the mi&line.
This ensured that any sympathetic nerve or fibre would be
included in 211 sections cut.

The block of tissue waé placed in écid, en masse,
for decalcification. After several days the block was
divided into right and left halves by longitudinel section
through the middle of the vertebral bodies. This ensured
thét any section would not be too large and would inciﬁdeiall
rthe essential structures of'oﬁe side. Each half could be
identified easily and there was no likelihood of error.

After furthef decaleification the rlght‘haif“was
 &1v1ded into nine equal parts of tissue, each of which was
prepared 1n‘blocké for paraffin section, to retain every bit
of-tissue on this, the opérated, side. Horizontal sections
of each paraffin block were cut. Each section, therefore,
consisted of the right half of the body of the vertebra aﬁé
_.spinal cord, the costo-vertebral Jjunction and ohefto one-and-
a-half inches of the corresponding rib. On the anterior
surface of the rib and vertebrs were the retro-pleufal tis~
euesf' 'The‘paravertebra; muscles could be identified on thel
posterior aspect. ‘

Several blocks were made of the normal left side at
various helghts. These blocks acted as controls. . (Figures'
166. and 167. - pages 394 and 395). ‘

Sections, 10p in thickneésm were cut off every
block. Each section was retained and the block could be

examined serially. A few sections of éaéh.block‘were stained

/with‘haematoxélin -
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with heematoxalin and eosin., This method of staining sufficed
-for ordinary examinstion, Where; however, doubt existed about
tﬂe nature~of tissue or fibre, appropriate staine were used to

demonstrate either nerve or connsective tissue fibres,

Great difficulty was encountered in fiﬁamg a suite
able stain for nerve fibre or other nerve tissue. ;However,
after many trials and as many erroré. Romanes® (1946) modifi-
cation of the silver nitrate stain péaved.most satisfactory.,
Even with this stain, it wae only an accidgntal alteration of
temperature that pfoduced results, |

' For connective ‘tissus or other tissue containing
collagen, Azan's stain proved the bast.

At the level of the eighth cervical disc, the stel-
late ganglion was observed lying Jjust anterior to the costo~
vertebrai articulation. In the first few sections the ganglion
apbeared a8 two separate masses. This was due to the SGctiop
cutting the ganglion at 1té concavity. As the ganglion‘was
trace& down, hdwéver, it became ohe founded trunk.  .There was ~
a fine perineursl layeriof'bonﬁeqtive tissue, surrounding the
ganglienie mass, . No réaction in the eurroundins‘areolar
tissue could be observed. | )

The sympathetic trunk, as observed, was continued
throughout the block of tissue to the lower border of the first
‘thbracic vertebra, Howsvér, aé the'iast few sections {A in
Figure 165.); were cut, it was noticeable that the ganglionic
mass was lése in amount and the perineural sheath was thicker
thanmpreviously, "In the areolar,tissue'1mqu1ately surrounding
the sympathetic trunk, é%llﬁlar masses were apparent on the
posterior and anteroce-mediel aspects, That mess on the antero=~

medial aspect had a reticular, slightly whorled appearance,

/(Rigure 168.
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(Pigure 168, - bage 396) . Numeroua‘thin-walled capillaries .
were praesent nearby. There wag no apparent connection between
the reticular whorled mass and the trunk itself, In the last
section takén from this bloek, the sympathatié trunk wasg still
present although muech reduced in size, The surrounding tissue
was slightly bigger but had essentially the same appesrance,
The upper border of tho following block was through

the inter-vertebral disc between the first and second thoracic
vertebra. (B in Figure 165,), In the first section taken
from this block, the sympathetic trunk ;ae not piesentﬁ - Ne
- gangllion cells were demonstrable at this site. Anterior to
the costo-vertebral angle, i.6. corresponding to the expected
site of the sympathetic ¢trunk, was a mass ofAtisauevclbsaly
- resembling the structures 6bserved in the previous block.
The mass of tissue was roughly trienguler in shepe. (Figure
169, -« page 397). It wae not well defined and tapered off
anteriorly. There wes no surrounding fibrous cepsule,  The
mesg was very cellular and hed & reticulated, whorled appear-
ance, Numérous_cépillaries WETS scattere&'throughout the
‘tissueu . . B

Higher magnifiqation {Figure 170, - page 398) con-
firms the whorled‘appearance.A The mass consieté essentially
of fibrous tissue, Seattared throughout‘this'fibrous-tissue,
however, ere many small fibreé, seen g8 small pyknotic.centrés
 surrounded by a clear zone and surrounding this is a thin mem-
brane~like structure, _ |

The Azan stain confirmed the large amount of fibrous
tissﬁe present in the section. .Thé centre part of‘the smsll
'fibres, however, did not take up~the coliagen stain. By
using the Rbmanes' modificailoﬁ, these fibres ﬁere shown to

take up the silver nitrate=staiﬁ. It is likely, therefore,

/that these structures
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- that these structures respresent small nerve fibres. Other
nerves in the section have the same appéarancé when this stain
18 used. ' ‘ |
Further sections of this block coh;inueq to show the

: cellular-fibrous;mass'at.thé_same‘anatomiqal site. The mass
retdinsAits trisngular shape. .(Figure 171 - page 399).
The tissue, however; appears éenser and even more cellular.'
' The seme type of fibre is present. 1In one concehtrated area
the appearance was very much like that of a rosette. In the
lowermost pole of the mass & single_fibre is seen out longitu-
dinally, - This is seen at a higher magnification in Pigure
172. (page 400). The fibre, épparently‘unconnected with any
other structure, is seen as é eingierdeeply staining "threag"
 surrounded by & sheath: (Figure 173. - pégeiaél)‘- -Romanes’
nerve stain coﬁf{}ﬁed the nature of this fibrg, whiéh‘apparﬁ
ently is a myelinated nerve fibre. . Diligeﬂt search of the
cellular mess falled to ?eveal another such fibre,

| The areolar ceilﬁlar infiltration was more intense
\in.th;é section than in the previous sections, it wag almost
competely fOund caell in type.

| St11l further caﬁ&aliy;'at the lower border of the
second rib; the‘mass of fibrous tiseue,»wgs 8til1ll present.
It was considerzbly smaller in amount, although the same
general outline was retained. (Figuré,i74a - ﬁégeiaoz)@
Higher magnification of the same section Shoﬁéd the fibrous
tissue to be denser. The fibres were fewer in number but
more easily defined,.. They scemed-to be‘dispersed over &
slightly wider area and not arranged in bunéles. as previously
noted., (Figure-175, = pége'AOB). Né nervé fibres appeared |
to be sectioned longitudinally in thie section. ‘

7

’ /Sections taken
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Sect}ons taken at the lower border of the second
.thoracic-Gertebra, showed that the,flbrous and cellular mess
was considerably smaller in size than at the upper bofdera
4 few nerve fibres could be éeen just anterior to the inters
costal nerve,

At tﬁe upper border of the third thoraclc vertebra,
no evidence of the cellular mass was found. ' Diligent search
falled to reveal any sign of a nerve fibre or ekceésive con-
nective tissue.

At the upper border of the fourth rib, at the lower
border of the third thoracic vertebra, slightly medial to the
eostowvertebfalﬂarticulahion“four-or-flvevfibrea werefseen.
‘_.(Figure 176. = page AOA)s The fibres were surrounded by
feirly dense fibrous tissue. There was no definite shaps to
this aggregatiene_,'ﬂearby were several small capillaries and
; larger vessel lay slightly more,lateraliy@ A round cell
infiltration was present in the surrounding arcolar tiscue.
These features are well shown in the higher magnification,

" (Figure 177. - page 405). |
_ Numerous small fibres were demonstrated at the upper
;b&rder of the fourth thoracic vertebra. The fibres were not
ésﬁrrounded, however, by the same amount of fibrous tlssue as
in the'other sections, (Figures 178. and 179. « pages 406 and
407), but rather by a cellular oval-shaped tissue. |
8lightly ceudally, ganglion ¢ells again appearedQ
These cells were embedded in an ovél—shaped mass.of‘fibreus,
tissue, without any definlte perineural sheath, The ganglion
cells ﬁid not differ from ganglion cells obéerﬁed in other
parts of.phe‘sympathetic nervous system, They were less

numerous and arrenged in an oval instead of a spherical

/manner.,
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. manner, (Figures 180. and 181, - pages 408 and 409).
- Traced csudally from this level,the sympathetic trunk

répidly assumed the appearance of normal sympathetic tissue,
as on the normal opposite side.

| At the level of the sixth thoracic vertebra & sec=-
tion shows the spinal nerve eherging from the intervertebral
foramen. (Figure 182, - page 410). Included in the sﬁiﬁél
nerve is a part of.the poaterior root ganglion.  Anterior and
'meq1a1 to the nerve lles the sympathetlic trunk, actﬁaily repre-~
sented by a 5angli§n. ‘A ramus is either entering or leaving

the ganglion,

Sumrary :

Sympathectomy in this monkey had been pefformed by !
removal of the second, third and fourth thoracie manglia.,

A1l sympathetic tissue from the first intercostal space, just
below the lower border of the first rib, to the fourth inter-
" costal space just below the lower bor&eb of the fourth rib,
has been removed. At this lower pole, the Sympéthétlc trunk
had been crossed anteriorliy by the fourth intercostal vein.

Four months after operation there was no macroacopic
-evidence of eommunicatién ﬁetween the two ends. Electronie
-stimulation could not determine any return of function, and
plethysmographic studies under anacsthesia indicated that there
had not been a return of vasomotor tone.

Fighteen months after operation, on the death of the
animal,rthere wes no macroscopile cdntlnuity between the severed
ends of the sympathetléa

-ﬂiéroécopieaily. 1t wes possible,to demonstrate that
the lower pole of the stellate ganglion was continued as a
mass of fibrous tissue togéther with numerous myelinated fibres.

Traced caudally these structures were present as far as the

/upper border
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‘upper border of the third rib. 4% this point there wes
neither this fibrous tissue and nerve fibre mass, nor was
there any evidence of & normal sympathetic chain,

At the uéper border of the fourth rib a few fibres
of the same t1ssue reappesred and could be followed to the
upper border of the fifth rib.

Apart from the complete absence of any structures
at the level of the third. rib, a few fibres were visible
below at the upper bor&ér of the fourth rib,

Traced caudally, therefore, the sympathetic trunk
ends abruptly surrounded by a fibro~cellular tissue which is
continued caudaily in diminighing amount as far as the third
rib. At this point there is no evidence of either sympa=
thetic ehaih or nerve fibres,

Caudal to the third rib,_some'few fibres sre present
At the fourth rib, gradually increasing in number as traced
distally, finally being replaced by ganglion cells., 5Still
furthér caudally the sympathetic trunk assumes its normal

eharacteristios.

Conclusions:

There has been a down-growth of myelinated nerves
from the lower pdlé of the gtellate ganélion to replécefthe
section removed, There has 2l8o been an upgrowth of myeli-
nated.fibres frohm the region of the fith thoracic ganglion.
However, the arrangement of the outgrowing myelinated fibres
is irregular and doss not seem to be arranged in ahy definlite
pattern. The fibres iﬁterﬁingle with a great deal of fibrous
tissue, It has not been possible to demonstrate continuity
of the iwe cut ends, ﬁhether the fibreé-have established
functional communication with the sympathectomised extremity
18 not known, Further work on this aspect has still to be

done M
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Schematlic. representation of the postemortem. findings,
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V1l DISCUSSION.

It hes to be admitted that sympathectomy of the
| upper extremities hes not gilven the ideal resulté so easily
obtained in the lower 1imbs.  That this only pertains %o
Raynaud'se Fhenomena and allied vasospastic disorders is
‘apparent from the results obtained in the present series,
for observations on a patient with causalgia, treated by
rémoval of the stellate and second thoraclc ganglion thirty
ysaars previogsly, show thatvthe denervation is complete,
There has been no return of vasomotor tone or funetion.

| AB’Graig and Horton (1938) point out, the fact
that ganglionectomy applied in the segments corresponding
with the upper extfemities, is successful in the treatment
of Buergersainiéease would seem to militate against the idea
of; say, postganglionic sympaﬁhectomy‘producing z sensitivity
of clinical importence,  In Buerger's Disease ganglionectomy
1s followed by maximal relief and the results in the.upper
-extremity are, if poséible,vmore‘Batlsfaétory than those of
the lower extremities, Similarly, patients who undergo sym-
pathectomy for othér ndnavasospastic conditions do not have.
vaSOSpastic'éymptoms following the operatlon,

White (1944) has pdinted out that céftain fanda-
mentals must be observed:by the surgeon in order to get the
best clinical results of sympathetic denervation of an .
extremity. As emphasised by Goetz (1947) the Sympathéctomy,

must be i~

1. Preganglionie in type.
2. Anatomically complete.
3. Extensive enough to prevent regeneration

end re-egteblishment of the pathways in
the future, ,

/1. The operation
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i. "Ehé operation must be preganglionic in type =
~ The spinal centreé of s&mﬁathetic motor;activity
are found in the ganglion cells of the lateral
horn. The neurones of these cells leave the spinzl cord via
the anterior root. The ocrresponding paravertebral ganglia
are reached'via~the white ramus communicans. At the para-
vertebral ganglia they synapse with the ganglion celle of the
_8econd ‘neurone. - The axons of the seGOn@ neurone.leave the
paravertebral genglia via the grey égmus communicans to join
the spinal nerves and blood vessels. . Langléy termed the
first neurone "the preganglionic fibre", whereas the .second
is known as "the postganglionic fibre".

Sympathetic denervation thus may be effected by
extirpation of the necessary ganglia, by sectioning the
anterior root or by dividlng the white raml communicantes,
However, an egsential~differen@e between prégenglionic sym-
pathectony andlsanglioneétomy was'described_by Meitzer:and
Aver (1904) in rabbits, and Meltzer (1905) in'cate. “They,
observed that subcutaneous adrenaline had no effect on the
normal pupil or upon the pupil denervated-by preganglionic
sympathectomy, but that it produced maxlmum dilatation of the
pupils denervated by ganglionectomy. Elliott (1905) extended
these studies to include "the blood vessels and noted that the
increased, 1rr1tab111ty persisted for at least ten months. He
'also noticed that some degree of 1ncreased irritabiiity fol-'
lowed pregenglionic sympathectomy.

Dale and Richards (1918) demonstrated that the
blooa vessels of cats were abnormally sensitive to histanmine
ang acetyléholine as well as adrenaline after sympathectonmy.

Freemaﬁ‘etlal {(1934) » using intravenous adrenaline

and insulin hypoglyceemia in patients, showed that abnormal

/lovering of the
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lowering of the skin temperature developed 68 days after gang-
- 1ionéctomy, Reﬁaval of one adrenal and denervation of the
other prevented the vascular constriction in enimels,

At first surzical intervention on the éympéthetic
éyatemvwas vased on the experimental obssrvations of Langley
“thet, in the cat,; the cervical sympathetic chaln and the
brachial plexﬁé recéive'all their preganglionic fibres from.
the white raml of thé middle cervlcai.ganglicn.» Cervico=-
thorgic ganglionectomy, therefére.appeared to be & means of
procuring syﬁpatheiié denervation of the arm. Results in
Reynsud's Phenqmena}.however, ware not satisfgctory.

Smithwick at.al (1934) considered the possible
relationghip of “hyperseqsitivity" to the recurrence of vag-
cular spasm in Raynaud's Phenomena that often occurred after
ganglionectomy. They concluded that hypersensitivity to
eirculating adrenalin may constitute an impartant source of
unsatisfactory results 6f sympathetic ganglionectomy for'
Raynaud's Phenomena. L ..

White, Okelberry and Whitelaw (1936) belleved that
tﬁe différence between upper‘énd lower extrémity symﬁatneéth
mies was that the latter was preganglionic in type. ‘Teiford'
(1935) and Smithwich (1936) thereupon mdapehdently performed
preganglionic s&mpathectomyvfor gaynau&'s'Ehenomena. |

Fatheree and Allen (1938) and, later, Fatheree, Adson
and Allen (1940), after many carefully controlled experiments,
disagrae& with ths'conclusions of sm;thwich et al quoted pre«
vioualy, '
| Simmons and Sheehan (1939), too, are unable to sup-
port Smithwick's contentions.  They have noted that, after

both pre~ and postganglionic sympathectomy, the hypersensitivity

/has decreased
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has decréased_with times They also observed that hypersensi-
tiﬁity eppears at its maximum eight to ten days after operation,
whereas bhe‘ueuai~eliniaal relapSes are not evident-for sev-
eréllmonths‘ Further; at the time the relapse is becoming
evident, the-hypersénsitivity-to adrenaline is either non-
existent, or very much redueed~and-contihua11y decreasing,
whereas - the relapse ‘is steadily becoming worse. They also
noted that the pregenglionic sections which heve relapsed

have done 80 sooner than the corresponding,ganglionectomies_
yet the sensitivity 1s areater. after gannllonectemy than n”e-‘
manqlianic gection; - The occasional permancntly successful
rcsuLt followinm ganzlionectony is unexplalned by hypersensi-
tivivy,

Lewis, too, has pointed out thst, if recurrence of
symptoms is due to hyperseneitivity to circulating adrenaliﬁe;
'the attacks of Raynaud's ﬁhenomena should ocecur equally after
sympathectomy whether the patients epénated on had the Raynaud'e
Phenomena or‘hotiv This certainly does not occur. -

‘As Fatheree et al conclude: "The problem of unsatis-
factory resulis that occasionally follow operations for
Raynaud's Phenomena of the hands has not been satisfaetorily
solved by a study of sensitivity of digital arterioles to.

adrenaline.” This conclusion is in agreement with the opinion

of many surgeons and Grimson (1946) observes that these unsatis-

factory results ﬁave not been materially solved by operations
embloying the preganglionic sympathectomy technique.

qutz {(unpublished data) has been investigeting the
problem of éensitivity to adrenaline following pre- and post-
génglionic sympathectomy, plethysmographically. Utilising |
ﬁhe pheto-electric«cell dr@pfrécorder (Goeté ~‘1948). he has

administered adrenaline to many of the patients ‘observed in

/this series.
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this series, Without finalising, the impression is gained

that Fatheree et al's observations are correct.

2,  The operation must be anatomically complete =
The work of Simeone; Cannon and Rosenblueth (1938)
and Simeone (193%8) has shown that incomplete déner-
4vatioh of any structure which is under the control of the
autonomic nervous gystem, results in little functlonal impaire
ment, Surgicél‘danervatien must be complete or it will be
of 1fttle value. The entire aympathetic outflow from the
spinal cord to the organ or the extremity must be interrupted,
or any pathway left urinterrupted can be used by the body to
re-establish complete sympathetic control vithin a short perilod.
The origin of the preganglionic fibres to the upper.
extremity is still a matter of considerable dispute. Although
the second thoracic spinal segment is commonly accepted as the
uppermost limit of outflow of preganglionic fibres to the upper
extremity, there is-no doubt that a large number of myelinated
fibres 1eave_the spinal cord from the‘lower cervical regions.,
Ray et al (1943) had occasion to stimulate the anterior roots
in man and found an_outflow from Th.l in one of eleven patients,
- Aléa, it has been found that if‘yhe brachial plexus
' be pre-fixed, the uppermost 1imit of outflow from the spinal
cord iill be from the eighth e¢srvical nerve,
| The segmental outflow of vasoconstriction and sudo-
motor fibrgs may extend quite a long way caudally, and, in
some cases, the lowermost level has been:as far caudally as
Th.8 « Th,10. However, the upperﬁost level is the most
important. '
The pregangiion&c fibres from the spilnal cord enter

the paravertebral ganglia at their corresponding points and

’

/ascend in the




v,

~416~

ascend in the chain. These preganglionic fibres synapse with

the postganglionic neurone mainly in the inferior cervical and

‘first thoracic ganglia, i.e:; the stellate ganglion., Few gyn-

apses are said to occur in the second and third thoracic
ganglia. | | “_
Whilst the mejority of synapses of preganglionic

fibfeé with the postganglionic neurone occur in the above
.thfee ganglia, it appears likely that synapses of preganglionic
fibres to the upper extremity are made in the middle cervical
ganglion as well,  The middle cervical zanglion usually is
connected through grey rami with the fifth and sixth cervical
nefves and, in some instances, with the fourth and seventh.
cervical ner;esg '

| Foerster also found that stimulation of the middle

cervical ganglion produced vasoconstriction in the upper

extremity of the corresponding side.

As Fatheree et al (1940) observe, it appears unlikely

that the‘eympathetic Tibres whiech supply the upper extremity
of man make aynapsés.in ganglia other than the middle cervical,
the stellate and the second thoracic ganglia.

| de Takats (1937) observed that "the complete removal
of the ganslionated trunk with its postgenglionic fibres can
srow evidence bf'regeneration only 1f the operation did not
remove all the excitor ganglions and-if some postganglionile
Tibres escaﬁed section,; or, if a preganglionic section of the
trunk was carried out, after which tbe‘preganslionievfibres

readily established connection wlth the intact gangliocns and

 their postganglionic fibres." At a later date (1940) he

sugzested extending the original (postganglionic) cervico~
thoracic sympathectomy to include the intermediate and inferior

cervical as well as the first, second and third thoracic'gangliai

. ' . /In sixteen



In sixteen cases in which he followed this'procédura,.the
results were, in his opinion, comparable with those obtained
from lumbar aympathectbmy;

In this way de Takats actually attempts to remove
all sympathetic connections to the brachlal plexus, In
eassence this is 2 pQStganglionic sympathectomy, which, as we
have séen, i8 not of great 1mportance; , _

In 1942 Geohegan and Aldar suggested that the recovery
of sympathetic tone may be due to reorganisation of function
within the sympathetié-itselfw~ 'Ray et al'(1942) had observed
-é acase in which the‘vantral roots from the gecond}to-the ninth
thoracic segments were sectioned. This.resﬁlted in complete
'sympathetic denervation of the hand. However, after ten weeks,
function returned, This could not ﬁave been due to regeneras
tion because -of the short time 1nterval; - They suggesated that
pathways were being used which, before_oberation, did not carry
sympathetic impulses t6 the hand, éhé first thoracic root,
which ordinarily carries ho vaaoccnstiictor fibres to the upper.
‘extremity, may develop such function after thé usual pathwayse
have been interrupted. From‘the'WGrk of Fick and Shechan
(1946) the presence of myelinated fibdres in the lower cervical
roots is well known. Geohegan and Aidar put this theory to
the test and found that, afte; interruption of all preganglionic
fibres to the forepad in the cat, new pathw&yg developed from
higher spinal roots which nofmally contribute no outflow tb the
upper extremities. A

These findings are interesting in view of de Takats’
effort to remove all sympathetic»connections to the brachlal
- plexus, in order to establish a complete sympathetié denerva=-
tion of the upper extremity.

von Buskirk (1941), exemining the sinuvertebral nerve

running inside the vertebral canal, considered that he hed

/demonstrated -
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demonstrated a pathway through which sympathetic fibres arising
at lower levels might join the upper thoracic and lower cervis
cal nerves, 1Howevéf, the ramus connected to the vertebrel
artery usually arises from the stellate zanglion, which-is
extirpated in de Tekats' operation,

| Skoog (1947) has demonstrated ganglia in the come
municatlng raml of the cervical sympathetic system., However,
'it'is no£ known whethér these gahglion‘ceils-recaive thelir
preganglionic‘fibres from the sympathatic {trunk or from the
spinal nerves., Wrete (1935), basing his theory on the |
embryclogy, thinks that, in the lumbar region, where these
ganglia also occur, most of the ganglie probably migrate
from the sympathetic trunk, If the latter pertaine'then'
complete sympathectomy is impossible, If, on the other hand,
these are sympathetic conﬁeeticns, then ganglionectomy will

8till be bomplete'with de Takata' procedure,

3.  Sympathetlc denervation must be carried out in

such a way as to prevent rezeneration -~

v As eéarly aa’1895 Langiey had obéefved that regenera-
tion of preganglionic fibres may take place by the formation
of fresh terminations in connection with nerve celléi He
observed in cats, by cutting the sympathetic chain in ﬁher
neck, that return of function begen eight to twelve dayse
after operation, ani that, in the ﬁajority, the cervical
sympathetic had regencrated in twenty-four‘daye after section.
He noted that éome defliciency of innervation after regenerg-
tion was dlmost inevitable, Nevertheléss,.the deficiency
was noi striking and, in most cases, slight,

PreviLusly Pyé-sﬁith (1887) reported recovery of

/control of the
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control of the eye and temperature of the ear in a cat 110
deys after remgval\af\a portion of the cervical sympathetic
chain, ’
Langley (1897), Tsukaguchi (1916) end Lee (1929)
have established the abllity of preganglionic fibres in cats,
dogs and rabblts to regenerate, Lee (1929) observed regen=-
eration even througﬁ the sternomastoid muscle. Hinsey,
Phillips and Hare (1938) demonstrated preganglionic regenera-
~tion to the head and limbe of cats after various forms 6f
-sympaﬁhectomyi | _ |

| The ability of postganglionlc fibres- to regenerate
has also been investigated.  Tuckett (;896)'obtained evi-
dence of regeneration of postgangllonic fibres from the
superior cervical ganglion of 2 rebblt in 259 days.
Machida {1929) found evidence of regeneration in cats, as
early as fifty-seven days, and also noticed that vasomotor
reﬁovery preceded recovery of the pupil. Kilvington and
- Osborne (1907) demonstrated return of vasomotor reflexes
plethyemographlcaliy in dogs, Trotter and 5avies (1909)
reported varying degrees of‘recovery of sudomotor and piloe
motor functions six to eight months affer peripheral nerve |
section performezd dpon themselves, - - :

Gibson (1940}, who has made a micrﬁscopic study of
the sympathetic synapse, ha& observed degeneration of the
boutons (fibre terminations on the nerve cells) in the
superior cervical ganglion after proximal section of the
trunk, and their resppearance with a retugn-of function
fortyéfour daye later,

Haimovici and Hodes (194Q) have presented evidence
'for regensration even after removal of the ontire sympathetic

¢hain on botn sides.

/Simmons and Shechan

L
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Simmons and Sheehan (1939) and Smithwick (1940)
have obsgerved many instances of recurrent vasomotor activity
after cervicothoracic ganglionectomy., - How preganglionie
axong can bridge the gap left by the removal 6f the celi—
bodies‘of the postganglionic neurons is aifficulﬁ to
understand { No histological explanation has yet been given,
but numerous ﬁests show that & greater or lesser degree.of
regeneration is evident in a larger proportion of patients.

Papez, Jensen and Dukes £1945l.obsérved two dogms
after-thoraéo~1umbar anl‘spianchn;c nerve éympatheetamy_‘
They noted that regeneration after such a procedure.is. -
relatively small, They also observed that some of the pre=-
5anglionic neurones in the intermedio-lateral cell column of
the spinal cord survive the operation and are capabdble of
regeneration, The regenerating-fibres tend to course along
the older channels that are partially restored by the pre- ’
cocious regeneration of perineural sheaths. '

. " Haxton (194Ta) considers that regen&raiioh is

~ responsible for thé return of symptoms and vasomotor tone in
Raynaud's Phenomena., In a later paper (1947b) he describes
the autopsy findings in a éase~of Raynaud's Phenomensa, who had
had the left stellate and second thoracic ganglia removed
fifteen years before, Haxton found that rami were present
to all the spinal nerves and a large ganglionic mass was
present at the site of the normal stellate. In fact, he
observes that the only difference between this and the normal
side was the presence of scar tissue on the side of oﬁerationi
" Clinically the patient had suffered a relapsé'shortly afﬁer'
operation, ‘

| In the later article Haxton obaerved that the

permanent Horner's Syndrome is not evidence againet regeneration.

/In his experience
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In his experlence it is only the ptosis thet perststs and this
he aseribes as due to diause atrophy of ﬁhe smooth muscle
fibres of the levator palpebrae superioris. The miosis,
according to Haxton, does not persléta However, in the
patient'stlll sympathectomised after thifty years, both the
ptosis and.mlosis are 8till present. | |

Although regenera?ion may be the cause of relapse in
ghe upper extremity, poor resulis ere very seldom noted 1p
the lower extremity, However, Smithwick (1940) observed that
almost as many cases have regenerated in the lower éxtremity
as in the upper extremity. Haxton (1947a) too, observed that
lower limb resuits were by no means perfect and some cases .
of severe relapse were seen, Haxton (1947b) noticed, in
the autopsy mentioned above, that regeneration had'taken Place
after lumbar aympathectomy. Although no ganglia were demon-
s@rable, the sympathetié chain‘was continuous, albeit much
thinner at the aresa of operation. . ‘ ‘

Confirmation of regenerétion, occufring~éfter Bympa-
thectomy, is obtained by the observation.of the sympathectomlsed
monkey "B".  Although macroscopically no connection was vis-
iblé between the put ends of the sympathetic chain. evidencg
of regeneration was present microscoplecally. Nerve fibres
are present in the'mldst of a vascular connective tissue, both
from the caudal and cranial parts of the sympathetic chain.
That these fibres were neural in origin was shown by use of
Romanes' modification of the silver nitrate‘staing However, -
thése regenerating fibres had not established functional con-
nection with tre vessels of the extremity.

Thus, although regeneration may occ@r, theoretically‘
it is more“difficult to imegine after ganglionectomy, than

after preganglionic section. If all the postgzanglionic cell

/e8tations to the
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stations to the arm have been remoéved at operation then either
preganzlionic fibres grow up and pass directly into the nerves
of the brachlal plexus, or, what appears to be more likely,
postganglionic fibres, whose cell stations are situated below
the level of excision, regenerate through the sear tissue to
reach the nerves of the upper extremity. .
Haxton (1947a) observés that, although all cases pf
clinical relaﬁse show regenération of sympathetie fibrés,
this. is not the whole explanation of relapse. Weil-marked .
regeneration may occur wifhout any clinical relapse and com~
plete relapse maﬁ develop in epite 6f very incompiete'regena
eration, | Also, 2lthough régeneration of sympathetic fibres
aﬁd_a return‘of‘aétIVEty in the 1ower‘limb.oécur more frequently
than realised, the extremltj is a2lmost completely free from
cliﬁlcal relapse. Although oﬁly the upper 1limb has been
linvesiggated in this series, clinical relapse of Raynaud’s.
Phenomena is a'raritﬁ in the 10Weryextremities; Numerous
sympathectomies.hane.been_performed for.ﬁaynéud‘s Pheﬁoména
of the lower limbs, yet not ohe caSe"has been observed with
‘a ¢linieal relapse.  As Ju&ged'plethyshograbhically, a
return of vasomutbr tone is present 1n.oniy one case of the
© lower limb., {Figure 78i'- pageuaél). Sudomotor activity is, -
however, still.absent‘in this éitremity;, A
Haxton (iQA?) explains clinical relapse =s due to
the fact that two factors are important 1n‘the.broduﬁfT@n of
Raynaud's Phenomena, viz. sympathetic vasoconstrictor‘acﬁie'
vity and local Bensitivity:to cold. These iwo factoré vary
cons;derabiy in different cascs. Sympathetic activity
predominates in those cases vhere fear orvexcitemént producé

spasm. These are the cases which should_do well after

1

/operation
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" operation, However, the ascociation of spasm with these
vasoconstrictor refiexes’is not common;
Far mére freguently spasm oceurs on exposure to
cold. Haxton claims that these cases with a marked locél
gsensitivity to ¢old cannot be expected to give good results,
Between the two extremes are the vast majority of‘
caées, in which both vasoconstrictor tone and local sensitivity
%o Eold play a part and the results of operation vary.according
to which is the predominent symptom, Haxton concludes that ‘
thiz dual mechanism explains satisfactorily how cases can show
~well-marked regeneration without felapse»or cah relapse badly

with oniy a Blight return of sympathetic activity.

It is apparent, thqrefore; th&t,ohly two factors
need be considered in determining the method of sympathectomy
of the upper extremity. The aperation.must be anstomlcally
complete and it éhould be extensive enough to pfevent~regenera~
tion, That the difference between pre«. and postganglionic |
‘sympathectomy is nbt responsible for the ~recurrenceiof symp-
'toés appears certain from the discussion ﬁﬁave.

. Sympathetli¢ denervation of the uppser extremity, as
practised at Groote Schuur Hdapital in the past, leaves the
stellate ganglion and all its communicating branches to the
brachial plexus intact. Apart from the difference in pre-
and postganzliionie aympathectoﬁy; stellatectomy has not been
 practiseéd because of the resulting Horner's Syndrome.

. Horner's Syndrome, haﬁeveri is not as disfiguring
ap geﬁerally acecepted, Ptoéia 1s.maxima1 for eight days
~after operation. vTﬁeregfter, aﬁ improvement resulte, and,
1n.méstoases, is barely ﬁoticeable unless expressly looked

for, Also, if bilateral stellatectomy is performed Horner's

/Syndrome



wA2A~

Syndrome is usuelly equal on the two sides and cosmetically
the éifference is hardly.noticeable. It is the‘axperience
at‘Gfoote Schuur Hospital that Horner's Syndrome is less
obvicus after removal of the middle cervical ganslion as
well, Therefore, there is really no contra-indication to
removing the stellate ganglion, - In faot, there appears to
be. every reason for removing the ganglion and all 1té branches
to the brachial plexus, |
Although relapse after syhpathgetomy of the upper
extrémity, by removal or ceuterisation of the second thoracic
ganglion, usually takes'place twelve to eighteen hanths after
operation, two cases are included in the present serles, in
"which, after removal of the second, third and fourth ihoracic‘
ganglia, return of symptoms has taken place within six months.
Regeneratioﬁ is unlikely to exblain the relapse in these cases.
The reason. for relapsé may wéll be that operation
is incomplete or that, as (Geohegen and Aldar (1942) suggest,
reorgenisation has taken place and that myelinated fibrés.
previously noi concerned wlth 1nnervdt1ng the upper extremity,"
essume the function of the interrupted pathways. It is
>more than likély, however, that operation is incomplete,
| In order to meke the sympathectomy as compléte as
possible, all the communicating fibres to the brachial plexus
muist be removed, Tﬁerefora,'the middie cervical ganglioé,
through 1ts rami to the fifth ana gixth cervical nerves, must
be included in the tissue removed. Caudally, the second énd
third thoraecic ganglia shoui& be 1nc;uded es well, If pose
8ible, remoyal of the fourth thoracic ganglion is advised.
Simmons and Sheehan (1939) have pointed out that,
thebretically. regeneration is less likely after ganglionectomy

than after preganglionic sympathectomy. Therefore, removal

/of the above
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of the above structures is less likely to be followed by
regeneration., Support is added to this theory by the
demonstration of the case observed thirty years after

operation.

~

/VII. SUMMARY.
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VII. S SUMMARY .
(1) ' The history of our knowledge of the sympathetic

nervous system and the relationship with the

andocrine system and humoral factors is discuésed.

(2) The anatomy and physiology of the sympathetic
supply to the upper extremitiesvis described.
Special emphasis has been placed on the apparent failure to
produce a lasting sympathectomy of the upper exttamltl.
Possible anatomical and physiological reésoﬁs for this are

considered.

(3) The effect of removal of the sympathetic supply
of the vessels of the upper extremity is

discussed.

(4) A review of Raynaud's Fhenomens is presented.
Factors in the symptomatology and pathology are
considered, The failure of treatment of Raynaud's Phenomena

. of the upper extremities is examined,

(5) A study 1s made of the treatment of Raynaud's_
Phenomena by sympathectomy. The various methods
attempted to produce complete and lasting sympathetic

denervation of the upper extremitles are c¢onsidered.

{6) The effect of sympathectomy.of the upper extremi-

tises in Raynaud's Phenomena 1s estimated.

(7). An investigation has been conducted into the
results of sﬁmpathectony of the upper extremity,
as performed at Groote Schuur Hospltal, The methods

used are outlined and the results analysed.

/(8) The case



(8) The case histories of all patients examined are
preéenteda. The results of pre« and pcsﬁﬁ.

Operafive teste are detailed.

(9) The anatomy and physiology of the eympathetic
nervous sysﬁem:in the monkey is described.
The similarity between the humen and the monkey i& -

commented ona

(10) The method~oflsympatnec§omy in the‘monkey-is
| cﬁtline&.A 8pecial mention .is made of the .
- means of determining the extent of,sympaﬁheétomy by
electronic stimulation, At the same time the extent
.ofAtﬁe sympathetic supply to the upper extremity ie

noted.

(11) . The post~operative course in monkeys is observed
and the findings described at~reﬁoperation»at

varying perlods after sympathgctomy.

.{220' . The postemortem findings are detalled in one
monkey eighteen months after sympathectomy.

Both maeroséopic and microscopio detalls are observed.

(13) © A discussion ensues on the method of producing
lasting sympathectomy of the upper extremity
in Raynaud's Phenomena, The conclusions drawn therefrom

are analysed,

/VIII. QONCLUSIONS.
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Preganglionic sympathestomy of the upper extremity
in patients with Rayhaud's Phenomena has not resulted in
permanent cure in thoses cases observed over & perlod of time.

Sympathectomy‘was undertaken either by cauterisas
tion or by open thopacotamy. Return of symptoms or évidence
of vasomotor tone has taken place irrespective of the method
of operation. However, return is more likely to occur
following cauterisation. | |

The second thoracic ganglion is regarded asfthe
main outflow of sympathetic fibres t¢ the upper extremity.
Although the immediate results of removal of this .ganglion
are good, iater resulté are not satisfactory. :

Gauﬂai extension to include the third and fourth
thoracic ganglia also has good immediate results. - The
later results are not complete. Nevertheleés,vaspconstricﬁ
tiorni has been produced in one case withiﬁ & vear aifter
operation. Tt is possible thet the late results of thias
'$procedure will be no better than removal of the second
'ﬁ%oracic ganglion only. -

The time of relapse after operation -is variable.
Some cases show a return of syﬁptomé #ithin a few months;

It is likely that these relapses-zre -due to incomplete
operation. | |

Most cases relapse one year or more after opera-
tion. Tests,iﬁdicate that, although Bweatlng may return,
1t does not return to ﬁhe pre~0perétive state. Patches
- of anhidrosis may persist, .

The recurrence of symptoms after sympathectomy

cannot be explained by a hypersensitivity to .adrenaline.

/recurrence of



~429~

Recurrence of sympitoms may be due to-regeneration,

' This 1s more 1likely in the late recurrence but cannot explain
the early relapses. Should regeneration be the reaﬁanaible
factor, such regeneration is 1ncomplete.'

Should éegenérétion be Eésponsible for the return

of ﬁgbomotor tone, the fact that the actual cause of the

-spasm is a loéal fault of the digital véssels, which would
'pereisﬁ despite operatlion, 1s not excluded. The reweétablishé
ment of vasomotor tone by regeneration would prééipitate spasm
in such sbnormal vessels, but not in cases where no locsl fault
existed in the firat place.

It had been shown that regeneration is more likely

‘after preganglionic section than after ganglioncotomy.

A case of'causelgia ia reported showing absence of vasomotof
tone in the upper extremlity thirty years after removal of

the stellate and second thoracic ganglia, In this case
regeneration has certalnly not occurred.

. Eleotronic stimulation of the sympathetic para-
vertebral ganglia in monkeys shows that the main supply to
the uppér extremity occurs from the stellate and second,
third and fourth thoracic ganglia., In one monkey the
lowermost limit was the sixth thoracle ganglion,. |

Electronic stimulation of the sympathetic paraé
vertebral ganglia in one patient with Raynaud's Fhenonena
shows that the stellate and second, third and fourth theraci&
ganglia are the source of supply to the upper extremlty. \

In monkeys pupillary fibres were derived from the

.8tellate ganglion only,. whereas in one patient stimulation
of the second thoracic ganglion resulted in pupilliary dila=-
tation. '

Electronic stimulation furniehaa & means of deter-

_minihg the completeness of sympathectomy at the time of

operation,

«

/Histologic
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- Histologic examination of the synpathetlic chain, in
& monkey eighteen months after removal of the second, third
and fourth thoracic ganglia, shows that there has been a
downgrcwth.er-nérve fibres fr&m the cranial end and also
a scanty upgrowth from the caudal end. No communioatién
between the two ends could be demonstrated. It is possible
that commuﬁiéation might have been established had a fuﬁther
period elapsed before death of the animal., No ganglion
cells were demonstrable in the sympathectomised area.

Therefore, it has been demconstrated that regenera-
tion of the éympathétic ean oceur in the monkey aftef breé‘

ganglionlc section,

P

Whilst no hard and fast rule can bg 1aid down as
to the indications for sympathectomy in Raynaud’s Phenomena,
<m°st patients who have undergcne the operstion observe that
gigprovement has occurred, Thus, although the 1ate results
fog operaticn show clinical relapse to be fairly common in
ftne—upper extremitics, éympathectomy-haa been worthwhile in
ybhe great majority of p&iientsa

Sympathectomy should be reserved for those cases
where the condition is s handicap to the patlent either
socially or economically. The majority of petients with
cold extremities may be able to get along by avoidance of
exposure to cold water or;air.or by the'wgaring of warnm
clothing, Should, however, thése‘measures prove inadequate
operation should be resorted t0. |

In order to minimise subsequent regeneration and

also to ensure & good immediate result, resection should be

/as extensive
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Es extensive &s possible, There are no contra-indications -
to ganglionectomy and, therefore, thevoperatian should
include the middle cervical, the inferior cervical and the

- first thoracic ganglia (frepresenting the stellate'ganglion)
together w1th the second and third thoracic gdhgiias-v In
'thisvway all sympathetic connections w1th'the brach1a1

 plexus‘are severed and Operatioﬁ can then be termed complete.
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IX. RECOMMENDATIONS FOR FURTHER STUDY.

‘Beveral features arise from the investigations and

the following further measures are recommended:i~

)

(1) The exact sympathetic outflow to the upper extramity
in man should be determined by electronic stimula-

tion of the paravertebral zanglia, in every casc operated on.

This was done in case number 15, Vasoconstriction should

be Judged by plethysmography. The upper 1limit of outflow

;18 the important factor,

(2). 8imilarly, by electronic stimulation, the precise
sympathetic*ﬁupply-to*thewpupil-andrto*thgwheart.

ghould be estimated.

(3) The reaction of the normally innervated extremity
to intramusculsr pilocarpine should be investis

gated in a further series of cases.

(4) The reaetion of the sympathectoﬁised extremity to
intramuscular pilocarpine should be studied after
& st11l further lapse of time. This applles particularly
to those cases sympathectomised by removal of the segcond,
third énd fourth thoracic ganglia, and to thosé cases of -
Raynaud's Phenomena now being treated by removal of the
middle cervlcél,stellaté and second and third thoracic

ganglia, (de Takats' procedure).

(5) Sudomotor and vasomotar teste should be recorded
at short intervals after sympathectomy of the
upper extremity by de Takats' procedure for a period of not

less than three years after operation, Evaluation of

/thesa tests
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these tests at the’end{pf this period will give incontrover=
tible‘proof of the success or failure of this.pnncedura for 

Raynaud's Fhenomena of the upper extremity.

(6) Histologlc examination of the sympathetic chain
" should be performed, where possible, in 8ll
cases of Raynaud's Phenomena Pesoperatedron for failure

of the original sympéxhectomy,

(7) The histology of the sympathetic chaih_in monkeys,'
| f after sympathectomy by removal of the second, ‘
thifd and-fourfh,thoraeic ganglia, should be carried out in
the sﬁr&iving animals after a furthér lapse of tlmea} Alsb
"the histologic examinétion should bs performed ;n all

'animals sympathectomised by ganglionectomy; .

-
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