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DES SCIENCELS ‘9
enfermé dans une Gaine avec fe Nerf de fa 8t Paire, & o
ne peut couper Yun fans Tautre, mais il eft bien fiir que ce
Nerf de fa 8me Paire n'a aucun rapport aux Ycux, ainfi tout
cc qui arrive aux Yeux par cette opération ne peut jamaks
é&re autribué qu'a lntercoftal. Dans toutes les expériences de
M. Petit les cffets quon auroit cru devoir plus naturellement
provenir de ce que {lntercoftal éloit coupé, la perte ou faf-
foibliffement de fa voix, les vomiffements, les palpitations
de cocur, 8c. ont tous varié, & varié confidérablement, &
jufquau point de manquer quelquefois, mais ceux qui ap-
partenoicnt aux Yeux ont été beaucoup plus conflants, les
Yeux font devenus ternes, ils ont diminué, ils ont jetté de
11 Chaffie ou des larmes, la Cornée s'eft applatie, une mem-~
brane cartilagineufe qui coule fur fe bord de Ia Comnée s'eft
éiendile, & cn a couvert une partie, la Conjon@ive s'eft
enflammée, 8c. car nous fupprimons un détail trop parti-
culicr. Et afin quiil ne refle aucun doute for ces accidents
des Yeux, ils ne font jamais arrivés qua I'Ocil droit ou au
gauche, quand FIntercoftul n'a é1é coupé que de Yun ou de
Tautre cOté.

1 eft donc Lien démontré que FIntercoffal poste des
Efprits dans les Yeux, mais comme ce n'eft qu'en certaines
parties des Yeux, le défordre que caufe Ia fection de ce Nerf
arrive parce que quelques parties font privées des Efprits
qu'elles euffent dii recevoir, tandis que d'autres ne fe font
pas. Toutes les parties du Corps animal font en quelque forte
arc-boutées les unes contre fes autres, & fe tiennent en état
par cet équilibre. Celles 4 qui il manque des Efprits qui Jeur
appartenoient , perdent Ia tenfion néceffaire, fe refichent, &
dautres profitent auffi-t6t de leur foibleffe, & ufurpent fur
elles. Les liquears qui ne coulent plus affés facilement dans
des yaiffeaux relichés, s'y amaffent, & fi Ia liqueur eft du
fang, voifk une inflammation ; i c'eft celle qui doit comme
dans les Yeux entrer par les Points Jacrimaux, & qui ne le
peut plus, du moins en aflés grande quantité, ce font des
farmes, ou de 1a Chaffie, qui coulent au dehors. H fe peu

Hift. 1727, B

Fi6. 1, Facsimile from Histoire de I Académie Royale des Sciences, Panis. du Petit
(r727)-

[Frontispiece
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FOREWORD

Praxsep and deliberate operations for removal of parts of the wympa-
thetic nervous system have been carried out for some cighty years.
Many of the eatlier surgical intcrventions were bated on faulty ideas
concerning the function and structure of the autonomic nervous system.
In the lact thirty years, however, our knowledge of this gyrtem has
become much clarified, As a ret the indieationt for sympathectomy
have become much more rational, and tests, based on tound physiology,
are currently available to aces the probability of a succenful outcome
of a surgical intervention in a particular patient. The action of drugs
on the autonomic nervous system is aln now much better understood,
and important advances have been made in our hnowledge of its
detailed anatomy.

Nevertheless, and notwithstanding such clarification, there are still
many problems posed by the system. Thus it is surprising that so little
has been established concerning the more remate cffects of sympathec-
tomy, There is also much confusion in the literature on post-operative
regeneration of autonomic fibres. Indeed some of the alleged rapid
regenerations could only be described as miraculous if it were not
apparent that they can, more rationally and quite satisfactorily, be
explained by faulty operative technique or by the failure to recognize the
existence of alternative pathways, Furthermore the follow-up of patients
subjected to sympathectomy has often been casual; bath in the living
m}d after death interest has been directed almost exclusively to the
clinical and pathological conditions rendering the sympathectomy
necessary. Almost no attention has been given to the long range effects
of such operations on the function and structure of the sympathetic
nervous system itself. It is remarkable that cffectively no autopsy
reports are available on sympathectomized patients which enable a
precise statement to be made on exactly what parts, and how much,
gfr; t?:cszx);:ﬂt:ctl‘;:rchnin was.rt.:movcd oron what cm:.ct there had been

A the remaining portions of the chain.

m}: ltgzev:é:r;co?rayonro l})las brought togc'thcr careful Pbscrvations
Sympatiactom Tﬁes;cms;v o had been sybjcctcd to various types of
of tme and t}):;: ummat}za c]fcrmsgsw‘;‘mhsmdl‘:d over extensive pc_.nods
activity of the intact mge oft:c of the operations on the functional
most carefully asscssc}:i i e 1s{ympatht:m: nervous system have been
Yyears. Incorporated in. the vo‘{or rt_:portcd il o period of some ten

ume is material from Dr Monro’s M.D.



xii Foreword

thesis which was accepted by the University of Cambridge in 1954.
This thesis was awarded the Raymond Horton-Smith Prize, as the best
M.D. dissertation submitted that year. He has now brought the data
on his patients up to date and provides what, in my opinion, is the
best available account of the long range effects of sympathectomies on
the autonomic nervous system of Man. Dr Monro’s findings will, I
believe, be of considerable interest to surgeons, clinicians, physiolo-
gists, pharmacologists and anatomists. I warmly recommend his volume
to the attention of all who are concerned with problems involving the
human autonomic nervous system.
J. D. Boyp
CAMBRIDGE
December 1958



PREFACE

Tup monograph is asepottaf ten yean' wml: an probler affecting the
sympathictic hiesvous syt and the upriations of 1)1113\:!!“:(“\17\'}'. 1t
has emailed continued olrrivations on spore than Bty individual
paticnts for perinds up ta four yeary, and ment of these paﬁrmu:nminnr
to attend for re-cxaminatinn, A frw patients have dird and this report
includes detailed findingr of a post-mmortem exaniination on enc patient
who had proviowly been tated after paravestebral sympathectnmy.
This scction provider detailed anatamical information on the Jumbar
intermediate sympathetic ganghia, The importanee of these ranglia
and the part they play in the selention of antonomic function .«rfcr
sympathectomy was finst made clearin a paper published jointly with
Professor . 1D, Boyd in 1ay9.

The two principal methods of investigation of the clinical eatrt have
been 1o record the patterns of sweating activity in order to deteet the
presence or absence of intact sudomotor pathways, and to mecasure
blood flaws in the fingers and tocs in arder to detect the protence or
absence of vasomotor innervation. These methods arc among the most
sensitive for detecting sympathetic activity in man. No other report has
considered the combination of these two techniques as a method of
assessing sympathetic activity, nor has any report been made of the
changes of cither of these forms of activity which occur at varying, and
at repeated, intervals after sympathectomy.

The monograph is divided into three parts, cach part containing an
historical introduction. The first part contains a detailed account of

. R

Ahaematan . R - .

Ca . o
vut no attempt has been made to discuss the clinical results, ‘other than
those made objectively on the various types of autonomic activity.
The second part contains a detailed account of the findings made
post mortem and examined histologically, These findings arc discussed in
relation to the explanation of autonomic activity retained after sympa-
thectomy in one area of the body. This part also deals with the probable
explanations for autonomic activity retained in other areas after the
appropriate sympathectomy,
The third part contains a more detailed account of observations on
the changes in vasomotor innervation after sympathectomy, It is con-

cludcd. with a discussion on the recovery of function after sympathectomy
and with the authot’s suggested explanation,
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As an assistance in reading, general conclusions are made at the cnd
of each section, and a chapter on clinical applications has been added
which summarizes the anatomical and surgical implications of the
various types of sympathectomy in man.

An appendix contains details of apparatus which has been used in
this research.

P.A.G. M.

GCAMBRIDGE

October 1958
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Part One

SWEATING PATTERNS AFTER
SYMPATHECTOMY






Chapter 1
§1. HISTORICAL INTRODUCTION

Tnr first reports of experimental observations on the peripheral
distribution of the sympathetic nervous system appear to have been
made by Frangois du Petit in 1727. In dogs he scctioned the cenvieal
sympathetic chain at the level between the 3rd and th cervical verte-
brac and carcfully noted that the cffects were different from these ob-
tained after sectioning the vagus. After sectioning the sympathetic he
stated that the following effects were constantly to be obscrved in the
eyes—

*.. . les Yeux sont devenus ternes, ils ont diminug, ils ont jetté de la Chasse
ou des larmes, Ja Comnde s'est applatic, une membrane cartilagineuse qui
coule sur Je bord de Ia Cornée s'est étendile, €t cn a cnuvert une partic, la

jonctive s'est enfl ée, &c, car nous supprimons un détail trop parti-

culier.

A facsimile of the original may be seen in the Frontispicce.

This account accurately describes the constriction of the pupil and
p.rolraclion of the nictitating membrane, which are two of the principal
signs by which paralysis of the cervical sympathetic chain may be
recognized in animals. It is not clear that he recognized the associated
enophthalmos, but the injection of the corneal vessels must be regarded as
the fjm demonstration of vasodilatation conscquent on scction of sympa-
thetic vasoconstrictor nerves. In a later account of this experiment by
Claude Bernard in 1851, he does not comment on this aspect of du Petit’s
seport,

Budge and Waller confirmed in 1851 that section of the cervical
sympathetic trunk caused constriction of the pupil and that stimulation
of the trunk would produce a dilatation of the pupil. According to
Clau§c pcmard, the effects of clectrical stimulation were first reported
by Biffi in 1845. Budge and Waller showed that this autonomic control
of 'lhc pupil could be traced to the 15t and 2nd thoracic segments of the
spinal cord, and to this region they gave the name ‘cilio-spinal centre’.

In .the same year Claude Bernard (1851) gave his first account of
v_amdx\:atauon produced when the cervical sympathetic chain was sce-

;m‘;wd in t}_le dog, horse and rabbit, In the following year (1852) he gave
fller detax}s of the effects of such section. These comprised constriction
of the pupil, retraction of the eye into its socket and a great activity in
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the circulation in the whole of that side of the face, accompanied by
increased warmth. In a later paper (1858—page 237) he went on to
show that stimulation of the cervical sympathetic trunk caused a de-
crease in the circulation in the same area. Claude Bernard did not fully
recognize the significance of his experiments, Meanwhile similar reports
had also been made by Brown-Séquard (1852), who described the vaso-
motor paralysis with increased pulsation of the vessels following section
of the cervical sympathetic, and the contraction of the blood vessels of
the head when the cervical sympathetic chain was stimulated elec-
trically. In this respect he makes the prior claim.

The signs of sympathetic paralysis in man were described by Horner
in 1869, after whom the syndrome is now known. This consists of con-
striction of the pupil (myosis), drooping of the upper cyelid (ptosis) and
supposedly enophthalmos, although recent work has shown that this is
only apparent, rather than real, in man (Pochin, 1939). There is also
vasodilatation and loss of sweating in at least the outer part of the face.
It is of interest to record that Hare (1830) gave a clinical description of
the syndrome in a case of tumour compressing the cervical sympathetic
trunk.

Observations on sympathetic activity in the skin werc made by
Schiff (1870), who first reported pilo-erection in the tail of the cat on
stimulating the sympathetic chain. Subsequently Luchsinger (1875) and
Goltz (1875) showed that sweating was also under sympathetic nervous
control. In 1878 Herman and Luchsinger demonstrated that sweat
glands of mammals exhibited variation in electrical activity, and in 1886
Bayliss and Bradford demonstrated that electrical phenomena also ac-
companied the secretions in the skin of the frog.

These early observations were confirmed and extended by Langley
(18g1a and b, 1894), who worked out the origins of the sudomotor and
vasomotor fibres to the foot of the cat from their origins in the sympa-
thetic chain,

In t.hc following years muc}} ‘:vork was .dox.m, }?rincipa]ly by Langley
and his co-workers, in determining the distribution of the sympathetic
nervous system in animals. In 1922 some doubt was expressed by Burn
in regard to the mechanism of sweat production, since after sympathetic
denervation of the cat’s foot, pilocarpine often caused increased sweating
activity. Langley, however (1922), suggested that the action of pilo-
carpine was directly on the sweat glands. He also showed that a local
injection of saline into the foot pad would cause slight secretion of
sweat, and that if a solution of adrenaline was injected in a similar man-
ner, sweat secretion would also occur—due to the saline content. It is
interesting to observe, however, that Haimovici (1950) has recently
suggested that there was evidence of adrenergic sweating in man—
tested on the volar surface of the forearm, and also on the fingers, toes
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and the forchead, Haimovici found that dibcnnminn—:an adrenergic
blocking agent—would prevent spontancous sweating m.ll‘mc' arcas,
but Chalmers and Keele (1932) showed by threshold injections of
acetylcholine and atropine intradermally that all sweating in man ‘is
cholinergic. Kuno (1934) reported that the sweat glands are ;"drcncrxxc
in the sheep and the horse, but it appears that thete are not innervated
{Evans, 1957).

Clinical applications of Claude Bernard's discovery of the vaco-
constrictor nerves were not made in this country for seventy years.
Jaboulay (1899) appears to have been the first to suggest sympathetic
dencrvation for cases of deficient blood supply to the legs, but bad only
secommended stripping of the femoral artery. It was the incidental
ohservations of Hunter (1524) and Royle {19244 and b) which first sug-
gested that sympathectomy would increase the bload supply to a limb,
They had been sectioning the sympathetic rami in the treatment of
spastic paralysis and found that it resulted in vasomotor paralysis. This
abservation was first made use of by Adson and Brown (1925}, who per-
formed lumbar ramisection and ganglioncctomy, and perivascular
neurcctomy for the treatment of Raynaud's disease. They demon-
strated the subsequent vasodilatation by means of skin temperatures,

Bracucker (1928) made the first obscrvations on anhidrosis following
sympathectomy.

A form of peripheral vascular discase affecting the digits had been
described as carly as 1862 by Raynaud and again in 1874, It is essen-
tially symmetrical and, in the later stages, the pale or blue colour changes
on exposure to cold are complicated by ulceration and even gangrene.
The phenomenon is supposed to he due to vasospasm in the smail
arterjes, which are abnormally sensitive to cold. Carcful obscrvations and
clinical experiments were made by Lewis (1929}, but the exact explana-
tion is still not entirely understood.

In 1929 Adson and Brown made a further report on the treatment of
Raynaud’s diseasc by resection of the upper thoracic and lumbar
sympathetic ganglia and trunks. In the same and following years Brown
and Adson (1929 and 1930) gave careful accounts of the alterations in
physiological activity of the sympathetic nervous system resulting
{x;})‘m lumbar and ccn:ico-dprsal (cervico~thoracic) ganglionectomies.
hey noted that vasodilatation was greatest in the extremitics and that,
in the lower limb, pilomotor reactions were absent in approximately
ﬁgc same areas as those in which sweating was absent, The local
pilomotor reflex, however, was present to a variable degree on the

:leox:ﬂdcrs and back where sweating, after cervico-dorsal ganglioncc-
Y> was 1o longer produced. After this operation they reported that
orner’s syndrome was present, but of variable intensity and persistence.

The observations of Brown and Adson on the anatomical distribution
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of the sweating arc of particular interest, not only because they appear
to be the first to have recorded its patterns in man, following lumbar
sympathectomy, but because their observations show sweating in the
same dermatomes which, according to previous generally accepted
ideas, were supplied by the same paravertebral ganglia as they had re-
moved. Brown and Adson were familiar with the work of Kramer and
Todd {1914} and Potts {1914) who demonstrated anatomically that the
innervation to the skin arterioles corresponded to the innervation of the
somatic segments. Brown and Adson’s patients had undergone bitateral
lumbar paravertebral sympathectomy L.2-L.4 inclusive, and were ex-
amined at intervals up to three years after operation. They tested sweat-
ing with the back of the hand, and in three cases by cobali-blue papers,
and also by the galvanic response produced by clectrolytes in the sweat.
The patients were first heated in a chamber until visible sweating oc-
curred on the abdomen: in every case sweating had disappeared on the
feet and lower part of the legs to a variable level at, or just below, the
level of the knee. In the three cases swhich they examined more ac-
curately, they showed that sweating was still present in the 2nd and grd
lumbar dermatomes. In one case they observed that sweating was absent
from the upper sacral area, as would be expected if the resection had
included the lower level of the sympathetic outflow. This is now con-
sidered to be the 2nd lumbar nerve (or rarely the grd)—confirmed in
man by Sheehan (1941) and Pick and Shechan {1946). Brown and
Adson do not seem to have recognized the significance of their ohserva-
tion that sweating persisted in the 2nd and 3rd lumbar dermatomes—
the rst lumbar paravertebral ganghia were left intact, and possibly they
thought that these ganglia still supplied these arcas by overlap. The
true explanation, however, was not suggested for twenty years, until the
author’s own observations were made (Boyd and Monro, 1949).

Lewis (1930) and Lewis and Landis (1930} confirmed the physio-
logical effects of cervico-dorsal sympathetic ganglionectomy. They
showed that the patterns of loss of locally excited pilo-erection did not
exactly correspond with that of loss of sweating, Similar observations
were made by Witkins, Newman and Doupe (1938) and by Bickford
(1938). Simeone and Felder (rg51) showed that sweat glands were no
longer electrically excitable six days after nerve section.

Some of the confusion which had previously existed in regard to the
chemical mediation of the sympathetic nervous system was explained
by Dale in 1933. He introduced the classification of the autonomic ner-
vous system according to the chemnical substances liberated at the neuro-
effector junction. He divided the autonomic nerves into two types
‘cholinergic’ and *adrenergic’. The latter comprised the vasoconstrictor
and pilo-erector nesve of the sympathetic, but the sweat glands wexe
anomalous and he regarded them as being supplied with ‘cholinergic
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sympathetic’ fibres. This hypothesis was confirmed by Iale :md' Feld-
berg (1934) who showed that acctylcholine was concerned in the
chemical transmission of scerctory impulses to the sweat glands of the
cat.

Adson, Craig and Brown {1935) showed that esential hyperhidrosis
could be cured by sympathetic ganglioncctomy, List and Pect (1938%)
have given an account of the anatomical distribution of disturbances in
sweating rosulting from lesions of the sympathetic nervous system. In a
series of papers (19384, ¢ and d, and 1930), and Listand Pimenta (1944),
they had given a full description of the various aypects of sweat secretion
in man. Most of their observations have been confinmed on numcrous
occasions by other workers, but same of these have reported obrerva-
tions on the distribution of anhidrosis following diffcrent types of
sympathectomy. In view of subscquent work, the distribution patterns
cannot have been accurately determined. Unfortunately, these in-
accurate reports had caused considerable misconception in regard to
the physiological cffects which should have been expected after
sympathectomy in man,

Roth (1937) examined twelve cases on whom Adson and Craig had
performed lumbar sympathectomy L.g, L.2 and splanchnicectomy, and
she stated that in these cases sweating was absent below the level of the
groin. This is even more surprising in view of Brown and Adson's carlier
report {1929) that in two cases it was absent only below the knees. In
1949, however, Roth and Craig made a subsequent report which partly
corrected her eatlier conclusions. They now thought that sympathetic
dencrvation was incomplete in a large percentage of patients and that
five to six months after sympathectomy the areas of anhidrosis were
somewhat Jess extensive than immediately after operation. In 1945
Richter and WoodrufT reported observations on the sweating patterns
aftcr Iumbar sympathectomies. Because they found that these patterns
did not agree with the levels of resections intended by the surgeons, they
rearranged their patterns empirically and concluded that there must
have heen sympathetic dermatomes which were different from those
observed by Foerster (1933). Most unfortunately, thesc patterns of
Rxcl}tcr and Woodrull, which are now realized to be quite erroncous,

are jllustrated in current students’ textbooks (c.g, Ranson, 1947—page
108, and_ 1953—page 119). In 1946 Richter and Otenasck reported their
observations on the sweating patterns alter cases of tharaco-lumbar
sympathectomy. They completely omitted to cxamine for the presence
or absence of sweating on the Iegs, although from the extent of the
sympathectomies the lower Jumbar and upper sacral dermatomes
i}ll;:);;) hi;vc ?ecn rendered anhidrotic. In 1gq7, however, Richter
t a footnote to }.us paper on the cutancous distribution of
sympathetic nerves determined by the electrical skin resistance method,
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first recorded that sweating was retained in the upper two or three
fumbar dermatomes after thoraco-lumbar sympathectomy. No attempt
at an explanation was made by him at this time. Ray and Console
(1948), in an account of carcful observations made on a number of cases
after sympathectomy, confirmed almost invariable retention of sweating
in the 1st and ond (and usually the 3rd) lumbar dermatomes. Ray and
Console concluded that sympathetic pathways must exist which did not
pass through any part of the paravertebral sympathetic chain. They
suggested that the ganglion cells might be in the plexus around the
aorta, behingd the psoas muscle or in the lumbar nerves themselves, but
it appears that they knew of no such ganglia in the latter situations,

Shortly afterwards, A. M. Boyd {(1948) also reported his observations
in England, but there was still no satisfactory explanation of this
phenomenon. This account, however, prompted the author to investi-
gate the cases being operated upon in the Neurosurgical Unit of The
London Hospital, which led to the discovery by him and Professar
J. D. Boyd of the significance of the intermediate lumbar sympathetic
ganglia in the explanation of this phenomenon.

General confirmation of the sweating patterns after thoraco-Jumbar
sympathectomy, has been made by Wilson (1g950) and Palumbo,
Samberg, Hoh{ and Burke (1950). Thompson, Brose and Smithwick
(1950} found that sweating was retained in the thigh, but accorded it
an explanation which cannot be correct. They failed to observe that
sweating was also retained in the central part of the face and in the
perineum. Attention to the latter had been drawn by Ray and Console,
and they had alo recorded the former, although they had not com-
mented upon it. The author will discuss later the sweating retained in
both these areas,

Other aspects of the nervous pathways involved in sweating have re-
cently been given by Johnson, Roth and Craig (19522 and 5). They
reported that after anterolateral chordotomy there may be some dissocia-
tion with the sweating and vasomotor patterns, but that sweating is re-
tained in the central part of the face and in the perineum. Randall,
A!exa_ndcr, Coldwater, Hertzman and Cox (1g52) had determined the
sweating patterns on the lower extremity elicited by stimulation of the
sympathetic trunk. They suggested that the segmental vasomotor
distribution was different from that of the sudomotor and pilomotor
fibres. The last two observations are in keeping with the hypothesis that
the individual ceils in the intermedio-lateral cell column of the cord
mediate only one type of sympathetic activity, though their pre-
ganglionic fibres synapse with many cells (variously computed at twenty
or so but probably many more) in the paravertebral sympathetic chain,
It is the general experience of the author and other observers that re-
section of 2 portion of the paravertebral sympathetic chain produces a
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loss of all forms of sympathetic activity in the skin of the corresponding
dermatome. Where there i any discrepancy, this is ditcused in the text
relating to any particular casc,

§2. THE DETECTION OF SWEATING ACTIVITY

The two printipal methods for the detection of sweating activity in the
skin depend on cither the indication of swcat by its moisture content or
the change in the clectrical resistance of the skin., The former method is
usually facilitated by the application of a dye which changes its colour
in contact with moisture.

Eijkmann (1924) cmployed fuchsin: he painted the skin with an
alcoholic solution of fuchsin and placed a picce of paper in contact with
this area. Sweat dissolved the dye and stained the paper with red spots.
Minor (1928) employed the colour reaction of iodine upon starch in
sotution, which produces a bluc-Black colour and is very convenient for
photography. An alcohol and castor oil solution of iodinc is painted on
the skin and subsequently dusted with dried starch powder, This mcthod
was much used by carlier workers, but has the disadvantage that it
stains the bed linen upon which the patient is lying, Brown and Adson
(1929) cmployed cobalt-blue test papers which they applied to the
skin in strips. These were originally deep bluc in colour but, in contact
with sweat, tumned pink,

Kuno (1934), in his investigations on the physiology of human
perspiration, measurcd the water content of the sweat directly, cither
by absorbing it onto filter paper and weighing the sweat absorbed or
by evaporation by a current of dry air which was passed over calcium
chluridf:. This was contained in U-tubes, of which he mcasured the in-
crease in weight. Kuno did not use this mcthod for the examination of
any patients after sympathectomy.

Guttmann (1937, 19402 and b, and 1941) described another method
which depends on the change in colour of a dye in contact with sweat,
g:]l;:::::nal;s;d qu‘iirﬁz'ar;;n, which fs the sodium salt of chinizarin-2-6-
a detp bine lwil:: pin );\ b;(;;m in colour when dry but cha}Igcs to
Cattmanm m]otxlit.u 3 ;1 ‘;f accaunt of his method was given by
periodieal o lg;;, 'arh coagtxh ;: }1lrst dcsc;‘xbcd the mcthod, in a German
the investigation oi’ccnain cases \xccn:ll: oved Guttfn:mn s method for
ing is important. It is more convcn'n t chcompa'ram:c degree OI‘S e
does not 50 easily stain bed inon. lc: than Mmors method since it

all the chemical methode th:t o,n tlll‘t as the .dns:\dvanmge, common to
N e underside of the body, runnels of

szcat from a sweating arca on the upper side of the trunk or limb may
obscure an anhidrotic area underneath.
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Silverman and Powell {1944) have employed a tannic acid and ferric
chloride method for recording the pattern of active sweat glands. Filter
paper is first soaked in a 1 per cent. solution of tannic acid and then
dried. A saturated atcoholic solution of ferric chloride is then painted
on the skin and the filter paper placed in contact with it. Blue-purple
spots mark the active sweat glands. The author has employed this
methed in an attempt to compare the numbers of functional sweat
glands on the lower abdomen and on the front of the thighs after
theraco-lumbar sympathectomy {(described Jater).

Koppanyi (1945) described a method of local estimation of sweating
activity which depended upon the drug hexadienol. This he claimed to
have a muscarine-like effect on peripheral cholinergic receptors. Un-
fortunately, supplies of this drug appear to be no longer obtainable
cither in this country or in N. America. Netsky and Walker {1947) and
Netsky (1948) were able to show sweating activity directly by means of
2 glass prism placed in contact with the skin. Light was internally re-
flected by the prism, except where the sweat was in contact with the
glass, and here the active glands would show as bright spots. By this
method they estimated that 2 per cent. of sweat glands in the fingertip
remained functional after cervico-dorsal sympathectomy. Subsequent
local procaine injection into the ulnar nerve abolished this activity.

Randall (1946), Randall and Hertzman {1949), and Randall and
McClure (1949) have employed a starch-iodine filter paper technique
for measuring the activity of normal sweat glands. Randall and Me-
Glure, using weighed absorbent capsules containing filter paper, showed
that normal sweat glands are not continuously active but discharge
periodically, The preliminary response induced by increased ambient
temperature is an increase in the number of functional glands. If this
response is inadequate to meet the requirements of temperature con-
tral, further evaporative heat loss may be brought about by an in-
creased output of individual glands.

Herrmann, Prose and Sulzberger (195: and 1952) and Sulzberger
and Herrmann (1954) have described a similar method using brom-
phenol blue as an indicator, previously used by Mentha (1949). They
adapted this technique to give quantitative results by comparing the
pattern and size of the dots on the filter paper against standards
estimated by weighing methods.

Sutarman and Thomson (1952) have described 2 new technique for
indicating the exact position of functional sweat glands, A plastic
solution {2 per cent. to 4 per cent. w/v solution of polyvinylformol in
ethylene dichloride containing 1 per cent. butyl phthalate as a plasti-
cizer) is poured on to the skin, This dries guickly, and the impressions
are detached with Sellotape and may be mounted on microscope stides,
The presence of active sweat glands may be determined in their exact
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relationship ta the small creases in the skin. ‘This wonld appear to be a
most accuratc method for investigating problems of sweat gland inner-
vation. The author lias commenced to use this technique but no results
will be considered here,

Excellent reviews on the whole subiject of sweating in man have been
madc by List (1948) and more recently by Evans (1957).

§3. THE ELECTRICAL SKIN RESISTANCE
METHOD FOR DETECTION OF SWEATING

Lewis and Zotterman (1927) appear to have been the finst to emplay
this method in man, In 1929 Richter gave a full account of the physio-
logical factors involved in the clectrical resistance of the skin. He em-
ployed the current from a Jow-voltage battery and measured it with a
sensitive galvanomcter, Various criticisms of this method have been
made by McDowall {1933}, who suggested that electrical resistance of
the skin is possibly an indication of hyperacmia although it appeared
that the resistance depends principally on the integrity of the stratum
comneum of the skin, Goadby and Goadby (1936) pointed out that there
are really two clectrical phenomena: one depends upon the electrical
potential and indicates sweat gland activity, but the skin resistance is a
measure of vasodilatation. In practice, however, the passage through
the skin of a small direct current affords a very precise method of
measuring the activity of sympathetic innervation. Only a very small
current will flow, indicating a high resistance, in skin that is not sweat-
ing. Darrow (1937) confirmed that the clectrical resistance of the skin
x‘s zf{function of the intensity of sweating and is inverscly propottional
o it.

Richter and his co-workers (1927, 1942, 1943, 1945, 1946 and 19472
and ) have made many reports on this methed for determining sweat-
ing activity. Richter and Whelan (1943) showed that in the cat the
electrical resistance of the foot pad decreased in response to stimulation
of the lumbar sympathetic ganglia. In 1946 Richter deseribed a skin
resistance meter which could be used for investigating peripheral
nerve injuries, sympathectomics and paravertebral sympathetic blocks.

Jasper (1945) had carlicr described a similar instrument, which em-
ployed a higher voltage battery and variable resistance in scries so as
to protect the sensitive microammeter should the electrodes be acci-
de.ma.lly shortcfi. The author’s apparatus has been redesigned on this
principle, and it is described in detail in the Appendix.

_ Ratcliffe and Jepson (1950) described another electrical skin re-
sistance meter which employed clectronic amplification of very small
currents, With this apparatus they did not believe it to be necessary to
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heat their patients in order to determine the sweating patterns. This
would appear to be a fundamental error, since their patterns do not
show sweating on the anterior thigh in the majority of their cases of
lumbar sympathectomy, when indeed this must have been present. The
author has found it essential to heat his patients so that thermoregula-
tory sweating is evident in all areas to which the sympathetic pathways
are intact, The difference in levels of'skin resistance becomes much more
precise after heating in this manner. If the patient is cold the method is
not so reliable, although skin with an intact sudomotor supply still
shows a slightly lower electrical resistance than that of sympathectom-
ized skin, It has been the author’s intention to show the changes in
anatomical pattern after sympathectomy rather than physiological
differences in the degree of activity in the sweat glands,

1t has been shown by Richter and Otenasek (1646) and Boyd and
Monro (1949} that very close agreement is obtained when using the
chemical and electrical methods for examining sympathectomized
patients, but that the latter is more sensitive. It is for this reason that the
electrical skin resistance method has been used principally in this re-
search. It has the further advantage that the underside of the patient
lying in the sweating cabinet can also be examined for the presence of
anhidrotic areas.,

A description of the sweating test cabinet and its construction is given
in the Appendix,



Chapter 2

TECHNIQUE AND EXTENT OF THE OPERATIONS
ON THE SYMPATHETIC NERVOUS SYSTEM

Ix all, over fifty cases of various types of sympathectomy arc con-
sidered in the examination of the sweating patterns following these
operations, One case of injury to the brachial plexus is also studicd, as
this furnishes interesting information in regand to the growth of the
postganglionic sympathetic neurones.

The operations were all performed at “The London Hospital on
patients who were in the care of Mr D. W, C. Northficld, Surgcon-in-
charge of the Neurosurgical Department. There were 25 cases of
thoraco-lumbar sympathectomy, 6 cases of four-quarter sympathectomy
—that is, a combination of cervico-dorsal (cervico-thoracic) and lum-
bar sympathectomy—0 cases of cervico-dorsal sympathectomy,  cases
of lumbar sympathectomy, and 1t odd cases including 4 cases of an-
terior rhizotomy, The 25 cases of thoraco-lumbar sympathectomy will
be considered first, since they provide the most information jn regard to
the lower levels of autflow of the sympathetic preganglionic fibres, and
it is from a study of these cases that an alternative pathway was recog-
nized which did not pass through the paravertcbral sympathetic chain.
Al the thoraco-lumbar cases were sclected cases, inasmuch as they were
all suffering from severe benign or malignant hypertension and their
prognosis without operation was considered to be poor (Northfield,
1948). They were all seen by a physician before operation and assess-
ment made of their renal function, cardiovascular system and cerebro-
spinal fluid, They were of both sexes and their ages lay between ten and
ﬁft)"-t\va years. They were not found to be suffering from any neuro-
1"’&1931 disease which would have affected the anatomy of the sympa-
thetic nervous system. Initially, skin resistance measurements were made
before operation on a few of the patients, but as no significant changes
were ever observed this practice was later abandoned.

Originally the resection of the paravertebral sympathetic chain ex-
tended from the 8th thoracic to the level of the grd lumbar ganglion by
2 retro-pleural approach after a rescction of the posterior portions of
:1;; tth and rath .ribs. At later operations, the 8th and gth ribs 'instcad

resected, which enabled the surgeon to extend the operation up-
wards to the level of the 4th thoracic vertebra while still allowing him

to n’;aAc'}'x down to the same level (L.3). The greater splanchnic nerve was
A g
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heat their patients in order to determine the sweating patterns. This
would appear to be a fundamental error, since their patterns do not
show sweating on the anterior thigh in the majority of their cases of
lumbar sympathectomy, when indeed this must have been present. The
author has found it essential to heat his patients so that thermoregula-
tory sweating Is evident in all areas to which the sympathetic pathways
are intact, The difference in devels of skin resistance becomes much more
precise after heating in this manner. If the patient is cold the method is
not so seliable, although skin with an intact sudomotor supply still
shows a slightly Jower electrical resistance than that of sympathectom-
ized skin. It has been the author’s intention to show the changes in
anatomical pattetn afier sympathectomy rather than physiological
differences in the degree of activity in the sweat glands.

It has been shown by Richter and Otenasek {1946) and Boyd and
Monro {1940) that very close agreement is obtained when using the
chemical and electrical methods for examining sympathectomized
patients, but that the Iatter is more sensitive. It is for this reason that the
electrical skin resistance method has been used principally in this re-
search. It has the further advantage that the undernside of the patient
lying in the sweating cabinet can also be examined for the presence of
anhidrotic areas.

A description of the sweating test cabinet and its construction is given
in the Appendix.
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atintervals for up to four yeare, and the patiernvean he fnmp.lrrd. 'l.'hc
greatest interval between an operation and the olnervation of sweating
pattern was in one case of lumbar sympathectomy shich was examined
twelve years after the original operation and in whom the pattern was
found to be cuentially similar ta all ather cares of lumbar sympa-
thectomy which had been obterved after a sharter interval. Included in
these cases of thoraco-luntbar sympathectomy, the majority of which
were performed by a retrespleural approach, were alwo four cates per-
formed by a transthoracic approach. This operation appears to be ol an
casier techuique than the retro-pleural and is being performed more
frequently in recent yrars, These four cates, however, suggest thatitmay
often be imperfect and that ganglion cells may be Jeft behind atdifferent
levels. The significance of the observations on these cases is considered
later.

The six cases of combined cervico-dorsal and lumbar sympathectomy
(four-quarter) were performed principally for Raynaud's discase affect-
ing all four extremitics. The opcrations were nat all performed at the
same time, and there was often an interval of several years between the
fumbar or cervico-dorsal operation.

The six cases of lumbar sympathectomy usually had undergone a re-
section of the 2nd and grd Jumbar ganglia—that is ta say, that portion
of the sympathetic chain overlying the 2nd and grd lumbar vertebrae,

As fias been found by Pick and Shechan (1946), there are usually
only four lumbar gangliz and therefore there must be some condensa-
tion of the ganglia in respect to the vertcbrae, Anatomically, of course,
the ganglia should be deseribed by their relationship 1o the grey rami
communicantes, but these arc not always evident at operation, and the
levels given here are those of the apparent levels in relation to the
vertebrae, From the functional point of view, section of the chain at the
and X_umbar ganglion rather than the 3rd should make no differcnce—
provided that the rescction includes the lower level of thoraco-lumbar
t:}llx;go: of th? sympathetic, This is usually from the afxd lumbar nerve,

gh occasionally it may be from the 3rd lumbar in 10 per cent. of

cases, ac.cordmg to Pick and Shechan,
co:l;? sn‘(l clases of bilateral cervico-dorsal sympathetic resection without
a ined lumbar sym.path!.:ctomy were for Raynaud's discase except
o(:e::go?sfvfsf l;)éfér:;ci?su. T}:lciy included three .sidcs in wl.xich the
Smithwick (1936). I this tcz(\:;;(;'rungf - 'hli :lc'ChnquC ‘dcs'c?b(:d' o
the 2nd and 3rd timracic an, li::1 cod'so'-;a ‘1:‘ preganglionic’section,
chain, and heir s cg mn% are Mf ed from the lower part of the
roots are divided. These two uan ‘Cil{ﬂtcs rt;‘m the 2nd and 3!:(1 Jferve
wound in the muscle tissue I% li‘z?s ‘1291 :m o Bht pgoy Jie in the
postganglionic fibres and &h‘cir cells 0; 5 s.ug-gcstcd that in this way t}3e
origin in the 2nd and grd thoracic
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resected down to the level of the diaphragm, as was also the Iesser
splanchnic. The sympathetic chain itself was traced through the dia-
phragm, whose fibres were split in the process, so that the whole chain,
from the level of the 4th thoracic vertebra to the grd lumbar vertebra
with its splanchnic branches, could be removed in one piece. Silver
clips were placed on the upper and lower ends of the chain that re-
mained, so that subsequent X-ray examination would show the level
of the actual resection. On the whole, these werce scen to agree very
closely with the levels intended. The levels referred to here are there-
fore those of the vertebral bodies. A clip placed at the level of the middle
of the 4th thoracic vertebra is presumed to indicate that the 4th thoracic
ganglion has been resected, whereas if it is only at the level of the disc
between the 4th and sth thoracic vertebrac, then the resection is con-
sidered to have extended only to the level of the 5th thoracic ganglion.
In the lumbar region, of course, there is considerable variation in the
arrangement of the gangliform enlargements of the chain, and there
may be multiple rami communicantes connecting with several nerve
roots as have been described by Fagarasanu (1938) and by Pick and
Sheehan (1946). The purpose of extending the resection down to the
level of the third lumbar ganglion rather than that of the 2nd lumbar,
was in order to be sure that the lower level of the sympathetic pre-
ganglionic outflow was included. All the paravertebral ganglia below
this level therefore, though they are still present in the body, should
have been deprived of their preganglionic connections. As all but one
case showed an absence of thermoregulatory sweating in the lower, ’
lumbar and upper sacral dermatomes, it is presumed that the resections
were complete in this respect. In this one case, which is the only excep-,
tion to the general observation of all cases, there may have been a\,
double sympathetic chain present as has been described by Fagarasanu N
and by Pick and Shechan, or possibly the resection was otherwise
incomplete.

In the course of the operation there was necessarily a certain amount
of trauma to the neurovascular bundle running below the resected ribs;
tlus~ was indicated later by some cutaneous hyperaesthesia in this region,
which, however, usually disappeared within a week or two of the opera-
tion. Similarly, cutaneous analgesia was present only in a small area on
the inside of the curve of the incision, and this also showed normal sensa-
tion a few months later.

The operations were never performed on both sides on the same
occasion. There was usually an interval of at least three weeks between
the operations, and this was often increased. The Ppatients were all quite
willing for the sweating tests to be made on them, and the general pur-
pose of these investigations has always been very carefully explained be-
fore they were performed. Many of these cases have been followed up



Chapter 3
§1.OBSERVATIONS ON PATIENTS

Tue electrical resistance of the skin provides the movt convenient and
most sensitive method of determining the activity af the sweat glands,
In this respect particular attention was paid to the avetument of }hc
anatomical extent of sweating rather than to jts relative quantity,
Accordingly it scemed essential to induce free sweating in all arcas which
still retained the least amount of their sudomotor supply, though of
course it was observed incidentally that some areas sweated profusely 1o
the naked cye, whereas in others it could only be detected electrically,
Only in a few speeial cases was a dye method employed to show differ-
ences in degrees of sweating, The patterns obtained by the electrical
skin resistance method therefore show ‘anatomical’ areas rather than
‘physiological’ degrees.

Although in some of the carlicr cases observations were only made
upon the sweating activity of the sympathetic nerves, in all later cascs
observations were made simultancously on the release of vasomotor
control. It was therefore necessary to combine the two techniques. The
most practical method of heating the patient was by hot air, as prac-
tised by Pickering (1932), since if immersion of a limb in hot water was
employed, as suggested by Uprus, Gaylor and Carmichacl (1936), then
this would interfere with the measurement of sweating activity in this
fimb,

A plastic heating cabinct was designed to fit over an ordinary hos-
pital bed, and contained in its roof a number of radiant-heat clectric
bulbs. The patient lay on the bed covered with a light blanket, and was
cxpPscd to dry heat until his body temperature was raised sufficiently
to induce free sweating, Heating was continued until the patient’s
mouth temperature rosc to at least 9g9-6° F. This took about half to
three-quarters of an hour, but varied much with different paticnts and in
the.earlier cases took rather longer, due to insufficient heating being
available, In general, heating must be continued langer with very fat
2:1 :ex;y fit patients: indecd, the greatest time f'or heating was requircd
bcensaosctz Lo;:i :::ix(; v:lnh i{\I bra::lhml plexus lesion who had prcvmu'sly

the patient to a high ; th- . :; o be gained by heating
made in the swe ﬁg ° tcmpelia ;re’dsl.ncc no apparent changes were
patients took a ]Znng.pa tom. riee Y s 'found that Wh.crc;.ls some

g time to reach g9° F., their subsequent risc in tem-
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ganglia do not degencrate. As will be evident from tests deseribed later
and carried out on these cases, there is no reason to belicve that such
ganglia survived and it is apparent that the ganglion cells died as would
be expected. The remainder of the cervico-dorsal cases were all operated
on by ganglionectomy which included the stellate ganglion, Although
the term ‘stellate’ is usually applied only to the fused inferior cervical
and 1st thoracic ganglia in animals, it seems apparent that this fusion
is the more common form in man as well, and is so referred to in more
recent papers, White, Smithwick and Simeone {1952-—page 26), and
Jamieson, Smith and Anson (1952) found such fusion in 82 per cent. of
100 human dissections. The resection of the stellate ganglion was always
combined with that of the 2nd thoracic ganglion and sometimes also
with the grd thoracic ganglion. When the 1st thoracic or the inferior
cervical ganglion is resected, the patient always shows a Horner’s syn-
drome. This is evident by the drooping of the upper cyelid (ptosis) and
constriction of the pupils (myosis), When the 15t thoracic ganglion is
left intact there is usually no Horner’s syndrome.

The eleven odd cases whose sweating patterns are of particular inter-
est include one case who had multiple operations for sympathectomy of
the upper limb, and upon whom finally the 1st thoracic anterior nerve
root was sectioned. There is also one case upon whom a section of the
whole 1st thoracic nerve root was performed for a neuroma, and a case
upon whom the 2nd to 5th thoracic nerves inclusive were sectioned at
thoracotomy. The four cases upon whom anterior rhizotomy was per-
formed were all suffering from painful flexor spasms due to disseminated
sclerosis. It is probable that these cases also had a degeneration of the
lower motor neurone, but they were all examined before operation and
o areas of anhidrosis were detected. One case of brachial plexus avul-
sion is included, as this is instructive in showing the variation in pattern
of recovery of sensation to the skin and of recovery of autonomic inner-
vation to the sweat glands and to the blood vessels. The recovery of vaso-
motor responses is considered later and is particularly interesting when
compared with the findings after ordinary sympathectomy.



Chapter 3
§1. OBSLRVATIONS ON PATIENTS

Tur, clectrical resistance of the skin provides the most convenient and
most sensitive method of determining the activity of the sweat glande.
In this respect particular attention was paid to the astessment of the
anatomical extent of sweating rather than 1o jts relative quantity.
Accordingly it scemed essential to induce free sweating in all arcas which
still retained the least amount of their sudomotor supply, though of
course it was observed incidentally that some arcas sweated profuscly to
the naked cye, whereas in others it could only be detected electrically.
Only in a few special cases was a dye method employed to show differ-
ences in degrees of sweating, The patterns obtaincd by the electrical
skin resistance method therefore show ‘anatomical’ arcas rather than
‘physiological’ degrees.

Although in some of the carlicr cases obscrvations were only made
upon the sweating activity of the sympathetic nerves, in all Iater cases
observations were made simultancously on the release of vasomotor
control, It was therefore necessary to combine the two techniques. The
most practical method of heating the patient was by hot air, as prac-
tised by Pickering (1932), since if immersion of a limb in hot water was
employed, as suggested by Uprus, Gaylor and Carmichacl (1936), then
this would interfere with the measurement of sweating activity in this
Yimb,

A plastic heating cabinct was designed to fit over an ordinary hos-
pital bed, and contained in its roof a number of radiant-heat electric
bulbs. The patient jay on the bed covered with a light blanket, and was
exposed to dry heat until his body temperature was raised sufficiently
to induce free sweating, Heating was continued until the patient’s
mouth temperaturc rose to at least 99-6° F. This took about half to
?}lll:;?]{artcm of an hour, but varied much with different paticnts and in

carlier cases took rather longer, due to insufficient heating being
‘Z:aﬂﬂblc. In general, heating must be continued Jonger with very fat
Dn‘:str}; :ikt patients: mdcgd, the greatest time for heating was rcq.uircd
been a sm‘if(ey:::i mag whxith a brachial plexus lesion whq had prcvxou.nsly
the paticat 1o o hc?n; ship. No advantage was to be gained by heating
e i e swem}g er tempel;aturc, since no apparent changes were
pationts toch 4 o ing pattern. ndct:(i, it was‘found that whf:re:‘ts some
ng time to reach 99° F., their subsequent rise in tem-
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perature was much quicker and care had to be taken that they were not
heated unduly and thus unnecessarily distressed. The air temperature
in the cabinet reached about 45° C. (113° F.) and fresh air from the
room was allowed to diffuse in between the edges of the cabinet and the
bed-clothes.

On those cases who had undergone cervico-dorsal sympathectomy,
and upon whom observations on the blood flow in the fingers were per-
formed simultaneously with the heating of the paticnt, their hands pro-
truded through portholes in the cabinet into the air of the room out-
side. The forearms, as they passed through these portholes, were sealed
by blankets placed inside the cabinct, and in such cases it was found
that the temperature of the air around the hands enly increased by 2°
or 3° C. after three-quarters-of-an-hour’s heating in the cabinet. Gases
which had undergone lumbar sympathectomy for peripheral vascular
disease and upon whom observations on blood flow in the great toe
were made, usually protruded their legs beneath a half-section of the
cabinet at the level of the knees so that the lower legs and feet were ex-
posed to the outside air. In the cases of the thoraco-lumbar sympath-
ectomy, however, it was found more convenient to keep the whole body
inside the cabinet. Blood flows in the great toes were obtained with the
cups of the plethysmograph included within the cabinet, and therefore
in these cases the feet and toes were at least at the temperature of the
air in the cabinet.

Patients who had undergone a thoraco-lumbar sympathectomy for
hypertension were never very fit even before operation. After operation
they are losing heat from their autonomically denervated and dilated
peripheral vessels and frequently have a subnormal temperature. The
first examination was at the most convenient time after operation, which
was always after the skin sutures of the wound had been extracted and
dressings removed. Some of the other patients had to be examined as
early as two wecks after the operation, but later on efforts were made
to delay testing, usually until after a short period of convalescence. It
was found, however, that patterns obtained after operation on the first
side only were very similar to those obtained a few weeks later after the
second operation, when the same side was tested again. The borders of
the sweating areas usually could be marked more precisely at the second
examination. Ray and Console (1948) report that they examined some
of their patients as early as the fifth day after operation and that they
noted smaller areas of residual sweating than they did a few days later.
They thougl}t__tl}at a period of ‘readjustment’ occurred until the pattern
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a profound fafl in blood pressure, and it would scem dmtbt{srl whether
all sweat glands would respond normally even though they still retained
their preganglionic and postganglionic jnnervation, No attempt wis
made, therefore, ta test patients before the end of the second week, asit
was considered that even if any results were obtained they might not
have a truc anatomical basis. Subsequent observations were made at
approximately yearly intervals and depended upon the patient’s ordin.
ary appointment for follow.up afier operation.

Some of the carlier patients were given a hot drink when the heat
was turned on in order to reduce the total heating time. Aspirin 10 gr.
{065 G.) was also given by mouth to these patients, since this drug is
supposed to have a sudorific action only by jts central effect. Later,
patients upon whom blood flow measurements were made simul-
tancously were never given anything by mouth in cate this should
invalidate the blood flow obscrvations.

Similarly, pilocarpinc or other parasympathomimetic drugs were not
administered for testing thermoregulatory sweating, since it was con-
sidered that they would produce sweating in areas which siill retained a
postganglionic nerve supply though the preganglionic supply to these
cells had been severed. Special testing, however, was performed with
the drug carbachol, which will be deseribied later, Adson and Brown
(1929) observed that after pilocarpine, sweating occurred in certain
paticnts in arcas which were previously dry after heating. There has
been much discussion in the literature since that time and many contro-
versial results have been published, such as by Richter (1927), Hynd-
man and Wolkin (1941) and Hyndman, Wolkin and van Allen (1918)
using similar parasympathomimetic drugs. The author (Boyd and
Monro, 1949) has discussed observations on the action of such drugs and
s_uggmcd an explanation. The sweating patterns obtained after injec-
tion of carbachol on some of these patients have been given clsewhere
(Monro, 19505), and the results of these tests arc described in the
individual analyses of the sweating patterns obtained on these patients.

§2. METHOD OF TESTING

':thn the patient is sweating sufficiently, some of the heat bulbs are
turned off and the observer cnters under a side flap of the cabinet; and
in order to conserve heat a blanket is arranged to curtain the gap be-

tween the edge °,f the flap and the bed. The pointer electrode of the skin
l:;f}l?ance meter is drawn slowly over the skin of the trunk from an area

Wheghtx;fsxstancc (non-swcati_ng) to an arca of low resistance (sweating),
mad“ © galvanometer registers a greater flow of current, a mark is
< at that point on the skin with a fountain-pen filled with a pro-
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prictary washable ink. In this way the upper and lower edges of a non-
sweating area can be mapped out and the points joined with a con-
tinuous line, The boundaries of the area on the legs or arms can be
mapped in a similar manner, and the patient is then turned to right or
left in order to map the back. Even though runlets of sweat may en-
. croach onto a non-sweating arca, the true pattern is casily apparent
after the sweat has been wiped away., The boundaries of the upper
lumbar dermatomes, where they arc contiguous with the sacral, are
particularly precise.

In several cases, the pattern of the area of low electrical skin resist-
ance was confirmed by a chemical test for sweating. Quinizarin powder
was applied to the skin before heating. The purple colour produced
with sweat extended to within about one centimetre of the area of low
electrical resistance. The latter method was therefore more sensitive and
had the advantage also that it could be determined on the underside of
the patient’s body.

In general it is found that after a thoraco-lumbar sympathectomy
extending from the level of the 4th thoracic to the grd lumbar segment,
a typical patient will show the following pattern of thermoregulatory
sweating. Sweating is absent in a belt around the lower thorax and
upper abdomen, corresponding to the dermatomes T.5-T.1¥. It is pro-
fuse over the lower abdomen, groin, pubis, front of perineum and upper
buttock; and less profuse, but quite definite, on the front of the thigh
and inner side of the calf—corresponding to dermatomes T.r1-L.3. 1t
is absent again on the front and outer side of the leg below the knee, on
the foot, and on the back of the leg up to the lower buttocks—that is, on
L.4-S.2 dermatomes. It is present again in the perineum, around the
anus, on the back of the scrotum or the sides of the labia majora, and in
the groin where it adjoins the inner side of the thighs——corresponding to
the 4th sacral and lower dermatomes. This area around the Jower trunk
and extending down on the front of the thigh is a constant feature and
is hereafter referred to as the escape area, since it evidently escapes the
sympathetic denervation that was intended and therefore must be sup-
plied by alternative sympathetic pathways.

There may be ‘islands’ or ‘peninsulas’ of sweating, or of non-sweating,
in certain areas which have quite an irregular pattern. If the resections
of the paravertcbral chain have been made to the same level on each
side, the Jower border of sweating around the trunk is usually precise
and symmetrical. The upper border of sweating around the abdomen,
however, is often asymmetrical and irregular, whereas the lower border
at the knees and thighs though usually fairly symmetrical, is not so pre~
cise in outline. Small islands of sweating can often be recognized on the
inside of the calf extending along the general course of the saphenous
nerve, but never below the medial malleolus of the ankle. The degree of
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sweating on the front of the thigh i certainly I::n than before np"f:ll;n'n,
which sugrests that these s a pastial denesvation "T}’l“ aweat planduin
this area, It i alin porsible that theee areas ate supplied by eveelap from
the segment above, Attempts to ineature the amount of sweat preduced
in different areac before and after sympathectnmy swree made by the
tanpic acid paper-fertic chlaside m'rlhru! {Silverman and Powrll,
1944). In two patients who were examined several weekealter Ihnmrr'k
lumbar sympathectomy on one yide, ‘n{l before that an the other, it
appeared that an the front of the thigha in the znd lumhn.r d(.'rmnlnmr
there was definite diminution of the number of functioning n\:';u
glands and alio the amount of sweat srereted by cach gland which
remained functional, Pouibly a more elaborate method such ac that of
direct estimation of the weight efsucatsecrvted over unit area (Rnnda.ll
and McClyre, 1a40; Kuno, 1a34) or the pattern produccd on a Ql.nl_xc
sheet (Sutarman and Thomton, 1052) might give more information in
this respeet,

Afies the boundarics of the sweating arcas were mathed with a
proprictary washable ink they were drawn frechand onto special charts
which showed the four standard body outlines of the front, back and
side views, and also special views of the perineum and the extremities.
Some of these designs were portrayed by Richter (1946). The chans
were completed with observations on precision of the borders of the
sweating arcas, the dates of operation, temperature of patient and other
relevant information.

The ink marks on the patient were then strengthened with a Jeinch
band of the dye Xylene Cyanel, FFF 2 per cent. in spirit. This dye is an jn-
tense blue in colour and dries immediately—and, unlike gentian violet,
it washes off again very casily and does not stain the bedding. The patient
can then be photographed cither in the room where hie has been ex-
amined or, later, in the photographic department. Four views are taken
with the arms away from the body. In the side views the patient stands
with the more distant leg in front—s0 as to show the inner side of the
thigh and calf.

The photographs provide a more exact record of the sweating areas
than do the freehand drawings, and they can therefore be used to com-
pare the patterns obtained at successive cxaminations. For reproduction
purposes the patterns on the photographs are redrawn onto standard-
ized figure oudines, special attention being paid to the scgmental
values of the original sweating areas. These are then shaded in red
crayon to indicate the anhidrotic areas. In the illustrations the initials
of thc. patient, the extent of sympathectomics and intervals since

operation are marked bencath cach-figure.

'1:he general pattern of anhidrosis after cervico-dorsal sympathectomy
which includes the stellate and and thoracic ganglion is, on the whole,
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quite constant shortly after operation. On the trunk the lower level of
anhidrosis extends over the distribution of the supraclavicular nerves—
that is, down to about the 2nd intercostal space. On the back it is at
rather a higher level, depending on whether the rescction includes the
2nd or grd thoracic ganglion. The whole arm is anhidrotic except for an
area in the axilla extending into the upper part of the under arm, and
anhidrosis extends over the head and neck, with two cxceptions,

The central mask of the face, which includes an arca on the forchead
just above the eyebrows, around the eyes and the sides of the nose, and
around the upper and lower lips, constantly retains sweating activity.
In about half the cascs sweating activity remains in a small patch in
front of the neck over the larynx and also behind the lobe of the ear,
and on the lobe of the ear extending towards the external auditory
meatus. The significance of these patterns will be discussed later.

After lumbar sympathectomy the general pattern of anhidrosis ex-
tends on the outer side and back of the leg, but not including the front
of the thigh, inner side of knee, calfor ankle, It thus includes the 4th and
5th lumbar, and 15t and 2nd sacral and, possibly, the grd sacral derma-
tomes. The 4th and 5th sacral dermatomes in the perineum are found
to be sweating. It does not secem to be significant whether or not the
1st lJumbar ganglion is included in the lumbar sympathectomy. Possibly
the degree of sweating in the lower part of the abdomen, groin and up-
per thigh (15t lumbar dermatome) may be slightly less if the 1st lumbar
ganglion is resected, but, contrary to the claims of Ratcliffe and Jepson
(1950), there would appear to be no advantage in extending the lumbar
sympathectomy above the 2nd lumbar ganglion. The result, of course,
would be similar to that of thoraco-lumbar sympathectomy and general
patterns of sweating confirm this.

§3. CARBACHOL SWEATING TEST

After it became apparent that the lumbar intermediate sympathetic
ganglia were responsible for supplying the sudomotor fibres to the
escape area, a survey of the reports of Hyndman et al, (1948) and their
criticism of Ray and Console’s paper (1948) suggested that some con-
firmative tests might strengthen the argument in regard to the function
of these ganglia. Hyndman and Wolkin (1941), while examining
paticntsafter cervico-dorsalsympathectomy, had used a pharmacological
test which had originally been suggested by List and Peet (1938¢) as a
method for distinguishing between preganglionic and postganglionic
innervation of the sweat glands. They observed that if the ganglion cells
and postganglionic fibres were intact, which they should be if only the
preganglionic fibres were divided, then injections of parasympatho-
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mimetic drug, such as pilocarpine or mecholyl, would continue 1o
caute sweating in arcas which no longer showed thermotegulatory
sweating, In their opinion thic was produced by the Incal action of the
drug on the neuro-glandular junction {end plate), and theee hias been
experimental confirmation of thit in the eat by Simcone, Mentha and
Rodrigues (1951).

1t was therefore contidered that a similar drug—eatbachol—should
be able to produce sweating in theee patients in the dermatomes below
and including the level of L.g. These lower paravertebral ganglia {(and
the intermediate ganglia from the same nerve tootd) remain intact after
rescction of the sympathetic chain down 10 the level of the grd lumbar
ganglion—which has included, of course, all the preganglionic fibres
from the lower end of the sympathetic autflow. In the anlidrotic arca
an the thomx, however, all the sweat glande should have suflered a
postganglionic denervation, since the paravertebral ganglia had been
resected at these levels, An injection of earbachol therefore should pro-
duce sweating all over the bady exeept in arcas which have suffered a
postganglionic dencrvation, Such a test was found to fit this hypothesis.
Sweating appeared on all the body below the upper border of the escape
area, and the thoracic anhidrotic arca was practically unchanged.

The carbacho! sweating test was not performed as a routine on all
cases, but was carried out on a number of patients on whom it was
thought likely to yicld additional information. The test is performed im-
mediately after the heating test, though precautions must be taken to
prevent the patient becoming too cool in the meantime.,

It appears that patients do not respond cqually to the same dose of
the drug. Possibly this is duc to different rates of absorption or to
dl(Tc.nng susceptibilitics. In order to standardize its action as much as
possible, carbachol was given as an aqucous injection of 0-25 mg. in 1
ml. (1 ampoule) into the quadriceps muscle mass and the reaction
soted. Usually within ten to fificen minutes this would produce a desire
;;::s:‘;;lgtand ];Zssibly, il the rectum were .full, to dcﬁl_cc:\lc. S!lor(ly
o anhidr::?u bclfo(xlmd that the electrical skin resistance in the
curred in the axncl .:l:[‘ca had now been reduced, but no change had oc-
drug had beer i drouf] nrc;ll on the thor:}x. If no symptoms from the
(orageoas m p)ro uced within twenty minutes, :mo(h.cr 1-1 ampoule
Symproms wou%'d \sl'as mjcctcd_ and, if necessary, a third—when SUC!I
pationts the initial:{nr{w“' certainly be pfoduccd. In very small or frail
Occasionally it wals }ccu(oln lwas ’}?ndc }v"h only § :\n‘lp.o.ulc (o'125 mg.).

Targe (or the mo ou}n that the estimate fof‘ t.h_c initial dose was too
would soon ha}:; ient had :m‘unduc.susccpnbnlx.t)f), and the patient
ruch distresscdf_ s;t}:vcrclor]gohcky pain and vomiting, and w.ou.ld feel
of atropine g tough this would soon respond to a small injection
97 gr. (0-6 mg.) subcutancously.
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The intention was to grade the dose to suit the patient so that
definite sweating was produced in those areas which were known to re-
tain their postganglionic innervation. In rare cases, however, this could
not always be produced on the sole of the foot, though it is probable
that if the dose had been increased, sweating would have been produced
here also—but the patient would have been caused considerable distress.
Even in those cases when too Jarge a dose was given inadvertently, the
pattern of anhidrosis obtained on the thorax was essentially similar to
other cases which did not show severe symptoms.

Hyndman # al. {1948}, when using Meckol! {methacholine chloride}
acetyl-g-methylcholine chloride, reported that they did not obtain the
above patterns but they were using a chemical type of sweat detector
which was not so sensitive. Carbachol, however, is a drug which has a
chemical structure more simifar to acetylcholine, than has mecholyl.

(&) CH,
. H + /
Acetylcholine GH,—CO-CH,CH, N *—CH,
“CH,
cH,
|
Carbachol NH,—CO-CH,CH, N —CH,
{Carbamylcholine)
CH,
i .
Acetyl-- CH,—CO-CH-CH, & Z-cn,
methylcholine
{Mecholyly CH,

The actions of carbachol resemble those of acetylcholine and include
both nicotine actions and muscarine actions, whereas mecholyl has only
muscarine actions (Gaddum, 1953—page 192).

It may be, therefore, that carbachol acts both on the pre-posts
ganglionic synapse {or on the ganglion cell directly} as does acetyl
choline (nicotinic action), whereas pilocarpine and mecholyl act only
on the newroglandular junction (end plate). Possibly, therefore, it is for
this reason that carbachol produces a more definite sweating pattern
than does mecholyl, In any event the patterns it produces are anatomic-
atly sound.

The stight differences in the patterns of anhidrosis on the thorax
which are obtained after heating and after carbachol will indicate those
areas of skin which may still be innervated by sympathetic ganglion
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cellvin the thoray, although the preganplionic fibes to theee cellchave
been interrupted by operation, ‘The pattemn of anliidrotix obtained after
cathachol always lies within that obtained by heating alone. After
an injection of carbachol the lower border of the anhidiotir area on
the thotan will be taived if these remain i1 20ty any intact ganglion celly,
which have been deprived by the operationy only of their preganglionic
connections, “Thut the upper border of the ccape arca will extend
upwards if this area of the skin i wpplied by ganglion cells lying in
the intermediate sympathetic ganglia, and whowe preganglionic fibres
have pasied through the thoracic paravestebral sympathetic chain,

It is possible that if any ganglion cellt of the paravestebral sympath-
ctic chain had alto been Jeft behind, owing to incomplete resection of
the chain, then after an injection of carbachal they would also produce
sweating in parts of those dermatomes, Proceutes of the paravertchral
ganglia, which contain ganglion oells, may extend for & short distance
along a ramus communicans back towands the nerve root. They have
been described by Wrete (1935 and 1943), Fagarasanu (1938), Pick and
Shechan (1946) and Edwards (1951). They will be discutsed more fully
l:\lcr_. They would function in exactly the same way as lumbar inter-
!ncdmc sympathetic ganglia whose preganglionic nerve supply had been
interrupted.

_Carbachol sweating on cases after cervico-doral sympathectomy
yields a much less constant pattern. Usually the whole of the face, head,
neck and upper limbs show some degree of sweating activity, except for
roughly segmental patches on the underside of the arms—particularly
those dcn'natomc supplicd by the lower roots of the brachial plexus. In
those patients whose operation had been performed by the anterior ap-
proach through an incision extending parallel to and above the middle
part of the clavicle, the supraclavicular nerves had been divided and
usually it was found that the area of skin below this, extending down to

}h_c 2nd or 3rd intercostal space, remained anhidrotic after carbachol
injection,



Chapter 4

DERMATOME PATTERNS AND ANALYSIS OF
INDIVIDUAL SWEATING AREAS

Brrore it is possible to consider the individual analysis of the root values
of the sweating patterns, it will be necessary to discuss the dermatome
patterns in man. The first accurate account of these dermatoraes in man
was proposed by Head in 1893, He obtained his observations from the
disturbances of sensation, with special reference to pain of visceral
disease, and also from the distribution of herpes zoster infection affect-
ing a posterior root ganglion. In a later paper with Campbell {1900} he
went on to show the close association of zoster infection of a single pos-
terior root ganglion with the production of herpes in the area of his
proposed outline of the dermatome corresponding to that nerve root.
The dermatomes of Head are shown in Fig. 3 and should be compared
with the later observations of Foerster (1933) shown in Fig. 2.

Fuerster's observations were all obtained on patients upon whom he
operated for different conditions by sectioning the posterior nerve roots
intra-spinally. These operations arc no longer performed for these
conditions because of the ill-effects which became apparent to later ob-
servers. Foerster stimulated a number of the posterior nerve roots and
recorded the pattern of the antidromic vasodilatation (first described
by Stricker in 1876), and also tested the patient’s sensation to light touch
and pain, following section of numbers of contiguous nerve roots. In
many cases he left one intact posterior nerve root and sectioned three or
four nerve roots above and below it, so that he was left with an area of
residual sensibility to the mtact nerve root. In other cases he resected a
group of contiguous nerve roots and was able to determine the upper or
Tower levels of sensation via the intact roots above or below.

Other observations on man had been obtained directly by Bolk
(1898-18gg) who laboriously dissected the filaments from separate
nerve roots into the skin. In view of his technique, it is extraordinary
how accurate somne of his dermatomes eventually proved to be when
compared with those of Foetster and Head, Unfortunately, however,
they appear to be incomplete in certain areas and therefore cannot be
regarded as a reliable pattern, although they can provide interesting
topographical confirmation of the clinical and physiological observa-
tions.

Sherrington first proposed a system of dermatomes for the macaque
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monkey in 1892, and in two fllowing papers, 1893 and 18, be re-
ported the results of his experiments on the macaque in regard to the
arcas supplied by certain individual posterior nerve roots. ‘The firmt
paper dealt with the supply to the lower limby, and the second paper to
the upper limbs, Healto found acontiderable overlapof the dermatomes,
and Hiis general pattern compares very closcly with thosc of Head and
Foerster, particulasly of the Iatter when allowance has been made for
the slight skeletal difference between man and the macaque.

Keegan (1947) and Keegan and Garrett {1948) ditcuss the patterns
obtained by these three authorities for the upper and lower limbyin man,
and compare them with their own obrervations on the area of principal
innervation which they found by measurements of the hypoalgesia re-
sulting fram compression of a nerve root by a prolapsed intervertebral
disc. Somc of these cases they verified by surgery, and in some cases the
nerve roots were sectioned, and in others X-ray controlled single nerve
root injections of local anaesthetic were made into volunteers, In
general, their patterns of the principal innervation of the dermatomes
which are everywhere contiguous and do not overlap, all lic within the
patterns of ‘residual sensibility” of the dermatomes as found by Sherring-
ton, Head and Foerster, In his paper Foerster shows some individual
variation in the same dermatome in different patients, and even some
discrepancy between that of antidromic vasodilatation and of residual
sensibility of the same root in the same patient. The diagram shown in
Fig. 2 has been redrawn by the author from the data of Foerster's
paper (1933). It will be noted that Foerster gives no information on the
7th cervical or lower sacral dermatomes, nor of the posterior portions of
the thoracic dermatomes. The first cervical nerve has no cutancous
branches.

.It will be scen that Foerster's dermatomes are in general agreement
with those of Head, except for a rather greater extent and overlap of
cach dermatome in the limbs. On the trunk it will be noted that the
dcrmatorr}cs are segmentally and alternately contiguous, so that each
area of skin 13 supplied by at least three posterior nerve roots. The arca
:)if; the umbllicus,. for ixzstancc, li.cs principally on the 1oth thoracic
an‘('lf':;llio‘rxnc,cbuz is also included in the lower edge of the gth thoracic
o be of é)r;::al; :r ge of the 11th thoracic. In' the hm.bs this overlap seems

extent, so that at the wrist (for instance) portions of

sensory nerve root innervation from the sth cervical to the 1st thoracic

ﬁ:b:lrl:e;:;l::fd. ?n dthc buttock it will !Jc observed that the 1st

that the an lumbc C):] cnds to become » c.ontmuous c'urvcd band, but
the mid.line bern :‘l; clx:rr(lla;)omc may bc’ in t“_/o portu'n}s 3 that nearer
on the front andg : Ith ied by the postcnPr primary d1v1519n, angl that
division, There ma llbcr aspect of the thigh by the anterior primary
. y be a similar supply of the 3rd lumbar dermatome,
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Although Head shows patterns of the lower sacral dermatomes, it ap-
pears that this information was based on only onc case directly, and
there does not appear to be absolute confirmation of the pattern that he
shows.

It will become evident that the patterns of residual autonomic inner-
vation of the skin after sympathectomy tend to fit closely the general

Fic. 2. Dermatome chart, constructed from obsenvations of Foerster (redrawn).
Foerster, O. (1933), Brain. The 7th cervical, posterior thoracic, and lower sacral
dermatomes not recorded.

patterns of the posterior root dermatomes described by Foerster. The
only other claim for autonomic dermatomes was made by Richter and
Woodruff (1945), who showed a very idealized form of lumbar auto-
nomic dermatomes. It is now evident that the patterning they suggest
was based on a complete misconception of what they were observing
and, indeed, in later papers by Richter (19475) on this subject he makes
no further reference to this original paper.
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In the foltowing account of the individual analysis of the swrating
patterns, reference will be made to the dermatome chart constructed
from ohservations of Voerster (Fige 2), and the general outline of the
dermatomes so marked will be comddered fi selatian ta the patterns
obtained by ohservation on these paticnts. Of coune, individual varia
tion may be considerable in relation to the exact marging of 3 particolar

Fig. H .
16. 3. Dermatome chart, according 10 Head. Head, 1., and Campbel}, J. W.
(1500), Brain. ’

dermatome,

obtained aft,

and allowance for this i in di i
2 is made in discussing the patterns
er sympathectomy, : n

ar T I i I’ndccd, as the author's cases comprise a
[omcsg;?tr rs::xcsbof observations in relation to certain particular dpcrmn-
anuth’e o y.de arg.ucd that the variations between one patient and
tome rathcrc‘z’;l ence in support of the overall variation of such a derma-
tome: e w:::l({;o; mcl}udmg a particular area in a different derma-
e otherwise i it i
o pathcciomy. inconsistent with the apparent levels
3 A-P.~4
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Another factor which is to be considered is the general level of pre-
fixation or post-fixation of the brachial or lumbo-sacral plexi. The
frequency of this variation dees not appear to have been examined in
man, but according to Shechan and Marrazzi (r941) on the monkey
post-fixation may occur in about 25 per cent, of cases, These general
results are confirmed by Zuckerman {1938}, who found, again in the
monkey, that the frequency of pre-fixation of the lumbo-sacral plexus
was more cornmon (56 per cent.) than post-fixation of a plexus (23 per
cent.). On the same cases he found that the lowermost “white’ ramus
communicans was at the level of L.g in 47 per cent., L.4 in 51 per cent.
and L.5 in 2 per cent,

The auther’s observations on the level of anhidrosis after thoraco-
lumbar and lumbar sympathectomy would suggest that for man the
lower levels of the thoraco-lumbar outflow were at L.2 in 14 per cent.,
L.3 in 85 per cent. and L.4 in 1 per cent. Among those included in the
L.3 group, 32 per cent. of the total tended to have a lower extension
than the other 53 per cent. As is to be described more fully later, one
case fitting into the L.2 group was found, on dissection later, to have 2
‘pre-fixed’ type of lumbar plexus.



Chapter 5

SLSWEATING PATTLRNS AVTER THORACO-
LUMBAR SYMPATHECTOMY

Fio. 4 shows six typical pattesns of sueating tern afies theraco-Jumbar
sympathectomy,

CASL L, thows the prsult of tevretion extendivg from the ToB-1.7 syme
pathetic panglia on each 1ide and § Dowed up at 10 and B} orsuths after 1eft
and right sides repectively, 1t will e srest thiat the Dol of ankidoss on the
!OMU thorax and uppes abdamen fs prt erimplete on the bacl, althouzh thrie
Basmall island” ever the upper Jumbar spines, The upprr fmrlaf the anhi.
drotic area extends approrimately tn the T8 dermatame an the Ieft and to

-9 on the right. That is to say, that it apjwan that the th and the ath
thoracic sympathetic panglia repectively are pondunctional, Jraving thew
of the jth on the Jeft and the ik on the tizht intact, and it it the Jower Jevel
of these dermatomes which provide information on the upper level of ap-
parent resection of the ranshianic chain, The upprs Imel of the meape area
110t 50 high on the left as it §s on the right, On the it appears 1o include
#C L.t dermatome, bt on the tight side it extends upwands to include the
bc‘l';“fi:}:’ﬂfﬂomc: The lower levels of the eeape asea extrnd about cqually

 inner sides of the knecs into the 1.4 dermatomes, Tt will be noticed

ﬁg?:t‘i‘icdr: :‘ a '?dfnimuh‘ of sweating extending from the eseape area on the

btk owards the umbilicus, This was one of the carlier cases and no
Plethysmographic records were performed.

SMEAT. shaves the pattern obtained in a similar case of resectinn from the
u};ptx li\ gc:;?;‘li? on l}x:.o(h x|f!cs. This c:xsc‘ii more syminetrical and shows the
side. The esea 1 an u:!muc area cxlcndmg.m the T.9. dermatomes on cach
T2 dcnmmgc area is “I’f’ more !‘,'mm:lr!c:\l and cxtcn‘ds upwards to the
1omes belon (hu_on cacl.I side and down to md_udc the ll}ud lumbar dcn.m-
‘peninsuls’ of s:\_cm:f" sides of the knees. It will be noticed that there is a
the mid.ine and lahll:g cxt}cnd'mg dp\m to the umbilicus just to lhc.lcﬁ of
with that in the r‘n Ol" the right side of the buttock sweating is continuous
on this patient penneal area, No plethysmographic observations were made

CASE BS. Although th;
gh this was one
{?E the T.g ganglion on the Jefy
-3 ganglia, it was not follow,

of the earlicr cases, and had a resection
::‘nd T.8 0;1 the right, both extending down
be see f ed up until 44 years after operation. It will
samc,t:}g‘?;:::}sugh the intended lcycls of resection are npr;)roximnlcly the
side the upper ]!c vglpaucm rcslflllng. is markedly asymmetrical. On the left
Whereas 3t i oy cl of the anhidrotic area is at about the T.9 dermatome,
Similarly, the peS higher, reaching the T.y der , on the right.

» SEupper level of the escape area is only at the level of the L.1

L em—
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LoTa- 13 2montns
R T4~ L3 4 Months
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L. T4-13 2Weeks L. T4-L3 2Months
R To-Ll3 6 Weeks R. Ta- (3. f Momp

Fic. 4. Cases ER., AT, BS., DMcM,, 8.5, ”’
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dermatome on the Jefi, whesran it extende wellintg the Toa dramatome on
the tickt, In view of the prealte of fater cares thiv might supget the ponibility
of a Totr o Ttz panplion Yeing 1R brhind at aperation, ac the chain
pars through the enn of the diapheapm en the sight side. The Imeer Jevel
of the ocape area Som ot eatend belaw the bier en the tight dideeathat iy,
enly into L 2 dermatome s it on the Jeftide it extrndy well down the inner
side of the ealf inta the .3 deomatnme,

Plethyamngraphic obrervation camind st en thie patient, at this time,
sugeent that there wan a dight peoovery of autannmie vasxnntttictor enntrol
on the tight side. There sas lipht incrrare of Bl end i in the tizht tne nn
heating the patient, and very shighit increats of the pule 1atr on the IFf

east paear, Althouph in this ease the pesreting em bath pides was intended
wreach the Yevel of Tog, and ajpean to have dese g an the rfie-evrn ex-
tending ene tepment hishey —on the tiedit it does pnt evtend ek higher
than T.a. A, both in fmint and behind there are pmall papet ennnecting the
normal area with the escape area. The upper Inel el the cape area extends
apparently 1o L3 desmatome on each ide, and wrll down into the L3
dfrm}!omm on the inner aides of the fepa, Tahnnld be poticnd that a enme
bination of lower paramedian and paraseetal {Harde's fncition) scans ex-
}mdfd the area of anhidrmnis doswn into the strip of skin Drtween them, There
is evidence of similar partial denrvation medial 1o a pararectal sear in Case
W.rand pousibly aba in Case tc, (g, ). No plethyamngraphy was per-
formv-'d on this patient,

This patient developrd a peeuliar enpditinn of ixchaemia and gangrene on
the right Jeg afier aperation on that side, and it i1 grobable that the small
2rea of Jow electrical skin rexistance on the front of the right lower leg may
really be due to Jocal trauma, )

(_‘}m: 8. Although the resection on this ease was intended to extend as high
a Ty on \h_c feft and 1.8 on the 1ight, it is olndous that the upper level of
on ;ndx “ifé’uc’l:"lm-u are approximatcly rqlt.\l n'ml reach the 'I'.';'dcrm.unmd
%\hv:r‘;.‘h:'b he l{'lt:k view sugrests Ih:v\l'ﬂ might h:t\‘c been slightly higher
upper cngd & ;lll ﬂu‘x is pr_n.b:xbly du_c tn injury to lhc'xmcr.m.sl.?l nerves at the

o 'I‘hc: the skin incision. Again the belt of anhidrosis is incomplete be-
only 1o e iptrd Jevel of the escape areais myn'unclnml. extending upwards
dermatome Tlh crmatame on lhc'ng!.u but ]!lghcf, on the left, to the T2
of the g -c n ¢ significance ?f this will be discussed later, The lower level
oLy gc rea is :ymmtlncn!, and cx!cnd.s anly to Ehc level of the knees
of anhidroghn:wr;ﬁ on each side. On the x::gh( (hcn:: isa smnll.‘pcninsuln'
UPper onter o tending dow‘n over !hc anterior superior iliac spine and the
hypogastric nchl 'tls}; the thigh, which is ponibly due to tranma of the ilio-
the thoracie an}:"d icre are also small islands of sweating on both sides of
Plethysm |udrotic area. This was one of the earliest cases and no
4 051‘4{\*\“': observations were made.
tem txal::i:;':;o‘:lwd' twvo monll‘u’nf:lcr these tests, and subsequent post-mor.
it may be noteq n:as‘ll‘nadc, This is discussed in full later (Chapter g), but
lumbay Plexus, i 'whl at the nerve roots conformed to the ‘pre-fixed” type of
only a8 Jow ns lh;"i, probably accounts for the escape area extending down
side a postion of 1, .2 dermatomes. It was also discovered that on the left

the 1st lumbar paravertebral ganglion had been left behind
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at operation and that, therefore, persistence of this ganglion would account
for the asymmetry between the upper levels of the escape arcas on the
two sides.

case w.p. In this case resection of T.4-L.3 ganglia on each side was in-
tended. The upper level of the anhidrotic area appears quite symmetrical, but
has extended even higher to the T.3 dermatomes. The upper level of the
escape area, however, is markedly asymmetrical. On the left side it extends
into the T.12 dermatome, but on the right side it has reached much higher
to at least the T.10 dermatome. There are two small ‘islands’ of sweating
over the back of the anhidrotic area. The lower level of the escape area ex-
tends well down on the inner side of the legs to the L.g dermatomes, even
extending farther on the right side. No plethysmographic records were ob-
tained on this patient.

In none of these six cases is particular attention paid to sweating in
the perineum, although in Gase A.T. it is apparent that the escape area
extends to the perineum, and in Case 3.5, it is rathcr more evident than
in the other cases. The significance of sweating in the perineum was not
appreciated in the earliest cases, but is considered more fully later.

cask sv.p. Fig. 5 shows a typical case, which also underwent carbachol
testing, and was followed up for 2} years. The resection on each side extended
from T.5-L.3, and the first test was performed 2 months after the opera-
tion on the left side and 5} months after that on the right. Subsequently, both
thermoregulatory and carbachol testing were repeated at intervals of a year.
The upper level of the anhidrotic area conforms with the intended levels of
resection and therefore reaches the T.5 dermatome on each side, which just
includes the nipples. The upper level of the escape area, however, is not so
symmetrical, reaching T.11 on the left side, and to the rather higher level of
T.10 on the right. The lower level of the escape area extends well down on
the inner sides of the legs into L.g dermatome.

Carbachol testing, at the same time, showed sweating throughout the
whole of the lumbar and sacral dermatomes. It is evident that the chains of
‘islands’ of sweating on the left thorax now coalesce into a band on this side,
between the escape area and the normally innervated area in the upper part
of the thorax. Also there is a similar band in the mid-line of the back. The

’ et smaller after carbachol

' : * been left behind in site

. . .. ' , but have lost their pre-

ganglionic supply from the cord. On each testing it will be evident that sweat-

ing has been retained in the perineum corresponding approximately to the
S.4 and 8.5 dermatomes.

On testing again one year later, it will be seen that the general pattern of
thermoregulatory sweating is essentially similar to that of the first observa-
tion, except perhaps that the lower Jevel of the escape area on the back is now
continuous with the area of perineal sweating in the natal cleft.

Carbachol sweating on this occasion has again extended over all the lum-
bar and sacral dermatomes, but the band of sweating on the left side of the
thorax is again segmented into ‘islands’. This is probably due to the fact that

PSR F e R e
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scar tissue has involved the postganglionic neurones or that the ganglion
cells have died.

After 2} years the general pattern is relatively unchanged, except that
after thermoregulatory testing there now appears to be a continuous band
on the Jeft side of the anhidrotic area of the thorax and that the same pattern
is constant when tested by carbachol. After the latter test, however, the mid-
line of the back now shows continuous sweating. The upper level of the
anhidrotic area of thermoregulatory sweating shows an extension downwards
of about one dermatome. Possibly this may be due to the re-innervation of
the anhidrotic area from the intact ganglion cells in the 4th thoracic ganglion
on both sides.

The general observation should be made that, whereas variations
may occur in the area of anhidrosis on the thorax, the arca of anhidrosis
in the lower lumbar and upper sacral dermatomes remains quite con-
stant. This is the gencral rule found in almost all cases.

Plethysmography on the great toes was performed at the same time as the
last testing. After heating the patient there was no change in the pulse wave
and even a slight decrease in the blood flow. There was therefore no evidence
of recovery of function of the vasomotor supply.

Fig. 6 shows the observations of two other cases who were tested with
carbachol and were followed up on two occasions.

case E.P. This patient had a resection T.4-L.3 ganglia on each side. On
first examination it is apparent that the upper level of the anhidrotic area is
symmetrical in front and extends up to the T.5 dermatomes. From behind it
appears to be not quite so symmetrical and extends rather lower on the left
side. The upper level of the escape area is markedly asymmetrical—on the
left side it is about the level of the L.1 dermatome, but there is a ‘peninsula’
of sweating extending along the line of an intercostal nerve (T.9?). On the
right side the escape area extends upwards to the T.10 dermatome. The lower
levels are relatively symmetrical and extend below the knee into the 1.3
dermatome.

After carbachol sweating it is apparent that the belt, on the left side at
about the T.g dermatome has now widened, indicating that some ganglion
cells in this region had retained intact their postganglionic nerve fibres,
although they had been deprived of their preganglionic connections.

As 1 the previous case carbachol sweating is now apparent in the lower
Iumbar and upper sacral dermatomes.

On testing agamn after an interval of two years, it will be seen that the
anhidrotic area on the thorax is now slightly smaller than on previous acca~
sions and that bands of sweating now appear on the back. The band of sweat~
ing along the line of the gth intercostal nerve has now widened and is very
simular to that observed on carbachol testing on the first occasion. In other
respects the pattern after carbachol testing fits in closely” with the thermo-
regulatory pattern. There is a slight extension downwards from the normally
innervated area on the thorax into the anhidrotic area, and again from the
escape area into the buttock and perineum in the natal cleft.
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Plethysmography on the toes carried out on the last occasion, showed that
after reflex heating there was slight increase in the blood flow on the left
side but not on the right, This slight evidence of recovery of vasomotor con-
trol on the left side is not supported by the sweating pattern.

casg X.F. This patient had only a Jow level resection—from T.11~L.3 on
each side. The patterns of anhidrosis, however, are quite symmetrical, the
upper level of the anhidrotic area seems to extend rather higher to Tuo
dermatomes, but there is a belt in the mid-line front and back. The upper
level of the escape area is similarly symmetrical ding to L.z der
on each side, but the lower level extends well down into the L.3 dermatome
on the right and not quite so low on the left. Carbachol testing was done on
the same occasion, two weeks after the operation on the left side, and showed
the same area of anhidrosis on the thorax as after thermoregulatory sweating.
After carbachol, however, sweating appeared in the lower lumbar and upper
sacral dermatomes as was to he expected. There was, however, only {aint
sweating on the soles of the feet and lower legs, as the skin here was very dry
and scaly.

On testing again a year later, the patterns were almost unchanged, except
that after both thermoregulatory and carbachol sweat-testing, the anhidrotic
area on the thorax {or rather abdomen) is now slightly smaller than on the
first occasion, The anhidrotic area on the legs is almost unchanged and again
showed sweating on carbachol testing.

This was one of the earlier cases and no plethysmographic observations
were made.

Figs. 7, 8 and g show the patterns obtained on three cases which were
followed up regularly for three years or more,

case w.s. This case had a resection of the paravertebral chain from T.4-
L.2 on the right and later T.10-1.3 on the left. He was first tested two weeks
after the first operation. The pattern of anhidrosis was as to be expected, and
showed the upper level of the anhidrotic area at T.4 and the upper Jevel of
the escape area at about T.11. The lower level of the escape area extended
below the knee to L.3. On the thorax the pattern is limited to the mid-line,
though it does not reach quite so far, over the mid-dorsal spines (see also
Case y.r.—Fig. 9).

Two months later he was tested again both for thermoregulatory and
carbachol sweating. It will be noticed that the pattern on the right side is
essentially similar to that noted earlier, except that there is some irregularity
at the upper level of the escape area, and also a patch below the anterior
superi?r liac spine ‘on this side. On the left side the operation had been
o aae N e he el it e a e SRR

1 " :
tends farther down the inner side of the leg well into L. dermatome. The
escape area still extends into the perineal sweating area in the natal cleft, On
carbachol testing the area of anhidrosis on the thorax is rather smaller on the
right side and does not reach the mid-line in front, but on the left side the
band of anhidrosis is broken up into small ‘islands’. As is usual, sweating on
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testing with carbachol appears in the lower lumbar and upper sacral
dermatomes,

On further testing 18 months later, it will be scen that the pattern for
thermoregulatory sweating is almost identical with that obtained earlier,
except that the patch of anhidrosis below the anterior superior iliac spine has
now disappeared. There is also some extension downwards of the normal
sweating area on the thorax into the upper level of the anhidrotic area.

Carbachol sweating at this time shows that on the right side the pattern
remains very similar to that observed earlier, but that on the left side the
scattered ‘islands’ have now coalesced into an incomplete belt, This is prob-
ably due to involvement of the ganglion cells or their fibres in scar tissue.

A third thermoregulatory sweating test was performed 3} years after
operation. The over-all pattern is almost identical with that found before.
There is, however, a continuous band of sweating in the left axitfary line
across the belt of anhidrosis. This indicates that there has been some recovery
of function of both pre- and postganglionic neurones (mostly preganglionic
neurones) in this area affecting apparently the T.10 and T.11 dermatomes.
The anhidrosis in the L.4-S.2 der remains unchanged on each side.
Carbachol sweating test was not performed on this occasion.

Reflex plethysmography on the toes, however, shows a slight increase of the
pulse wave on the left side, and slight increase of the blood flow on the right,
after heating the patient. There is thus some evidence of recovery of vaso-
motor control, which is not borne out by the sweating pattern at this level.

" This patient is of particular interest in regard to the occurrence of
sterility after thoraco-lJumbar ganglionectomy. At the time of the second
testing nineteen months after the first operation, the patient stated that
he thought he was producing semen on intercourse, but, though he
experienced orgasm, this was not accompanied by rhythmic ejaculation.
His child was born sixteen months later. A.B,O. blood grouping of the
child is not incompatible. The evidence of the recovery of sympathetic
function to the pelvic viscera seems to be consistent with that of the
return of function of autonomic supply to the skin in a small area of the
T.10 and T.11 dermatome on the left side (see Northfield and Monro,
1953).

This patient was the first upon whom the carbachol sweating test was
performed. At that time the sweating produced by carbachol, in the
lower lumbar and sacral segments, was demonstrated both by the in-
crease in the electrical skin resistance and also by the application of the
dye quinizarin which changes to a deep-blue colour in contact with
sweat, It was found that the sweat glands in this area, which was
anhidrotic to thermoregulatory testing, was strongly marked as little
blue specks at the mouths of the sweat pores. Photographs were made
on this occasion. The area of sweating, as demonstrated by quinizarin,
fitted closely into the patterns obtained by the electrical method except
that the latter extended about one centimetre farther and was therefore
more sensitive.
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case v, (Fig. 8). This patient had a resection of paravertebral ganglia in-
tended T.5-L.3 on the right side, and was examined one month later. It will
be apparent, however, that the upper level of the anhidrotic area on this side
has extended well up into the T4 dermatome, and that the upper level of the
escape area is that of L.t dermatome. The lower level of the escape area
extends well down below the knee into L.3 dermatome. Both on front and
back it is limited to the mid-line, except on the lower part of the back, where
it does nat reach quite so far over the lower lumbar vertebrae. Subsequently
the T.4-L.3 ganglia were resected on the left and the patient tested again. It
will be observed that there is very close correspondence between the anhi-
drotic area on the right side on the front, though on the back the area over
the hip and the area below the curve of the incision, where it had not reached
the mid-line on first testing, do not extend as far as before. On the left side,
the upper level of the anhidrotic area is symmetrical with the right in front,
reaching T.4 dermatome; but behind, it does not seem to be quite as high.
The upper level of the escape area, however, is much higher on the Ieft than
on the right and reaches the T.10 dermatome. Behind, it is approximately
symmetrical with the new level on the right side. This would suggest that
preganglionic fibres have re-established functional connections with ganglion
cells Jeft in this area. Possibly these ganglion cells are in intermediate ganglia
in the lower thoracic nerve roots, or in a portion of the paravertebral chain
on this side, which was omitted from resection as it passed through the dia-
phragm. The escape area is continuous with the area of sweating on the
perineum in the natal cleft.

The patient was examined again afier a year, and the thermoregulatory
pattern was found to be almost identical and unchanged from that observed
earlier. There is, perhaps, a slight extension downwards of the normally in-
nervated area into the right side of the upper level of the anhidrotic area
above the scar of the incision. There is also slight widening of the sweating
in the perincum in the natal cleft.

Carbachol sweating at this time shows two patches of encroachment info
that of thermoregulatory sweating—on the front over the xiphisternum, and
on the right side around the umbilicus. On the back also, sweating appears
near the mid-line on the left side, except for a small ‘island’, As usual, sweat-
ing is apparent in the lower lumbar and upper sacral dermatomes.

en examined three years after operation, the pattern of thermoregu-
latory sweating still remains unchanged, but on carbachol sweat-testing, at
this time, the gap over the mid-line at the back has become more definite.
The patch over the xiphisternum has disappeared. Plethysmography on this
patient showed no change in blood flow or pulse wave in the toes after
heating.

aast 3.7, (Fig. 9). This patient had a resection T.5-L.3 on both sides and
was examined eleven days after first operation (on right side). It will be ob-
served that the upper level of the anhidrotic area extends well up to the
second intercostal space in front, and probably the same level or a little
higher behind. Also that it extends across to the left of the mid-line at about
the level of the 3rd and 4th thoracic spines.

In this case it was quite definite that the area of anhidrosis at these
approximate levels T.3 and T.4 had extended across the mid-line onto
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the right side for about 1} inches (4 cm.). This was the only case in
shich it was noted, but many cases were not tested when only one
operation had been performed. It should be recalled that in Case w.s.
after operation on the right side only, anhidrosis was not present for
about 1 inch {2-5 cm.) on the right side of the mid-line at the levels of
the mid-thoracic spines. It scems probable that in these two cases (and
possibly also in Cases M8, and ®.r.) part of the dermatome is not sup-
plied by the posterior primary division at that level but receives instead
a supply from the opposite side. This aspect was not considered by
Foerster (1933}, since most of his operation cases had undergone a
laminectomy and it was impossible to examine an area so close to the
mid-line. Sherrington (1893) found that the overlap of dermatomes was
greater in the mid-ventral ratber than the mid-dorsal line, where it was
never greater than 1 cm. in a small monkey. Head does not appear to
consider this question of overlap across the mid-line.

In the observations reported here it seems hardly possible for the
operation on the left side of Case 3.1. to have involved injury to sweat-
ing pathways via thoracic nerves on the right side: it must be concluded
that in certain individuals an autonomic dermatome may extend slightly
across the mid-line.

When examined again two months Jater, which was two weeks after the
operation performed at the same levels on the left side, it will be noted that
the upper level of the anhidrotic area is symmetrical and reaches into T.5
dermatome, which is therefore two segments or so lower than it was on the
right side at 11 days after operation. The upper level of the escape area is
slightly irregular and there are a few scattered ‘islands’ of sweating above it
on the left side, but on the whole it seems to follow the T.32 dermatome. The
lower level of the escape area extents below the knees into L.3 dermatome.
On this occasion the area of sweating in the perineum was not continuous
with that of the escape area.

On carbachol testing on the same occasion, the pattern of anhidrosis on
the thorax is almost unchanged except where the ‘islands’ above the escape
area on the left side are now found to be sweating.

The usual carbachol sweating in the lower lumbar and upper sacral
dermatomes was not entirely evident. The soles of the feet and the skin
over the tendo Achillis were very dry and scaly. It is probably for this
reason that no sweating could be detected here, even though the post~
ganglionic connections to the sweat glands may still have been functional.

When the patient was tested again, almost two years after operation, it will
be seen that the anhidrotic area is now more symmetrical. The upper level
remains unchanged. But the upper level of the escape area has encroached
upwards about one segment to T.11 dermatome on each side. The lower level
of the escape area has extended slightly on the inner side of the calf and is
patchy hereabouts—small islands of sweating being detected.
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The sweating in the atal edr ft frans the peaneum i i enmtinuons with
the excape arex, On the baek it sall be pediond that in the minddine of the
ankidretic area there are tun enctmackinente on e uppet and Imser edpes,
and alv a small *bland’ of rerating,

Carhachol swrattmting, at the samne time, i that the anhidrotic area
isalmmt unchanzed, exerpten the miduine at the bark, where ther extens
sions of thermotepulatary serating ate pron ouitinumn, The wdn and the
back of the Ieft calf had remained arry dry and waly, anid showed no ap-
parent sweating to carhachol,

When the patient was terted a thind time, thies yran after operation, the
thermoregulatory sweating pattern was alinmt identical with that abtained
atmwo yeass. There war, howevrr, slisht extenion of the normal intact area
downwands onto the upper e of the anhidretic area on the 1ef yide of the
back, and alw on the trsteck, patticularly on the tight aide where it has
beome more obndotdy continuou with the sweating fn the perincum,

Plethysmography on the toes cartind out on thit eacasion showed no
change in blood flow or pulte wave on hrating the patient.

Fig. 10 shows the observations obtained on three cases who had rather
unusual sweating patterns when fist examined shontly aficr operation,

zl:d who showed rather more recovery than wsual when reeexamined
er.

onczk}:: :‘;-}B. 'I';h_lc patient had a resection T.9-1.2 on Jefi side and T.5-L.3
s a’!;):. Tm upper level nl‘lh_r: :m!m!mn.c area is very irregular, but
—-.: ut T.g on the left and T.8 on the right, There i abo a patch of
10g around the umbilicus, The upper Jevel of the €3CAPC area is more
mz‘;ml at about L.t dcnn:n_nmn, but the .Tnhidmlic arca is continuous
teu © escape area over the right buttock with the area of anhidrosis in
Pper sacral dcmul‘omc. The lower Jovel of the escape area is markedly
opem’“”’u’_::“:ﬁ:nd llic' right side, which wat examined only two weeks after
Ief side iz'me‘,‘,lng’ an xrrr;:u'br‘ patch on the front of the thigh. On the
Vhen 7 own to the inside of the knee,

is more sm’[‘;f:;gl;n after an interval of three years the general pattern
that the fyrer lcl'c] afnd the dermatome levels are relatively the same exeept
on the fager s ol the cscape area has now extended well down both Jegs
ef sides into L.3 dermatomes. Also on the back, it extends into the

area of sweating &, . s
bum:k:“calmg in the perineum, in the natal cleft, and in the fold of the

Ple 9 .
sion, ::zz’:zxrﬁhl}c‘ obscrvations performed on the toes, on the later occa-
Patient, Thees ']ghl mcrease in blood flow and pulsc wave on heating the
which is not is therefore some evidence of recovery of vasomotor tone

care ot entirely borne out by the sweating patterns.
theleft ::I‘l:d'xl;h: mlc?d“d level of rescction was T.4-L.3 on both sides. On

£ on the sight P‘p}tur evel of the anhidrotic area has reached thisdermatome,
ve extendeq "OV :lh was examined two weeks after operation, it seems to
€seape area in l‘ma: : lghcr.lcvcl-—pug,m'y to T.2. The upper level of the
on the right butmnku relatively symmetrical at L.y dermatome, but again
sacral any ¢k a ‘peninsula’ of anhidrosis extends towards the upper

idrotic g
Sariy rea. The fower level of the escape area extends only in a
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patchy indefinite position on the Ieft thish ~not encroacking heyond the L.z
dermatome, but an the tightside extendabedosw the Lee intn Lg dermatome,

On re«esamination after nearly three yeare the anhidrotic area it mare
symmetrical in front, now traching T.q dermatomes an eacl side, but e-
hind, in the mid-Jine over the spine, thrre it a continuaus band of sweating
extending down into the excape area, The Imsee Iovel of the ecape area has
now extended down to the Irvel of the koee on the Jeft side and a little
farther on the right, with two amall *hlands' of sweating over the shiny,
Behind, it hay encroachesd down over Imth buttocke and iv now enntinunus
with the sweating of the prrincum in the natal cleft,

Plethysmographic olsers atinns on the fater occasion showed no change in
the blood flow or pulse wave on heating the patient,

east T Resection was Th7-1.3 on the Ieft and Too-1.2 on the right.
Lvidence from the penition of elipy on Neray examination seoved to confirm
this intended fevel of serection, but it ivapparent that the sweating pattern s
very unusual, On the Jeft side the upper Iael of the anhidmtic area reaches
T.g dermxtome, and it i tightly Jower on the right, but very frregular, at
approximately T.to. On the back there §1 a oontinuows band of sweating
across the anhidiotic area and joining the ceape area, eprcially on the
right. The Jower lavel of the excape area, on the Jeft, appeass to extend almost
onto the whole of the Jog exeept for the wle of the foot. On the right it
reaches only 10 the level of the knce at the L.2 dermatome, On re-cxamina-
tion one year later, it is evident that the anhidmatic rrea on the right had dis
appeared, and on the left had beaume much reduced in sire and now contists
only of about the Tu12 dermatome. “The whole of the keft leg is sweating,
however, and the cseape area has extended down to the inner side of the right
leg as far as the medial malleofus,

. Ml.hough at first this might be regarded as marked recovery of func-
tion, it seems more probable that this most unusual pattern is really due
Lo imperfect rescetion, especially on the left side {or possibly due to the
presence ofa double paravertebral lumbar chain). No plethysmographic
observations were made on this paticnt.

ﬂ‘h Was not possible to follow up this patient later as she died from the
;0;';01' hypertension. Although a post-mortem examination was per-
R 70 notes were made of the appearance of the sympathetic

n and the author did not Icarn of her death until too late.
CX(c‘li'k:“l ;;10‘\:3 d:c-obsc‘nmions_ obtained on two patients who had
afer 1] the anhidrotic arca into the arm when cxamined shortly

horaco-lumbar sympathicetomy.

“'Cifszal;i; 'I‘;f‘lc i;ncndcd lct'ch of rcscctio.n on c.:\ch side were T.4-L.3. Two
anbidrotie arc:“}m{opcénuon (on the right side), the upper l_cvcl of f'“’
and vnder pary o?su ound to extend well up to T.2. dermatome in the axilla
Tespands losely wit hlct }l:p['isr arm down to the lc.vcl of the elbow. This cor-
therefore be consideen c b.z dermatome according to Focxsxc'r. and might
Patch of anhigposs l:bolo c extending ab.ovc't?m lcv_cl. Thcl.'c is also a small

ve the right anterior iliac spine, which is similar to
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patchy indefinite position an the left thigh--not enctmaching beyotd the L
dermatome, but on the sight side extendy beow the Loer into L. desmatome,

On seexamination after peatly thiee yeare the anhithntic area i more
symmetrical in front, now seaching ‘T.4 denmatomes on eacls side, but be-
hind, in the midudine over the spine, there fva continuous band of sweating
extending down into the rcape atea. The fowes Jevel of the ercape area has
now extended down to the fevel of the knee on the Irft aide and a linle
farther on the tight, with two small ‘dlandd’ of sweating over the shins
Behind, it has encroached down ovrr DBath buttecks and i3 ninw onntinuaus
with the sweating of the perineum in the natal cleft,

Tlethysmographic oleersations on the later occarion thowed no change in
the blood flow or pube wave on hirating the patient,

cast .7, Reseetion was T.7-1.,3 on the left and Tg-L.2 on the right,
Lvidence from thr pasitinn of ¢lipy on Neray examination served o conlirm
thi intended level of sesection, but it H apparent that the sweating pattemn is
very unusual. On the Iefiside the upper fevel of the anhidintic area soaches
T.g dermatome, and it is slightly lower on the right, but very irsegular, at
approximately Tito, On the hack there i a continunue band of sweating
across the anhidrotic area and joining the ecape area, epecially on the
right, The lower love] of the ecape arca, an the left, appears to extend almost
onto the whole of the Jep except for the wle of the font. On the right it
reaches only 10 the Jevel of the Lnee at the 1.z dermatome, On re-cxamina-
ton one year later, it is evident that the anhidrotic area on the right had dis-
appeared, and an the left had become much seduced in size and now consists
only of about the T.12 desmatome, The whole of the Iefi leg is sweating,

wever, and the escape area has extended down to the inner side of the right
leg as far a3 the medial malleolus.

. All:llcugh at first this might be regarded as marked recovery of func-
Hon, it scems more probable that this most unusual pattern is really due
1o imperfect reseetion, especially on the left side (or possibly due to the
presence of a double paravertebral lumbar chain), No plethysmographic
observations were made on this patient.
cﬁl;:uf:;lot possible to follow up this patient later as she died from the
formcdh ypertension. Although a post-mortem examination was per-
chamn a,ngomnotu were made of the appearance o'l' the sympathetic

Fig. 1 hc author did not !cam of llcr death until 100 late,
Cxlcm.ionl :f?!ws llmc‘obsgn'atxorlf obtained on two paticnts who had
alter 1, ie anhidrotic area into the anm when examined shortly

oraco-lumbar sympathectomy.

“:cf: ;:' t:r'Ix}}:: i;ncndcd lc\"ch of rcscc(iop on c_:xch side were T.4-L.3. Two
anhidrotie apes “f;lfop:;nuon (on the right side), the upper l’cvcl of the

under pamy o moun to extend well up to T.a. dermatome in the axilla
tesponds Aosely withc}uppu arm down to the lc:.'cl of the elbow. This cor=

Lh"‘fmbcmmidc :l ie T.2 dermatome according to Foerster, and might

ek of g s red to be cxx‘cndmg nbpvc.t!lu lcv'cl. Thcfc isaloa small

rosis above the right anterior iliac spine, which is similar to
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that elnervesd §0 one of twe otlier caven, T never peaitted for Jong, aned js
probatly due ta erctinn of a branch of the iliohy preacttic nerve in e lower
endofthe wnund inction, On testing arain 4] month aler operation on the
tight side and 2§ thonth after that on the Fefi, e upper Isvel of the an-
hidrotic area ft now redatively symmeteical in front in the T drimatome,
although behind it traches tather a Bigher Jevel, The upprs dmel of the escape
area reaches only the Lot dermatome on he 306y, Hhut on b skt oxtends
higher to Thto, which is apprasimately the vame Il a3 brfore, The Inwer
level of the eseape area extrnds davn belase the koees into L3 dermatomes
on cach side.

Carbachol sweataesting on thit accasion thowa the anhidiotic area sela-
tively unchanped exerpt for a slight enrmachment upavande from the ceape
area above the right buttock, Sweating fa found avinual in the Iower lumbar
and upper xacral dermatnme,

On testing again almest two yrat afier operation, the pattern of theemo-
regulatory sweating is almmt unchanged exeept that a fow lands’ alsweat-
ing now apprar on the Jeft 13de of the thoras on the back, and that the ocape
area has extended upwards in a similar patiern as found after earbachol
sweating shonly afier operation,

This would scem 10 vupgest that panplion ceth had bren Jeft intact in this
region and that they had now recstablished eonnection with preganglionic
ﬁbr.m. The cicape area was enntinuout with the arra of mrating on the
perineum in the natal eeft on both aceations but has now beenme more
extensive. Plethysmographic obsenvations on the great tocs showed no change
in blood flow er pulic wave after heating the patient.

NOTE ON piLo-rrecTION, This patient showed a pilo-crection response
afso-calied dermatographia. On stroking anywhere on the body, at first
cach linc of hairs was erceted in a ‘gooscflesh’ responte, and later this
arca beeame reddencd and there was o suggestion of a slight wheal. It
Wwas noted on this patient and also in others (though not so markedly)

; . S . :
hat this dermatographic pilo-erector response could be elicited even in

31;‘:2]& :Imhidros.is on the thorax, which is the same area as had
o mplete arlludmnf after carbachol and was thercfore presumed
O:“c been deprived of its postganglionic supply.

pilo-: ::::ﬁ:)ng the skin u:n!} a pointer, a 15-mm.-wide patch of local
pathcctonﬁzcdppcamd within two to three seconds, both in the sym-
abou fon scmn::irsca and thf non-sympathectomized arca. This lasted
Pilo-ereetion o }::nd persisted longer in the latter arca, The area of
Tine ang ma.xit c]n'rcplaccd by a red flare response lasting about a
shortly after oo ntlin in about th_xrty seconds. At the first observation
the curves of u}:cm On;l,‘t was noticed that sensation was diminished in
costal nesses amwlvom;] incisions—probably duc to trauma to the inter-
very evidens thas 3:'8 .}tht:rc was nowhere complete analgesia. It was
of skin except in thiscrp; o-ercctor response could be retained in all areas
when the gtie clatively nnnlgc'sxc area. Two years after operation

Bt was examined again, the pilo-crector response could
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now be obtained in the curves of the wound incisions, where it had been
absent on the first occasion. Full sensation had returned to this area by
this time.

These observations seem to throw some doubt on the claim that the
pilo-erector mechanism is an autonomic response mediated through the
paravertebral sympathetic chain from the thoraco-lumbar outflow of the
sympathetic. It would seem that the mechanism is more dependent on
the integrity of the posterior root innervation rather than that of the
autonomic sympathetic, The general explanation of dermatographia is
thought to be due to the local production of histamine. Why should not,
therefore, histamine be produced in the skin of the curve of the wound
incision?

Similar observation has been made by Brodal (1948—page 372),
though he believes that this local response is mediated only by reflexes
passing only at the levels of the sympathetic outflow. No other account
seems to be available in the literature. Brown and Adson (1929) had re-
ported that local pilomotor reflexes persisted on the shoulder where the
skin was anhidrotic after cervico-dorsal ganglionectomy, but post-
ganglionic innervation was probably intact here in their cases, Fig. 124,
b, ¢ and d show four photographs taken at intervals of a few seconds
after stroking the skin of this patient. These photographs are prepared
from originals in colour. On other patients who showed this phenom-
enon, the timing of appearance of the different reactions was essentially
similar, but they were not quite so evident and could not therefore be
so well demonstrated as in these photographs.

case E.1. This case had a resection T.4-L.3 on both sides, but two weeks
after the operation, on the left side it was found that the upper level of the
anhidrotic area extended well up into T.2 dermatome and into the axilla and
underside of the arm approximately to the level of the upper half of the
humerus. On the right side the upper level of anhidrotic area reached T.4
dermatome. The upper levels of the escape area, although not quite sym-
metrical, fcachcd about L.t dermatome, and the lower level extends below
the knees into L.3 dermatomes. When carbachol sweat-testing was performcd
a week later, it was found that in the mid-line, both front and back, sweat-
i{lg appeared in the band across the anhidrotic area and also on the left
side in the T. 10 dermatome, This encroachment in the mid-line oceurs in
some l?t.hCX' Ppatients on carbachol sweating, and it would seem to suggest the
possibility that there are ganglion cells which supply this area, but more
penphcx:ally situated, and which are ordinarily severed of their prcg:mg]ionic
connections by the paravertebral sympathectomy. Presumably also some
ganglion cells remained on the left side, particularly in the T.10 dermatome.
The Jower lumbar and upper sacral dermatomes sweat as usual to carbachol.
No plethysmographic observations were obtained on this patient.

Fig. 13 shows two more cases who had b heatin
and with carbachol, oen tested both by heating
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now be obtained in the curves of the wound incisions, where it had been
absent on the first occasion. Full sensation had returned to this area by
this time.

These observations seem to throw some doubt on the claim that the
pilo-erector mechanism is an autonomic response mediated through the
paravertebral sympathetic chain from the thoraco-lumbar outflow of the
sympathetic. It would seem that the mechanism is more dependent on
the integrity of the posterior root innervation rather than that of the
autonomic sympathetic. The general explanation of dermatographia is
thought to be due to the local production of histamine, Why should not,
therefore, histamine be produced in the skin of the curve of the wound
incision?

Similar observation has been made by Brodal (1948—page 372),
though he believes that this local response is mediated only by reflexes
passing only at the levels of the sympathetic outflow. No other account
seems to be available in the literature. Brown and Adson (1929) had te-
ported that local pilomotor reflexes persisted on the shoulder where the
skin was anhidrotic after cervico-dorsal ganglionectomy, but post-
ganglionic innervation was probably intact here in their cases. Fig. 124,
b, ¢ and d show four photographs taken at intervals of a few seconds
after stroking the skin of this patient, These photographs are prepared
from originals in colour. On other patients who showed this phenom-
enon, the timing of appearance of the different reactions was essentially
similar, but they were not quite so cvident and could not therefore be
so well demonstrated as in these photographs.

casE e, This case had 2 resection T.4-L.3 on both sides, but two weeks
aftcx: the operation, on the left side it was found that the upper Tevel of the
m}udr?tic area extended well up into T.2 dermatome and into the axilla and

derside of the arm approximately to the level of the upper half of the
humerus. On the right side the upper level of anhidrotic area reached T.4
dermatome. The upper levels of the escape area, although not quite sym-
metrical, reached about L.x dermatome, and the lower level extends below
the knees into L.3 dermatomes. When carbachol sweat-testing was pcrformCd
a week later, it was found that in the mid-line, both front and back, sweat-
ing a'ppz:arcd in the band across the anhidrotic area and also on the left
side in the T.10 der This encroach in the mid-line occurs in
some (zt}lcr patients on carbachol sweating, and it would seem to suggest the
possibility that there are ganglion cells which supply this area, but more
pcnphcx:a.l!y situated, and which are ordinarily severed of their prcgzmglionic
connections by the paravertebral sympathectomny. Presumably also some
ganglion cells remained on the left side, particularly in the T.10 dermatome.
The lower lumbar and upper sacral dermatomes sweat as usual to carbachol.
No plethysmographic observations were obtained on this patient.

Fig. 13 shows two more cases who had been tested both by heating
and with carbachol,
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case EF. The intended levels of resection were T.5-L.3 on the left and
T.4-L.3 on the right. The upper level of the anhidrotic area appears quite
symmetrical in T.5 dermatomes on each side. The upper level of the escape
area is at about L.1 dermatome on the left, but reaches to T.12 on the right,
and the level of anhidrosis extends in a band across the left buttock to the
upper sacral dermatomes. The Jower level of the escape area extends below
the knees into L.3 dermatomes on each side. The area of sweating in the
perineum is not continuous with that of the escape area. On carbachol sweat-
testing, the level of the anhidrotic area is relatively unchanged, except that
the band connecting the anhidrotic area with the sacral anhidrotic area has
now disappeared and a small ‘island’ of sweating is apparent on the right
lower abdomen.

On testing again a year and a half after operation, the pattern of thermo-
regulatory sweating is almost unchanged—and the band on the left buttock
persists as before, nor does the escape area connect with the sweating in the
perincum. Carbachol sweat-testing on the same occasion showed a very
similar pattern as it did before, except that a small area of sweating has
appeared on the mid-line of the back over the lower thoracic spines.

cask E.H. These patterns were obtained after resection T.8-L.3 on the left
and T.7-L.3 on the right. The upper level of the anhidrotic area on each side
reaches T.7 dermatome, but the upper level of the escape area is not so sym-
metrical~reaching L.1 on the left and T.12 on the right. The lower level
of the escape area extends well down into L.3 dermatomes on both sides.

On carbachol testing this patient one week later, it will be observed that
the pattern of the anhidrotic area on the thorax lies relatively within the
pattern for thermoregulatory testing, but that some of the ‘islands’ in the
former had now coalesced and also that a band of sweating is present in the
mid-line across the anhidrotic area. On the back there is also an extension
over the lower thoracic spines but it is not complete. In many respects, how-
ever, the occurrence of carbachol sweating in the mid-line front and back is
very similar to that noted in Case .1 (Fig. 11). As usual the Jower lumbar
and upper sacral dermatomes show sweating to the drug.

No plethysmographic observations were made in this case,

Fig. 14 shows the results in one case of high retro-pleural resection
compared with four cases of transthoracic thoraco-lumbar sympath-
ectomy.

case v.F. On the left side the resection was carried as high as the T.2
ganglion, whereas on the right it was as high as T.4 ganglion. In both cases
it was carried down to the L.3 ganglion. The case was first tested about five
weeks after the operation on the right side (not illustrated), and showed a
pattern on that side very similar to that obtained twelve months later. On
the left side, at 12 months, it is evident that the high level of the anhidrotic
area has persisted and is about a segment or two higher than that on the right
side—reaching T.2 on the left and T.3 on the right. The upper level of
the escape area is relatively ], extending approxi ly to T.12
dermatome on each side or slightly lower. The lower level of the escape area
extends below the insides of the knees on both sides into L.g dermatomes,
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This case is unusual, however, in that no sweating was cvident to the
eye, twelve months after operation, on the left arm or left side of the
head and neck in the area lying above the dotted line, but in this area
it could still be detected by the clectrical skin resistance meter.
There was a band of free sweating above the anhidrotic arca extending
into the axilla approximately in the T.r and T.2 dermatomes. It is
therefore cvident that the majority of preganglionic fibres to the left
upper limb had lcft the spinal cord below the third thoracic ganglion.
This is the only case which has shown a persistently high level of an-
hidrosis in this arca, though in onc case examined by the author re-
cently, similar relative anhidrosis had been found on the hand by direct
observation, but a line of demarcation could not be found with the
electrical skin resistance meter.

Carbachol sweating on the same occasion {not illustrated) showed that the
area of anhidrosis on the thorax corresponded almost exactly to that of thermo-
regulatory sweating. The arca on the left arm sweated almost as frecly as on
the right. As usual, sweating appeared on the lower lumbar and sacral
dermatomes.

On testing again seventeen months after operation the pattern of thermo-
regulatory sweating is almost unchanged from that of the earlier observations,
except that there has now appeared a band of sweating over the spine rather
to the right of the mid-line in the upper part, and to the left of the mid-line in
its lower part where it connects with the escape area. The sweating on the
two arms appeared to be equal at this stage, so presumably new preganglionic
fibres had established synapses with the ganglion cells to the left arm. The
area of sweating in the perineum, which was at first continuous with that of
the escape area, seemed to be separated by a small band of anhidrosis at the
base of the spine, at the second examination.

Plethysmographic observations on the toes showed unchanged pulse waves
a.nd slight reduction of blood flow after heating the patient, there is thus no
evidence of vasomotor control having returned to the lower limbs.

©asE k. This patient had a transthoracic sympathectomy performed

through double incisions on each side. The upper level of resection extended
only to v,’h: T.6 82“’31}01’1, but the chain was followed down to the diaphragm-
It was picked up again below the diaphragm, through the Jower incision, and
resectcd'dmv_n to the L.3 ganglion. It will be noticed that the upper level of
the anhidrotic area reaches about T.7 dermatome on each side, and the
upper level of the escape area is almost symmetrical at about the T.12 derma-
tome, though perhaps a little lower on the right. On the back these is a [4rge
gap on the lefi side which includes certainly the whole of the posterior prim*
ary division of the nerve roots at this level, The lower level of the es¢ape a7ta

rends well below the knees into the L.g dermatomes. The

the blood flow on both side: ent was
) s, after the patient ™

heated, and also a oorrcspond_\ng reduction in the size of the pglsc waves:

(These measurements are not included in Part Three

)
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This case is unusual, however, in that no sweating was cvident to the
cye, twelve months after operation, on the Ieft arm or left side of the
head and neck in the area lying above the dotted line, but in this area
it could still be detected by the electrical skin resistance meter.
There was a band of free sweating above the anhidrotic area extending
into the axilla approximately in the T.r and T.2 dermatomes. It is
therefore evident that the majority of preganglionic fibres to the left
upper limb had left the spinal cord below the third thoracic ganglion.
This is the only case which has shown a persistently high level of an-
hidrosis in this area, though in one case examined by the author re-
cently, similar relative anhidrosis had been found on the hand by direct
observation, but a line of demarcation could not be found with the
electrical skin resistance meter.

Carbachol sweating on the same occasion (not illustrated) showed that the
area of anhidrosis on the thorax corresponded almost exactly to thatof thermo-
regulatory sweating, The area on the left arm sweated almost as freely 2s on
the right. As usual, sweating appearcd on the lower lumbar and sacral
dermatomes,

On testing again seventeen months after operation the pattern of thermo-
regulatory sweating is almost unchanged from that of the earlier observations,
except that there has now appeared a band of sweating over the spine rather
to the right of the mid-line in the upper part, and to the left of the mid-line in
its lower part where it connects with the escape area. The sweating on the
two arms appeared to be equal at this stage, so presumably new preganglionic
fibres had established synapses with the ganglion cells to the left arm. The
area of sweating in the perineum, which was at first continuous with that of
the escape area, seemed to be separated by a small band of anhidrosis at the
base of the spine, at the second examination,

Plethysmographic observations on the toes showed unchanged pulse waves
an.d slight reduction of blood flow after heating the patient, there is thus no
evidence of vasomotor control having returned to the lower limbs.

case M.R. This patient had a transthor: cic s athectomy performed
through double incisions on eac . Jeorl of resectior

I« h side. The upper level of resection extended
‘,’f‘});'f’ ‘}_‘:3 :I_:~6 gaﬂgl.lor_l, '_-“lt qlc chamn was followed down to the diaphragm.

me on each side, and the
symmetrical at about the T.12 derma-
the right. On the back there is 2 large

H
sl wasuluny atea leacues about 'l dermato
upper level of the escape area is almost
tome, though perhaps a little lower on

Plethysmography on the great toes was performed at the same time and
showed some reduction in the blood flow on both sides, afier the patient was
heated, and also a corresponding reduction in the size of the pulse waves.
(These measurements are not included in Part Three.) P
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casE p.F. This case of transthoracic resection T.6-L.3 on each side again
shows evidence of imperfect resection on the left side, The anhidrotic arca
on the right side reaches T.6 dermatome, and the upper level of the escape
area on this side reaches T.12 dermatome. On the left side, however, the
anhidrotic area is represented only by a smail patch on the left costal margin
on the front of the abdomen. The Jower edges of the escape area are relatively
indeterminate. On the front of the leg they appear to extend well down to the
malleali, but on the back it was difficult to demarcate ‘an exact margin of
anhidrosis though there was a change noted below the buttocks and on the
inside of the legs. Again it was apparent that the operation must have been
relatively incomplete, and especially so on the left side.

Plethysmographic observations on the great toes showed moderate increase
of the blood flow and pulse wave on the left side, afier heating the patient,
and on the right side there was marked increase in blood flow and pulse wave.
This indicated that a great deal of vasomotor supply had been retained,
especially on the right side,

In these four cases of transthoracic paravertebral sympathectomy,
there is evidence of imperfect resection either in sweating patterns or
presence of vasomotor control or both, Most other cases which have
been examined by the author more recently show similar incomplete
patterns (six out of seven). It is hardly likely that they all had double
sympathetic chains or other anatomical abnormality, It is not thought
that this sweating can be due to regeneration, since the intervals are all
relatively short, and similar cases with one exception (r.r., Fig. 10),
which had been eperated on by the retro-pleural approach, have alt
showed constant patterns which have persisted unchanged for much
longer periods of time. It is probable that the retro-pleural operation is
more complete, since all rami and ganglion cells are more easily re-
maved in the separation forwards of the pleura from the chest wall. In
the transthoracic operation, although the sympathetic chain may be
resected in one piece, a portion of a ramus communicans must lie be-
hind the pleura in close relation to blood vessels, and if there are any
ganglion cells in this region they would persist and would be able to
exert their autonomic control of the sweat glands and blood vessels.

There is one other case of thoraco-lumbar sympathectomy in this
series. It was one of the earlier cases, and is particularly interesting as it
furnished the key to the explanation of sweating in the escape areas. It
will be discussed later in Chapter 7, when the occurrence of the inter-
mediate ganglia in relation to the escape area is considered and their
anatomy 1s described.

GENERAL CONCLUSIONS
After thoraco-lumbar sympathectomy, sweating activity is Jost in all
dermatomes below or next below the intended level of resection except
in an escape area which comprises the L.1, L.z and often L.3 derma-
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tomes. It is frequently found that the excape area may include Tu12 or
T.11 dermatomes on onc or both sides. Tn about anc-third of all cates
the L3 dermatome tended to extend farther down the inner side of the
leg than usual. )

Sweating activity is also retained in the perincum cnrresponding to
$.4 and .5 dermatomes. “This is dircuued mare fully in Chapter to.

The greater facility of the transthoracic thoraco-lumbar sympath-
cctomy has encouraged surgeons to pesform this type of operation
rather than the older and anatomically mote sound setro-pleural ap-
proach. This is unfortunate, since it would appear that very few of thae
patients can have undergone adequate sympathectomy, The resulting
carly recovery of function ay have donc much to suggest to physicians
that all forms of sympathectomy are of little use in hypertendion. The
bad results are really due to inadequate surgery. One of the few ob-
jective reports on paticnts operated on by this approach by other sur-
geons shows that sweating activity it often retained in arcas where, after
the more adequate retro-pleural operation, it would be expected to be
absent (sce Wilson, 1950).

In the author’s opinion a return to the more laborious but more
permanent retro-pleural operation in sclected cases would show con-
sistently more successful cures. Also it is probably unnecessary to extend
the operation much higher than, say, T.6; and even T.8--as originally
suggested by Adson, Craig and Brown (1935) —~may be quite satisfactory.
It is probably morc important to perform complete resection of the
splanchnics and sympathetic chains as they pass through or behind the
crura of the diaphragm and to continuc the dissection to the level of the
middle of the grd lumbar vertebra.

§2. SWEATING PATTERNS AFTER LUMBAR
SYMPATHEGCTOMY

Following on the patterns of thoraco-lumbar sympathectomies, it will
now be most convenient to consider these produced by resection of the
lumbar paravertebral chain only.

CAsE A.P. (Fig. 15). This case, although having undergone resection of the
T.12-L.3 ganglia on each side, may best be considered with cases of lumbar
sympathectomy, The pattern is essentially the same, as will become evident.
This case was first examined eight months or more after operation, and it
will be seen that there is no area of anhidrosis on thorax or abdomen. The
area of sweating in the perineum is continuous upwards with the area of
normal sweating. Carbachol sweat-testing on this occasion showed no an-
}udm§u anywhere in the lower limbs, indicating that everywhere post-
ganglionic sympathetic neurones were intact even if the lower lumbar and
upper sacral ganglia had been deprived of their preganglionic connections.
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On toting this patirnt arain s yean afier sprrating, rrwptially (he
same pattern was otwervrd, shawing that there hark bern almm'l hn ATty
of autonamic innervation of the abin exerpt perhapr inrr an inch or wn nh
the right buttack, No plethymogtaphic clermatinny swetr made on thit
patient,

ear v (Fig, 15}, Thitthowa a oontinunin erin e olrrvatinne marde on
a patient who had unilatrta) lambar sympathectomy of L3 and "'3. ;mfi
possibly the L.g ganglia (IFR). When examined nine days after aprration it
will beolnerved that thete i asmall patchofantidtraivin the Inerr a!r!l-mtn
which is probably due to section of the {linhyprrasttic nerve in the skin
incision. This has been olsrnvad in pmrral cavt, When pereent, the patient
may eomplain of satenens in the atea, which is typical of the hyprralgemia to
be found afier sectian of the srnwry branches of a small cutanem nenve,
The Yower leved of the ercape area barely tearhiet the knre and & rather
deficient on the inner thigh, After five months, however, the pattesn has bee
come more wual and now shaws that the lower cdge of the eweape atea hay
extended only to L.2 dermatome —at the Jevel of the knec, The paticnt was
examined again at two years and at three yean after operation, and sweat.
ing patterns show that the arca of anhidrois remained unchanged,

This patient had severe peripheral vawcular diseass of the Jeft Jeg, Plethys.
mographic observations were made before operatinn and at the time of the
fast three observations on the sweating arca. At all times the blood flosw and
pulse wave were very small, but at the last oceanion, after thice years, there

was very slight increase in the blood flow of the left big toc on heating the
patient.

Fig, 16 shows the observations on five cases, which are particularly
relevant to lumbar sympathectomy.

case w.R. This shows the usual result of the sweating test abtained after
resection of L.2, L.3 and L.4 lumbar ganglia on one side. This patient was
examined afier four years and shows the typical pattern, which is essentially
the same as in Case F.T.

case w.T. This is an unusual case in that although L.1, L.z and L.3
ganglia were resected on the left side, the resultant lower level of the escape
area has extended lower than usual into the L.4 dermatome,

This case is particularly instructive in that there were ulcers duc to
peripheral vascular disease on both sides of the left ankle. After sym-
pathectomy it was observed that the outer edge of the ulcer above the
lateral malleolus had healed, but that the ulcer above the medial
malleolus still persisted. Only after performing the sweating test did it
become evident that autonomic supply was still retained in identically
the.area of skin which had failed to heal. The portion of the outer uleer
which had healed was surrounded by skin which had now lost its sudo-
motor supply and therefore, presumably, its vasomotor control, This
case §h0yvs how important it is to investigate the residual autonomic
activity in a patient afier sympathectomy.
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cask r.R. This shows the pattern of relative anhidrosis to be obtained after
paravertebral injection of procaine into the psoas sheath at the level of L.2,
L.3 and L.4 paravertebral ganglia. The local anaesthetic will diffuse around
the ganglia and their rami communicantes, and will therefore block the
ganglion cells in the intermedijate ganglia at this level. It will also diffuse
upwards and downwards and, in this case, also seems to have affected the
ganglia in relation to the first lumbar nerve root. It will be evident that all
the lumbar and upper sacral ganglia have become relatively anhidrotic, and
that the upper level of this anhidrosis extends to include L.t dermatome.

This would be the typical pattern to be expected after paravertebral
sympathectomy L.1-L.3 if no intermediate ganglia were present in the
upper lumbar nerve roots. This pattern should be compared with all
the other cases of lumbar or thoraco-lumbar sympathectomy.

casE 1.0. This case shows the usual pattern to be obtained after L.2, L.3
ganglionectomy.

It will be evident that the sweating pattern is essentially the same
whether L.r ganglion {Cases a.p., W.T., A.D.) or L.4 ganglion (Cases
W.R., R.Ha., B.E.) is also included.

casE R.Ha, The upper figure shows the pattern of relative anhidrosis ob-
served afier spinal anaesthetic which principally affected the right side of the
body. It will be observed that the preganglionic outflow of the sympathetic
has been blocked from the level of T.1 downwards, though apparently some
fibres still remain which synapse with the postganglionic cells to the head and
neck. On the left side, however, the preganglionic fibres supplying the post-
ganglionic cells to the cervical and thoracic dermatomes still appear to be
unaffected by the anaesthetic. There is therefore a line of demarcation at
about the groin which probably includes the L.1 dermatome in the anhidrotic
area,

This patient subsequently had resection of L.2, L. ganglia on the left, and
L.2, L.3 and L.4 on the right. The patterns of the resulting anhidrosis are
essentially the same except that it does not extend as high on the right but-
tock—which was examined four months after operation as compared with
three weeks on the left. The patterns are otherwise quite typical.

The inclusion of L.1 on one side has made no apparent difference to the
sweating pattern, and no anhidrosis is produced on the front of the thigh—
see also Case a.p. (Fig. 15), and Case a.p. (Fig. 19).

GENERAL CONCLUSIONS
All these cases were suffering from peripheral vascular disease, and
the blood flows in the great toe were very small even after sympath-
ectomy. Although after sympathectomy the flows in some of them were
measured before and after heating the patient, the changes are so
slight as to provide no evidence indicating the possibility of recovery of
any vasomotor control to the vessels,
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cASE R.R. This shows the pattern of relative anhidrosis to be obtained after
paravertebral injection of procaine into the psoas sheath at the level of L.2,
L.3 and L.4 paravertebral ganglia. The local anaesthetic will diffuse around
the ganglia and their rami communicantes, and will therefore block the
ganglion cells in the intermediate ganglia at this level. Tt will also diffuse
upwards and downwards and, in this case, also seems to have affected the
ganglia in relation to the first lumbar nerve root. It will be evident that all
the lumbar and upper sacral ganglia have become relatively anhidrotic, and
that the upper level of this anhidrosis extends to include L.1 dermatome.

This would be the typical pattern to be expected after paravertebral
sympathectomy L.1-L.3 if no intermediate ganglia were present in the
upper lumbar nerve roots. This pattern should be compared with all
the other cases of lumbar or thoraco-lumbar sympathectomy.

casE J.0. This case shows the usual pattern to be obtained after L.2, L.3
ganglionectomy.

It will be evident that the sweating pattern is essentially the same
whether L.1 ganglion (Cases A.p., w.T., A.D.) or L.4 ganglion {Cases
W.R., R.Ha., B.E.) is also included.

©asE R.Ha. The upper figure shows the pattern of relative anhidrosis ob-
served after spinal anaesthetic which principally affected the right side of the
body. It will be observed that the preganglionic outflow of the sympathetic
has been blocked from the level of T.1 downwards, though apparently some
fibres still remain which synapse with the postganglionic cells to the head and
neck. On the left side, however, the preganglionic fibres supplying the post-
ganglionic cells to the cervical and thoracic dermatomes still appear to be
unaffected by the anaesthetic. There is therefore a line of demarcation at
about the groin which probably includes the L.1 dermatome in the anhidrotic
area.

This patient subsequently had resection of L.2, L.3 ganglia on the left, and
L.2, L.3 and L.4 on the right. The patterns of the resulting anhidrosis are
essentially the same except that it does not extend as high on the right but-
tock—which was examined four months after operation as compared with
three weeks on the left. The patterns are otherwise quite typical.

The inclusion of L.t on one side has made no apparent difference to the
sweating pattern, and no anhidrosis is produced on the front of the thigh—
see also Case A.p. (Fig. 15), and Case a.D. (Fig. 19)-

GENERAL CONCLUSIONS
All these cases were suffering from peripheral vascular disease, and
the blood flows in the great toe were very small even after sympath-
ectomy. Although after sympathectomy the flows in some of them were
measured before and after heating the patient, the changes are so
slight as to provide no evidence indicating the possibility of recovery of
any vasomotor control to the vessels.
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A year later bilateral lumbar sympathectomy was performed—L.2, L.
ganglia being resected on each side.

On re-examination after a further year it was evident that autonomic con-
trol of the sweat glands had recovered in both upper limbs and head and
nc}:k, except possibly for two bands along the ulnar borders of both forearms,
Slight sweating was apparent here, and nowhere was there complete an-

hidrosis, but the margin appeared to correspond to part of the T.1 or C.8
dermatomes,

The bilateral Horner’s drome was still aj t, but i
than on fe ] ommer’s oy: 1l apparent, but considerably less
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The patterns after lumbar sympathectomy are in every way com-
parable with those found on the lower limbs after thoraco-lumbar
sympathectomy.

When the first lumbar ganglion is resected, the pattern of anhidrosis
is essentially the same as that when the rescction reaches only as high
as the second lumbar vertebra. There would therefore appear to be no
advantage in carrying lumbar sympathectomy as high as L.r, It is
much more important to ensure that the lower level of the sympathetic
preganglionic outflow is completely severed—and therefore the resec-
tion should be carried down at least to the level of the middle of the
third lumbar vertebra.

§3. SWEATING PATTERNS AFTER FOUR-
QUARTER SYMPATHECTOMY

Figs. 17, 18 and 19 show the patterns obtained when cervico-dorsal
and lumbar sympathectomies were performed on the same patient,
though there was usually an interval of a year or so between the differ-
ent types of operation.

case p.r. This patient had Rayraud's discase affecting principally the
fingers. The first operations were resections of stellate and T.2 ganglia on
each side by an anterior approach. One month after operation it was found
that anhidrosis was present on the arms and trunk, which included the lower
level of T.1 dermatome on the left and possibly slightly lower than T.1 on
the right. The head and neck were similarly anhidrotic, with the exception
of a central mask of the face which included part of the forehead, around the
eyes, the sides of the nose and the upper and lower lips. There was also 2
patch of sweating in front of the larynx. This pattern of sweating on the face
was invariable in all cases after cervico-dorsal sympathectomy and is after-
wards referred to as the ‘central mask’ area. The area of sweating in front of
the Jarynx was present in about half the cases examined.

1t should be remarked, however, that the skin resistance anywhere on
the upper limbs or head and neck, even soon after cervico-dorsal
sympathectomy, is never as high as it is in the L.4-S.2 dermatomes of
the leg at any time after lumbar sympathectomy.

Carbachol testing at this time showed anhidrosis only in small areas.
There was a relatively well-demarcated area in the lower neck and upper
central part of the thorax in front, which was probably due to section of the
medial branches of the supraclavicular nerves in the skin incision. There was
also some suggestion of patchy and indefinitely demarcated anhidrosis which
corresponded possibly to portions of the 5th or 6th cervical and 1st thoracic
dermatomes. Obviously these are incomplete.

A well-marked Horner’s syndrome was present on each side.
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The anhidrosis due to the lumbar sympathectomy was quite typical. The
lower border of the escape area reached below the knees on both sides into
L.3. dermatomes—rather lower on the right side.

This case was examined on a further occasion almost three years after the
cervico-dorsal operation and over two years after the lumbar sympathectomy.
The area of anhidrosis was still present on both forearms but was still in-
definite. Both checks also appeared to be sweating less than elsewhere on the
face~—this had not been noted at earlier observations,

The Horner’s syndrome was no longer detectable on either side,

The area of anhidrosis resulting from lumbar sympathectomy remained
unchanged.

Plethysmography had been performed on the index fingers at cach ex-
amination. On the first accasion it was evident that vasomotor resection had
never been complete. Both blood flow and pulse wave increased on heating
the patient. On the second occasion very similar results were obtained, and
on the last occasion there was a marked increase in blood flow on heating
the patient,

It is evident, therefore, that in the upper }imbs, autonomic control
both of sweat glands and of blood vessels had returned soon after
operation, whereas, in the same patient, the effect on the sweat glands
of the lower limbs showed no such recovery.

case p.x. This patient had sustained a Jumbar sympathectomy twelve
years before examination. On thc nght sxdc it had becn pcrformcd througha

median abdominal *© *° - f==tap,
In both cases the I
A resection of tl ide

[PR .

through an anterior incision.

One month later thermoregulatory sweating tests showed that the an-
hidrotic area on the face, head and neck was relatively similar to the previous
case, except that it was not so complete along the ulnar borders of the arms.
The lower level of the anhidrotic area appeared to include the T.t derma-
tome on the left, but the palm of the right hand was sweating, and the lower
level of resection may therefore be regarded as possibly C.8. The sweating
arca on the central mask of the face included rather more of the forehead,
especially on the left side. Sweating was again present over the larynx.

Bilateral Homer's syndrome was present after this operation.

Although twelve years had elapsed since the Jumbar sympathectomy, the
pattern was entirely typical of cases examined after a far shorter interval.
The lower edge of the escape area extends well down on the inner sides of the
calves to include L.3 dermatomes on both sides. The area of anhidrosis over
the buttocks is rather small and appears to he separated from the rest of the
8.2 dermatome in the natal folds.

Carbachol sweat-testing at this time showed anhidrosis only in the central
part of the upper thorax in the region which was supplied by the supra-
clavicular nerves after they had been divided at opcratxon There was a.lso a
patch of relative anhidrosis along the left arm, cor
to part of the C.6 dermatome, and two small ulands on the fmnt of the
right arm,
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from the first obscrvation and had now pensisted as a typical pattern for
thirteen years| Horner's syndrome was just apparcnt on the right side, but
had recovered completely on the left,

Plethysmography on the index fingers was performed on the first and last
occasions, On the left side shortly after aperation it appeared that autonomic
denervation of vessels had been complete. On the Tast oceasion the blood
flow on the 1eft side increased on heating the paticnt. On the right side it was
evident that the autonomic vasomotor eontrol had never been removed; and
on the last occation, on heating the patient, blood flow increased still further,
indicating that the vasomotor supply had also increased.

Tour other cases of four-quarter sympathectomy are illustrated in
Fig. tq.

cast ¢.o, Lumbar sympathectomics were performed finst on this patient—
1.2, L.3 ganglia being resected on each side, Two years later, cervico-dorsal
sympathectomy of T.2, T.3 ganglia were resccted on each side. It is ap-
parent that the anhidrotic area following ecrvico-dorsal sympathectomy is of
very limited cxtent, consisting of a band across the front of the upper trunk
and down on the outer border of the left arm—it does not extend onto the
right arm. The lower border of this anhidrotic area therefore appears to in-
clude C.8 on the left, but probably only C.4 on the right. The C.3 derma-
tomes on cach side appear to be intact. It should be noted that on the right
side the pattern of anhidrosis closcly corresponds to Foerster's C.4 dermatome
of residual sensibility. There was no Horner's syndrome.

The anhidrotic area resulting from lumbar sympathectomy is quite typical
and includes the L.3 dermatome—being rather Jower on the left side. Tt is
almost jdentical with that observed on the first oceasion shortly after opera-
tion {not illustrated) except that sweating is apparent on the upper part of
the left buttock.

Plethysmography was performed on both fingers and toes, Shortly after
the cervico-dorsal operations it was observed that on heating the patient there
was no increase in blood flow of the fingess on the right, but that there was
slight increase on the left. It therefore appears that vasomotor denervation
on the left was never complete.

Blood flow estimations on the toes showed slight increase after heating the
patient both on the first oceasion, examined shortly afier operation, and
again two years later, This observation, even of slight increase in blood flows
after lumbar sympathectomy, was exceptional. There is, however, some re-
turn of sudomotor innervation to the left buttock. Possibly, thercfore, there

may.be minimal recovery of function or incomplete denervation of the auto-
nomic supply on this side.

CAst A.p. Bilateral stellate ganglionectomy had been
performed nearl
t]:vo ycaxsl'bcforci]At about the same time, lumbar sympathectomy of L.zy:
chf f:;:% dla on the left and of L.1, L.2, L.3 ganglia on the right had been
When ined more than cigt
evident that the sweating patterns result
were quite dissimilar, Sudomotor suppl

‘months after these operations it was
ing from the cervico-dorsal operations
y to the left arm was everywhere com-
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On re-examination, nearly six months after the cervico-dorsal sympath-
ectomy, certain changes were observed in the area of anhidrosis on the upper
limbs, That on the right was relatively unchanged, but on the left, recovery
of autonomic control to the sweat glands had returned in the T.1 and
possibly C.8 dermatomes. The area of sweating on face and neck were
relatively unchanged,

In order to try to determine further the pathway to the patch of
sweating in front of the larynx, certain nerves were injected with 2 per
cent. procaine hydrochloride. Since it was known that the facial nerve
contains autonomic fibres, it was thought possible that the cervical
branch of the facial, which ordinarily supplies the platysma, might con-
tain sudomotor fibres to the skin over the larynx. This branch of the
facial was blocked with local anaesthetic, but no change in the skin
resistance over the larynx was observed.

An injection of local anaesthctic was then made into the region of the
right anterior cutaneous nerve of the neck, and anaesthetic also infil-
trated under this small patch of sweating. Within half a minute it was
found that the skin resistance of this patch increased on that side up to
the mid-line. It was nowhere absolutely high, nor indeed is it ever to be
observed that a local anaesthetic block of a cutaneous nerve produces a
very high electrical skin resistance such as is apparent after complete
sympathectomy.

It appears therefore that the area of skin over the larynx, though it
may receive sympathetic fibres from the cervical sympathetic chain,
with preganglionic fibres passing through the inferior cervical ganglion,
receives also sudomotor fibres in a pathway from the brain stem or cord
which does not pass through the region of the inferior cervical ganglion.
This pathway must be nervous and not humeral, and possibly the peri-
pheral course is with some branches of the cutaneous nerve supply to
the area. It is interesting to observe that the area involved is identical
with that which Head (1894—page 426) has suggested as the cutancous
area associated with the superior laryngeal nerve, and which Frazer
(1927) has shown to be developed from the ectoderm of the grd branchial
arch. Its possible connections with the epibranchial placodes associated
with the gth and 10th cranial nerves will be discussed later when sweat-
ing on the face is considered more fully in Chapter 11.

‘The legs were not tested on this occasion.

This case was examined on the third occasion nearly two years after
cervico-dorsal sympathectomy. Two patches of relatively high skin resistance
were observed on the cheeks. As in Case D.cr., there was also a patch of
increased skin resistance over the thumb on the right side, but elsewhere
sudomotor activity had returned to the whole of the upper limbs and head
and neck.

The anhidrotic area due to lumbar sympathectomy was quite unchanged

48878
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plete. On the right side, however, a patch of relative anhidrosis remained on
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P

“ ) \: a o
on either side,

Although lumbar sympathectomy had included one ganglion higher
on the right side, the pattern of anhidrosis is quite symmetrical—the

lower border of the cscape area extends into L.3 dermatome on each
side.

Plethysmography was performed on the index fingers when examined
almost eighteen months afier operation. On the left side it was evident that
there was a full recovery of vasomotor control, but on the right side this did
not appear to have occurred. There was no increase in pulse wave or blood
flow on this side on heating the patient. As sudomotor control had returned
to the lower arm, this seemed particularly unusual. It has been observed
that vasomotor tone may show recovery when there is no evidence of re-
covery of sudomotor tone. It is now evident that the reverse can also occur,
and that vasomotor tone may still be absent when sudomotor fibres are
active. This confirms the conclusions of Felder, Simeone, Linton and Welch
(1949)- No plethysmography was performed on the toes.

cast a.a. This case had symmetrical resections T.2, T.3 and L.2, L3
ganglia on each side.

The case was nat examined until over two years after the lumbar sympath-
ectomy and nearly four years after the cervico-dorsal. By this time almost all
sweating activity had returned to the arms except in an area of slightly in-
creased skin resistance, which was approximately the same as that observed
on Case ¢.p. (right side), No Horner’s syndrome was apparent.

‘The pattern of anhidrosis resulting from the lumbar sympathectomy was
quite typical except that some recovery was apparent on the left buttock.
"This should be compared with Case ¢.n. The lower fevel of the escape area
extended well down to the level of the medial malleoli in L.3 dermatomes.

Although plethysmography was performed on the index fingers, the results
are probably misleading, On the right side the blood flow was at all times
very small due to severe peripheral vascular disease, and on the left side there
was only a slight increase on heating the patient, probably due to the fact
that he was examined on a very hot day and the vessels on this side were fully
dilated before heat was applied to his body.

cast G.H. This case had undergone L.2, L.3 ganglionectomy on the left
four years before and a recent stellate and T.2 ganglionectomy on the right.
After the lumbar sympathectomy, both legs had been amputated below the
knee for peripheral vascular disease. The level of anhidrosis resulting from
the cervico-dorsal sympathectomy is quite typical and the lower Jevel in-
cludes the T.1 dermatome (compare with Case R.D.—see below). Horner’s
syndrome was evident on this side.

From what can be judged of the pattern of anhidrosis to be seen following
lumbar sympathectomy, it is quite typical.

No plethysmography was performed on this patient.
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GENERAL CONCLUSIONS

After studying the patterns of anhidrosis obtaincd after four-quarter
sympathectomies, it is evident that the patterns of cervico-dorsal and
lumbar sympathectomy, when each is considered separately, are quite
typical. In the same patient the pattern of lumbar sympathectomy is
permanent, whereas that after cervico-dorsal sympathectomy does not
persist. Although plethysmographic observations are not as complete in
these six cases as they are in others, it appears that although the upper
limbs showed evidence of persistance of a little vasomotor activity, con-
strictor innervation of blood vessels in the lower limbs, if initially com-
plete, does not return. Later, vasoconstrictor innervation usually re-
turns to the upper limbs at the same time as does the sudomotor inner-
vation. In the lower limbs, sudomotor innervation does not return, even
at periods of up to twelve years after operation.

§4. SWEATING PATTERNS AFTER CERVIGO-
DORSAL (CERVICO-THORACIC)
SYMPATHECTOMY

Fig. 20 shows patterns obtained on observation shortly after operation
and on later occasions, in three cases who had undergone cervico-
dorsal sympathectorny.

cask r.Mcec. This case had stellate and T.2 ganglionectomy performed on
each side through an anterior incision for hyperhidrosis of the hands. The
lower level of the anhidratic area is slightly lower on the right than it is on
the left. It probably extends into T.1 dermatome on the left and almost to
T.2 on the right. Its upper extension includes all the head and neck except
for the central mask area. Horner’s syndrome was present on each side.
Carbachol examination on the same occasion shortly after operation showed
anhidrosis only in the hands and on the ulnar border of the right arm and
outer border of the left arm, but even here it was very patchy with indefinite
edges, It probably indicates that some of the ganglion cells in the T.2 and
T.1 dermatomes have been functionally resected. Strangely, in this case,
there was no anhidrosis in the area supplied by the supraclavicular nerves,
although they might be expected to have been divided in the skin incision.

On further examination a year and a half after operation, it was evident
that sudomotor activity had returned to all areas except possibly the ulnar
border of the left arm where the skin resistance was slightly higher than on
A e Tt PR

n‘mnths, however, blood flows and pulse waves on both sides showed marked
increases after heating the patient.
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When examined again two years afier the operations the thermoregulatory
sweating pattern showed that some activity of sudomotor fibres had seturned
10 the winar borders of the 1eft arm and to the whole of the right forearm,
The margins, however, were less definite than on the first occasion and the
non-sweating arca was anly telatively anhidrotic, Swrating on the right-
hand side of the face way more extentive, and enntinued into the central
mask arca. Homer's syndiome war no longee evident,

Carbachol sweat-testing ot thit eccavinn showed only sime relative an-
hidrotic patches on the outer sides of both upper arms, Theae patehies might
possibly agree with the Gth cervical dermatomes,

Plethysmographic obsenvations en the index fingers showed that shortly
afier operation heating the paticnt caused a deereasc in blood flow on the
left and a slight increase in flow on the sight, ‘Two yean later there was
marked increase in flow on both sides,

1t is therefore cvident thiat on the Ieft side sympathetic resection was
initially complete but not so on the sight. This might pouibly be
associated with the higher extent of sympathectomy on the left which
also included the stellate ganglion on this side.

Fig. 21 shows the pattern found in three special cases of sympath-
ectomy.

case . This case of peripheral vaseular discase had a reseetion of stellate
:md.T.'z ganglia on cach side. Two months afier operation the pattern of
anhidrosis was asymmetrical and included T.1 dermatomes on cach side.
The central mask of the face was sweating, as is usual, Sweating was alo
detected around the left external auditory meatus but not the right. Horner's
syndrome was present on each side.

Ca_.rbachol. sweat-testing on this occasion showed only patchy areas of
relative anhidrosis principatly on the ulnar borders of both forearms—
iraiisumably mostly in C.B and T.1 dermatomes. Although the operations
e been pcrform.cd by an anterior approach, no anhidrosis was evident on
th;uux},lpc}i trunk in the region supplied by the supraclavicular nerves, al-
though they m‘xght be expected to have been scetioned at the operations.

. o y very small
pauLiit, LUESE changes are tl 1l to be rel . i
) oo small to be relevant. It appears, however
vasomotor denervation was complete. ppears, however, that
”cAsz s (Fig. 21). 'This.casc of Raynaud’s discase, with Case J.c.,
o.p.c’r:l: th; or’II\‘y ox;:s in this series which were examined shortly after
ion for T.2, T.3 ‘preganglionic section’ ac i i

X i N
wick techninue, g cording to the Smith

On each side T. i

.2, T.3 ramiscctomy was i
approach, s y performed by a posterior

o .
o }?: r‘iw}i:{ ?gter. t}.le operation on the left, and four months after operation
a %m“slxcrc,d it is evident Lt!xat the anhidrotic area is not symmetrical, but
o ibly to T.3 d I
. _ P y 3 dermatome on the left, but only t
% t}[::rti};; tr;%l:..chat.mg occurs on the central mask area of ’the face ):'m((;
1s continuous with a tongue of sweating which has cxtc,ndcd
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It was evident that vasomotor innervation had returned at the same
time as the sudomotor innervation. Clinically the patient was very
satisfied with the operation. Her hands were not too dry for comfort and
the distressing hyperhidrosis had been relieved.

case. p.M, This case had a similar stellate and T.2 ganglionectomy on each
side performed for Raynaud’s disease. At the operation on the left side the
subclavian artery was injured and subsequently thrombosed. The area of
anhidrosis is relatively similar but more symmetrical, The lower edge of the
anhidrotic area includes T.1 dermatomes on each side. It extends upwards to
include all head and neck, with the exception of the central mask of the face
which is rather more extensive on the left forechead than on the right. Horner’s
syndrome was only moderately evident on each side.

This case was examined again almost a year after operation, The remain-
ing anhidrotic area is asymmetrical and persists in the outer part of the face
and neck, in the upper part of the right arm and shoulder, but nowhere on
the left arm except on an area below the clavicle. It is evident that sudomotor
activity has returned to the greater part of the left cervical and thoracic
dermatomes and to the lower cervical and thoracic dermatomes on the right.
Sweating was present over the larynx, where probably it had passed unrecog-
nized at the first examination. Horner's syndrome was no longer evident.

Plethysmography performed on the index fingers in this case showed a
decrease in the blood flows on both sides on heating the patient at the first
examination, On the second occasion there was a slight increase in the blood
flow on the right side, after heating the patient, and 2 more marked increase
on the left. On this side, due to thrombosis of the subclavian artery, the blood
flow was much less than that on the right, and the pulse wave was only just
apparent,

It is evident that in this case, although the levels of sympathectomy
were the same, and the initial patterns of sudomotor and vasomotor
denervation were identical, recovery of both occurred to a greater extent
on the left side than on the right.

CASE J.c. A Smithwick type of ‘preganglionic’ section of T.2, T.3 rami
communicantes had been performed via posterior approach on the right side.
Subsequently, stellate and T.2 ganglionectomy was performed by an anterjor
approach on the left. The patient suffered from severe Raynaud’s disease.
Shortly afier these operations a thermoregulatory sweating test showed al-
most identical patterns as indicated by the dotted line on the left side.
Sweating on the left face was more extensive and no Horner’s syndrome was
present on this side.

Six weeks after the left operation and two months after the right the lower
level of the anhidrotic area appeared to include the T.1 dermatome on the
Ieft but extended lower on the right to include T.2. There was, however, 2
small band of sweating which had now appeared in front of the left shoulder
and in the left axilla. The sweating area in the central mask of the face oc-
curred as usual, but was rather more extensive on the right and there was
also an area of sweating in front of the larynx on both sides. Horner’s syn-
drome was present on the left but not on the right.
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down to include the sweating area ovee the lanyns, and farther acrons the

tight shoulder onto the right upper arm. No Hotnres's syndrome was
p;vsrnl on cither side.

Carbachol sweatstesting on this paticnt it nl'pm:ﬁcul.\r im.crrst. If, as
according to Smithwick {1936}, the sccond and third thoracic sympath-
ctic ganglia are mll_ viable, \XTR& EPINAL RODT EECTION
andareableto functionafier VL
being severed from their
preganglionic  connections
and being buried in the
muscle tissue of the wound,
then it might be considered
that carbachol would show
no arca of absolute anhid-
rosis. This evidently is not
the case. A belt of anhidrosis
is present on both sides in
front, approximatcly in the
T.t and T.2 dermatomes.
On the back, however, part
of these dermatomes scem
to have been re-innervated
over the right seapula, The
general pattern of this area
should be compared with
that of anhidrosis to thermo-
regulatory testing as ob-
served in Case ¢.o. (Fig. 19).
It is evident, therefore, that
ganglion cells in at least the
second thoracic ganglion are
no longer functional as a
resultof theoperation, Their
postganglionic necurones
may have been divided on F "gm e ) Tioni
their way t_o the brachial syml;:::li;tonxw, upper cxu-‘cmi(:y.xst;nil?mick,
pl(fxus, but if left intactitis R. H. (1940) Ann. Surg.
evident that the ganglion

cells thems.ttlves must have been rendered non-functional as the result of
the operation, Presumably, therefore, they are dead. This is not sur-

prising, when the trauma, which this portion of the paravertebral chain
sustains, is considered.

The technique of these operations is illustrated in Fig. 22. Although
not carried out on this patient, it will be seen that Smithwick recom-



1. Cases R MM, BF.

Fi1c. 2
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thongh the lower level of the anhidrotic area may show some variation,
This may be duc to slightly impetfeet surgical rescction, or powibly to
the occurrence of a pres or post-fixcd brachial plexus. 1t s evident,
however, that after a year or so a very contiderable degree of sudo-
motor recovery has taken place in the upper limbs, This is not always
so well marked along the ulnar bordens of the forcarms, This obrerva-
tion would be contistent with the abence of the ganglion cells of the
T.t and T.2 ganglia which ordinarily supply these dermatomes. It
appears that in gencral vasomotor innervation will recover in all cases
after this type of operation, Later in this monograph it will be argucd
that this is due principally to the fact that the upper level of the thoraco-
lumbar outflow is not included in an ordinary cervico-dorsal sympath-
cctomy. Preganglionic fibres, therefore, can still pass into the region of
the stellate ganglion and can form functional synapses with any
ganglion cells in this region which may otherwise have lost their pre-
ganglionic conncctions by reason of sympathectomy at lower levels.

Lumbar sympathectomy does not suffer this disadvantage. The lower
level of paravertebral resection includes the lower level of the thoraco-
lumbar outflow and therefore all preganglionic fibres are divided. Al
though ganglion cells may remain intact in the lower lumbar and sacral
chain, these arc devoid of their preganglionic supply and it is evident
that they never recover it, The pattern of a thorace-lumbar, or lumbar
sympathectomy, is permanent; that afier cervico-dorsal sympath-
ectomy will invariably recur.

§5. OBSERVATIONS AFTER OTHER FORMS OF
NERVE SECTION

ANTERIOR RHIZOTOMY

Fig. 23 shows the patterns obtained from four cases of disseminated
sclerosis upon whom anterior rhizotomy was performed in order to
rehcve. painful spasms of the Jower limbs, They were all tested before
operation for areas of anhidrosis, but these were not detected.

@ase m.pr, This patient had an anterior rhizotomy of T, .
pcrfol:mcd simultaneously on each side. Ten days }':xtcrr a’tlh_csn:wnr:gvlf];?:r:
swealing test was made. It appearcd that there was an indefinite area of
;clatgvc anhidrosis corresponding approximately to the usual area found after
ll‘lm éar sysmpathectomy. It had a dermatome basis principally affecting L.4,
d.5, -1, 5.2 and ?5.3 dermatomes. The distinction was not absolute and the
oiﬁzﬁ‘f’i sswe'iatmg on the shins was also diminished to the naked cye. Indeed
Oormspondl.x;gsv:;;t::g occurred only down to the level of the lower abdomen,

corr ximately to the )
indicated by the upper intcn')lvlpll:d Iinc.owcr edge of Turr dermatome as
SAP—]
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mends enclosing the T.z and T.3 gangliform: portion of the chainina
silk sheath. Surely in this way they would be entombed as completely
as they would have been if resected and placed into a pathological
specimen bottle! :

The evidence obtained from this case suggests, therefore, that the
‘preganglionic’ type of Smithwick operation achicves exactly similar
functional results as does simple T.2, T.3 ganglionectomy. It may have
the slight advantage, however, in that according to Smithwick’s
original description the T.2, T.3 nerve roots are divided intraspinally.
Division of the preganglionic fibres at this level is more certain to pre-
vent regeneration from them than would section in the white rami.
These general conclusions are supported by Felder et ol (1949),
Simeone and Felder {1951) and White, Smithwick and Simeone {1952
—page 109).

Plethysmographic observations on this patient indicated that on
neither side was vasomotor denervation complete.

case sp. (Fig. 21). This patient underwent sympathectomy for unilateral
facial hyperhidrosis. (Reported more fully later.) It was not intended to
sympathectomize the hand. The stellate ganglion and a portion of the middle
cervical ganglion, and the sympathetic chain betsveen, were resected on the
right side through an anterior incision. The lower level of anhidrosis appears
ta include the G.7 dermatarme, (Compare case A, v.5.). The anhidrotic area
is evidently more extensive than that of .6 dermatome, but does not extend
to the palm of the hand which is included in C.8. It is suggested therefore
that the lower edge of this anhidrotic atea corresponds to the upper edge of
€.8 dermatome. Sweating is present over the k 3

As was to be expected, plethysmographic observations indicated that a
farge amount of vasomotor control was still present in the index finger on
this side.

The illustrations of the patterns after the cervico-dorsal sympath-
ectomy do not clearly indicate the accounts of sweating in the region of
the external auditory meatus, and below and behind the lobe of the ear.
This was observed on the following cases shortly after operation:
D.Cr., AD, {right), G, §.C., R.D. (left), rr. That is to say, it was ob-
served to be present on eight sides and absent in nine.

Similarly, sweating over the larynx was obsesved in these following
cases which are not always the same as those in which ear-sweating
0CCurs: D.Cx, B.E., AD. (right and presumably on lefit), 6.1, DM
(second examination), 1.C., M. (left and presumably on right), wr.
That is to say, it was observed to be present in fourteen cases and absent
in four cases.

GENERAL CONCLUSIONS
These cases of cervico-dorsal sympathectomy confirm the general
patterns obtained after four-quarter sympathectomy. When the steliate
and T.z ganglia have been resected, the patterns are very similar al-
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in patients examined shortly after the operation than those examined
later, It would seem, therefore, that new preganglionic fibres from intact
levels above those nerve roots sectioned are able to provide a pre-
ganglionic supply to the ganglion cells in the lower segments which
have been deprived of their original preganglionic synapses by the
nerve roof sections. In all cases it was evident that sweating was still
present in the perineum. The exact amount of this was difficult to
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case jorn. This patient also had an anterfor rhizotomy of T.r1-8.1 nerve
roots, but was not fit enough to examine until four weeks later, Again there
was an indefinite pattern of relative anhidrosis in the dermatomes below L.g,
but there appeared to be more sweating activity on the back of the thigh,
Although this does not fit a dermatome basis, there was no absolute anhidrosis
and where hypohidrosis is only relative it is difficult to determine where the
demarcation should be, Possibly the sacral region on the back of the thigh
should have been included. As in the previous case obvious visual sweating
occurred down to about T.7 on the right and T.8 on the left.,

case a.c. This case had anterior rhizotomy of T.12-8.2 nerve roots per-
formed at intervals of three weeks, Three weeks after the second operation a
thermoregulatory sweating test was performed. Although sweating on the
Tower Jegs was certainly diminished, there was no precise area of relative or
complete anhidrosis except for 2 patch on the left buttock, where it was only
relatively apparent.

Plethysmography was performed on the great toes on this oceasion. This
indicated that before heating the patient, the blood flow on the right {whick
was the more recently operated side} was considerably greater than thaton
the left. Afier heating the patient the flow on the left increased about three-
fold, and that on the right decreased to approximately the same Jevel—
which was about half that on this side before heating. The pulse wave on the
right, which was initially about twice as great as that on the left, was rela-
tively unchanged, but that on the left increased to about the same level.

Observations on blood flow after this type of nerve section has been
performed were made only on this occasion, and it will be necessary to
compare the results obtained in future cases before any conclusions can
be made.

Clinical examination after a further three weeks indicated that the
right side was no longer as warm or as dry as on the left.

CAsE R.H. Anterior rhizotomy T.10-8.2 was performed only on the left
side. Five weeks after operation, thermoregulatory testing showed an area of
relative anhidrosis extending over the whole of the left leg, with an upper
and rather indefinite margin corresponding appr ly to the lawer edge
of the T.x2 desmatome except in the perineum. Plethysmographic measure-
ments were not made,

Other more recent ohservations on two similar cases confirm that the
initial hypohidrosis and peripheral vasodilatation are only wransient.
They are evident at two or three weeks after opersation, but after 2
longer interval it is impossible to recognize any particular pattern of
hypohidrosis,

GENERAL CONCLUSIONS

These four cases indicate that section of the preganglionic fibres
alone, while the paravertehral chain of postganglionic cells and fibres
remains intact, results in arcas of only relative anhidrosis. These areas
have an approximately segmental distribution, but are more extensive
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in patients examined shortly after the operation than those cxamined
later. It would scem, therefore, that new preganglionic fibres from fatact
levels zbove those merve roots sectioned are able to provide a pre-
ganglionic supply to the ganglion cells in the lower segments which
have been depmrd of their ongmal preganglionic synapses by the
nerve root sections. In all cases it was evident that sweating was still
present in the perineum. The exact amount of this was difficolt to
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cast 1w This patient also had an anterior rhizotomy of T.11~8.1 nerve
roots, but was not fit enough to examine until four weeks later. Again there
was an indefinite pattern of relative anhidrosis in the dermatomes below L.g,
but there appeared to be more sweating activity on the back of the thigh.
Although this does not fit a dermatome basis, there was no absolute anhidrosis
and where hypohidrosis is only relative it is difficult to determine where the
demarcation should be. Fossibly the sacral region on the back of the thigh
should have been included. As in the previous case obvious visual sweating
occurred down to about T.y on the right and T.8 on the left,

€ast a.c. This case had anterior rhizotomy of T.x2-8.2 nerve roots per-
formed at intervals of three weeks, Three weeks after the second operation a
thermoregulatory sweating test was performed. Although sweating on the
lower legs was certainly diminished, there was no precise area of relative or
complete anhidrosis except for a patch on the left buttock, where it was only
relatively apparent.

Plethysmography was performed on the great toes on this occasion. This
indicated that before heating the patient, the blood flow on the right (which
was the more recently operated side) was considerably greater than thaton
the left, After heating the patient the flow on the left increased about three-
fold, and that on the right decreased to approximately the same level—
which was about half that on this side before heating. The pulse wave on the
right, which was initially about twice as great as that on the left, was rela-
tively unchanged, but that on the left increased to about the same level.

Observations on blood flow after this type of nerve section has been
performed were made only on this occasion, and it will be necessary to
compare the results obtained in future cases before any conclusions cant
be made.

Clinical examination after a further three weeks indicated that the
right side was no longer as warm or as dry as on the left.

case mu. Anterior shizotomy T.10-8.2 was performed only on the left
side. Five weeks aftex operation, thermoregulatory testing showed an area of
relative anhidrosis extending over the whole of the left leg, with an upper
and rather indefinite margin corresponding approximately to the lower edge
of the T.r2 dermatome except in the perineum. Plethysmographic measure-
ments were not made.

Qther more recent observations on two similar cases confirm that the
initial hypohidrosis and peripheral vasodilatation are only transient.
They are evident at two or three weeks after operation, but after 2
longer interval it is impossible to recognize any particular pattern of
hypohidrosis.

GENERAL CONCLUSIONS

These four cases indicate that section of the preganglionic fibres
alone, while the paravertebral chain of postganglionic cells and fibres
remains intact, results in areas of only relative anhidrosis, These arcas
have an approximately segmental distribution, but are more extensive
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determine because all four patients were relatively incontinent of urine
after operation and two of them had pressure sores on the sacral area.

The author has been searching for other cases with bilateral lesions of
the lower sacral nerve roots, but has been able to find none who are
continent of urine, have not sores in this area, or who have had a para-
vertebral lumbar sympathectomy. These cases and the conclusions to
be drawn from them were discussed by Monro {(19544), and more se-
cently Murray and Thompson (rg56 and 1g57¢ and ) have made
experimental ebscrvations of collateral sprouting of preganglionic
fibres and have even been able to verify this histologically, In this
respect they have confirmed for the autonomic nervous system the
observations of Edds {1953} on the nerves to muscle,

PERIPHERAL NERVE SECTION

case M.k {Fig. 24). This case is rather difficult to interpret due to the
multiple lesions, The initial lesion was due to spinal tumour (extra-dural
meningioma) affecting T.2-T.5 nerve roots, on the left side. These nerve
roots were sectioned when the tumour was removed. Two weeks later a
thermoregulatory sweating test shawed almost complete anhidrosis over the
whole body except in the upper mid-thoracic region on the right side and the
area of ?T.12 dermatome on the left, There was also a patch showing rela-
tive sweating over the buttacks and in the perineum. On the lef side, almost
precisely in the dermatomes where it would be expected, there was diminu-
tion of' ion (indicated by cross-hatching). It will be observed that in this
case it does not correspond exactly with the area of anhidrosis, Near the
mid-line of the back, both analgesia and anhidrosis are present, but towards
the axilla, sweating is present, whereas analgesia remains. Ne Homer’s
syndrome was present. On re-examination over eighteen months Iater, sweat-
ing activity had returned in part to almost the whole body except for the
left side of the head and neck and upper shoulder. The pattern outlined on
the Jower body shows an indefinite margin of relative anhidrosis. The area of
analgesia remains practically identical with that observed on the first occas
sion, but is slightly smaller in extent where it extends onto the arm. Tt wll
be observed that analgesia and achidrosis are present together only in a
small area on the back, but that on the upper shoulder anhidrosis only is
present, and over the lower part of the scapufa and axilla analgesia only is
present.

Xt is therefore evident that in complicated nerve sections close to the
site of the rami communicantes the area of anhidrosis may not always
correspond to that of analgesia.

No further follow-up was possible on this patient as she died later
that year from a sphenoidal ridge meningioma.

ease sex. This patient had 2 dumb-bell-shaped neurefibroma of the left
1st thoracic nerve root, There was evidence of slight Horner’s syndrome with
diminution of sweating on the left side of the face, but nowhere complete
anhidrosis. There was no appreciable ptosis nor myosis. A resection of the



ReCOVERY PATTERN  BWwiEXs
area 157 Teoruae
AntERon RMizoToNY

LtR, 2T PRIGUIIGIONC 12VEARS
R. RIPEATID AT 10, 7, SYEARS

R. STELLATE GANGUONECTOMY 3YEARS

R MIDDLE CERVICAL GANGUONICTOMY
IveaR

12 DAYS AFTER
. 15T THorack

ANTERIOR RHIZOTOMY

RECOVERY PATTERN (9%MONTHS
AFTER IST THORACIC
ANTERIOR RHRZOTOMY

Fic. 25, Case C.A. Multiple sympathectomies and anterior rhizotomy.



82 Sweating Patterns after Sympathectomy

tumour and part of the nerve root was performed through a curved thorac-
otomy incision. Eleven days later the sweating pattern showed anhidrosis
only in the area of the curve of the incision where the intercostal nerves had
been severed. Part of this area may be included in the T.2 dermatome, but
obviously T.1 dermatome is principally intact, There was no area of anal-
gesia and no weakness or wasting of the small muscles of the hand,

case M.T. Although this case had no truc scction of a peripheral
nerve, the pattern of disturbance of scnsation and autonomic innerva-
tion of the skin is instructive. Chordotomy ofthe left Iatcralspinothalamic
tract was performed for the relief of pain in the mid-dorsal region. The
typical crossed analgesia is indicated by cross-hatching. Only two areas
of relative anhidrosis were detected. There was a small patch at the
level of the skin incision on the left side—probably due to local damage
to the cord at this level, or possibly due to section of the posterior prim-
ary divisions of one or more nerve roots. There was also a relative area
of anhidrosis over the back of the sacrum and on the lower abdomen,
but this did not extend to the perineum.

In other cases reported in the literature (Johnson et al. 19524 and 8)
on cases which have undergone high bilateral spinothalamic tractotomy,
it has been observed occasionally that anhidrosis was produced on both
sides of the body, including the head and neck, to a lesser degree, and
with partial Horner’s syndrome. The central part of the face and
perineum were never jnvolved, It is evident, however, that if the tract
is sectioned below the first thoracic segment on one side only, no large
area of anhidrosis is produced. This would seem to suggest that the
descending fibres to the intermedio-lateral cell column are partly
crossed.

FIRST THORAGIG ANTERIOR RHIZOTOMY—
WITH SYMPATHECTOMY

cask c.a. (Fig. 25). This case is of particular interest as it is able to
provide information on the upper level of the thoraco-lumbar sympath-
etic outflow and also a possible explanation for the reasons of recovery
of autonomic nerves after cervico-dorsal sympathectomy. This patient
had repeated operations for sympathectomy on both upper thoracic
regions, but more frequently on the right, all for a similar clinical condi-
tion of cyanosis and painful oedema of the right hand., After each
operation the clinical condition regularly improved.

‘When first seen by the author, although no examination was made of
the autonomic function at this time, the patient showed evidence of
sympathetic activity in the right arm, since the palm of the hand was
moist. As will be seen from the legend to the top Ieft figure, stellate
ganglionectomy had been performed three years earlier. It was thought
that the autonomic supply to the limb might have been passing through
the middle cervical ganglion on this side (right).
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At operation it was found that the middle cervical ganglion sent a
large branch cranially into the superior cervical sympathetic chain, It
also sent various rami towards the lower trunks of the brachial plexus,
and caudally it was connected to rami which were buried in scar tissue
at the site of the previous stellate ganglionectomy. There were also two
small (possibly cardiac) branches which passed medially and caudally.
The ganglion was resected. The patient showed the usual clinical im-
provement after operation.

The ganglion removed was fixed in formalin, stained by Weigert’s
method and examined histologically. Many ganglion cells were present
and appeared to be normal, but a few showed changes suggesting de-
generation. On one side there was a bundle of autonomic fibres—
mostly unmyelinated. On one edge of this there were a number of
larger, heavily myelinated fibres which were considered to be sensory
in character. It was noticed, however, that the fincly myelinated fibres
were scattered throughout the whole bundle and that their diameter
was about 3—4 microns.

The patient presented herself again with similar symptoms one year
later.

Since it was evident that preganglionic fibres were present in the
cervical sympathetic chain, it was considered that these may have
come either from the intact 1st thoracic nerve root (or from the 8th
cervical), or were regenerated fibres that had come from the lower
thoracic nerve roots and passed through the scar tissue to form fune-
tional synapses with ganglion cells in the cervical region. It was there-
fore determined to try the effect of a 1st thoracic anterior rhizotomy,
with a view to establishing if any of these preganglionic neurones were
responsible for the return of autonomic function in the hand. Opera-
tion was performed under local anaesthesia. The 1st thoracic anterior
nerve root was exposed by a laminectomy and was first stimulated
electrically. This caused movement of the small muscles of the hand
and also produced slight, but definite, transient vasoconstriction and
diminution of the pulse wave in the index finger. After section of the
Toot, the pulse wave increased again in volume.

Histological examination of this anterior root (stained with osmic
acid 1 per cent.) showed large numbers of finely myelinated fibres (Fig.
26). At the same time the 2nd and grd anterior nerve roots were also
sectioned, but it was found that they had completely degenerated as 2
result of the earlier operations (Smithwick technique), and consisted
only of fibrous tissue and a few small blood vessels (Fig. 27). When the

1st thoracic anterior nerve root and the original section through the
middle cervical ganglion were re-examined, it was observed that the
fine myelinated fibres were of the same size in both—indeed, some may
even have been the same fibres!
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Sweating patterns were determined both before and after this operation
and are ilhntsated in Fig. o5, Before anterior thizotomy of Tot, it will be sren
that there is an area of anhidrmivon the tight aide of the head and neck and
shoulder which includes the C.q4 and part of C.g dermatame, Thete jr an
indefinite tongue of sweating extending from the area of the larynx acrein
front of the shoulder (compare Care san), On the Jeft side swrating was re-
duccd over the top of the shoulder and baee of neck wheee indicated by the
interrupted linet, but nowhere was there abnolute anhidrade,

On retesting twelve days afier 1t thoracic antetior thizotomy, it was
evident that the area of anhidrosis on the right side had now extended down
on the front and inner side of the upper arm, and on the radial side and back
of hand. Thix extersion i not typical of any one dermatome, but would be
included in parts of C.52, C8, T.1, Ti2? dermatames, Carbachol sweat-
testing on the same occasion showed an area of anhidrovis in front, only in
the region of the right supraclavicular nerves which might have been see-
tioned by the different operations on the neck, and on the back in part of
C.3 or possibly C.4 dermatomes,

Plethysmography on the index fingers on this occasion showed approxi-
mately equal blood flow, but after heating the patient there was a slight
decreasc of flow on the right whereas it was inercased on the left.

This should be taken as evidence of recent section of vasoconstrictor
nerves having been performed on the right side. Before the operation
both sides had showed an increase in blood flow after heating, This had
indicated that vasoconstrictor nerves were present.

Shortly after operation the patient was tested with a view to deter-
mining whether she had sustained any loss of power in the hand. She
stated that she found a little clumsiness with her knitting, but clinically
there was no paresis. The clectrical reactions of the small muscles of the
hand suggested that there was some weakness and diminished response
to stimulation in thosc muscles on the ulnar border of the right hand
as compared with those on the Ieft. On subsequent examination two
months later the patient stated that she had now no weakness and the
electrical reactions showed no difference between the two sides.

Ray (1953) reported three cases in which he had combined cervico-
thoracic sympathectomy from the inferior cervical to the 3rd thoracic
ganglia, with intradural rhizotomy of the first three thoracic anterior
roots. Only one case showed any permanent motor deficit, and Ray
thought that this was probably due to a ‘post-fixed plexus’.

The patient (c.A.) was examined again two months after her operation—
she had remained free of symptoms. The sweating pattern showed that on
thermoregulatory testing the area of anhidrosis was very similar to that ob-
served on the first oceasion before operation (top left). Sudomotor activit
had returned on the front of the arm where it had first been noted shortly
after operation (indicated by interrupted line in this area). Plethysmo hy
on the mc!cx fingers was repeated. There was now an increase in blo g;af}; Yy
after heating the patient. No anhidrosis had remained on the hand ac How
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C.5 dermatome. 1t way, hawever, not 80 alnalute as had been noted before,
The skin had a Jower electrical resitance and was patchy with indefinite
borders, It appeared, therefore, that same sudomntar activity was resettab.
lishing itsclf in at least the arra on the arm. Carbachol sweat-testing showed
a pattern similar to that noted on the earlirt occarion exeept that it had ex-
tended a Jinle farther on the outer part of the sheulder, Plethysmography on
the index fingers showed marked increase bath in pulte wave and blood
flows on heating the patient,

The general inference was that, as appearcd to be the usal finding
afler cervico-dorsal sympathectomy, a certain degree of recovery of
function of the sympathetic nervous system was oceurring, although
with greater difficulty than is usual on account of the greater number of
ganglion cells that had been removed by the many operations.

GENERAL CONCLUSIONS

The patterns observed after anterior rhizotomy of nerves leaving at
the usually accepted upper and lower levels of the thorace-lumbar out-
flow are not permanent: antenomic activity very quickly retums to the
arcas initially dencrvated. Functional reorganization by means of
collateral sprouting probably takes place within the intact paravertehral
chain of sympathetic ganglin. Preganglionic fibres from the lower
!hOl‘a(:_lC nerve roots, which have been left intact, send out sprouts to
establish functional synapses with ganglion cells whosc original pre-
g:\nghonic supply has been severed. Since these fibres, whose activity
persists, have never been injured, the process is rather of functional re-
organization than of regencration: it is an cxtension of their area of
conduction of impulses to ganglion cells. In the cervico-dorsal region,
these fbres must come from the Sith cervical anterior root or above.

SEGMENTAL PLRIPHERAL NLRVE LESIONS—
. BRACHIAL PLEXUS LESION
((:iASE e.c. (Fig. 28) .shows the patterns obtained from sweating tests
anT }:‘:f tests for sensation on three successive oceasions,
- (1:] patient had sustained an avulsion of the left brachial plexus.
n:“tla y thcrc' had been a complete loss of all form of sensation and
drc:) rtler p';wer in the left arm, and there was also a left Horner’s syn-
o n:t here had a:lso been a suggestion of left phrenic palsy, but this
develop ecc(lmﬁmbcld six months later. Following on the injury the patient
a subluxation of the left shoulder joi i
the surrounding sl joint due to paralysis of
Wh i
vealcd“:o‘:;s‘ltxamm?d seven months after injury, the sweating pattern re-
which oo Plete anhidrosis in the whole of the left C.5-T.2? dermatomes,
et r;cs:pph:d from the nerves forming the brachial plexus, The C.4
parent in thepp?;“d to bg intact, as also did the T.3, but sweating was ap-
i possible tha?)((;{a extending for about 2 inches along the inner arm, and it
is may have comprised part of T.2 dermatome. The margin
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The conclusion after these observations was that the 1st thoracic
anterior nerve root had supplied preganglionic fibres which formed
functional synapses with ganglion cells present in the ganglia in the
cervical regions (intermediate cervical or portions of the cervical
sympathetic chain). When the 1st thoracic anterior nerve root had been
sectioned, these ganglion cells were no longer under central control and
therefore anhidrosis appeared in the arca under their sole supply. This
included the vasoconstrictor supply to the hand (index finger). Within
two months, however, new preganglionic fibres, cither from a higher
level (8th cervical root or above) or from a lower level (regenerated
fibres from 4th thoracic root or below), had established functional con-
nections with these ganglion cells. They were therefore able to re-exert
their sudomotor and vasoconstrictor activity in the same areas as they
had done before 15t thoracic anterior rhizotomy.

This seemed to provide an opportunity for endeavouring to deter-
mine whether the remaining preganglionic fibres came from intact
levels from the 8th cervical root or above, or whether they were re-
generated fibres from the 4th thoracic or below. Accordingly the patient
was given a spinal anaesthetic, with the aim of blocking the anterior
nerve roots at least as high as to include T.4 on the right. The level of
analgesia reached as high as the lower level of the T.2 dermatome ac-
cording to Foerster (indicated by a finely dotted linc in the diagram).
It was therefore probable that the posterior roots of T.g and T.4 nerves
had been anaesthetized. It was not possible to say with absolute cer-
tainty, however, that the T.4 anterior root was similarly anaesthetized,
for it might have been that the posterior roots were affected to a higher
level, and although it was unlikely that this could have extended to
more than two nerve roots, the possibility cannot be absolutely dis-
counted,

There was no change in vasoconstrictor control in the index finger.
The most likely explanation is that in this case the preganglionic
supply on this side, left the cord in the 8th cervical nerve root or higher.
In about 50 per cent. of cases the 8th cervical nerve root contains the
upper level of the thoraco-lumbar outflow (Sunderland, 1948).

Coldwater, Alexander, Cox and Randall (1957) have found that
electrical stimulation of the ramus from the 1st thoracic nerve produces
significant sweating in the upper extremity, and Ray (1955) found
definite suggestions in the records of his patients at operation that there
were positive sympathetic responses from stimulation of the 7th and 8th
cervical roots even after the cervico-thoracic chain was removed.

The patient was examined again twenty-one months after the last opera-
tion. The sweating pattern showed that on heat testing the area of anhidrosis
on the right side remained very similar to that on the previous occasion
except that it had extended down slightly on the outer side of the arm in the



L. BRACHIAL PLEXUS AVULSION

F16. 28, Case E.C. Anhidrosis shaded, \f




88 Sweaiing Patterns after Sympathectomy

of the anhidrotic arca was everywhere very precise. The loss of sensation to
fine touch exactly fitted this anhidrotic area, but sensation to pain (scratch)
was present on the upper arm down to the level of the elbow where it extends
Jjust abave the olecranon behind, and rather lower on the medial border of
the arm (see Fig. 28).

Carbachol sweat-testing on this occasion showed that the whole of the
area which was anhidrotic to thermoregulatory testing was also anhidrotic to
carbachol, This indicated that the injury to the sudomotor pathway was
distal to the junction of the rami communicantes with the peripheral nerve
and that the lesion therefore consisted only of a postganglionic nerve section.

Further evidence of this was obtained by observing the reaction to
local electrical stimulation of the skin. Lewis and Marvin (1927} and
Lewis and Landis (1930) describe this method for testing the integrity
of autonomic nerves in the skin. Tt is said to be absent when ganglion-
ectomy has been performed at the corresponding level, Local pilo-
erection was evident where it has been marked on the figure with a
plus (+) sign, but absent where marked with a minus (—) sign. lt willbe
seen that it is absent just proximalto the upperlevelof the anhidroticarea
bothon the frontof the shoulder and back of the upperarm, Itispresenta
further 2 or g cm. proximal on the front of the shoulder and over the sca-
pula, but is very close to the anhidrotic arca at the tip of the acromion.

Plethysmography was performed on the index fingers. The inital blood
flows on the left side were very small, although there was no actual peri~
pheral vaseular disease. After heating the patient the bleod flows decreased
stilt further! The pulse wave showed a slight increase.

The patient was examined agam thirteen months after the injury. The
upper border of absob is ined very precise, but had now
descended to about the level of the elbow and extended farther, halffway
down the forearm on the medial anterior aspect. Relative loss of sweating was
still apparent on the upper and outer aspect of the arm from the tip of the
acromion, but free sweating appeared to have returned to the whole of the
T.2 dermatome. Cutaneous sensibility had also extended down the arm.
Sensation to pin-prick was now appreciated on the front of the forearm over
the shaft of the radius in a thin tongue-like extension as far as the base of the
thumb, On the back of the lower part of the upper arm, however, there was
an appreciation of light touch but not of pin-prick, and on the inner aspect
of the upper arm, pin and ight touch sensation were both absent.

Stroking the outer aspect of the upper arm caused marked local pilo-
erection accompanied by a ‘burning’ pain.

It is evident that on this occasion there has been considerable re-
generation of different types of sensory nerve and of the postganglionic
nerve fibres, but the growth of these respective types of merve has not
been everywhere the same, and one type only may have grown into one
area of skin, and another type into a separate area. On the front of the
forearm sensation to pin-prick has extended furthermost and antonomic
fibres follow second.
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Some cxperiments of Weddell, Guttmann and Guttmann (1941)
should now be reconsidered. These workers found that if they sectioned
the sural nerve in a rabbit, the resulting arca of sensory loss (autonomous
zone) shrank cach day until it might cventually disappcar—cspecially
in a young animal. If; instcad, they scctioned the tibial and peroneal
nerves, the area of sensation transmitted by the sural nerve was very
much larger (maximal zonc). The difference of overlap between these
two zones they called the intermediate zone, and they believed it
represented the overlap with the surrounding nerves. Unfortunately,
the areas investigated alt licin the same or possibly adjacent dermatomes,
and it would therefore be interesting to repeat this type of experiment
on nerves which have markedly different segmental origins, It is evident
that, for autonomic nerves, the intermediate zone common to the L.2,
L.3 dermatomes and the S.2 dermatome is very small cven if it exists at
all, OF course, in the human cases considered here, the sacral post-
ganglionic neurones are intact and are deprived only of their pre-
ganglionic conncctions, but in several cases the innervation from the
posterior L.2 dermatome on the upper buttock extends into the L.3
dermatome just below it. Presumably the intermediate ganglia at this
level remain intact even if the paravertebral chain is resected to a lower
level than usual. Indced, the pattern on first observation may not show
sweating in the whole of the dermatome, though it may be more com-
plete later. If no regeneration occurs, it would scem that there is some
fundamental impossibility for a sweating pattern to extend beyond the
margins of its own dermatome or possibly that segmentally next above
or below.

In the thoracic anhidrotic area, where carbachol testing has shown
that all ganglion cells were removed at operation, sudomotor fibres
from the upper thorax do not encroach into this area for more than
one intercostal space.

This principle would lend support to the observations of Sperry
(1955) on the biochemical specificity of neurones in respect to sensation
and the earlier studies of Weiss (1941) on motor innervation, Sperry sug-
gests that specific factors in the skin of the embryo are arranged on a
dorsoventral. g‘radien? and thus vary quantitatively, whereas on an
2 concepon would seem 1 D0ty 10 e eutemenit e ol
at least in regard to the post, gg }{ionic nec ronnem;)s ﬂl;;o.nonuc nen{es

to the preganglionic ﬁbr:-es gzmclg their ey bt it also applies

e 1 101 synapses, then the range of

qualitative specificity must cover many more segments,
dige}::n‘:’}gl:n gl:i‘siz: of the constancy and oceasional dissociation of
onomic activity in the skin still needs adequate

explanation. Some aspects of this have recently b i
hon (Vo 22 y been discussed by the
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Plethysmographic observations on the index fingers on this occasion
showed similar reduction of blood flow on the left side after heating the
patient, but the pulse wave was relatively unchanged, though so small that
this observation may not be significant.

The patient was ined on a third ion thirty-one months after
injury. The anhidrotic area to thermoregulatory testing had further decreased
in size, but its edge was still quite precise. On the back of the forearm and
Iateral border it still extended as high as the elbow, but on the front of the
forearm and the medial border it had extended as low as the wrist and the
skin over the muscles of the thenar eminence.

Sensation to light touch was now present on the whole of the hand and
fingers, but there was still dullness to pin-prick along the medial border of
the forearm and over most of the hand, except both sides of the thumb.
Plethysmographic observations on this occasion showed a change: there was
now a slight increase in the blood flow after heating the patient, and the
pulse wave also showed slight increase,

After ordinary forms of cervico-dorsal sympathectomy, it is usual for
vasoconstrictor control to return to the digits within three months. In
this case it is particularly interesting to note that no such control had
returned at thirteen months, and it was not until almost three years had
elapsed that slight vasoconstrictor activity was regained. It was evident
that this recovery of autonomic function was exemplified also in the
extension of sudomotor activity to include the base of the thumb. After
ordinary cervico-dorsal sympathectomy it is almost invariable for some
sudomotor activity to be evident in the hands at three months, or
earlier. This case was also exceptional in that the clefts between the
fingers, when examined on the first two occasions, were absolutely anhi-
drotic, Thisis never found on any case of sympathectomy. Indeed, Netsky
and Walker (1947} calculate that at least 2 per cent. of sweat glands on
the fingers remain functional even immediately after sympathectomy.

GENERAL CONCLUSIONS

It is certainly possible to produce a complete autonomic denervation
of the skin and vessels in the limb if all postganglionic fibres are divided.
Autonomic paralysis will remain permanent as long as new nerve fibres
do not grow into the denervated area. It is therefore suggested that all
forms of recovery of autonomic activity, either sudomotor or vaso-
motor, are really due to re-innervation and not due to recovery of
intrinsic tone of vessels or sweat glands.

A particularly constant feature of these observations is the position of
the margin on the outer thigh between sweating in the L.2, L.3 derma-
tomes and the anhidrosis in the 8.2 dermatome. Even over a period of
four years or more, the fibres from the lumbar intermediate ganglia do
not extend their innervation to the sweat glands even 1 cm. away which
lic in the segmentally more distant sacral area.
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three months afier operation on all 17 sides. Principally duc to the
severe peripheral vascular disease in these paticnts, vasomotor activity
was only investigated on 3 sides, and on 2 of these it was also deter-
mined within g months of operation. Blood flow estimations indicated
vasomotor activity on 2 sides, onc of which showed the same behaviour
shortly after operation, and this was probably duc to incomplete resce-
tion in this respect although the pattern of anhidrosis was quite per-
manent. Mcasurements of the height of the pulse wave did not indicate
any vasomotor activity.

Table 11 shows both cases of four-quarter sympathectomy and lumbar
sympathectomy alone. If these observations are combined with thosc of
Table I the following information can be obtained:

Upper level of escape area  Sides  Per cent, (approx.)

Tg . . 1 2

T.0 . . 6 13

T.ar . . 5 1

Taz2 . . 16 34

La . .19 40
47

Lower lerel of escape area

L2 . . 9 14

Ly . . 33 53

Lg+. .20 32

Lg . . 1 1
63

(L.3 +indicatesa tendency for thedermatome to extend lower on the leg.)

.thn vasomotor observations in Tables I and II are combined it is
evident that if, after heating the body, an increase in blood flow or

pul.se' wave in the digit is taken to indicate the presence of vasomotor
activity, then:

Vasomotor activity (in toe) ~ Present  Absent
Blood flow . . 12sides 1g sides
Pulse wave . . 7sides 24 sides

'II’ransthm:acic resections accounted for 2 sides (p.r.) on which the
Pulse wave increased, and g sides (T.5., D.F.) on which the blood flow

increased i i
:i.:—,ato which may be added the side of lumbar sympathectomy



Chapter 6
CONCLUSIONS FROM SWEATING PATTERNS

A sumMARY of the rclevant findings in regard to the levels of the sweat-
ing and anhidrotic areas after thoraco-lumbar sympathectomy is given
in Table I. This includes symbolic information in regard to the presence
of vasomotor activity in the vessels of the toes; this is indicated both in
regard to changes in blood flows and in the height of the pulse wave. In
five instances there was a decrease in the blood flow after heating the
patient: this is indicated by the symbol —D. This phenomenon will be
discussed in Chapter 12.

The sweating patterns were examined on 49 sides, but in g of these
sides observations were not made after three months from the date of
operation. In 8 sides the thoracic portion of the paravertebral chain was
resccted by a transthoracic approach: these are indicated by 7 against
the intended levels of resection. In g out of these 8 sides, the sweating
pattern indicated imperfect resection, and on 2 of them considerable
vasoconstrictor tone was present in the toes.

With the exception of these eight cases of transthoracic resection, only
one case, after retro-pleural resection, showed any degree of activity on
one side shortly after operation. At a later examination, this activity
had increased. It is probable that in this case the resection was im-~
perfect, either due to 2 double lumbar sympathetic chain on this side,
or due to an unusually low level of the thoraco-lumbar outflow of the
sympathetic preganglionic fibres. Of the remaining 45 sides there were
none which showed any sudomotor activity on the feet after periods up
to four years.

Observations on the presence of a vasomotor control were made only
on cases examined more than three months after operation. After heat-
ing the patient, blood flows showed a significant increase on 10 sides,
of which g were transthoracic cases. Eighteen sides showed no change or
a decrease in flow. The pulse wave was increased on 7 sides, of which 2
were transthoracic cases. There was no change of the height of the
pulse wave on 21 sides. These figures are aggregated with those cases
examined after lumbar sympathectomy. One case (p.c..}) was under
treatment with an adrenolytic drug (hydrallazine) and the vasomotor
observations are ignored.

A summary of the findings after lumbar sympathectomy is given in
Table IL. Sudomotor patterns were determined at intervals greater than
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Table II~LUMBAR SYMPATHECTOMY

Vasomotor
Sudomotor aclivily in toe
Lower | activity
Levels of y Early Late
Case |3 5 intended Izzi;{ on foot -3 | (orery
= resection months) | months)
area
Siele13{sis
13 2| (8]
Lumbar
Ar. |f|53{ L. T.12-L.g L3+ | —| —
R.Ta2-L3 L34 | — | —
rT.  |m|59{ L. L.2-L.3g-(L.4}} L2 e
w.r. |m|51| R La2-L.3-Lg | L3 el
w.r. |m|45| L. L.i-L.2-L.g | L4 - -
J.D. m|55( R. L.2-L.3 L.g - -
rH. |m|28] L. L.2-L.3 Lsg -
Four-
Quarter
per. |f|46] L. L2-L.g L.3 -] -
R.L.2-Lg L.g4 JR
B.E |f|33] L. Lie-L3-Lg | L3+ | — | —
R. L.2-L.3-L4 | L3+ - -
co. |f|52] L. Lee-L3 L34+ | ~|—=|=~|=]+]|~-
R. L.2-L.3 Lg | =4+ |-D|+]| -
Ap. |f |29 L, L.2-L.3 Lg - - - -
R. L.r-L.2-Lg | L3 bl Bl
AaA. (mlagl L. L.2-L.g L3+ | - 1| —
R. L.2-L.3 L.+ —
17 sides S_ymp.at[xnic{hcscm ol ojrtlolzale
Uy | Absent 7|l 2] 1|3
Totals | 1717l 2|23 3

(c.p.—right) which early showed in complete resection of vaso-
motor pathways, If all transthoracic cases are removed as well as
this last-mentioned side, and also the case of imperfect retro-pleural
thoraco-lumbar resection, after 3§ months sympathetic activity in the
Jeet was found to be as follows:

Present  Absent  Eventual recovery

(approx.)
Sudomotor activity — 57 sides never
(on fool)
Vasomotor activity
(in toe)
Blood flow . 8sides 16 sides 30 per cent.

Pulse wave . 5sides 19 sides 20 per cent.
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If the 15t and 2nd thoracic ganglia were removed:

Present Absent
Sudormotor activily
(on hand)—carly . tside(?2) 13 sides
Vasomotor aclicity
(in finger)—carly
Blood flow . 7 sides g sides
Pulsc wave . 4 sides 10 sides

Five sides showed a decreate in blood flow in the finger afier heating
the patient.
After an interval of three months or longer, however,

sydomotor and
vasomotor activity in the hand was as follows:

Present Absent Erentual recovery
Sudomotor actirity per eent. (approx.)
(on hand)—late 10 sides 1 side 90
(? recovering)
Vasomotor actirity
(in finger)—late
Blood flow . 12 sides 1 side 92
Pulse wave . 7 sides (?28) 2 sides 78

The contrast in eventual recovery of sudomotor activity in the upper
and lower limbs may now be summarized as follows:

Present Absent  Probable eventual

sides’ ides (207
Hands (excluding all incomplete ide) - ide) e
resections) . . . 10 1? nearly always
Feet . . . . . . 4 62 very rarely
Feet (excluding all incomplete resec-
tions) . — 57 never
SUMMARY

After cen./ico-dors.al sympathectomy—avhich includes the stellate and
2nd thoracic ganglion—and thoraco-lumbar sympathectomy—svhich

includes the 4th thoracic to the 3rd lumbar ganglion—sudomotor
activity in the skin is retained in:

the central area of the face;

the escape area—comprising at least the first and second lumbar
dermatomes;

the perineum.

Elsewhere the skin is anhidrotic, as would be expected from a know-
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A similar summary of the findings after cervico-dorsal sympath-
ectomy is shown in Table IIL. This includes five cases on whom four-
quarter sympathectomy was performed. It will be seen that the lower
level of the anhidrotic area is rather variable, though resection of the
stellate and T.2 ganglia ensures a more constant pattern which usually
includes the T.1 dermatome. (T.1 4 indicates a tendency to extend
Iower on the thorax.)

When these cases were examined soon after operation, sudomotor
activity was present in the central mask of the face in all cases {18
sides), and was present around the external auditory meatus and over
the larynx less constantly. The occurence of sweating retained in these
areas was as follows:

Present Absent  Retained activity
per cent, (approx.)
Central mask of face . 18 sides never always
Skin around ear . . 7sides (Pg) g sides 50
Skin over larynx . . 1osides (P14) 4 sides 70

In one case {a.D.), when first examined more than 18 months after
operation, sudomator activity had completely recovered on one side
of the face, but localized sweating on the central face and over the
larynx was still present on the other side.

It is possible, however, that these 4 sides would have shown sweating
if it had been searched for, but the 2 cases concerned were among the
first to be tested.

Horner’s syndrome was produced in all cases which had undergone
resection of the stellate ganglion, but at subsequent examinations it was
no longer detectable in all but 2 (out of 12 sides) when it was much
diminished in degree. All patients eventually had some recovery of
sympathetic activity in the eye, but it was complete only in 83 per cent.
{approx.).

Sudomotor activity in the hand shortly after operation was not evi-
dent except on one side when only part of the stellate and middle
cervical ganglia were resected, and one case of T.2 and T.3 ganglion-
ectomy in which it was present on 1 side and partially present on the
other, At subsequent examinations at intervals greater than three
months after operation, sudomator activity had recovered on every
hand examined althongh it had been shown to have been absent here
initially. The one exception was first examined at four months after
operation but sweating had started to appear on the front of the upper
arm. Vasomotor observations on this side also suggested early recovery.



Part Two

AUTONOMIC PATHWAYS TO
SPECIAL AREAS
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ledge of the generally accepted anatomy of the sympathetic nervous
system,

The area of anhidrosis resulting from lumbar or thoraco-lumbar
sympathectomy is permanent: that after cervico-dorsal sympathectomy
invariably recovers at least a moderate degree of sympathetic activity
within several months.

The explanation for the retained activity in the escape area is via
alternative sympathetic pathways passing through the lumbar inter-
mediate sympathetic ganglia. An account of these is given in Part Two,
and possible explanations for the sudomotor activity to the facial and
perineal areas will also be discussed there.



Chapter 7

EXPLANATION OF SWEATING IN THE 'LSCAPE’
AREA—INTLRMEDIATE GANGLIA

Tur, observations made on these cascs of thoraco-lumbar and lumbar
sympathectomy are summarized in ‘Tables T and 11 Tt will be scen that
there is a constant cscape arca, which still shows thermoregulatory
sweating, present in all cases. This escape area obviously has a seg-
mental pattern and always comprises the dermatomes Loy and L2 and
often T.12 and L.g, but may include Tu11 or .10 as well, on ane or
other sidc, for the upper border is markedly asymmetrical and irregular.
The lower border does not extend to the usually accepted lower level of
the L.3 dermatome in scven cases (g out of 63 sides), but one of these
cases was subsequently shown to have a prefixed type of lumbar plexus.

The upper border of the anhidrotic arca shows fairly closc agreement
with the lower border of the dermatome which is supplicd by that nerve
oot next above the intended upper level of rescction of the para-
vertebral sympathetic chain, .

All these patterns agree fairly closely with those shown by Ray and
Console (1948 and 1949) which are the only other detailed ones yet
published. In general, thoase patterns illustrated here (Figs, 1-19) are
more variable and asymmetrical with their various ‘islands’ and
‘peninsulas’ but the author believes that thesc irregularities have an
anatomical basis. Recent observations by Wilsen (1950) on similar
cases, which were tested by the quinizarin chemical method, show the
persistence of sweating in the escape area; in one or two of his cases
this appears to extend upwards even to a higher level than it does in
this series.

Other observations on eleven cases after thoraco-lumbar sympath-
cctomy tested for thermoregulatery sweating by the starch-iodine
method by Palumbo et al. (1950) also show patterns in general agree-
ment with those of Ray and Console,

Richter and Woodruff (1945) described a series of patients who had
undergone lumbar paravertebral sympathectomy but in which the
extent of the resection had been carried to different levels, Many of the
patterns they obtained show similarities in regard to the lower level of
She escape area, When, however, the pattern did not correspond to the
mtend§d level of resection, these observers assumed that the surgeon
had mistaken the level of resection and had removed a lower segment
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local anacsthetic in the lumbar region (c.g. Case r.R.), it has been ap-
parent to the author that even small volumes of fluid do not remain pre-
ciscly localized but diffuse up and down in the psoas sheath and will
produce a sudomotor block at other levels than at the one at which the
injection was given. In this case, therefore, the injection given at the
level of T.1z may have diffused into the upper edge of the psoas sheath
to affect the L.1 segment or, awing to the obliquity of the needle, may
have been directed at that level initially, The 2nd lumbar segment of
the chain—or at Jeast the white rami communicantes from the 2nd
lumbar nerve root, which ordinarily comprise the lowest level of the
sympathetic outflow—do not appear to have been totally blocked by
the injection, since sudomotar function persists in part of the sacral
dermatomes, and the preganglionic fibres to the corresponding sacral
ganglia must therefore be intact. There is a belt of anhidrosis on the
right side which extends over the upper buttock around onto the lateral

aspect of the upper thigh. This belt is made up in part from the T.s2,

L.1 and L.2 dermatomes, and compriscs more of the posterior primary

divisions than the anterior. The striking obscrvation, however, is that
anhidrosis has been produced in at least part of the escape arca as com-

pared with the opposite side and with all other cases. There is also an

arca of anhidrosis on the lower buttock and posterior part of the inside

of the thigh, so presumably some of the preganglionic fibres to the 2nd

and 3rd sacral ganglia were involved in the injection. The paraverte-

bral sympathetic ganglia between T.7 and T.11 segments, however, do

not appear to have been affected by the injection, though the intention

had been to block most of the origins of the splanchnic nerves.

This observation that paravertcbral injection of phenol will produce
absolute anhidrosisin part of L.1, L.2 dermatomes has been confirmed in
other cases, These are not illustrated, but they conform to the general
but irregular pattern of the Case s.w. Similarly, Ray and Console
(1948) and Cone (1g50—unpublished) have confirmed that section of
the.a'nterior nerve roots T.12, L.t and L.2 will prevent the sweating
activity on the anterior thigh. Such a procedure usually results in weak-
niess and distension of the lower abdominal wall and therefore cannot
be recommended,

s e P g g
did not necessaﬁl)’preceiveypgr:ng lal‘yu}g A the proas sheath which

< i ganglionic fibres from the paravertebral
Sympathv':tnc chain, though they did from the ncarby spinal nerve roots.
Sl‘:}:*e“i:é‘::r‘::, ::Olt) OX;1Y had the sudomotor supply from the ganglia
tion, but these ot}ele: :; ;Y;"P?}lzlc i been ai?'ectcd by the. g

1y 1o th gangha, which send part of their sympathetic sup-
Ply 1o the same area of skin, had also been deprived of either their pre-
ganglionic or Postganglionic connections.
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of chain than the onc stated. As they did not realize that the inter-
mediate ganglia were still supplying the arca on the front of the thigh
and inside of the knee, they endeavoured to fit their observations into
different dermatome patterns. Their conclusions in this respect must be
fallacious.

Ratcliffe and Jepson (1950) have reported a scries of cases in which
they also examined the sweating patterns by the clectrical skin-resistance
method after lumbar ganglionectomies. They did not heat their pati-
ents, however, and it would thercfore appear that it is for this reason
that their patterns are not com-
parable to those described here.

cast s.w. (Fig. 29). This pat-
tern is of particular interest, since
it was from this casc that the
author obtained the clue for the
truc explanation of the origin of
the alternative sympathetic path-
ways to the escape area.

At operation the left paraver-
tebral sympathetic chain was
resected between T.8 and L3
segments inclusive, and on exam-
ination 4} months later, the
upper border of the anhidrotic
area reaches the level of T.g with
S.W. a ‘peninsula’ extending below
this, around each side. The upper
border of the escape area is at the

L Ty 1 4'%Montns
] Ty Ty PARMERTERRAL

INJECTIONS OF upper level of the L.z dermatome

PHENOL - | WEEK as usual, and the lower border

Fic. 29. Case S.W. Paravertebral phenol extends into L.g. Thereis a sn}an
1njection. area of low electrical skin resist-

ance on the dorsum of the left
foot, which coincided with marked pitting oedema in this situation,
and is therefore probably due to factors affecting the resistance of the
skin other than thermoregulatory sweating,

On the right side paravertebral injections of phenol (5 per cent.)
were made at the level of the spinous processes of the 7th to rath
thoracic vertebrae. In this technique a needle is introduced 6 cm. from
the mid-line behind, and directed forwards and medially until it just
grazes off the edge of the antero-lateral aspect of the body of the verte-
bra: the tip should then be lying in the position of the paravertchral
sympathetic chain,

From observations on other patients who have had such injections of
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ate’ ganglia arc always present in the nerve moots at these lcxcls—-:m(},
indeed, may nearly always be found in .rrl:ninn to :\ll. !umba.r ganglia
{Figs. 30 and 31} The ganglia are invariably present in relation to the
1.1 and L.2 nerve rooty, but are only rarely to be found in relation to
the To12 nerve mots {or higher) and the S.1 root {or lower). The ganghia
are of varying sive and distribution along; the course of both the ‘grey”
and the *white’ rami communicantes, but are rather more comrmon
along the former, which lic more transversely and at a decper level
close to lumbar arteries, than are the Jatter, which are more superficial
and more oblique. The gan-
glia are frequently multiple
and may be scen at any
point along the course of the
rami, cither close to the
paravertebral sympathetic
chain, in an intermediate
position, or close to the tum-
bar nerve: indeed, they are
sometimes even buried in
the anterior primary di-
sision amd have also been
seen on the posterior pri-
mary division (Fig. 30).
Intermediate  sympathetic
ganglia have also been des-
eribed in relation to the
cervical and upper thoracic
nerve roots by Wrete (19344
and £), Skoog (1947()93:d

SYMPATHLTIC

INTERMEDIATE CHAME

SYMPATHEYIC
CARCLION

; H
Ehrlich (1910), and their (5 SrapATHERC
presence here confirmed by GANGLION

the author,

Ttwillbe apparent, there-
fore, thatsuch ganglia would
still be able to supply sudo-
motor fibres to the skin,
even though the paraver.
tebral sympathetic chain
has been resected, If, how-
ever, the lower level of the

Fio. 32. Diagram to show the effect of thor-
acofumbar sympath on i f
inter ganglia, Pregangli
diested as i tines,
fibres as interrupted lines. The rectangle mdi-
cates the tissue removed in the sympathectomics,
Preganglionic fibres in this instance are shown
in the third lumbar reot. Boyd, J. D. and
Manro, P. A, G. {1919). Lancet,

o
fibres in-

th
shoraco-lumbar outflow does not extend below L.z nerve root, those

ntermediate

vould b ganglia associated with L.3, L.4 and L.5 nerve roots
rea‘:,h he deprived of their preganglionic fibres, which ordinarily must
them through the paravertebral sympathetic chain (Fig. 32).
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The alternative autonomic pathway to the escape areas (T.12-L.3) is
therefore easily and obviously explained by the presence of the lumbar
intermediate ganglia which lic in relation to the appropriate nerve
roots T.12-L.3. It must be realized, however, that it may not be neces-
sary for these ganglia to lie outside the range of the L.1 and L.2 nerve
roots, since it may be possible that a ganglion in relation to the L.1

Fic. 30. T.S. 100 mm. cr. human

foetus, Camera lucida drawing at level of Fia, 31. Diagram of lateral view of
second lumbar vertebra, left side. Show- leftside of a 100-mum. c.r. human foctus
ing four intermediate ganglia in relation showing position of lumbar inter-
to ramus communicans and one in rela- mediate sympathetic ganglia along
tion to posterior primary division of nerve rami communicantes. By permission of
root. Boyd, J D. (1957) Bnt. med. Bull. J. D. Boyd.

p-s.g. paravertebral sympathetic gangha r.c. ramus communicans

p.r.g. posterior root ganglia Ao. aorta

i.g. mtermediate gangha s ¢, spinal cord in spinal canal

nerve root may be able to supply most of the T.12 dermatome by over-
lap, and similarly a ganglion in relation to L.2 nerve root could supply
most of the L.3 dermatome. The only essentially constant features of this
alternative pathway must be preganglionic fibres, ganglion cellsand post-
ganglionic fibres in relation only to the 1st and 2nd lumbar nerve roots.

Observations on human embryos have shown that small ‘intermedi-

. .
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have been able to function in a similar manner, fn both instances the
visceral fibres would have been sectioned.

The intermediate ganglia supplying the eseape area—which are
shown in Fig. g3(c}—will still function normally after paravertcbral
sympathectomy, since both thrir preganglionic and postganglionic
fibres will be intact, Their visceral fibres would be divided by a para-

Fic. 3. Possible sympathetic pathways.
2- !r‘amvmcbml ganglion only,
3 e diate 11

g pplied by pr I .

ganglion. Y pregang fibre via the paravertebral

2 1"‘ i : ,‘ pplied by p lionic fibre directly from nerve root.
on or in ior primary divisi

Pl' T AN o
ganglionic fibre shown as a line, glionic fibres shown as dotted
lines. Boyd, I. D. (1957) Brit. med. Bull.

vertebral Symapathectomy at this level. When the intermediate ganglia

;Tl:' actrually in or on .thc nerve roots themsclves—as in Fig. 33({d)—then
arey arc even more likely to survive paravertebral sympathectomy and
YTy naccessible to the surgeon.
gl‘aﬁzcr;l months after thoraco-lumbar sympathectomy patients
2t 3 arked pastural hypatension, and shortly after operation they
Pt to faint if they stand up suddenly.

tho . . .
ugh no special observations have been made in regard to vaso-

motor fibr : ) A
u.p,\_ges from the lumbar intermediate sympathetic ganglia, no

hav
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Sweating, therefore, should not be expected below the lower edge of the
L.3 dermatome. Complete anhidrosis below L.3 is found to be the rule.
In certain instances (20 sides—marked L.34- in Tables I and II), how-
ever, it might be considered that sweating extends so far down the leg
that it is present at a lower level than the usual L.g dermatome. It is
possible that in these cases the L.g nerve roots may either receive post-
ganglionic fibres from the intermediate ganglia in relation to L.2 root
via the interconnecting loops connecting these ganglia, which are
described later and have also been reported by Kuntz (1949) and
Alexander (1949) and Kuntz and Alexander (1950), or that in about
one-third of all cases there may be preganglionic fibres also in the L.3
nerve root below the usual lower level of outflow, and these fibres may
supply intermediate ganglia at this level. Sheehan (1941) found fine
myelinated ‘preganglionic’ fibres at this level in only one side in 18.

Sheehan (1g41) does not correlate the lower level of the sympathetic
outflow with the incidence of pre-fixed or post-fixed lumbar plexus in
man, but he states that a post-fixed plexus was present on 25 per cent. of
the sides he examined in the monkey. It is interesting to associate this
figure with the occurrence of sweating extending down into the L.g+
dermatome in man—2o out of 63 sides, or g2 per cent,

It is with this possibility in mind that preganglionic fibres are shown
leaving L.5 anterior nerve root in Fig. 32. Only in one case did sweating
appear in the true L.4 dermatome (Case w.T.).

The lower thoracic nerve roots inconstantly have associated inter-
mediate sympathetic ganglia, and if they do they are not necessarily
present on both sides at the same level. Such irregular occurrence will
explain the commonly found irrcgular and asymmetrical upper border
to the escape area. It is possible, however, that in certain cases this may
be due to a portion of the sympathetic chain being left intact at opera-
tion as it passes through the diaphragm. This was shown to be the case
in Case s.s.

Fig. 33(a) shows the generally accepted arrangement of the pre-
ganglionic (continuous line) and postganglionic (interrupted linc)
fibres to the paravertebral sympathetic chain. Note that the post-
ganglionic fibres in the ‘grey’ ramus join the nerve root proximal to the
site where the preganglionic fibres leave it in the ‘white’ ramus. After
a paravertebral sympathectomy both the peripheral and visceral fibres
should degenerate.

The slight change in the pattern of the anhidrotic area on the thorax
after the injection of carbachol may be explained by intermediate
ganglia whose preganglionic fibres reaches them after having first
passed through the paravertebral chain, Such ganglia are illustrated in
Fig. 33(8). It is also possible that if the paravertebral ganglion was in-
completely removed, some cells in the paravertebral ganglion might
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cte.). The possibility that some of the posterior dermatomes cross the
mid-linc has been discussed in relation to Case 3. (p. 44).

CONCLUSIONS

It appears that afier thoraco-lumbar paravertebral sympathectomy a
sudomotor cscape arca constantly persists in the dermatomes T.y2-L.3.
Such an arca will be supplicd by the lumbar intermediate sympathetic
ganglia associated with the L.t and L.2 nerve roots whose preganglionic
and peripheral postganglionic conncctions will have remained intact
after paravertebral sympathectomy. 1€ intermediate  sympathetic
ganglia are present above these levels, then the escape area will be cor-
respondingly raised on this side. The intermediate sympathetic ganglia
associated with the lower lumbar nerve roots (L.4 and L.5) will not
ordinarily cause sweating below the L.3 dermatome, since their pre-
ganglionic fibres will have been sectioned below the lower level of the
sympathetic outflow (L.2 or L.3). In this respect they are similar to the
paravertebral ganglia at these levels.

Sweating also persists around the perincum, and on rare occasions
may be induced, after the injection of carbachol, in the mid-linc of the
body, though no satisfactory explanation for the latter can yet be made.
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evidence has been found that the sudomotor and vasomotor fibres from
these ganglia are distributed to different arcas of skin. One striking
example of the close association of such innervation was made on a
patient who stood up to be photographed after the lines marking the
borders of the typical anhidrotic and escape arcas had been drawn on
his skin.

The patient (£.1.) stood for as Jong as he could in the glare of the lights
while the photographers were making ready, and it was quite obvious
that the skin of the cscape area and the normal non-denervated skin
were pale due to the actively constricted vessels, whercas the thoracic
anhidrotic area and the anhidrotic arca on the legs below the knee
were quite livid in colour, since not only were the vessels here dilated,
but also were full of stagnant blood which was becoming cyanosed. The
lines marking the sweating arca accentuated the contrast in colour. Un-
fortunately the photograph was not taken before the patient began to
feel faint, and on a later occasion, when another attempt was made, the
contrast in colour was not so great, Infra-red photographs do not show
the distinction very definitely, though the superficial veins are well seen.

Ray and Console (1948) have reported that they made observations
of the skin temperature in different areas of the body and found that it
remained consistently higher in the anhidrotic areas, but was lower and
more variable in the normal skin and in the escape area. The author
has made similar measurements which confirm their observations.

Certain aspects of pilomotor function were discussed in Chapter 5 in
regard to dermatographia. No attempts, however, have been made to
produce a general pilomotor reflex such as by ice or cold douching. It
has been noted that ‘gooseflesh’ appears on the lower abdomen in the
escape area if the patient is cooled too quickly after heating, but no pre-
cise observations have been made as to whether or not this can occur in
the anhidrotic areas other than when it is locally excited.

Besides the escape area on the lower trunk and thighs, low electrical
skin resistance was also noted in the perineum and in the S.4 and lower
dermatomes. This area, of course, lies in an area made up of deep folds
of the skin and, in the front of the groin, it adjoins the escape area and
is usually continuous with it behind in the natal cleft. The implications
of sweating in this area are discussed fully in Chapter ro.

The occasional occurrence of sweating in the mid-line of the body,
such as is produced by carbachol, cannot as yet be explained other than

by the suggestions made in the previous chapter, but it is not common
and may be in some way related to the median fusion line of the body.
Attempts have not yet been made to produce a high resistance in this
area by blocking or sectioning the segmental nerves on each side of the
mid-line, but such an experiment will be kept in mind in case a con-
venient opportunity presents itself (subsequent to abdominal operation,
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Eckidra aruleata (spiny anteater), Ormitherhynckus paradosus (platypus),
Eriraceus eutopeens (hedgehog), Grmecephalus kamadiyas (flying lemur) and
Dama rulgaris (fallow decr)—thoracie region.

No particular name was given to these ganglia, however, until Hirt
(1921) described them in the rami communicantes of the lumbar
region in Lacerta agilis (lizard) and 1'aranus niloticus (monitor lizard). He
gave the name ‘intermediate’ for them, on account of their position.
Hint's paper is, of course, written in German and he uses the adjective
‘intermedidres’,

The first mention of these ganglia in a texthook appears to be by
Wertheimer and Bonniot (1926), but they described them only as
‘pseudoganglia® on the rami communicantes. In the next year Hove-
lacque (1927) also mentions them, and states that they lay usually be-
neath the osteofibrous ring of the psoas muscle, but he thought that
they were very rare.

In a Jong paper in Italian by Rossi (1930) on the development of the
abdominal and pelvic sympathetic, he gives an account of these ganglia
and discusses their position and variability in the lumbar region of the
human embryo up to 100 mm. Rossi was familiar with the accounts of
Marinesco and Minea, and of Hovelacque.

Gruss (1932) followed this with an account of macroscopic ganglia on
Ehc rami communicantes in the lumbar region in human foetuscs,
mfnn'!s and adults. He only onee noticed them in the cervical region: he
also included a report on their presence in the dog. He illustrates his
Paper with excellent microphotographs of ganglia impregnated with
silver by the Bielschowsky.Gros technique, which show that the ganglia
contain undoubtedly multipolar sympathetic ganglion eclls.

Delmas and Laux (1933) in their textbook of surgical anatomy of the
sympathetic nervous system mention that ganglion cells are present on
the lumbar nerve roots at the site of a ramus communicans (page 75).

In_ 1934 (aand 8), Wrete published the first of his papers on the inter-
medjate ganglia in thc human embryo, He examined twelve transversely,

?}?‘g serialty scctiancfl human embryos measuring 10-77 mm. ¢r. In
com:cm‘mt he d'cscnbcs thc. presence of these small ganglia on the rami
Tos ;{:c.amc? in the Cc.l'vl(fnl :lx.nd upper thoracic region, and he fol-
Pt in using the adjgctxvc intermediate’ to describe them. In the
Velopmegnzciir §;1935)‘hc gives a fuller account of their presence and de-
Sitently prescnt :’Cngllon.s of the boc'iy. He found that 'thcy were con-
reat y in the cervical, upper thoracic and lumbar
g(\)ox‘xs,ﬁbm that they were asymmetrical and variable.
mun;c‘:m(c:gi?;,.’) gtoscnbes the presence of ganglia along the rami com-
considered thatgthcl;:i 0; 100 adult dissections which he examined. He
of ailure after romi, gh incidence of these g'fmgha might be the cause
sectomy or lumbar ganglionectomy.



Chapter 8

INTERMEDIATE SYMPATHETIC GANGLIA—
HISTORICAL INTRODUCTION

AvrtHOUGH sympathetic ganglia along the course of the rami com-
municantes had not been reported in the English language until 1946
and 1947, continental anatomists have made reports of their presence
during the past century. Some of the more recent workers had suggested
that the presence of thesc ganglia might invalidate the purpose of
operations for paravertebral sympathectomy, but none had made in-
vestigations to see if this were true.

Cruveilhier (1845 and 1852), according to Villemin and Dufour
(1930), appears to have been the first to notice the presence of these
ganglia, when he described small nodules on the course of the rami
communicantes. He found that sometimes these ganglia were connected
to the nerve root and to the sympathetic chain by several separate rami.

In the 5th edition (1877——see footnote, page 721 of Vol. g) of Cruveil-
hier’s treatise of descriptive anatomy, reference is made to the ganglia
on the rami communicantes in the following paragraph:

Une disposition fort remarquable des rameaux de communication entre
les paires et les ganglions lombaires, c’est la présence de ganglions ou
renflements sur le trajet de ces rameaux, et ce qui n’est pas moins re-
marquable, c’est Ie nombre presque indéfini d’anomalies qui existent 2
ce sujet. J'ai trouvé jusqu’d trois renflements ganglionnaires sur le méme
ramean. Quelquefois deux ou trois rameaux de communication, parvenus
sur le cdté de la vertebre, convergent vers un petit ganglion anormal,
duquel deux ou trois rameaux qui vont au ganglion lombaire corres-
pondant. . ..

There can therefore be no doubt that the ‘ganglionic swellings’ seen
by him were indeed the lumbar intermediate sympathetic ganglia.

Later, Onodi (1886) reported the presence of ganglia in the rami
communicantes of human embryos. Following this there was another
long interval until 1908, when Marinesco and Minea gave the first
detailed account of the presence of these small ganglia in adult man.
They regarded them as definitely sympathetic ganglia and stated that
they lay beside the spinal nerves and were usually attached to the rami
communicantes.

In the same year van der Broek {1908) reported microscopic ganglia
in the rami communicantes of lumbar regions of various animals:
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cenvieal and lower fumbar regions, and in the former quite small, butin
the latter attaining the size of and rometimes replacing the scgmental
ganglion of the chain.’ 1 should be noted, how ever, that Pick and Shee-
han were using a similar technique to that of Wrete: they disected
their human adult cadavers and foctures under a lens, subsequently re-
moved the rami and ganglia, etc., labelled them, stained them in bulk
with osmic acid, and sectioned them in paraffin, It is pouible, therefore,
that they might have missed the smaller ganglia in relation to the upper
lumbar nerve roots, Pick and Sheehan realized, however, that these
ganglia wonld be left intact after the usual type of fumbar sympath-
cctomy.,

Shoog (1047), who was then working in Wrete's department, has
given the first account of the intermediate ganglia in the cervical region
in the adult: writing in Englith, he uses the adjective ‘intermediate’ to
describe them. He dissected the brachial and cervical plexi on both sides
i? five subjects, but sectioned only the nerves, rami and ganglia on one
side in each. The ganglia were variable in position—sometimes very
dose to the spinal nerve—but were generally present on the com-
mumca_ling rami to all the cenvieal nerves and also the 1st thoracic
nerve: in one case ganglia were present on the ramus to the 2nd thoracic
nerve, The number of ganglia varicd between ten and nincteen on one
side, but only some were visible to the naked cye. He suggested that
these ganglia might be the explanation for the relapse following cervico-
do_rs:xl sympathectomy, since he realized that a sympathetic pathway
might exist here which lay entircly within the spinal system.

In 1949 Boyd and Monro published their paper, in which they sug-
gested that the partial retention of autonomic function, which still
oceurred on the lower trunk and the front part of the thighs in paticnts
;’1};0“2\3% u‘x;dcrgonc lhomcmlum}mr symp:uhc.ctomy, was to be ex-
P ations l: he l1'])1'cs‘cn(:c oi'n'RCmnllvc.sympnlhcuc patlnv:}ys, whose cell
the autho! }112.1 ie mfcm;cdm(c ganglia of the lumbar region. Although
Skoog, the rcscprcvxouds y read th.c papers of Pick :md.Slfcclmn and of
fcgion,waslt):onﬁ:;cr::cznin %r‘cat variability of these ganglia in the Iumbg\r
Professor Boyd’s collection ;: :::1 :3?;21:3:2: ttim'bryos pripuntia

. heir paper, the presence

of t H :
!ICSC gang.]m was reported in two nerve roots already examined in a
Patient of this serjes.

A few months carlicr,

Kuntz (1949), but unknown to the author, Alexander (1949),

Henderson (1949) and Ehrlich (1949), working to-
gzg::(;’ivt;d published a series of papers—written individually,gand
located in}:— (]I 9?9)——on the prescnce of ‘inconstant sympathetic ganglia’
lumbar nmc, au%n to the 1st and 2nd thoracic and the 1st, 2nd and grd
autonom; ﬁes. hey also reported the presence of anastomotic loops of

¢ fibres, not only between the sst and 2nd thoracic nerves and
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‘The following year Fagarasanu (1938), in a scrics of papers on the
variations in the topographical anatomy of the lumbar sympathetic
chain, gave an account of the presence of macroscopic ganglia which
had ‘deviated’ (Fr. = déviés) from the chain in human foctuses and
adults. He found that these ganglia were always covered by the psoas
muscle and nearly always obscured by the lumbar artery. They were
present along the rami communicantes in 34 per cent. of his 76 cases,
and as outgrowths from the paravertebral chain in 16 per cent., making
a total incidence of 50 per cent. of all cases. He noticed that these
ganglia were often to be found along the lumbar artery, and often sent
onc or two rami around it. He was familiar with the accounts of the
other workers which were published in French, such as Hovelacque,
Wertheimer and Bonniot, Delmas and Laux and Orloff, but did not
appear to be aware of those of Marinesco and Minea, Gruss and Wrete.

Wrete (1941) continucd his researches on the presence of the inter-
mediate ganglia in laboratory animals such as the mouse, rabbit, cat,
white rat and monkey (1951). He found that they were totally absent
in the embryos and young of the mousc, and rare in the cervical region
and variable in the Iumbar region of the rabbit. They were present in
the lumbar and sacral region of the cat, but in the white rat they were
much more common, especially in the cervical and upper thoracic, and
lumbar and sacral regions: in this respect they were similar to man. He
forecast that these ganglia in animals would vitiate much experimental
work on the sympathetic nerves unless their presence was taken into
consideration.

Two years later (1943) he followed this with a further account of these
ganglia in the lumbar region of a transversely sectioned and silver-im-
pregnated human embryo of 81 mm., and also in the same region of
four human adults. These he dissected with a hand lens on one side
only, and removed the rami communicantes, the ganglia and spinal
nerve roots, all of which he sectioned longitudinally. Although by this
technique he found as many as fourteen ganglia present on one side in
one specimen, in another he could find only two. He did, however, find
intermediate ganglia present in every specimen, as compared with
Fagarasanu who could find them in only 50 per cent. of his specimens;
Wrete does not appear to have been acquainted with Fagarasanu’s work.

Pick and Sheehan (1946), in their account of the sympathetic rami
in man, mention ‘intermediary’ ganglia along the course of the rami.
They were familiar with both Wrete’s and Fagarasanu’s papers and
presumably translated the German ‘intermedidres’ as ‘intermediary’
instead of ‘intermediate’, for Fagarasanu and other workers writing in
French make no attempt at terminology. Pick and Sheehan state that
these ganglia were ‘surprisingly common’ and nearly always present.
Pick and Sheehan continue: ‘They were most frequently found in the
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the interconnecting auvtonomic nerve loops between certain nerve
roots. Further obrervations inchide the presence of similar finc nerves
which extend along with the lumbar segmental arteries towards the
sympathetic ganglia on the sides of the anrta and have thus escaped the
operation of sympathectomy.
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the 2nd and grd—which had carlier been reported by Kuntz {1g27) and
Kirgis and Kuntz (1942)~—but that these Joops also extended as low as
the 4th thoracic nerve. The interconnecting rami associated with gan-
glion cells located in relation to spinal nerve roots occurred againin the
lumbar region between the 12th thoracic and grd Jumbar nerves.

Most of the abave obscrvations, with the exception of the inter-
connecting rami in the lumbar region, had already been made by
Wrete, who in his illustrations (1943) also shows such an anastomotic
loop between the 2nd and 3rd lumbar nerves. Wrete has also described
such anastomotic loops between the cervical nerve roots, for which
Skoog (1947) used the term ‘rami communicantes grisei bipartiti of
Wrete®, Alexander ¢t al., however, describe the presence of sympathetic
ganglion cells not only adjacent to the nerve roots at the site of the grey
and white rami, but also embedded in the central nerve roots them-
sclves. They also realized that these ganglia would not be interrupted
by ordinary paravertcbral sympathectomy. Henderson (1949) has also
given a fuller account of the occurrence of these ganglia, shich had first
been observed by Gruss in the lumbar region of the dog. In the follow-
ing year he assisted in an interesting account (Randall, Alexander,
Hertzman, Cox and Henderson, 1950) of an experimental verification
of the autonomic function of these ganglia in the dog. After a complete
lumbar paravertebral sympathectomy, vasoconstrictor and sudomoter
activity was observed to return in the hind limb, and post mortem the
presence of sympathetic ganglia was confirmed in relation to the
relevant nerve roots.

In the meanwhile Monro (19504) had given an account of the presence
of intermediate sympathetic ganglia in relation to the upper four lumbar
nerves of a patient who previously, following thoraco-lumbar sympa-
thectomy, exhibited a retention of sudomotor activity in the appropriate
areas, Degeneration of the majority of cells in certain ganglia in relation
to the 15t and 2nd lumbar nerve roots suggested that these cells had
sent their postganglionic fibres towards the viscera, and thus they had
been damaged by the sympathectomy.

Following these observations, another report (Monro, 19505) was
made in regard to sympathetic pathways after sympathectomy in the
tumbar and in the cervico-dorsal regions, and their innervation was dis-
cussed in relationship with the intermediate ganglia of these regions.
More recently (Monro, 19514) a further account has been made of the
connections of the intermediate ganglia in relation to the upper four
Jumbar nerves on the other side of the same specimen which had been
described earlier. The presence of many and variable intermediate
ganglia in relation to the grey and white rami and on, in and around
the anterior primary divisions of the upper four lumbar nerve roots has
been confirmed, as also has been the contribution of some of them to
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ronts. Care wat aken tn presenve the tami cantmunie ah;ﬂ‘aml‘lg';‘:";
mains of the sympathetic ehaing this, as had hrenintene r; ' n;uwy o
10 have been resected doney tr the Tevel of the lvm‘n DHepder o 3
. . . tar wartion of the frroatwar
lumbar vertehra on cither vide, The antenat ) ehral
dissected away to oxpose the nerve oot back 1o Ib." If)‘”"" .
. LIS senpic intrrmediale
foramen in the hope of divtinguihing marioteng i T
sympathetic ganghia in relation ta the lumbar nerver 0 l':'"ﬂ'};“"“;v
was apparent that a prefined lumbar plesie was prerent an \ " ;
since the 151 lumbar penee toot eontrilinted to the frmozal ando nurato
nerves. No definite ganglia werr reeopnized, bt sevetal “”p";’mm
nodules were subsequently found ta camitt only of fat! At the w xrnl'-
abouts of the intermediate ganglia was unkomwn, no atempt was Inaue
todisseet the nerves clean for fear of damaging the ganglia. '\."“"‘h""‘ly
the specimen was labelled and photographed for eferrnee. The whole
block was then fixed in 10 per cent. formalin after the spinal cord had
first been removed and placed in aleohol . .

After fixation, cach nerve oot with its scninry ganglion and rami
communicantes was dissected away from the intervertebral foramen
forwards towards the sitc of the scar titsue resulting from the para-
vertebral sympathectomy. .

No attempt was made to clean the nerves or their rami, wlnch- were
therefore included in a small block of tissuc in which was also incor-
porated the corresponding lumbar arteries, veins and surrounding fat.
Each nerve root T.12-L.5, obtained in this way, was photographed f.'or
reference, and also all arranged together as they were in the body (Fig.
45). In this photograph they are shown as seen from the antero-lateral
side with the posterior root ganglia and the peripheral nerves on the
left and the rami extending towards the sear tissuc on the right.

The nerve roots were then embedded individually in paraffin, and
flattened during the process, so that the long axes of the anterior primary
division and the rami communicantes lay in the same planc. The sce-
tions were cut serially in this plane, mostly at 15 s from behind forwards.
Later the lower end of the paravertebral sympathetic chain correspond-
ing to the ganglia on this side in relation to the 4th and sth lumbar
vertebrae was also removed in a similar manner and sectioned longitu-
dinally in the plane of the rami. The gth thoracic nerve root, which was
that next below the intended upper level of rescction of the paraverte-
bral chain on this side, was treated somewhat differently. No attempt
was made to dissect the nerve root or its rami. ‘They were excised entire
in a block of tissue extending from the vertebral canal behind, through

the intervertebral foramen, close to the periosteum over the transverse
process and head and neck of the rib, and of the body of the vertebra
and the ﬁbrou.s tissue of the intervertebral disc, forwards to the pleura
and the scar tissue of the sympathectomy. This block of tissue was im-
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§1A. THE LUMBAR INTERMEDIATE GANGLIA—
RIGHT SIDE

THE patient whose sweating pattern (Case 8.5, is shown in Fig. 4
(bottom left) and in Tig. 34, subsequently returned to the hospital
and dicd of uraemia fifteen weeks after the operation on the right side
and ten weeks after that on
the left. A post-mortem ex-
amination was performed
within cighteen hours of
death, The associated path-
ology was consistent with a
diagnosis of malignant hy-
Ppertension.

An immediate prelimin-
ary examination of the
right lumbar region was
made by Professor Boyd
and the author.

METHOD
After removal of the vis-
cera and skin, the ribs were
cut through along a line
about two inches on either
side of the vertebrae. The
sacro-iliac joints were cut
through with a saw on
cither side, and a block of
tissue containing the verte-
Fic. 34. Case § . Thermoregulatory sweating bral column from the level
pattern Post-mortem exammation was performed  Of the upper border of the
subsequently on this case. 8th thoracic vertebra and
including the sacrum and
coccyX was removed in one piece together with the adjacent muscles
and nerves.
The psoas muscle was splitin the plane of the emerging lumbar nerves
which were traced back through it to thejr origins from the nerve
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pregnated with silver and sectioned in a similar manner to the others,
but with the intention of revealing all the fine nerve connections to this
nerve root and possible evidence of nerve regeneration.

The sections of the nerve roots and the paravertcbral ganglia were
stained in rotation by a variety of techniques which included haema-
toxylin and cosin, Masson’s trichrome, Nissi’s thionin, iron haema-
toxylin and a modificd Biclschowsky. Transparent scale models were
prepared from projection drawings of the nerve clements in the sections
of the 1st and 2nd lumbar nerve roots and rami. Thesc give an excellent
idea of the sites and conncctions of the intermediate ganglia (Figs. 40
and 43). A more complete account of this work, with photographs of
relevant ganglia and their connecting rami, has been given by Monro
(1951¢).

FINDINGS
QTH THORACIC NERVE ROOT

This root had been impregnated with silver in the block. There was
no evidence of any regeneration of the paravertcbral sympathetic chain
downwards from the cut upper end. Similarly, there was no evidence
of a regencrated greater splanchnic nerve from the nerve root at this
Ievel nor from higher thoracic nerve roots. A fine bundle of intact nerve
fibres could be traced from the nerve root towards the intercostal artery,
and a branch of this nerve accompanied the artery back towards the
aorta: this fine branch had escaped section at the time of the operation
since it lay deep to the vessels, between them and the body of the gth
thoracic vertebra. It is not possible to say if it contained autonomic or
only sensory fibres, since both may be fine and with but little myelin. It
was very similar to other fine nerves seen to accompany the lumbar
arteries on the left side. These nerves were seen to supply the arteries by
finer twigs at intervals, and could be followed across beneath the side of
paravertebral resection towards the aorta where they joined the sym-
pathetic ganglion tissue in this situation: they will be discussed again
later.

Interwoven between the scar tissue at the site of the nerve section
were several bundles of complex and twisted nerve fibres occasionally
showing coiled endings similar to the pictures shown by de Castro
(1930), which he describes as that of ‘heterogenous regeneration’ when
there is a considerable gap present. None of these fibres could be traced
very far, and it is therefore assumed that they represent unsuccessful
attempts at regeneration of the cut rami communicantes. No ganglion
cells were present which might have been part of an incompletely re-
sected paravertebral ganglion, and no intermediate ganglia were
present.
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12TH TUORACIC RF RV ROOT

This nerve root was rerected with a partion of the subicostal nerve and
.2 Tamus communicans, At only one ramus wae seett and thic accont-
panied the vessels, it was pmbably the ‘grey’ ramus, On Fompariton
with the opporite side it would appear that the more oblique *white
ramus had been cut during the divection as it picrced the cous of the
diaphragm. No intermediate ganglia were scen at this level,

18T LUMBAR NERVE ROOT

This nerve root was removed, together with the roots of the genito-
femoral and ilio-hypogastric nerves and the hranch which joined the
2nd and lower lumbar nerves to form the fomoral and obturator
nerves, A long *white’ ramus ran obliquely down over the intervertebral
disc to disappear in sear tissue at the site of the paravertebral chain at
the level of the 2nd lumbar vertebra (Figs. 40 and 45).

Eight intermedinte ganglia were discovered in relation to this
nerve root. The ganglia have been numbered arbitrarily as they were
sectioned—that is, from behind forwards: the more antesior therefore
have a higher number. Two small ganglia (Nos. 4 and 5) were present
on the ‘white’ ramus, and another (No. 3) between it and the branch of
the anterior primary division going to join the femoral. There was a
very large ganglion (No. 6) close to the nerve root, at the site of many
fine autonomic fibres, but it appears that it was accidentally damaged
during dissection. It is possible to trace a large ramus leaving it towards
the lumbar artery, and it is therefore considered that this ganglion was
really at the base of the ‘grey’ ramus—an opinion which is substantiated
by the appearance of a similar ganglion and ramus at the same level
on the opposite side. Another characteristic small ganglion (No. 8) was
present on the anterior primary division close to the origin of the ilio-
hypogastric nerve, and others again on the medial side of the nerve
root near the origin of the ‘grey’ ramus (Nos. 1 and 2) and between it
and the ‘white’ ramus (No. 7).

High-power views of No. 8 ganglion show particularly well that,
even in the same ganglion, some of the cells have an obviously degener-
ate appearance (Fig. 35). The cytoplasm of these cells stains much
darker with haematoxylin and eosin and having a purple tint—pre-
sumably acidophil; the nucleus also stains much darker and there is a
loss of nuclear pattern. It was apparent that most of the cells in the
ganglia on the ‘white’ ramus showed such changes and could be com-
pared with obviously normal cells in ganglion No. 6 on the base of the

‘grey’ ramus. The cells in the sth lumbar paravertebral ganglion also
appeared to be normal (Fig. 36).



Fig. 37. Cells m No, 6 intermediate ganglion. First lumbar root. |
Hand E x 500.

Fic. 38. Cells mn first lumbar posterior root ganglion, note
‘capsule’ Masson’s trichrome X 500

[¢233
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Fia. 40, Projection drawing from transparent model reconstruction. tst lumbar
nerve root (right side); intermediate ganglia Nos. 1-8.
{. & o.n. to femoral and obturator nerves

gfn.  genito-femoral nerve
g.r. cut ‘grey’ ramus
id.

branches to intervertebral disc, Li/L2
thyg.n. ilic-hypogastric nerve

ivf site of intervertebrat foramen

n.Q.L. nerve to quadratus lumborum

pp.b.  posterior primary branches

pr.g.  posterior root ganglion

st scar tissue at site of sympathectomy
w.r. oblique ‘white’ ramus.

36)—section of a preganglionic fibre does not produce degenerative
changes in the cells it supplies,

There can be no question that the cells in these intermediate ganglia
are autonomic in type, for there is a considerable difference between
tl‘:em and those in the sensory ganglion of the same root (Fig. 38). Also
!:mucleate cells are fairly common (Fig. 37), whereas they are exceed-
ingly rare in the posterior root ganglia. The autonomic cells in an inter-
n'ledlate ganglion are surrounded by rather less intercellular connective
tissue and Schwann cells than they are in a paravertebral ganglion
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It was thercfore considered that these degenerate cells were those
whose axons had passed into the paravertebral chain and had thus been
sectioned by the sympathectomy. Obviously those cells on the ‘white’
ramus were more likely to have suffered in this way, whereas those on
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the ‘grey’ ramus should not have been damaged—though their pre-
ganglionic fibres might have been sectioned instead. Since all the pre-
ganglionic fibres to the 5th paravertebral ganglion were known to have
been sectioned (this dermatome was anhidrotic when tested for thermo-
regulatory sweating) and the ganglion cells here appear normal (Fig-
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not all of these eellt are degenreate, The sises nf‘lbr ;Em;-.lizlaml\‘!hr
percentages of abnormal cells they contain, ate given in Table } (1‘?
which summarizes the findingt on the ganglia in thit nerve oot Inall,
there were about 6,500 ganglion ool avotiated with this nrive foot,
In onder to establith the exact potitions and connections of thirse
ganghia, 2 transparent madel war made by prjection deawing ef l\w‘
nerve clements present in this nerve toot, The fine fibre: piven off by
the *white’ ramus in & medial direction probably supply blood veeselt

Fic. 42. Diagram of sites and tons of i diate ganglia .in lati on to 2nd
and grd lumbar nerve roots on the left side. Fine nerves accompanying arteries anda
nerve loop joining nerve roots are shown as a thick continuous line,

entering the anterb-lateral aspect of the body of the vertebra, or possibly
supply the intérvertebral disc. From this a scale drawing has been pre-
pared, again by projection, and shaded appropriately to give a sense of
depth. This drawing (Fig. 40) may therefore be taken as a scale
representation of the position of all the intermediate ganglia in relation
10 this nerve root.

Figure 41 shows a drawing of the second lumbar nerve root on the
right side followed by a diagram of the connections of the 2nd and grd
Iumbar nerve roots on the left side (Fig. 42).

SAF—I0
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which often, in the lumbar region, seems to consist mostly of fibres. The
posterior root ganglion cells are larger and appear to have a more
granular cytoplasm when stained by Masson's trichrome, and have a
well-marked connective tissue capsule.

Multipolar cells could be recognized in intermediate ganglia in sec-
tions impregnated with silver on the slide by a modified Bielschowsky
method. Even better silver impregnation is seen in scctions prepared by
Ranson’s method (Fig. 48).

Accordingly, the total nermal cells and the degenerate cells in this
nerve root were counted and their incidence plotted in graphic form

10 mm,

Fia. 41. Projection d g from parent model r jon. I diate

ganglia Nos. 1-g.
f. & o.n. to femoral and obturator nerves

gr. “‘grey’ ramus

i~ing.n. ihio-inguinal nerve

it site of intervertebral foramen
n.Ps, nerve to psoas

o.r. ‘oblique’ ramus

p.p-b.  posterior primary branches

pr.g.  posterior root ganglion

st scar tissue at site of sympathectomy
w.r. ‘white’ ramus.

(Fig. 39). It will be seen from this that No. 6, No. 7 and No. 8 gangliz
contain the greatest relative number of normal cells, and it may there-
fore be concluded that these ganglia contribute most of the peripheral
autonomic fibres that supply the skin in this dermatome. Such be-
haviour js particularly to be expected from the cells in ganglion No. 8
(Fig. 35), which lies actually on the anterior primary divi'sion. The
probability that the degenerate cells in the ganglia on the ‘white’ ramus
supply the viscera is discussed again later, but it should be noted that
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bundles of the anterior primary divition, A low.prmuerviewofla tection
through this root show the paritions and ennnectinnt of four af three
ganglia, including that in the anterinr primary dividon (Fig. 41). One
ganglion (No, 4) hat atleatt o rami cannrcting it with the nreve root,
and two others which are dirccted tmwards the site of sympathectomy
and are distributed on either side of the lumbar artery. Two other
smaller ganglia—Nos, 7 and 5—may be seen on the medial side of the
anterior primary division (Fig. 43) and appeat to have many rami con-
necting them to it and each othier, and to annther samus which lirs
rather more superficial and infrrios in parition ta the two rami around
the lumbar artery, Tt was therefore contidered that thic most distal
ramus was of the ‘white® varicty, though it wat lew oblique in pmition
than that of the 15t lumbar nerve, There was a small ramus running
out from the No. 5 ganglion which pacsed deep down towards the grd
l“f"bal' root. This was potibly an anastomotic loop connccting it with
this root, and which was scen in a similar potition, but more clearly, on
ﬁ}c'lt':ft side. No. g ganglion, which was situated in the anterior primary
division, was quite small, but was scen to contain a binucleate cell and

Teble IV'(b)
Estimated
maximum
. rumber of Approximate
Ganglion » cells in size of ganglion Appearance
mmber Position section (microns) of eells
axp Lusnar Nerve Roor: Right
1 Qn po‘stcrior 6 200 X 150 X 300 Mostly normal
grey’ ramus Few degenerate
2 A‘mcpor to 30 600 x 300 x 400 Mostly normal
white' ramus Few degenerate
at base
3 for out along 1 - - Normal

grey’ ramus
4 Onbaseof (@) 35 800 x 400 x 500 | Mostly normal

‘grey’ ramus  {6) 20 200 X 200 X 100 ! Few degenerate
5  On anterior side

anterio a) 24 300 X 400 X 200
R I S | Al
6 ramus (c) 6 150 X 100 X 200 &
On ‘grey’ ramus 4 100 X 200 X 100 Normal
On base o
7 n base of (a) 75 1000 X 300 X 700
“white’ . = Mostly normal
¢ ramus g’)) i - - ] Some degenerate
8 Far out along  (a) 3 200 X 100 X 100 | 1o 1
grey’ ramus () 3 200 X 100 X 100 } ormal
9  Inmiddle of an- 3 200 X 100 X 100 Normal

terior primary
division
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Ganglion
number

Autonomic Pathways to Special Areas

Position

Medial to inter-
vertebral fora-
men at base of
‘grey’ ramus

More medial to
intervertebral
foramen at base
of ‘grey’ ramus

On course of an~
terior primary
division near
‘white’ ramus
On *“white’ ramus
communicans

Table IV(a)
Estimated
maximum
number of Approximate
cells in size of ganglion
seclion (microns)
157 LumBar Nerve Roor: Right
6 200 X 100 X 200
12 400 X 150 X 200
2 100 X 100 X 100
40 200 X 300 X 500
16 200 X 500 X 50

Column of cells
along “white’
ramus

Close to body of
vertebra near
intervertebral
foramen at base
of ‘grey’ ramus

Near interverte-
bral foramen be-
tween ‘grey’ and
‘white’ ram

On course of an-
terior primary
division near
origin of ilio-
hypogastric
nerve

150 1000 X 1500 X 1000

20 200 X 400 X 200
12 200 X 300 X 200
Total

Approxi-
mate
percenlage
Number of 'de-
of  genematd
cells cells
250 63
18 44
615 83
175 82
5210 25
205 69
103 24
6576 29

Total number of cells on this nerve root is more than this number since
ganglion No. 6 was damaged during dissection and many cells are missing.

2ND LUMBAR NERVE ROOT

Though the intermediate ganglia associated with this nerve root were
not so large as No. 6 ganglion on the 1st lumbar root, they were rather
more numerous and scattered than those seen before. There were in all,
nine major ganglion groups (sometimes sub-divided g, 5, ¢), and these
included a small ganglion consisting of a few cells actually in the nerve
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ATH LUMBAR XERVE ROOT

"This nerve root received a large cantribution from thotc above it to-
wards the femoral and obturator nerves. Tt also gave off two smaller
branchies to join the limnbosacral trunk, and othery, like thotwe above it,
to the psoas and quadratus lumborum murcles. A single large ‘grey’
ramus joined the upper end of the remaining lower portion of the para-
vertebral chain at the level of the body of the 4th lumbar vertchra,
Another ramus just below this ran back obliguely downwards from the
paravertebral ganglion at this level, towards the sth lumbar nerve
root.

Near the base of the ‘grey’ ramus there was a large intermediate
ganglion whith had a number of its own rami leaving and joining the
nerve root at different levels. The staining reactions of the cells suggested
that they were quite normal—though, of course, their preganglionic
fibres hiad been cut. There were many more fibres passing through this
intermediate ganglion than is usual—indeed, the general appearance
was much more like a paravertebral ganglion.

5T LUMBAR NERVE ROOT

This nerve root contributed mostly to the lumbosacral trunk and re-
ceived two branches from the 4th lumbar nerve above it. It was con-
nected with an clongated paravertebral ganglion lying over the body of
the 5th lJumbar vertebra by two rami, the lower of which was very fine
and ran superficially to accompany the blood vessels, The upper pierced
the ilio-lumbar ligaments and connected with the oblique descending
ramus from the 4th lumbar paravertebral ganglion,

Only a few scattered autonomic ganglion cells were found in this
ramus near the nerve root, but subsequent section of the 5th lumbar
paravertebral ganglion showed a process of cells from the paravertebral
ganglion extending out along the ramus.

The findings on the intermediate ganglia on the lower thoracic and
lower lumbar nerve roots are summarized in Table V(o).

A diagrammatic reconstruction of all the relevant nerve roots, and
their rami, on the right side shows the position of the Iumbar inter-
mediate ganglia, of which there were twenty on this side, The photo-
graph originally taken of these nerve roots before they were embedded
is placed alongside for comparison, The intermediate ganglia have been
shown approximately to scale and have been outlined to facilitate
their recognition (Fig. 45). The probable position of the ‘grey’ ramus
connected to the 1st lumbar nerve root, which was cut during dissec-
tion, is shown with a dotted line. ‘The probable position of the resected
sympathetic chain is shown with a dashed line.
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therefore cannot possibly be a displaced scnsory ganglion. The cells
elsewhere in the ganglia on this root mostly appeared quite normal, but
occasional degenerate cells could be seen in the ganglia associated with
the more superficial or ‘white’ ramus as in No. 7 ganglion. No accurate
count of the cells was made on this root, but they werc estimated at
about the same number as those associated with the 15t lumbar root,
though a far smaller proportion werc degenerate. The findings have
been summarized in Table 1V(6), and a reconstruction drawing pre-
pared in a similar manner to that of the 1st Iumbar root. This shows the
position and complicated arrangement of the rami communicantes to
the site of the paravertebral chain and the rami between the individual
ganglia (Fig. 41). To the lcft is the anterior primary division contribut-
ing to the origin of the femoral and obturator nerves, and from which
arise the ilio-inguinal nerve and a branch to the psoas. Branches of the
posterior primary division are seen above this and nearer to the pos-
terior root ganglion. The three main bundles of the rami communi-
cantes are seen on the right,

2RD LUMBAR NERVE ROOT

Sections showed two rami leaving this root, but only the lower one
was found to be the true ‘grey’ ramus. The upper structure was the
lumbar artery which was accompanied by some fine autonomic fibres.
The lateral cutaneous nerve of the thigh arose from this nerve root and
from the contribution of the 2nd lumbar to the femoral and obturator
nerves.

A very large intermediate ganglion was found at the base of the ‘grey’
ramus, close to a longitudinal anastomozing (pre-costal) artery joining
the lumbar arteries. The ganglion contained a great number of cells,
and all of these appeared normal. This is to be expected, since the 3rd
lumbar nerve root is below the usual level of the thoraco-lumbar out-
flow and therefore these cells should not send their postganglionic
fibres towards the viscera. Indeed, it is probable that all the preganglionic
fibres which must have passed to the cells of this ganglion through the
paravertebral chain must have been cut by the sympathectomy. No
thermoregulatory sweating was present in the lower part of this derma-
tome, so the preganglionic fibres to these cells cannot have remained
intact.

At the time of the original dissection it was noted that the ramus from
this root just failed to join the upper end of the remaining caudal por-
tion of the paravertebral chain at the level of section at the lower
border of the grd lumbar vertebra. Some fibres from this ramus could
be traced beneath the inferior vena cava, still accompanying the
lumbar artery towards the ganglion tissue on the side of the aorta.
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Table IV{c)
Estimated
maximum
numberof  Approximate
Ganglion cellsin size of ganglion  Appearance
number Position section (microns) of eells

3rp Lumbar Nerve Root: Right
~—  Atbase of ramus 80 1500 X 500 X 1000 All normal
medial to anterior
primary division

471 Lumsar NErve Root: Right

— At base of ramus 70 200 X 700 X 750 All normal
medial to anterior
primary division;
has scparate ‘grey*
and ‘white’ rami

5TH Lumpar Nerve Roor: Right

Along ramus Few scattered cells only

2 Alsoprocessofcells  §0 1000 X 300 X joo All normal
extending out

from paravertebral

ganglion

-

9T Troracic Nerve Root: Right
No intermediate ganglia found

12TH THorAcic NErVE Root: Right
No intermediate ganglia found

§18. THE LUMBAR INTERMEDIATE GANGLIA—
LEFT SIDE

The nerve roots on the left side had been left untouched while those on
the right side were being sectioned: the block of the vertebral column
and nerve roots which had been removed from the body originally had
remained in the formalin fisative. In order to determine the sites and
connections of the ganglia on this side, the nerve roots were impreg-
nated with silver by a modification of Ranson’s method—variations of
which were first tried out on less important nerve roots and ganglia. As
the rami between the nerve roots and the intermediate ganglia were so
fine, a large block of tissues was dissected away from the vertebral
skeleton, and this included all the relevant nerve roots, their rami com-
municantes, the scar tissue at the site of the resected sympathetic chain,
and the remaining paravertebral ganglia, and the ganglionic tissue on
the side of the aorta and its branches. As the resection of the para-



Fic. 43. Sccond tumbar nerve ront (right side), H and 1 w0 227,

ag. site of Na. g ganglion
5¢. & 3r. Nos. 5 and 7 ganglia
prg. posterior root ganglion
g No. . ganglion

F16. 44. Second lumbar nerve root (nght side). No. 7 ganglion
on ‘white’ ramus. H and E X 82.
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foramina. The whole sheet of tissue was then dissected forward in one
piece. The knife was kept close to the periosteum and to the edge of the
fibrous tissue of the annulus fibrosus of the disc, which here left gaps
between the soft tissue containing the lumbar vessels and rami. The
transverse processes and ribs were divided as required to facilitate ex-
posure of the nenve roots.

This large block of tissue was again photographed and from it were
cut thirteen smaller blocks of tissue which were of a suitable size for
sectioning.

These blocks were all impregnated with silver by a modified Ran-
son’s method and embedded in wax with small rectangular blocks of
liver so that the serial sections would always be in correct register. The
blocks were photographed again while in the molten wax so that any
particular nerve could always be reorientated into its correct position.
The sections were cut from behind forwards at 15 g as before, but only
every tenth was mounted initially: in the more important regions some
or all of the intermediate sections were mounted later.

In preparing a diagrammatic reconstruction, sections at regular inter-
vals from certain of the more important blocks, such as those of the 2nd
and grd lumbar nerve roots, were projected on to photographic paper
and measurements of the intermediate ganglia and their rami accurately
recorded.

In other blocks the slides were marked with ink and these indications
superimposed on the photographs of the blocks taken after embedding,
and then onto the others taken before impregnation with silver. In this
way it is hoped that all the connections shown are complete in the
relevant area.

A more accurate method would have been to impregnate, embed and
section the whole piece of tissue in one block, but since it measured
approximately g X 5 inches this would bave been technically very diffi-
cult! Such a method might be used, however, on small animals or
larger human foetuses. It has the advantage that most of the rami are
cut in the plane of their fibres, since the curve around the sides of the
lumbar vertebrae is flattened in embedding.

The findings on the right side had suggested that although the inter-
mediate ganglia situated far out along the “white’ ramus from the 1st
lumbar nerve contained mostly degenerate cells, yet there were still
about 15 per cent. which appeared normal. Possibly these cells sent
postganglionic fibres which, if they passed in 2 medial direction, must
have escaped section by the paravertebral resection. Special attention
therefore was paid to the possibility that fibres might leave the ‘white’
rami before entering the paravertebral chain, Similarly, if the inter-
mediate ganglia at the base of a ‘grey” ramus contained some degener-
ate cells (25 per cent. in No. 6 ganglion of 15t right lumbar nerve root),
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T16. 46. No. 4 ganglion in second lumbar nerve root (lefi side).
Silver » 12,

F16 47. Grey ramus accompanying artery, Silver X 30.



Fic. 45 Nerve roots T.12 to L.4 (nght side) with rami communi-
cantes. To show position of lumbar intermediate ganglia.
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then presumably the 'grey” ramus must have contained poytganglionic
fibres which pasted towards the paravertebral ganglion—though it is
possible that they did not all go to the vitcera, but paued back again in
a ramus to the same or anather nerve root. 1f, however, some of the
nomal cells had sent fibres in the same direction, then these fibres
must have remained intact—such a pathway might be along a course
accompanying the lumbar artery which is not involved in the para.
vertehral resection, Indeed, a fine nerve in this potition had been scen
in gth thoracic nerve root on the right side, though no intermediate
ganglion was present at this level.

As the 1st lumbar ganglion on the left side had been left behind and
was still connected to the 15t lumbar nerve root, intermediate ganglia
in the ‘grey’ root of the latter would not be expected to contain de-
generate cells. Also it would have been much more difficult to deter-
mine definitely whether any fine rami accompanying the 1st lumbar
artery had received reinforcement from the paravertebral ganglion or
had remained as a single bundle. For thesc reasons greater attention was
paid to the connections of the 2nd and 3rd lumbar nerve roots on this
sidc, since it scemed probable that they would yield the most informa-
tion.

FINDINGS
IITH THORACIC NERVE ROOT

This nerve root sent its ‘white’ ramus obliquely downiwards through
the crus of the diaphragm and, anterior to the paravertebral sympathetic
chain, towards the superior mesenteric ganglion around the aorta. A
small intermediate ganglion was found deep in relation to the vertebral
branch of the subcostal artery and should therefore be considered as
placed far out on the ‘grey’ ramus of the 12th thoracic nerve.

I12TH THORACIC NERVE ROOT

This nerve root sent a large oblique ‘white’ ramus to join the st
lumbar paravertebral ganglion which had been left behind. This ramus
ran behind the crus of the diaphragm and in its upper part was covered
by pleura. No intermediate ganglia were found other than the one
described above, which was on the more horizontal ‘grey’ ramus.

IST LUMBAR NERVE ROOT

A large ‘grey’ ramus accompanied the 1st Jumbar a:
15t lumbar ganglion which had been left behind. The
to the artery at a deep level, but gave off a small branch which
tween the artery and vein on the upper side of the a which ran be-

f rtesy and
to pass behind the 15t lumbar paravertebral ganglion, S\Yll couallg]::: ;)i
followed farther with certainty. There was 2 large intermediate ganglion

rtery to join the
ramus lay inferior
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then presumably the ‘grey’ ramut inunt have enntained [vv:l;:nn;:linni.c
fibres which paved towande the paravertrhtal panglion—thongh it b
possible that they did not all po to the viterta, but paced back againin
a2 ramus to the same or annther nesve ront, If, hemever, some of the
normal cells had sent fibtes in the same dirrction, then thee fibres
must have remained intact—auch a pathway might be along a courze
accompanying the lumbar artery which s not involved in the para-
vertebral resection. Indeed, a fine fierve it this peition had been sren
in gth thoracic nenve toat on the fipht tide, though no intermediate
ganglion was present at this leael,

Asthe 15t lumbar ganglion on the lefiride had been Ieft behind and
was still connected to the 111 Jumbar perve mat, intenmediate ganglia
in the ‘grey’ moat of the latter wonld not be expeeted to enntain de-
generate eells. Also it would have been much more difficult to deter-
mine definitely whether any fine tami secompanying the 131 fumbar
artery had reccived reinforcement from the paravestebral ganglion or
had remained as a single bundle, Tor these teatans greater attention was
paid to the conncctions of the 2nd and 3rd lumbar nerve roats on this
side, since it scemed proballe that they would yickd the most informa-
tion,

TINDINGS
HITH THORACIC NERVE ROOT

This nerve root sent its *white' ramus obliquely downwards through
thcgmsohhc diaphragm and, anterior to the paravertebral sympathetic
tr};:l]rll'i::‘mds‘mc supcr.ior mesentenic gnnglinn :\rpund the aorta, A
brench :Rnhcdlatt ganglion was found decp in relation to the ‘vcrlcl)r:\l

et £ e subcostal artery and should therefore be considered as
Praced far out on the ‘grey” ramus of the 1ath thoracic nerve.

. 12TH THORACIC NERVYE ROOT
This nerve root sent a 1

Tumbar p- A arge oblique “white' ramus to join the 1st
rvamtalon Arge ablique )
fan bchi!:- This ramus
I . . was covered
by pleura, v cr

deseriben ;\o mlcr_mcdia(c ganglia were found other than the one
above, which was on the more horizontal ‘grey’ ramus.

1ST LUMBAR NERVE ROOT
Alarge ¢

81ey’ ramus accompanied the 15t lumbar artery to join th
" ! ; ar join the
1o llucn;};: Bﬂntghon which had been left behind, The mmz lay inferior
cen the Zt : adeep l.cvcl, but gave off & small branch which ran be-
10 pass behind?;land vein on the upper side of the artery and appeared
Tollowed fargh e 15t lumgmr paravertebral ganglion, but could not be
er with certainty, There was a large intermediate ganglion



Fic. 48. Mulupolar intermediate sympathetic ganglion cells.
Ranson’s silver (modified) x 640.
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be followed right across beneath the scar in company with the lumbar
artery to the medial edge of the block. Here, though the branches were
much reduced in size, the fibres in them still appearcd to be intact.
Indecd, high magnification enabled the individually silver-impregnated
fibres to be scen beneath the site of the resection of the sympathetic
chain, and could be compared with a ncarby nerve bundle which had
lost its Schwann nuclei and was interwoven with collagen fibres—pre-
sumably the latter nerve bundle had degenerated, but in the bundle
accompanying the artery the fibres were quite normal,

At a morc superficial level, small bundles from the ‘white’ ramus
could be followed into the scar tissuc, and in certain situations finc
individual fibres could be followed for distances even up to 2 mm. The
impregnation of these fibres was better than usual, possibly due to the
fact that they were so close to the surface in the sympathectomy scar
tissue, They were probably regenerating fibres and, if so, would have
had about another centimetre to grow before they would reach the
ganglion cclls on the sides of the aorta.

The small bundle of fibres, which had continued across the block of
the site of the 2nd lumbar ganglion in company with the lumbar artery,
was followed into the block of the aortico-renal ganglion and surround-
ing tissue. These small nerves still appeared to be quitc normal and
were found in relation to blood vesscls.

Another moderate-size intermediate ganglion (No. 2) was present be-
tween the ‘grey’ and ‘white’ rami and two more in relation to the ‘white’
ramus. One of these (No. 6) sent a finc ramus obliquely downwards as
though to join the paravertebral chain in a similar position to that of the
‘white’ ramus from the 15t lumbar nerve root. It could not be followed
beyond the site of Tesection of the 3rd lumbar paravertebral ganglion,
Another fine ramus was given off from No. 4 ganglion and accompanied
alongitudinal ‘precostal’ branch from the 2nd lumbar artery to join the
3rd lumbar artery. It appears that this fine nerve loop must be the same
as that described by Alexander ¢t al. (1949) and Ehrlich and Alexander
.(1951). At intervals it was seen to give off fine twigs to the artery, until
1t eventually joined the grd lumbar nerve root. A larger branch from
this nerve coursed towards the grd lumbar artery nearer the aorta, but
could not be followed farther as it disappeared in scar tissue.

This nerve root gave off another branch to the genito-femoral nerve,
and its main portion passed into the femoral, obturator and accessory
obturator nerves.

3RD LUMBAR NERVE RQOT

This nerve root possessed a very large intermediate ganglion (No. 1)
at the base of the larger and deeper ‘grey’ ramus which lay close to the
artery. Another ramus placed more superficially and which joined the
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(No. 2) at the basc of the larger grey ramus which was connected with
the anterior primary division by a more superficial ramus of its cwn.
This ganglion sent a branch to the fine ramus described above which
accompanied the artery and vein. A small intermediate ganglion (No.
1) lay on the anterior primary division just proximal to this ramus.

A large (No. g) and two smaller (Nos. 4 and ) intermediate ganglia
were found at the base of the oblique and more superficial ‘white’
ramus—No. 5 ganglion was placed close to the origin of the genito-
femoral nerve. The white ramus could be followed into the block at the
sitc of the 2nd lumbar paravertebral ganglion, but here the fibres were
scen to fan out into the fibrous tissuc—indeed, under a higher power
only fine fibres could be seen interspersed with collagen and relatively
few Schwann cell nuclei. It appears, therefore, that most of the fibres
in this ramus had degenerated. Indeed, some of the cells in the inter-
mediate ganglia at its base—cspecially ganglion No. 3—showed changes
in the cells similar to those secn on the opposite side, but, being im-
pregnated with silver, the appearance was not so definite as that re-
vealed by haematoxylin and cosin or Heidenhain’s iron-haematoxylin,
and therefore no attempt was made to cstimate the numbers of de-
generate cells,

This nerve root gave off branches to the lateral cutancous nerve of
the thigh and to the genito-femoral nerve. It also sent a contribution to
join the 2nd lumbar nerve, to the femoral, obturator and accessory
obturator nerves,

2ND LUMBAR NERVE ROOT

This root sent two rami horizontally towards the sitc of the 2nd
lumbar paravertebral ganglion. The lower and more superficial ramus
was taken to be the ‘white’ ramus and was in a similar position to that
on the opposite side. A large intermediate ganglion (No. 5) on the
‘white’ and more superficial ramus can be seen in relation to the lower
side of the artery, and its rami join the nerve root more distally (Fig. 46).
Another but deeper ramus, which leaves the nerve root closer to the
posterior root ganglion, runs up under a branch of the lumbar artery.
At a deeper level this ‘grey’ ramus continued into another large inter-
mediate ganglion (No. 1), from which it continued its course close to
the lumbar vessels. The multipolar character of the cells in this ganglion
is well seen in Fig. 48. A smaller ganglion (No. 3) was situated at the
base of the ‘grey’ ramus close to the anterior primary division. Another
smaller branch of the ‘grey’ ramus was followed up into the block of the
site of the 2nd lumbar paravertebral ganglion where it could be seen
between the artery and the vein (Fig. 47). Although most of the fibres
ended in scar tissue at about the level where another artery branches
off—presumably to supply the sympathetic chain—some of them could
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more superficial ramus to join the anterior primary division more
distally. A branch from this ramus accompanicd an anastomozing
artery, between the 4th lumbar artery and the ilio-lumbar artery, to
join the sth lumbar nerve root close to the intervertebral foramen, The
less usual position of this nerve junction is probably to be explained by
the absence of the gth lumbar artery and the different arrangement of
the blood vessels around this nerve root.

5TH LUMBAR NERVE ROOT

This root was also connected to the paravertebral sympathetic chain
by a superficial and a decper ‘grey’ ramus, The latter branched again
before it joined the chain and in the upper of these branches there was
a process of ganglion cells similar to that found on the opposite side.
The outflow from this nerve root reccived a contribution from the 4th
Iumbar nerve root and continucd across the ala of the sacrum as the
lumbo-sacral trunk.

The findings of the intermediate ganglia on the left side have been
summarized in Table V. In all, cighteen such ganglia were present in
the lumbar region on this side as compared with twenty on the right
side. Though no special cell count was attempted, it is thought that
there were about the same number of cells on each side.

A diagrammatic reconstruction, similar to that of the right side,
has also been prepared of the left nerve roots, rami and ganglia (Fig.
49). It is shown beside the photograph of the original piece of tissue ob-
tained from the dissection, and the intermediate ganglia are outlined
in both to facilitate identification. The fine rami which accompany
the lumbar arteries and the loops between certain nerve roots are shown
as a thick continuous line. It seems most probable that these fine
rami contain postganglionic and sensory fibres to the arteries they ac-
company. It is possible, however, that preganglionic fibres may ac-
company them, since Pick and Sheehan (1946) have shown that the
horizontal and oblique rami connecting as low as with the 2nd lumbar
nerve root may contain myelinated and unmyelinated portions in-
cluded together in the same bundle. Indeed, Pick and Sheehan ex-

amined in detail the rami communicantes in the lumbar region on seven
sides. The oblique so-called ‘white’ rami were sometimes duplicated,
but were twice of the mixed variety and once purely unmyelinated ir:
relatl.on to the 15t lumbar nerve. They were thrice mixed and twice un-
myelinated in relation to the end lumbar nerve. It is probable that the
unmychnatcd portions of these nerves originated from cells in inter-
mediate ganglia at the base of the ‘white’ ramus. Though th
that all the transverse rami connected to the 15t lumb:  orve e ported
linated, they found th y . S mire. | aegoroot were
unmye s they foun at they were of the mixed variety in two
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anterior primary division more distally also coursed towards the site of
the grd paravertebral ganglion. This ramus was in a similar position to
the larger ramus on the opposite side and to the ‘white’ ramus of the 2nd
lumbar nerve root. It is possible, therefore, that this ramus contained
myeclinated preganglionic fibres, but as it is rare for the grd lumbar nerve
to doso (this case had a pre-fixed Jumbar plexus), it will be considered
as a superficial ‘grey’ ramus. Attempts to stain the rami from the 2nd
and grd Jumbar nerves on the right side for myclin by Weigert’s method
and its modifications have not been successful, and it cannot be said
definitely whether or not thesc more superficial rami from the 2nd and
grd lumbar nerve roots contain myclinated preganglionic fibres,
although there must be some to supply the intermediate ganglia on these
rami, The appearance of the silver-impregnated sections suggested that
the fibres are not all of the same type or diameter.

A small ramus from the intermediate ganglion (No. 1) on the deeper
ramus was found to accompany the lumbar artery across the site of
sympathetic resection until it joined the ganglion tissuc on the side of
the aorta at the level of the inferior mesenteric artery. Two small inter-
mediate ganglia (Nos. 2 and 4) were present at the base of the super-
ficial ‘grey’ ramus, and a few cells were found at its distal end beneath
the scar tissue of the sympathectomy. Presumably these cells had ex-
tended out along the ramus from the paravertebral chain and had thus
escaped complete resection: their appearance suggested that they had
all degenerated.

Another small intermediate ganglion (No. 3) was found close to the
nerve root bencath the superficial ‘grey’ ramus. This ganglion sent an
oblique descending ramus towards the 4th lumbar paravertebral
ganglion. Although this ramus accompanied a small longitudinal ‘pre-
costal’ artery, it did not appear to form a nerve loop with the 4th
lumbar nerve root.

The particular connections of the ganglia and rami in relation to the
grd and 4th lumbar nerve roots and to the lumbar arteries and their
branches are shown in the diagram (Fig. 42). The fine nerves ac-
companying the lumbar arteries and the loop between the nerve roots
are shown as a thick continuous black line. The aorta is on the left and
gives off the left aberrant renal and inferior mesenteric arteries. The
autonomic ganglion tissue on the sides of the aorta is shown in white,
but the intermediate ganglia emphasized in black and numbered.

4TH LUMBAR NERVE ROOT
This nerve root also had a superficial and a deep ‘grey’ ramus con-
necting with the paravertcbral sympathetic chain on the body of .the
4th lumbar vertebra. There was a small elongated intermediate
ganglion about half-way along the deeper ramus which sent back 2
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Table 1(b)

Maximum
number Approximale
Ganglion of cells in size of ganglion
number Position section (microns)

2xp Lumnar Nerve Root (Lrrr)

5  Base of ‘grey’ ramus—decper 200 1500 X 1000 X 1000
part
6  Beneath ‘grey’ ramus, sends con- 20  6oo X 200 X 200
- nections to oblique descending
ramus

3rp Lusmnar Nerve Root (LEFT)

1 Base of ‘grey’ ramus, deep part. 120 2000 X Goo X 1500
Connects with ramus along
lumbar artery

2 Base of ‘grey’ ramus superficial 20 150 X 700 X 200
part near anterior primary divi-
sion

3 Beneath ‘grey’ ramus, sends con-
nections to oblique descending

6 200 X 200 X 300

ramus

4 Farther out along superficial 20 300 X 300 X 500
‘grey’ ramus

—  Small process of cells extending 6 200 X 200 X 200

from paravertebral chain into
inferior ‘grey’ ramus

4711 Lumpar NErVE Roor (LEFT)
—  Far out along ‘grey’ ramus con- 20 400 X 500 X 1200
necting with loop to L.5 nerve
root

5TH Lumsar NERVE Root (Lert)

—  Farout along deeper ‘grey’ ramus 135 8500 X 500 X 6oo
close to paravertebral chain

ports of dissections in the human foetus by Mitchell (1935) and his
conclusions in regard to the extent of sympathectomy required to de-
nervate the viscera (Mitchell, 1947). Since, however, there was evidence
of early attempts at regeneration across the site of the resected para-
vertebral chain at the level of the 2nd lumbar vertebra, it would seem
that special attention should be paid to the resection of the lower end
of the chain rather than to attempt to extend the resecti
this respect it is of interest to consider the exp
by Papez, Jansen and Dukes (1945). These workers found that two
years after pa.ravertebral sympathectomy ‘pseudo-sympathetic’ trunks
and spla.nchmcs were seen, which produced no response on electrical
stimulation. Subsequent section showed that these false nerve trunks

! on upward. In
erimental work on puppies
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Table V(a)

Position

Masximum
number Approximate
of cells in size of ganglion

section (microns)

11t Troracic NErvE Roor (LEFT)
No intermediate ganglia found

1211t Troracie NERVE RooT (LEFT)

Small ganglion far out along
‘grey’ ramus close to para-
vertebral chain

20 300 X 300 X 200

151 LumBAr Nerve Roor (LEFT)

Between ‘grey’ and ‘white’ rami
medial tointervertebral foramen

Base of ‘grey’ ramus—sends
ramus along lumbar artery

Base of *white’ ramus—deeper

Base of ‘white’ ramus close to an-
terior primary division

Base of superficial part of ‘white’
ramus and close to root of genito-
femoral nerve

12 400 X 200 X 200
6o 600 X 500 X 300

70 600X 400 X 1200
10 200 X 150 X 150

300 600 X 400 X 400

28D LumBar Nerve Root (LEFT)

Base of ‘grey’ ramus—deeper
part. Sends ramus along lumbar
arte

Deep between ‘grey” and ‘white’
rami

On anterior primary division
near ‘grey’ ramus

Base of ‘white’ ramus—more
superficial part nearer anterior
primary division, sends connec-
tions to loop with L.3 nerve
root

150 2000 X 1000 X 1200

75 1000 X 400 X 300
6 100 X 600 X 200

6 100 X 100 X 100

cases. It seems, therefore, that the constitution of ‘grey’ and ‘white’
rami should be reconsidered in relation to the knowledge that inter-
mediate ganglia can exist in relation to both of them, It is for this rea-
son that the terms ‘grey’ and ‘white’—where used here—are put in
parenthesis. Autonomic impulses in preganglionic or postganglionic
neurones can probably proceed in a distal (i.e, medial) direction in both
of them.

The reconstruction shows that normally the upper three lumbar
nerves can supply preganglionic fibres to the viscera via the para-
vertebral sympathetic chain. This work therefore confirms earlier re-



F1c. 49. Nerve roots T.11 to L.5 (left side} with rami communicantes
and sympathetic ganglia on sides of aorta, from which arise an
aberrant renal artery and the inferior mesenteric artery. To show
position and connections of lumbar intermediate ganglia. Fine
nerves accompanying lumbar arteries and loops between nerve roots
are shown as a thick continuous line.
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were mainly composed of perineural strands surrounded by con-
nective tissue. Also there appeared to be postganglionic vasomotor
nerves of a moderate amount coming from coeliac and periadrenal
ganglia which were not affccted by the sympathectomies, It scems prob-
able, therefore, that these intact pathways were from the intermediate
lumbar ganglia of which Papez and his co-workers were not aware.

Although no accurate count was made of the number of cells in that
part of the 1st lumbar and part of the rzth thoracic paravertebral
ganglion which had been left behind at operation, it was calculated that
approximately 7,000 cells were present in that part of chain in relation
to the ‘grey’ ramus to the tst lumbar nerve root. This may be com-
pared with an almost equal number of cells counted in the intermediate
ganglia in relation to the same nerve root on the opposite side. Webber
(1958) has counted almost 60,000 cells in a complete paravertebral gan-
glion at the level of the 1st lumbar vertebra. Unfortunately he makes
no mention of the number of cells in the intermediate ganglia at this
level, though he counted 10,000 cells in such a ganglion related to the
grd lumbar nerve, It is evident, thercfore, that the cells of the inter-
mediate ganglia exert a very considerable measure of autonomic activity
at these levels.

§2. CORRELATION BETWEEN SWEATING PATTERN
OF THE ‘ESCAPE’ AREAAND ANATOMICAL
FINDINGS

OBSERVATIONS IN THE HUMAN EMBRYO AND FOETUS
It will be remembered that in the diagram of the sweating pattern of
this Case s.s. (Fig. 34), the upper border of the ‘escape’ area was
asymmetrical, and reached into the L.1 dermatome on the right, but
on the left it extended higher into the T.12 dermatome. The post-
mortem findings indicate that sweating on the right side in the L.
dermatome must have been produced by nerve fibres from the inter-
mediate ganglia associated with the 1st lumbar nerve root—for that is
the highest level at which they were found on this side. On the left side,
the T.12 dermatome was probably supplied from the small intermediate
ganglion on the horizontal ‘grey’ ramus from the 12th thoracic nerve
or from the small portion of the paravertebral chain which had been
left behind at the level of the 12th thoracic and 15t lumbar vertebrae.
The correlation between the sweating pattern and the occurrence of
intermediate ganglia can therefore be established in this case, and it
appears that the overlap of nerve supply extends upwards one segment.
Similarly, the lower level of the sympathetic outflow in this case was
probably in the 2nd lumbar nerve root and the rami were symmetrical
on either side. The intermediate ganglia in association with this nerve
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root therefore sent sudomotor fibres as far as the lower level of the L.2
dermatome—ior it will be remembered that although symmetrical
sweating did not appear to extend as far down the inside of the legs as
was usual in most other cases. This can be explained by the occurrence
of a pre-fixed lumbar plexus in this case and presumably in the other
eight sides which show this type of pattern.

The intermediate ganglia in association with the grd and 4th lumbar
nerve roots on each side in this case must have been supplied by pre-
ganglionic fibres which had passed down the paravertebral chain and
had been resected at the level of the 3rd lumbar vertebra or above.
These intermediate ganglia are therefore in a similar position to those
paravertebral sympathetic ganglia at the level of the 4th lumbar verte-
bra and those below it (Fig. 32). Indeed, the normal appearance of the
cells in these two sets of ganglia suggests that this is so and that their
postganglionic fibres are intact.

OCCURRENCE IN THE EMBRYO AND FOETUS

An excellent review of our knowledge of the earlier development of
the autonomic nervous system was made by Yntema and Hammond
(1947), but the intermediate ganglia were not described although
Wrete had made the first report on their presence in the human foetus
in 1934 (2 and b).

Boyd has reported (1950 and 1957) that in a 100-mm. ¢.r. human
foetus in his collection nineteen intermediate ganglia were present in
the lumbar region on one side (Fig. 31). They were present in much the
same positions as in the adult material described earlier, and were
particularly frequent around the base of the anterior primary division
fairly close to the posterior root ganglion, from which, however, they
may be easily distinguished, particularly in silver-impregnated material,
by the later development of the cells in the intermediate ganglia and by
their tendency to form ‘rosettes’ with the nuclei around the edge (in this
respect they are similar to the ‘pseudo-rosettes’ seen in neuroblastoma
tumours).

Two small intermediate ganglia may be seen on either side of the
base of the anterior primary division on the left side in a low-power view
of a Go-mm. c.r. human foetus (Fig. 50). In this section the spinal
cord may be seen below, and above this is the body of the lumbar
vertebra, and in the mid-line in front of this is the aorta, On either side
of the body of the vertebra are the psoas muscles and the kidneys. At
the anterior edge of the psoas muscles on either side are the paraverte-
bral sympathetic ganglia and their rami. The rami communicantes
between the nerve roots and the sympathetic chain are not seen in this

others they may be seen to pass through the psoas muscle



Fie. 50 Transverse section of a 6o-mm. ¢.r. human foetus show-
ing sites of two lumbar intermediate ganglia. H and E X 16.
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pear much less frequently in Wrete’s subjects, since they arc s:ho’wn as
having six, fourteen, two and ten respectively. Thf)sc marked ‘m " were
macroscopically visible, Wrete himself wondered if thc'largc variation
in number had any significance~two to fourteen ganglia; but he com~

Fic. 52. Reconstruction of sym-
pathetic intermediate ganglia and
rami communicantes in human
foctus (redrawn). Wrete, M. (1943)-
2. mikr.anat. Forsch.

a.p.d. anterior primary division

<p. cellular  process  from
sympathetic chain

gr.e.  grey ramus communi-
cans

Gtr. Sp. greater splanchnic nerve

ig. intermediate ganglia

1y 15t lumbar nerve root

Lsr, Sp. lesser splanchnic nerve

ppd.  posterior primary
division

prg.  posterior root ganglion

ps.g  paravertebral sympath-
etic ganglia

w.rc.  white ramus communi-
cans,

pares it with the variation shown in the number
in his embryos, which he found to b
suggests the difference in numbers

ofintermediate ganglia
e between three and seventeen, and
Sts the may be purely acci

great individual variation., v e puey dental duc to the

In the same paper, however,

Wrete shows a profile reconstruction of
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around the sides of the body of the vertebrae to reach the sympathetic
chain, The ‘grey’ ramus often accompanics the lumbar artery.

Of particular interest is the occurrence of intermediate ganglia in
relation to the posterior primary division. These are found more rarely,
but two were seen in a silver-impregnated foctus of 68-mm. c.r.

Although detailed counts of the lumbar intermediate ganglia have
not yet been made on all the embryos and foctuses in Professor Boyd's
collection, they have constantly been found in relation to the upper two

Fi1c. 51. Four adult subjects showing position of ic i diate ganglia and
. oo

f syrpath
to ramu ). Wrete, M. (1943). & mikr.-anat. Forsch.
L, first lumbar nerve root in each case

m intermediate ganglia which are macroscopically visible

o superficial ramus communicans.

lumbar nerves, frequently in relation to the other lumbar nerves, and
occasionally on the lower thoracic and Ist sacral nerves. On one side in
a 100-mm. foetus, nineteen lumbar intermediate ganglia were present
(Fig. 31), which compares well with eighteen and twenty ganglia found
on either side of the adult subject described here.

The only other detailed published descriptions of lumbar inter-
mediate sympathetic ganglia in the adult are on single sides—two left
and two right in four subjects dissected by Wrete (1943). The positions
of the ganglia are shown (Fig. 51) in the figures taken from this paper,
and should be compared with those on each side of the subject described
here (Figs. 45 and 49). 1t will be noticed that intermediate ganglia ap-
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pear much less frequently in Wretc’s subjects, since they arc shown as
having six, fourteen, two and ten respectively. Th'osc marked ‘m’. were
macroscopically visible. Wrete himself wondered if thc'largc variation
in number had any significance—two to fourteen ganglia; but he com-

Fio. 52. Reconstruction of sym-
pathetic intermediate ganglia and
rami communicantes in human
foetus (redrawn). Wrete, M. (1943).
R. mikr.-anat. Forsch.

apd.  anterior primary division

c.p. cellular process from
sympathetic chain

gr.c. grey ramus communi-
cans

Gtr, Sp. greater splanchnic nerve

ig. intermediate ganglia

L, 15t lumbar nerve root

Ler. Sp. lesser splanchnic nerve

p.pd.  posterior primary
division

pr.g.  posterior root ganglion

P3.g.  paraveriebral sympath-
etic ganglia

wrc.  white ramus communi-
cans.
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however, Wrete shows a profile reconstruction of
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one side of a silver-impregnated human foctus of 81 mm., in which four-
teen ganglia were present (Fig. 52). Also it may be seen from the table
of his findings in twelve other human embryos and foetuses bctwecn. 10
and 77 mm. (Fig. 53) that intermediate ganglia in the lumbar region
of the two foetuses larger than 60 mm. are present on each side in six-
teen, twelve, seventeen and twelve instances respectively.

It seems possible, therefore, that in Wrete's obscrvations on adult
subjects he may have missed finding the smaller ganglia because of their
variable position. His method was to remove the lower thoracic and
lumbar spine with the adjacent body wall and place it in 10 per cent.
formalin. Then he dissected out the rami, ganglia and spinal nerves
with the aid of a lens. This is certainly not so sure a method as had been
adopted on the left side of the subject described here. In this respect it
is interesting to recall Fagarasanu’s report (1938) that he found inter-
mediate ganglia in the lumbar region in no more than 5o per cent. of
the cases he examined—not even in every case!

In reviewing the findings, therefore, the presence of eighteen and
twenty intermediate ganglia on cach side of the specimen described
here does not indicate that they were abnormally frequent; indeed, the
author believes that similar observations on adult material will be made
in the future. The technique described here will produce the most ac-
curate results, but it is very laborious and has entailed the preparation
of over 6,000 sections and therefore can hardly be recommended as a
routine method.

It is suggested instead that the examination of a number of human
foetuses larger than 60 mm. will be a more convenient method of
assessing.thc occurrence of intermediate sympathetic ganglia. Trans-
verse serial sections will enable individual variations to be compared
m.nch more easily than the same number of dissections in adults and
will also, in younger embryos, give information on their development.



Chapter 10
SWEATING IN THE PERINEUM

In the account of the observations on cascs of Jumbar and thoraco-
lumbar sympathectomies examined in the carlier chapters, it was noted
that sweating in the perineal area was constantly retained. Immediately
after operation it appeared to be present deep in the natal cleft, and in
the folds of the buttocks extending forwards on ecither sides of the scro-
tum or labia majora to the front of the perineum, and slightly forwards
in the folds of the groin. A year or so after operation, however, this area
of thermoregulatory sweating appeared to have extended slightly from
the natal cleft an inch or two on the inner sides of the buttocks and
rather more extensively in the folds of the buttocks, It also included the
upper inch or two of the inner thigh, where it then became continuous
with the sweating from the cscape area on the front of the thigh in the
L.t and L.2 dermatomes. Although this area of sweatingin the perineum
was often continuous with the sweating in the escape area over the back
of the sacrum, this was not always found, even at long intervals after
operation. In these cases it was separated from the sweating in the
escape area by a band of anhidrosis two inches or so wide.

This sweating in the perincum had been noted by other observers,
but no acceptable explanation appears to have been made. In a dis-
cussion (Netsky and Walker with Richter, 19475), it has been suggested
that this low electrical resistance may be due to ‘contact sweating’, but
Ray and Console (1948) show that this cannot be the whole reason since
it persists when the skin of the scrotum is exposed to dry air. Also, the
skin resistance can be raised on the sides of the scrotum, which are sup-
plied by the ilio-inguinal nerves, by section of the T.12, L.1 and L.2,
nerve roots thus dividing the preganglionic fibres to the relevant lumbar
intermediate sympathetic ganglia. Ray and Console report that they
were unable to reduce the skin resistance in this region by any other
method—such as spinal anaesthesia to various levels, or by resection of
all the sacral paravertebral sympathetic ganglia on one side. The
author has made observations on cases of spinal anaesthesia (e.g. Case
¢.a.) and cases of paraplegia, in which all thermoregulatory sweating
has been absent below the level of the lesions. In neither group of cases
was the pattern much altered, The escape area disappeared, and the
perineal sweating area became smaller in front and was confined to the
borders of the fold of the groin. These observations may not give abso-
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lute evidence, however, because local anaesthetic block and spinal
anaesthetic block do not produce such a high level of resistance in the
skin as is found in sympathetically dencrvated arcas some time after
the relevant nerve section. Probably this alteration in pattern is due to
the fact that the skin still contains sufficient sweat in the sweat glands,
though the pores of the latter are closed. Possibly, therefore, if this
perincal skin were denervated for some days, it might then be found to
have a high resistance indicating the removal of sudomotor fibres.
Similarly, although after paraplegia the rest of the skin is dry and scaly,
these patients arc invariably incontinent and, thercfore, again the skin
here is kept moist, It is possible that cauda equina lesions may yield
more information if cases can be found which have a watertight supra-
pubic drainage.

The whole aspect of sweating in the perincum must be considered in
greater detail.

Cases of anterior rhizotomy of the lumbar and upper sacral nerve
roots (Fig. 23) might have been expected to provide information on
perineal sweating, but in these cases the nerve roots sectioned did not
include the pelvic parasympathetic outflow (nervi erigentes). In all
three cases studied by the author, however, the lower margin of sweat-
ing included the whole of the perineum. No case has been available on
which, after preganglionic section of lumbosacral nerve roots, an area of
s‘\feating could be demonstrated that was localized to the perineum.
Richter (1927) and more recently ‘Wagner (1952) have confirmed the
belief that electrical skin resistance is related to sweat gland activity
l':?ther than to the peripheral circulation. Wagner found that in indi-
viduals congenitally devoid of sweat glands, the electrical resistance
corresponded to that of sympathectomized areas: relatively low skin
Tesistance was present in the central part of the face and in the axilla.
Unfortunately, he gives no information on the perineum and the
author has had no opportunity of studying such a case.
ar,e] :shr;sfo;l ;ﬁéx (1952; and 5) have recently reported the finding of large
A osis after anterolateral chordotomy pcrl'orm.ed in the

-2 segment of the cord. In these cases there was some dissociation
of sweating and vasomotor patterns, but they found that in all cases in
Zx}:&d{:ft}ll;:;c was loss of sweating the area of the central mask of the face,

0 perineum, always escaped. There was, of course, no escape
:“? in the upper lumbar dermatomes, This interference with vasomotor
cgords;i:;o:‘r“ Evztshways followed unilateral as well as bilateral
in the antcrzalateml never contralater.aI. The lesions in the cord were
quadrants and, as is usual, extended to a depth of

5-7 mm. There was no a inj) :
pparent injury to th tra
complete absence of pain wl;s Pmdugeg e pyramidal tracts, but
The patterns of an

hidrosis were never permanent but showed re-
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covery with time, The observation of these workers, that the central
mask of the face and the perineum were not involved in the anhidrosis,
confirms the hypothesis that these arcas are supplied with sudomotor
fibres which originate other than in the preganglionic cell nuclei of the
thoraco-lumbar outflow from the cord. There is, however, no indication
as to where these cells may lic.

In order to consider more exactly the occurrence of this sweating in
the perineum, it will be an advantage to examine other reports on the
segmental dermatome value of this area. Unfortunately Foerster made
no observations on the dermatomes below that of the second sacral. If
the dermatome chart (Fig. 2) is re-examined, it will be noticed that on
the back of the figure the upper medial edge of the S.z dermatome is
shown to extend from the upper two inches of the inner thigh towards
the natal fold, and then up an inch or so from the mid-line of the natal
cleft until it joins the L.3 dermatome on the upper buttock. As, accord-
ing to Foerster, most of the dermatomes on the limb appear to overlap
by at least one dermatome, it is suggested that this medial edge of the
S.2 dermatome on the buttock may correspond closely to that of the
outer edge of the S.4 dermatome. It will be evident that this edge fol-
lows very closely the area of sweating in the perineum—as has been
found experimentally in the cases described here.

The dermatome chart of Head (Fig. 3) indicates a rather extensive
S.3 dermatome and a small area for S.4 dermatome which is semi-
circular in shape on each side, and centred about the anus.

If Head's paper (1893) is examined more carefully, however, it will
be seen that his information on the S.3 and S.4 dermatomes is based on
very limited evidence. He had made only one personal observation and
this was on a case upon which he had tested for pain in the skin follow-
ing on a visceral injury. *. . . this pain represents the gluteo-perineal
(3rd sacral) area . . . caused by the unfortunate removal of a piece of
mucous membrane of the bladder during the crushing of a phosphatic
calculus. . . . The shaded area represents the third and fourth sacral
area.” His accompanying illustration (Head, figure 33) is shown in Fig-
54. Head notes that there is a small patch of skin at the base of the
scrotum which is unaffected and that this patch is supplied from the 12th
thoracic nerve. This observation fits in exactly with that of Ray and
Console (1948).

Head’s only other information on the extent of these dermatomes was -
obtained from von Barensprung, who illustrated a case “where the erup-
tion [of herpes] almost exactly coincided with the two uppersacral areas

...as...in Fig. 33° (presumably Head means S.3 and S.4). The
distribution of the herpes in this case is shown in Fig. 55. It is evident
that neither of these cases is able to provide exact information on the
extent of either S.3 or S.4 dermatomes.



Stweating in the Perincum 149

No other observation secms to have been recorded on man. Sherring-
ton {1893) provides very relevant observations which he made on the
macaque monkey. Al told, he examined the residual sensibility of nerve
roots in this area in six cases which included both sexes. Although the
matague has the same number of cervical and thoracic vertebrae as

Fic. 54. To show the cutancous tenderness in 2 bladder case, The shaded areas
rcfpn:em the 3rd and 4th sacral. Note that there is a small patch of skin at the base
of the scrotum which is unaffected. This is supplied from the 12th dorsal. Head, H.

{1893). Brain.

Fio. 55, PRI
16. 55. To show the d.;s.mbuuon in a casc of herpetic eruption. (Copied from von
arensprung.) Head, H. (1893). Brain,

:I:i ;T:l,b let h(:;s t;levu:n lumbar vertebrae and only three sacral. Sherring-
oo l;cv € nerve roots in relation to the lowest rib: the gth post-
In conid :ﬁ (] r:)}::t therefore corresponds to the 4th sacral (S.4) in man.
considered txllxgat 1; e of lh.c spinal reflexes (knee jerk) Sherrington
root In man, and e L.2 root in the monkey corresponded to the L.1
i man but’l that the L.5 in the monkey corresponded to the L.

s ater he stated that he believed that the oth post-thorac;'c
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covery with time. The observation of these workers, that the central
mask of the face and the perincum were not involved in the anhidrosts,
confirms the hypothesis that these arcas are supplied with sudomotor
fibres which originate other than in the preganglionic celt nuclei of the
thoraco-lumbar outflow from the cord. There is, however, no indication
as to where these cclls may lie.

In order to consider more exactly the occurrence of this sweating in
the perineum, it will be an advantage to examine other reports on the
segmental dermatome value of this area. Unfortunately Focrster made
no observations on the dermatomes below that of the second sacral. If
the dermatome chart (Fig. 2) is re-examined, it will be noticed that on
the back of the figure the upper medial edge of the S.2 dermatome is
shown to cxtend from the upper two inches of the inner thigh towards
the natal fold, and then up an inch or so from the mid-line of the natal
cleft until it joins the L.3 dermatome on the upper buttack, As, accord-
ing to Foerster, most of the dermatomes on the limb appear to overlap
by at least one dermatome, it is suggested that this medial edge of the
S.2 dermatome on the buttock may correspond closely to that of the
outer edge of the S.4 dermatome. It will be evident that this edge fol-
lows very closely the area of sweating in the perineum—as has been
found experimentally in the cases described here.

The dermatome chart of Head (Fig. 3) indicates a rather extensive
§.3 dermatome and a small arca for S.4 dermatome which is semi-
circular in shape on each side, and centred about the anus.

If Head’s paper (1893) is examined more carefully, however, it will
be scen that his information on the S.3 and S.4 dermatomes is based on
very limited evidence. He had made only one personat observation and
this was on a case upon which he had tested for pain in the skin follow-
ing on a visceral injury. * . . this pain represents the gluteo-perineal
{grd sacral) area . . . caused by the unfortunate removal of a piece of
mucous membrane of the bladder during the crushing of a phosphatic
calculus. . , . The shaded area represents the third and fourth sacral
area.” His accompanying illustration (Head, figure 33) is shown in Fig.
54. Head notes that there is a small patch of skin at the base of the
scrotum which is unaffected and that this patch is supplied from the s2th
thoracic nerve. This observation fits in exactly with that of Ray and
Console (1948).

Head’s only other information on the extent of these dermatomes was
obtained from von Barensprung, who illustrated a case “where the erup-
tion [of herpes] almost exactly coincided with the two upper sacral areas

.. as...in Fig. 33° (presumably Head means S.3 and S.4). The
distribution of the herpes in this case is shown in Fig. 55. It is evident
that neither of these cases is able to provide exact information on the

extent of either S.3 or 5.4 dermatomes,
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The close correspondence between these patterns obscrved in the
macaque and the information which is known to be relevant in man
would scem to suggest that the arca in which sweating is retained in the
perincum almost exactly corresponds to that of the S.4 dermatome, and
possibly S.5 is included.

It should be remembered that the pelvic outflow of the para-
sympathetic system is from the S.2, 8.3 and possibly S.4 roots, These
contain many finc myclinated fibres of a diameter comparable to some
found in the 3rd, 7th, gth and 10th cranial nerves. A possible suggestion,
thercfore, could be that there was an alternative sudomotor pathway to
the perineal skin via this pelvic parasympathetic outflow (nervi

/
b

F16. 58. Female macaque. To show extent of gth post-costal dermatome. Sherrington,
C. S. (1893). Phil. Trans. B.

::sgs‘;;\s‘es}-‘ }'lrhls s distributed to the pelvie contents and to the blood
b r0 : e :;recnle tissue. This outflow is always present in the 8.3
pcndinooona:‘h may Pe found also in_ S.2 or 8.4 or both—probably de-
. ﬁie n c;rclauve level of‘ fixation of the sacral plexus. If some of
should o eZ: matez-i autonomic nerves were sudomotor in function we
o XBOCE sweating also in the 5.3 dermatome, but itis evident that

- . L ll.-'-".‘-....-

- of the anterior nerve roots.
mglr'tfg:;n:tnc;y,s Zcry little information is available on this subject in
myelinated flre echan (1946) have counted the numbers of small
e s and found that the upper and lower edges of the
mbar outflow were blurred and that all the cervical anterior

el Laubie spectra
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of the monkey (S.2) had relatively the same segmental value as the gth
post-thoracic (S.4) in man, The patterns which Sherrington delimited
for the gth post-thoracic dermatome are shown in Figs. 56, 57 and 58.

it
o,

midline tine

Frc. 56. Male macaque. To show extent of gth post-costal dermatome. Sherrington,

C. S. (1803). Phil. Trans, B.

It will be apparent that the distribution of this dermatome almost
exactly corresponds to the arca in man where sweating occurs in the
perineum after lumbar sympathectomy, In the male, the area indicated

Fro. 57. Male macaque.
9th post-costal dermatome,
a3 above. Shernngton, C. S.
(1893). Phil. Trons. B,

by Sherrington extends up towards the sacral
spines, then rather more laterally towards the
greater trochanter than is found in man, and
then forwards again between the folds of the
buttock and in the perinenm, but does not
include the sides of the scrotum nor, appar-
ently, the dorsum of the penis. Sherrington
observes that the innervation of the side of
the scrotum was from the 1st lumbar nerve
which corresponds closely to Ray and Con-
sole’s indication that sudomotor fibres to the
sides of the scrotum were supplied by the ilio-
inguinal nerve in man. After lumbar sym-
pathectomy in man, of course, this area on

the sides of the scrotum and also possibly on the dorsum of the penis is
supplied by the intermediate ganglia of the npper lumbar nerve roots.
Sherrington’s pattern for the supply in the female macaque is similar
to that of the male, and again extends rather more laterally towards
the greater trochanter than it does in the human,
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nerve roots contained at least a few such fibres, never exceeding 100 in
those above the 4th cervical. Similar fibres werc also present in the
lower lumbar and upper sacral nerve roots. Unfortunately, these
workers only counted the number of fibres in a few sclected nerve roots,
and the information they gave is therefore too incomplete to be of any
real service in the present argument.
The only information on the sizes and percentages of the fibres in the
anterior nerve roots in man is given by Swensson (1938) in otherwise
unpublished data which is quoted by Rexed (1944). Table VI was
prepared from Dr Swensson's original notes. These fibres were measured
on one side only in an adult aged thirty years. The peaks of the greatest
frequency of a particular diameter of nerve fibre are shown in heavy
type. It will be seen that the thoraco-lumbar outflow in this case ex-
tended from T.1~L.1 inclusive, and that below this level only a few fine
myelinated fibres were present. Indeed, the S.2 and §.3 contained only
a very small proportion of such fibres. The S.4 anterior nerve root,
however, suddenly showed a large number of fine fibres—21-7 per cent.
were 2u-311, and 172 per cent. were gu~4g in diameter. This informa-
tion is confirmed by data from a new-born child which Rexed himself
had measured (Tables VIT and VIII), Again we see a sudden efflux of
fine myelinated fibres at the S.4 level—38-5 per cent. were 1u—2p and
34'2 per cent. were 2u-3u in diameter. In other cases which Rexed
included in his paper, but not examined in full here, he found an out-
flow of fine fibres at S.4 most commonly, although it may also appear
at §.3. Unfortunately, the relative diameters of the fibres cannot be
compared, as his subjects are all of different ages, and mostly very
young. The relative levels are still indicative of the levels of outflow of
ﬁnf: myelinated fibres. Although Rexed does not appear to consider the
point, it would scem that the so-called pelvic splanchnics (nervi eri-
gentes) are really not such fine fibres as had been thought. The original
o.bservations on this point were made by Gaskell in 1886. His observa-
tions, however, were made only upon two collie dogs, and there seems
to have been little confirmatory work on this aspect made since. In any
event there is an outflow of fine myelinated fibres of a similar diameter
to the thoraco-lumbar outflow which leaves the sacral cord via the S.4
root. This is the same dermatome that shows residual sweating in the
penneum after thoraco-lumbar sympathectomy. The author therefore
suggests that although some of these fibres may be distributed to the
ihi&;ac'd vessels of the u.xinogenita.l apparatus, some are preganglionic
Tes to sweat glands in the perineum. The site of the postganglionic
cells must n?main. a subject for speculation. The connections of the nerve
flbr:s in lh_xs region are most complicated, and ganglion cells abound
n ‘hlc PCIVI_C plexus. It will be most difficult to follow the route of such
an alternative pathway by anatomical methods, but perhaps this can be
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These two experiménts would appear to confirm the cxistence of

vasoconstrictor nerves to the limb vessels in the pelvic outflow of the
cord.

Haggquist (1937), in an analysis of the fibre spectrum of anterior

toots in the macaque, showed that in the sacral region there is a peak

Table VIII.
Segment | t-2u | 2-3 | 340 | 4-50 | 5-6m | 6-7u | 7-8n | Bk
C1 155 | 299 | 144 [ 236 | 102 | 6o} o4
Ca 268 | gx-0 | 187 | 187 | 39 07| 04
G3 143 | 345 | 2279 | 221 39 19 | 04
Ca g5 | 101 | 244 ( 2600 { 132 { 69 { 10
G 67 | 193 | 235 [ 288 | 144 | 67| 04 | 04
Cb 54 | 161 | 205 | 333 | 161 83} 03
Cy 44 | 138 | 289 | 357 | 118 | 37| 07
c8 69 | 194 | 215 | 397 | 115 | 56} 03
Th 1 75 | 210 | 249 | 331 | 105 | 49
Th 2 133 | 242 | 272 | 258 | 95 o2
Th g 68 | 160 | 3000 | 287 | 139 | 42| o4
Thy 33 | 159 | 336 | 297 | 100 | 45
Th g 2:8 | 173 | 391 | 30°3 92 | 04
Tho 27 | 180 | 360 | 3206 | 103 o4
Thy 18 | 154 | 331 | 346 | 118 2:g | 04
Th8 59 | 174 | 374 | 291 85 18
Thog 36 | 165 | 246 | 308 | 171 7 o3
Th 10 62 | 118 | 196 | 336 | 199 75 | 03
Th 11 64| 89l 22:4 | 326 | 207 86 | o7
Th 12 79 | 126 | 273 | 831 { 147 | 41 | o4
L1 77| 132 | 16°1 | 173 | 211 | 153 | 67 KR
Lz 44 | 154 | 151 | 254 | 21-3 { 138 | 34 | 13
Lg 65 | 110 | 178 | 30’1 | 204 | 1107 | 119 | 06
Lg 38 1 140} 171 [ 236 | 182 | 164 | g5 14
Ié5 68 | 102 | 184 | 247 | 2200 | 137 | 29 13
5 1 6| 171 | 1900 | 246 } 1904 | 144 | 20
5 2 169 | 290 | 199 | 182 | 111 36| 1o | o3
33 43 | 184 | 300 | 290 | 145 | 34 | 05
4 385 | 342 | 161 80 20 13
85 246 | 368 | 26'4 | 100 14 o5 o5

Table showing the calibre spectra of the ventral spinal nerve roots in the new-born.
(From Rexed, B. (1944). Acta psychiat. (Kbh.))

outflow of small myelinated fibres at S.1 le i
. ; .1 level (corresponding to S.
in man) and, below this, a further outflow with peak };t Go.lg (correg-

Z};t;r:lllrntgh to \;_/hat ;:'ould be the coccygeal nerve root in man). It would
erefore that, in man, this second outflo
upwards toward that of tt  ~ B v has been condensed

of the caudal vertebrae,
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achieved by cxperimental methods. Indeed, such experiments already
have furnished the indications that such an outflow exists.

‘When anterior nerve roots in the lumbo-sacral arca have been sec-
tioned at operation, the author has taken the opportunity of observing
the effects of clectrical stimulation of the nerve roots exposed intra-
durally. Plethysmograph cups have been fixed to the patient’s great
toes, and a catheter, with manometer attached, inserted into the
bladder. On the last two cases which have been examined in this way,
vasoconstriction has been observed on stimulating the T.12 and L

Table VI,

Neree 1-2pt | 2-3p | 3-4# | g~5n | 5-6p | 6-~y1 | 7-Bs | B-gu
N.IIT . b8 146 | 155 ) 243 | 246 | B9 | o3
NIV . .| 651 186 | 255 | 368 | 102} 19 | 0b
NV . . 22 | 130 | 199 | 396 { 221 | 44 | o6

(motor root)
s . . 1399 399} 17t 28| o3
(s{z,:?sory root) 6 .
- . -1 54 99} 134 [ 445 | 21 45 | o
N.vIl. . 70 | 271 | 3228 | 281 42 | 07
N. VIlI 1338 460} 146} 56
{cochlear
nerve)
N. v .} 13a | 365 | 254 | 159 ] 64 ] 22 | o6
{vestibular
nerve)
N.IX . .1 450 | 3904 | 1229 | 28
N.X . .} 89 376|263 ) 202 60 o9
N.XI . .| 66210 144 | 324 | 230} 2:6
N. XII . Sy 4r)erylget syl b5 o3

Table showing the calibre specira of the cranial nerves in the new-bom.
{From Rexed, B. (1944). dueta pychint. {Kbh.))

anterior nerve roots, Ordinary motor activity was produced on stimu-
lating all the lumbar and upper two or three sacral anterior roots.
Stimulation of the S.2 anterior root produced contraction of the
bladder, and this was usually more marked on stimulating S.3. In one
case the level of this parasympathetic outflow was asymmetrical and no
bladder contraction was produced at §,2. On every occasion that con-
traction was produced in the bladder, vasoconstriction was also evident
in the toe. This was shown by a transient decrease in volume of the toe
and decrease in the pulse wave lasting a few seconds, The 5.4 root was
not accessible. Some support for these stimulation experiments has been
provided by Scheibert (1955), but he does not specify the sacral levels
stimulated.



Chapter 11

§1. SWEATING IN THE CENTRAL MASK OF THE
FACE

It will be seen from the sweating patterns illustrated in Figs. 17-21,
that in all 10 cases (18 sides) examined shortly after cervico-dorsal
sympathectomy, sweating was present in the central mask of the face.
In 15 of these sides, Horner's syndrome or partial Horner's syndrome
was also present, but it was absent in the 3 sides on which the stellate
ganglion had not been resected. Although sweating in the central area of
the face was present in all cases, sweating over the larynx was certainly
present as a localized area only on 10 relevant sides and absent on 4
sides, and sweating in and around and behind the external auditory
meatus was certainly present on 7 sides and absent on g.

It would appear that there is an alternative sudomotor pathway in-
variably present to the central mask of the face, and occasionally pre-
sent to the skin over the larynx and around the external auditory meati.

That this area of low electrical resistance is really due to sweating may
be seen from the illustrations Fig, 62 (a-4) and from reports of other
observers which have been illustrated by photographs in their texts,
These will be discussed in detail later.

Richter (19474) in a paper describing the patterns of a low electrical
skin resistance in cases of cervico-dorsal ganglionectomy, has illustrated
patterns very similar to those shown in Figs. 17—21. On page 224 of his
paper he stated that in most individuals after upper thoracic sympa-
thectomies, he found that the central portions of the face had 2 lower
skin resistance. He illustrated patterns obtained after ‘Smithwick’ types
of ‘pr;ganglionic’ sections of T.2 and T.3 ganglia. These patterns are
very similar to those shown here, except that they do not extend so high
onto the i.‘ore.head. In two other cases which he stated had undergone a

pregal.lghomc’ section of T.2 and T.3 ganglia he showed a pattern
extending 10 include the whole forehead, and another which extends
down over ‘thc chin to include the skin over the larynx. A fourth
pattern, which included the area around the nose and mouth only, he
stale'd he observed after a case of stellate ganglionectomy. ’
arf:sc::; \cvo::sii:a:id t}xat theselr_egic')rfs:i correspm?ded closely to tpose
with Woodraft (rg ce in normal indivi uals-—-\_/vhxch he had descnt.Jed
42). These arcas decreased in the cold and during

sleq’) .At: i:armw band around the mouth, and expanded during heat
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There is no reason to suppose that an outflow of ‘sympathetic’
(sudemotor) nerves may not have been concealed in the pelvic ‘para-
sympathetic® outflow. This hypothesis is attractive but may be difficult
to prove. It is further strengthcned by consideration of the possible
alternative pathway to the sweating arca of the central mask of the face.
‘This will be considered in the next chapter,

It might be argued that if such a sympathetic sudomotor outflow
exists at the 8.4 nerve root, then, after paravertebral lumbar or thoraco-
lumbar sympathectomy, would not these preganglionic fibres establish
functional connection with the ganglion cells in the sacral area which
had been deprived of their preganglionic connections by the sympathec-
tomy? There is no immediate explanation for this absence of sweating
in the upper sacral dermatomes, but it does not appear to occur.

Over the course of time the area of sweating in the perineum extends
only very slightly towards the buttocks. Possibly the preganglionic
fibres leaving in the 5.4 root have such a limited distribution to post-
ganglionic cells in this region that they are not able to establish fanc-
tional connections with those cells in the paravertebral sympathetic
chain in the upper sacral region, which would have supplied the 5.3
and S.2 dermatomes. This hypothesis merits further investigation and,
now that the possibility is recognized, further experimental work may be
planned with a view to establishing its validity.

GLNERAL CONGLUSIONS

After thoraco-lumbar and lumbar sympathectomy sweating activity
is invariably retained in the perincum in the S.4 and S.5 dermatomes.
Although no particular nerve section has provided absolute evidence
that this sweating is effected by nervous pathways, it is believed that
this is the probable manner by which it is produced. Sweating or the
sides of the scrotum can be abolished by section of the ilio-inguinal
nerve.

It is suggested that sudomotor fibres leave the lower sacral cord.
These fibres may be included with those of the sacral outflow of the
parasympathetic nervous system, or of a cholinergic outflow of the
sympathetic which is closely associated with it, and is probably present
in the S.4 anterior nerve roat.
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the smooth muscles of the eye and the upper eyelid are indicated by a
dotted line. .

A similar diagram has been used by Guttmann and List (1928} and
shows their conception of the sympathetic and accessory sudon}otor' path-
ways. Their illustration has been redrawn and is shown here in 'an. 6o.

The postganglionic fibres from the superior cervical ganglion are
indicated as a strong continuous line; the sensory innervation from the
face passing to the cells in the trigeminal ganglion is indicated by a fine
interrupted line; the postulated pathway of accessory fibres from cells
contained in 2 nucleus in the medulla is indicated by a dotted line, Itis
closely associated with the sensory fibres. These two illustrations give a
good indication of the complexity of the nerves to the skin of the face.

1t will be an advantage to examine the illustrations and case reports
of Guttmann and List’s paper in greater detail. Their figures 12 and 13
indicate that lesions of the sympathetic cause general anhidrosis of the
face except around the orbit, side of the nose, and the upper and lower
lips—that is, in the central mask area. In these areas, however, an in-
jection of pilocarpine produces sweating before that on the intact
opposite side. Similarly they illustrate a case (their figure 14) of gustatory
sweating following on a sympathetic lesion in which the origin was not
precise. Although on heating this patient there was relative anhidrosis
of the face on the injured side, except on the upper lip, both swallowing
vinegar and the early effects of a pilocarpine injection caused increased
sweating on the affected side of the face. In another case (their figure 15)
they showed that after facial palsy due to an intrapetrous lesion, but
without any lesion of the cervical sympathetic, there was diminished
sweating over the whole of that side of the face. From a study of these
and other cases they concluded that lesions of the cervical sympathetic
evidently could not prevent all facial sweating, especially in the central
part of the face, and that in a case of gustatory sweating the afferent
arc of the reflex might pass via the VII cranial nerve. They atso showed

that a lesion of the VII nerve caused diminished sweating on the face.
They thercfore thought that there must be two sets of sudomotor fibres
and that the accessory set was most likely to pass with the facial nerve.
Guttma}nn (1931) produced more cases in support of his hypothesis,
and certain of these are relevant here. His figures 15 and 27 confirm that
after peripheral section of the supraorbital nerve, complete anhidrosis
results in tht_: co.rrtzsl?onding arca. His figures 2326 confirm that sweating
on the face is diminished after lesions of the facial nerve. In one of these
‘133555 gustatory sweating became evident as the facial palsy recovered.
:;:eafmthcr case apparently complete thermoregulatory anhidrosis of
ace and neck was produced on one side, after a combined superior,

middle and inferior cervical ganglionectom

Presumably y and carotid neurectomy.

the facial nerve was intact in this case (%is figure 19) and
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and excitement to include the whole of the face and part of the neck.
The author’s conclusions do not entirely agree with those of Richterin
regard to the type of residual sweating to be found after different types
of sympathectomy, and he believes that the variation is probably an
individual one. The patterns, however, mutually confirm each other
and also that the pattern over the skin of the larynx is not found on all
occasions. Richter seems to have made no gbservations in regard to
sweating around the external auditory meatus. The author's conclus-
ions on this subject were given in a communication (Monro, 19505).

In Casc B.E. (Fig. 18) it has been shown that the area of sweating in
the skin over the larynx is under nervous control and could be prevented
by local anaesthetic block. Although various attempts have been made
to find cases which show absolute anhidrosis in the central mask of the
face, no suitable case has yet been available to the author. Various
authorities, however, have given cvidence that section or anaesthetic
block of the supraorbital and infraorbital nerves will produce complete
anhidrosis in the arca of sensory loss. This has been well shown by Gutt-
mann and List (1928). This type of nerve section will, of course, block the
ordinary sudomotor fibres from the cervical sympathetic chain and also
those of any alternative sudomotor pathiay. Cases who have undergone
intra-cerchral section of the nerves V, VII and IX alone, show no
anhidrosis on the face, In none of these cases, however, has a cervico-
dorsal sympathectomy also been performed, and it would appear to be
necessary to perform a combination of sympathectomy and a cranial
nerve section. This conclusion was also that of Guttmann and List, and
from their observations they suggested that there was a double innerva-
tion of facial sweat glands by way of efferents from the facial nerve
which join branches of the trigeminal just within or outside the skull,
1t now appears that this original hypothesis should be re-examined.

Lewis (1938—page 230) reported one case in which gustatory sweat-
ing developed in the centre part of the face after cervico-dorsal sym-
pathectomy of T.2 and T.3 ganglia.

List and Peet (1938d), in their authoritative paper on sweat secretion
from the face and its disturbances, confirm many of the findings of
Guttmann and List. They refrain, however, from postulating any definite
alternative pathway—such as by the facial nerve—although it is evident
from their observations that the occurrence of facial sweating cannot be
entirely explained on the basis of sudomotor fibres from the superior
cervical ganglion. They consider the anatomy in detail, and their
illustration of the principal autonemic pathways via the cranial nerves
has been redrawn and is illustrated in Fig. 59. The pathways for sudo-
motor postganglionic fibres are shown as a continuous Jine, List and
Peet, however, believe that the evidence for such fibres in the carotico-
tympanic nerve is only doubtful. The oculo-pupillary fibres controlling
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€ Section of sensory root of trigeminal nerve or trigeminal ganglion-
ectomy produces no area of anhidrosis although slight hypohidrosis
may be seen in the temporal and frontal areas which, however, are only
transient.
< Section of the peripheral branches of the trigeminal produces an
ahsolute anhidrosis in the same area as the analgesia. They suggest
that fibres probably from the internal carotid plexus enter the ophthal-
tmic nerve inteacranially, but that those to the maxillary and mandibu-

ing fibres to face { d 1ine). Postul

. Fre 6o. Course of d pathway for
ri}cnm:grl)i,nil)‘w;g:imc ﬁb;ﬁ {dotted line). Sensory fibres in nerves V and IX (inter-
P, . rawn from Guttmann, L., and List, Q. F. (1928). 2. ger. Neurol.

Lz(t;nctwlsmx}\ls Jjoin extracranially from the external carotid plexus, though
]ex, pe;r. aps, run from the deep petrosal nerve and the tympanic
ﬁon?st( 15. 59). It should be observed, however, that alcoholic injec-
o :dosgdc fc;‘ramen rotundum still leaves slight sweating on the upper
o o ; of nose and lower f:yelid, but procaine block of the infra-
iy u; grn;,vcnts- all sweating. See List and Peet, figures 4B and C.
. Olsis - ksfna section of t}-xc facial nerve causes no area of anhi-
sﬁgh;‘h }I:'m near the geruculatc ganglion, however, will cause a
yperhidrosis, but distal to the geniculate ganglion there is no
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later gustatory sweating became evident around the lips and orbit.
After an injection of pilocarpine, however, sweating was seen first in
this arca as usual (page 23).

Although Guttmann made obscrvations on other areas of the body
he does not scem to have noted sweating in the perineum—presumably

Fia. 59. Course of sweating fibres 10 the face {oculo-pupillary fibres are shown as a
dotted line}. Redrawn from List, C. F., and Peer, M. M. (1938). drch. Newrel.
Poekrat, (Chicago.)

1 Ciliary ganglion 4T inal gangli 5 Geniculate gangli
2 Sphenopalatine gan- a. ophthalmic 6 Petrous ganglion
glhon b. maxillary 7 Superior cervical gan-
g Otic ganglion ¢. mandibular ghon
A Supraorbital nerve G. Lesser superficial petrosal nerve
B. Infraorbital nerve H. Caroticotympanic nerve
C. Mental nerve I Aurculotemporal nerve
D. Nerve of pterygoid canal J. Chorda tympani nerve
E. Decp petrosal nerve K. Tympanic branch of glossopharyngeal
F. Greater superficial petrosal nerve
nerve L. Cervical plexus

this was due to the absence of any cases of thoraco-lumbar sympathec-
tomy, which would have allowed it to have become evident.

List and Peet (1938d) offer much clinical information in regard to
facial sweating after single and combined lesions of different nerves.
Like Guttmann’s, all their cases were tested by Minor’s starch-iodine
method, Their observations and conclusions may be summarized thus:
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GENERAL CONCLUSIONS

1t is evident that the observations of earlier workers have been con-
firmed by the author and that even though no adequate L:xplanauon
has been gencrally accepted, rescction of the stellate ganghon or por-
tions of the cervical sympathetic chain still allows sweating to be re-
tained in the centre part of the face. There are, however, two other
conditions—gustatory sweating and the auriculotemporal syndrome—
which are concerned with abnomal sweating on the face and which
merit further consideration.

§2. DEVELOPMENT OF CERTAIN NERVES OF THE
FACE

It may be advantageous to consider here how the developmental history
of the face and neck can contribute any information on its innervation,
The fronto-nasal process and the maxillary processes fuse to form that
part of the face above the mouth. The remaining part of the first
branchial arch mesoderm of each side becomes the corresponding
mandibular process, which soon fuses with its fellow in the middle line.
Initially the more caudal branchial arches do not so fuse, and as they
are also not as extensive laterally as the mandibular arch, a depression
known as the cervical sinus is found on each side of the developing neck.
This cervical sinus is bounded above by the mandibular arches, dorsally
by the mass of somite mesoderm, and caudally by the developing peri-
cardium, In the depression there can be seen the elevations of the 2nd,
3rd and 4th branchial arches. In some lower mammals it is considered
that the cervical sinus is eventually covered over by a backward growth
of the 2nd branchial arch.

Frazer (1927), however, showed that in man this is not precisely the
case, and that the ectodermal groove between the 15t and 2nd arches—
that is, the 1st branchial cleft—becomes obliterated except in its most
dorsal portion in the region of the external auditory meatus, Behind
this 2nd arch the details of the obliteration of the sinus are obscare.
However, Frazer has demonstrated that the grd arch is not completely
cover.ed over during the disappearance of the sinus, but that, in part, it
remains on the surface of the neck, as may be seen in the illustration
(Fig. 61) taken from his paper. Closely related to the ectoderm covering
the grd arch is the so-called epibranchial placode assaciated with the
IX cranial nerve. Another placode originally derived from the 4th arch
and associated with the X cranial nerve comes to lie on the caudal edgeof
the grd arch due to the relative reduction in size of the 4th arch. These
placedes become attached to their corresponding nerves, and during
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change in sweating. Middle car discase may cause hypohidrosis prob-
ably because of involvement of the carotid plexus.

% Section of the sensory root of the trigeminal, the greater super-
ficial petrosal, and the root of the glossopharyngeal nerves leads to slight
hypohidrosis of the upper lip and cheek and temple.

4 Malignant parotid tumour involving bone of the middle cranial
fossa caused absolute anhidrosis including the lips, check, side of nose
and lower eyelid.

4 Resection of the superior cervical ganglia. List and Peet do not say
at what interval their case was examinced after operation although they
state that anhidrosis was produced. It is evident, however, that some
sweating is present on the upper lip.

CONCLUSIONS

Although a malignant tumour cannot be considered as necessarily
producing a precise lesion, the gencral conclusion to be made from all
these obscrvations is that a peripheral Iesion of a nerve to the face will
produce complete anhidrosis, whereas lesions of the sympathetic in the
neck or of certain cranial nerves produce only relative or incomplete
hypohidrosis, A lesion in the region of the base of the skull must involve
bath systems, and again produces complete anhidrosis. Simonton and
Gay (1948) provide further cvidence of the dissociation of the auton-
omic supply to the upper face. They describe a case of apical petrositis
in which anhidrosis was present only in the supraorbital region with
myosis but no ptosis.

Further evidence of the persistence of sweating in the central mask of
the face has been given by Guttmann (19404). He illustrated a case
after superior cervical ganglionectomy and described complete anhi-
drosis of the face resulting from this operation when examined four
weeks after operation. His illustration, however (figure 2), shows that
the mask of central sweating still persists. He described other cases of
combinations of superior and middle cervical ganglionectomy, with and
without stripping of the carotid artery, and of superior, middle and
inferior cervical ganglionectomies. Although no comment is made on
sweating in the face, a little can be seen here in the centre part in the
figures! Guttmann went on to consider the phenomenan of ‘perilesion-
ary’ hyperhidrosis which develops around an anhidrotic area and
shows considerable activity after a few days. He states that this may be
equal on the two sides, or increased on the ipsilateral, or increased on
the contralatesal border zone of the anhidrotic area, He believed that
this reaction might be responsible for some of the abnormal areas of
sweating and that it was probably a spinal or supraspinal reflex.
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The fate of these placodes or vesicles has been considered further by
Wilson {1955) when he considered the developmental origin of branchial
cysts and fistulae. He showed that theoretically there could be a fistula
associated with the endodermal pouches 1, 2 and 3. Rarely a first
ectodermal cleft fistula may be found below and behind the car, and
connected with the naso-pharynx. Much more commonly a second cleft
fistula may open into the pharynx in the region of the tonsil, but a
complete third cleft fistula has never been deseribed. Wilson pointed
out that in all cases the development of the musculature of the tongue
and its innervation from the hypoglossal nerve would cause these
fistulae to course rostral to the hypoglossal nerve. Any connection there
might be therefore between the skin over the larynx and the larynx
itself {where therc may occasionally be found an endodermally-lined
diverticulum—presumably from the 3rd endodermal pouch) must also
pass above the hypoglossal nerve.

It has been realized for many years that the ganglia associated with
the V, VII, IX and X cranial nerves derive their cells partly from the
neural crest but also from their associated epibranchial placodes—see
Hamilton, Boyd and Mossman (1952—-pages 310-311).

The matter has been investigated more closely by Batten (1956), who
pointed out that in fish and amphibians the neural crest rudiment of the
mixed cranial nerves is augmented by cells proliferated from certain
placodal thickenings of the ectoderm and that these may furnish dis-
tinct lateralis and gustatory ganglia. In considering the fate of the epi-
branchial placode of the vagus in the sheep Batten (19575) showed that
intermittent streams of cells passed towards the nodose ganglion of the
vagus and thought that the majority differentiated into neuroblasts.
He was tempted, from conditions in lower forms, to assume that these
placodal neuroblasts may relate to gustatory sensation. In his earlier
communication he showed that cells from the appropriate placodes
would pass into the petrous ganglion of the glossopharyngeal and the
geniculate ganglion of the facial nerve. In another paper (1957a)
Batter} found that the maxillo-mandibular portion of the trigeminal
ganglion arises principally from the neural crest associated with the V
zra}:xtl}z:l nerve, but receives a li{nited contribution from its placode. The

P .alm.m 1o'be of the ganglion has a dual origin, but the placodal

contribution is significantly greater. Hamilton, Boyd and Mossman
reS:ord.that the ganglion cells related to this ophthalmic portion of the
trigeminal ganglion, or profundus ganglion of lower forms, is distributed
to the eye and the fronto-nasal process, ’

Thc 0}1gin.s of the cells _which contribute to the cranial autonomic
gang}m 1s.snll controversial, but Cowgill and Windle (1942) have
studied this problem in the cat. They found that cells t

. ) o the cili
ganglion migrate along the ophthalmic nerve from the ralimiy

ophthalmic
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subsequent development not only contribute cells to the trunk ganglia
of these nerves but also gradually separate from the surface. Thissepara-
tion involves the initial formation of a tube-like process from each
placode. Later the depths of the tube are completely separated off from
the surface to form small vesicles in the depths of the neck. These are
found for quite long periods of development attached to the ganglia of
the IX and X cranial nerves.

Frazer was struck by the fact that the areas of skin initially related to
these placodes, and which are part of the surface ectoderm of the grd
and 4th arches, are not separated from the surface in subsequent de-
velopment, He drew attention to the fact that the resulting skin pattern

Fic. 61. Development of dermatomes in the neck region. Frazer, J. E. (1927). J-
Anat. (Lond).

was almost identical with that shown by Head (1894—page 426) as
being that which represented the cutanecous area associated with the
superior laryngeal nerve. Head had observed tenderness here in a case
of tuberculosis of the upper part of the jarynx affecting mainly the
epiglottic and aryteno-epiglottic folds.

Frazer's observations have been confirmed by Garrett (1948), who
traced the formation of the cervical vesicles from the depths of the
ectodermal branchial clefts and showed that they separated from the
ectoderm before they eventually disappeared. He showed that in later
development the 4th branchial arch becomes relatively much reduced,
so that there was little separation between the grd and 4th clefts, The
contribution of the placede to the ganglion of the X cranial nerve was
always more conspicuous than that of the more rostral placode of the IX.
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The fate of these placodes or vesicles has been considered further by
Wilson {1955) when he considered the developmentat origin of branchial
cysts and fistulae. He showed that theoretically there could be a fistula
associated with the endodermal pouches 1, 2 and 8. Rarely a first
ectodermal cleft fistula may be found below and behind the car, and
connected with the naso-pharynx. Much more commonly a second cleft
fistula may open into the pharynx in the region of the tonsil, but a
complete third cleft fistula has never been described. Wilson pointed
out that in all cases the development of the musculature of the tongue
and its innervation from the hypoglossal nerve would cause these
fistulae to course rostral to the hypoglossal nerve. Any connection there
might be therefore between the skin over the larynx and the larynx
itself (where there may occasionally be found an endodermally-lined
diverticulum—presumably from the grd endodermal pouch) must also
pass above the hypoglossal nerve.

It has been realized for many years that the ganglia associated with
the V, VI1, IX and X cranial nerves derive their cells partly from the
neural crest but also from their assaciated epibranchial placodes—see
Hamilton, Boyd and Mossman (1952—pages 310-311).

The matter has been investigated morc closely by Batten (1956), who
pointed out that in fish and amphibians the neural crest rudiment of the
mixed cranial nerves is augmented by cclls proliferated from certain
Placodal thickenings of the ectoderm and that these may furnish dis-
tinet la.teralis and gustatory ganglia. In considering the fate of the epi-
!Jranch'lal placode of the vagus in the sheep Batten (19575) showed that
Intermittent streams of cells passed towards the nodose ganglion of the
vagus and thought that the majority differentiated into neuroblasts.
He was tempted, from conditions in lower forms, to assume that these
placodal .ntlfmblasts may relate to gustatory sensation. In his earlier
communication he showed that cells from the appropriate placodes
would pass into the petrous ganglion of the glossopharyngeal and the
%emc‘ﬂate ganglion of the facial nerve. In another paper (19574)

atten found that the maxillo-mandibular portion of the trigeminal
i::g.htlm arises principfxlly from the neural crest associated with the V

. }:‘:}’;l lm?'XVe, but receives a limited contribution from its placode. The
cgnuig mic Iu.be .of :(he ganglion has a dual origin, but the placodal
recor tl}tllotn is sxgmﬁcantly greater. Hamilton, Boyd and Mossman
A ; the ganghon cells related to this ophthalmic portion of the
© gthe :e ganglion, or profundus ganglion of fower forms, is distributed

The Zri and the fronto-nasa.l process.

ganglia isglsxtlisuof the cells .whlch comribtxtc to the Franial autonomic
Stucied this gl)ntro_vemal, but Cowgill and Windle (1942) have
ganglion migf:tc caTo;n the cat Thcy'found that cells to the ciliary

g the ophthalmic nerve from the ophthalmic
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part of the trigeminal ganglion. Cells to the sphenopalatine ganglion
came from both the trigeminal, via the maxillary nerve, and the
geniculate ganglion via the greater superficial petrosal nerve (VII),
Cells to the submandibular ganglion were derived from the trigeminal
ganglion via the lingual ncrve. Cells to the otic ganglion came from the
trigeminal and a few from the petrous (IX) ganglia via the mandibular
and the lesser superficial petrosal nerves respectively (Fig. 59).

It is now possible to consider the arcas of skin of the face and neck
which had possessed placodes corresponding to the cranial nerve
ganglia. They comprise:

€ An arca related to the eyc and fronto-nasal process and possibly
more of the area supplied by the ophthalmic nerve—-associated with
the profundus part of the trigeminal ganglion.

9 A maxillary-mandibular region possibly smaller than the above.

4 The region of the external auditory meatus and below and behind
the ear—associated with the VII cranial nerve and ganglion.

§ A small area on the rostral edge of the triangular area of skin in
front and lateral to the larynx and beneath the chin associated with the
IX cranial nerve and ganglion.

4 A triangular arca of skin in front and lateral to the larynx asso-
ciated with the X cranial nerve and ganglion.

If we examine again the patterns where sweating may be retained
on the face after cervico-dorsal sympathectamy it will be seen that the
above areas fit these patterns remarkably closely. The upper part of the
central mask arca of the face corresponds to that of the ophthalmic
(profundus) area and will be continuous with that around the upper
and lower lips (maxillo-mandibular). No sweating is to be observed
over the point of the chin which would correspond with the site of the
early fusion of the mandibular processes. Sweating is sometimes to be
observed around the external auditory meatus and below and behind
the ear corresponding to that of the VII cranial nerve. The area of
sweating over and lateral to the larynx will correspond with that of the X
cranial nerve {(and possibly also the IX), as was realized by Frazer when
he considered Head’s diagram,

CONCLUSION

This hypothesis assumes that not only could there be retained
nervous connections between these areas of skin and the appropriate
cranial nerves, but also that autonomic efferent fibres can take this
pathway. It would be most difficult to prove this by an examination of
embryological material, but the association of thes¢ sweating patterns
with the original sites and connections of the placodes may well be
significant. It has already been shown that the connections to the area
of skin over the larynx must be by nerves, since they can be blocked
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by local anaesthesia. Such a pathway would pass above, i.c. rostral to,
the hypoglossal nerve and might well be in the periarterial plexus of
autonomic nerves around the branch of the occipital artery to the
sterno-mastoid below which the hypoglossal nerve is hooked as it gives
off its ramus descendens. In this and other areas of the face there are
plenty of fine nerve fibres to be seen in the embryo, but it is impossible
to say whether or not they are definitely connected with autonomic
efferent ganglion cells. The proofis more likely to be made by observa-
tion after diseasc or injury, such as in those cases which were discussed
in the previous section.

§3. GUSTATORY SWEATING

"This phenomenon consists essentially of sweating on the face in response
to eating. In normal people it is not ordinarily scen except in response
to eating highly spiced or bitter foods, though cheese and chocolate
may also be excitants in certain individuals. The particular interest of
this phenomenen is that in normal individuals it is often maximal in
the central part of the face and on the forehead—indeed, in much the
same area as sweating is retained after cervico-dorsal sympathectomy.

. Some babies, when fed tepid orange juice from a bottle, also sweat
in this region.

Lee (1954) has shown recently that the area involved may vary in
different individuals. OF particular interest is the fact that it may occur
in localized areas, or on one side of the face only, and that in such
cases, as has been reported by Guttmann (1931) and List and Peet
(1938d), there may be complete or relative thermoregulatory anhidrosis
on the affected side. Indeed, Haxton (19484) has described 2 number
of cases upon whom it was only noticed after ‘cervico-thoracic ganglion-
ectomy’, Unfortunately, he does not describe the exact distribution of
this abnm.'mal sweating in the cases he observed.

. Alocalized variety of abnormal facial sweating was first described by
tey (1923) and named the auriculotemporal syndrome due to the
ocurrence of profuse sweating in the area of skin supplied by that
:;rve in the pre-auricular region. Such cases may be seen frequently
: e; wounds in the maxilla or following suppurative parotitis. This
iz:nx Bromé ]\!3:5 apparently known to Duphénix in 1757 and to Baillarger
(rn 5)3;“ ;l?al accounts have been giv?n by Thomas (1927), Kaminsky
Ofpsgchic ! suib.erg (1931).¥{appoport is stated to have described a case
oty )l;ord l(li uction of §weaUng—produced by the sight of a lemon being
which was ?33) described four cases of the ‘crocodile tear’ syndrome,
hthrymar_iz ways consequent on facial palsy. This consists of associated

n and sweating on eating. Russin (1939) described another
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case, and accounted for the phenomenon by the suggestion of aberrant
regencrating fibres of the facial nerve. Lachrymation did not occur
with purcly masticatory movements, but required the added stimulus
of bitter, sour or tasty foods. Other accounts have been given by Boyer
and Gardner (1949), who showed it could be prevented by intracranial
section of the glossopharyngeal nerve, and Charobski (1g51), who
suggested a theory of transaxonal stimulation of damaged axons. More
carefully investigated accounts of the aurjculotemporal syndrome have
been given by Needles (1936), and List and Pect (19384). Up to this time
the most popular explanations had included that of the local diffusion of
acetylcholine from nerve endings in the parotid gland which could act
directly on the sweat glands, and that the activity of the parotid gland
itself compresses the nerve fibres to the sweat glands, List and Peet,
however, favoured the theory of local irritability of the cholinergic
nerves to the sweat glands—possibly after regeneration. More com-
pletely investigated cases have been described by Langenskiold (1946),
Haxton (1948a), Freedberg, Shaw and McManus (1948), who favoura
theory of supersensitivity to acetylcholinc or to histamine (Tankel, 1951)
and Glaister, Hearnshaw, Heffron, Peck and Patey (1958) who believe
the syndromec is due to aberrant fibres of cranial origin,

The localized area of sweating may not atways be in the auriculo-
temporal region, and a particularly interesting case, in which it
occurred in the submental region, is described by Uprus, Gaylor and
Carmichael (1934) and another by Young (1956). Both cases had had
glands of the neck excised through the right sternomastoid region in
childhood. In the case recorded by Uprus ef al. two years later, sweating
was apparent in the submental region on this side, but was always
preceded by flushing. Eating an apple was the best excitant. These
workers demonstrated a distinct risc in temperature on the affected
side when the patient was given an apple to eat, but this rise was not
apparent on the opposite side. Heating the patient, however, produced
a greater rise in temperature on the opposite side. In order to investigate
the afferent pathway, they first showed that pieces of apple placed in
either side of the mouth produced no response, but when the apple was
chewed and swallowed, flushing and sweating resulted. Chewing wool,
which was tasteless, produced no response. Similarly, the taste of salt,
sugar, tartaric acid, quinine on the front of the tonguc produced no
response, but swallowing the acid or apple praduced a momentary
flush, Local anaesthesia with cocaine of half the tongue on the affected
side did not prevent the response,

In investigating the efferent pathway they found that an intravenous
injection of acetylcholine produced generalized flushing except in the
abnormal area, whereas an injection of atropine, followed by eating an
apple, produced flushing only in the abnormal area, but no sweating.
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They then injected local anacstlictic into the region of the anterior
cutaneous nerve of the neck and the great auricular nerve, This pro-
duced loss of sensation in the abnormal area, but on cating an apple
again, flushing and sweating were cvident as before. Following this,
they injected the region of the lingual nerve distal to the site where the
chorda tympani joined it. This caused loss of taste and touch in the
anterior two-thirds of the tongue and suppression of saliva from the
submandibular duct, Eating an apple after this injection caused no
flushing or sweating in the abnormal arca—this evidently had blocked
the efferent pathway. These workers belicved that the lingual nerve
does not contain any efferent fibres other than those secretory or vase-
mator fibres which come to it by virtue of its association with the
chorda tympani, This cannot be correct, for Wilson (1934) showed that
there must be other fibres joining the roots and branches of the trigem-
inal nerve. It appears, therefore, that in this casc the afferent pathway
was via the glossopharyngeal nerve (I1X), and that the efferents were
Present in the lingual nerve though they did not necessarily come from
the facial (VII) via the chorda tympani. They could have taken this
route, but they could also have come from the glossopharyngeal via the
tympanic plexus and thence to the chorda tympani or directly to the
bran?hcs of the trigeminal distal to its ganglion as has been described
by List and Peet {1938d)—see Fig. 50.

It is more likely, however, that the local injection of the lingual
nerve also involved the inferior dental nerve at the mandibular fora-
men, and therefore that the mental nerve was also involved in the
anacs}hetic block. Certainly the effector pathway was not via the
anterlor cutaneous nerve of the neck, which is the normal sensory supply
to this region,

Y&?u.ng’s case (1956) was very similar to the above, and after the
ad“’-‘mtra_ﬁon of belladonna also showed the continuance of the
;ryglema in the affected area, but no sweating. In this respect these
(&;:fsthare rf:ther §1milar to the original observation of Heidenhain
et dalt sn?ulauqn of the chorda tympani produced a vasodilator
no abolis}el :; :andlbu{ar gland, .and in the tongue ( 1§383), which was
Hilton and Le by atropine sufficient to prevent sal.xvary secretion.
was duc 1o tl‘xm (1956 and 1957) now believe that this vasodilatation
enzyme produ Cda;tlon of bradykmm', a polypeptide formed by an
through the ce Ylthe cells of the salivary gland, and which can pass
enzyme. Thism]:: wall .~A'tropme. does not preycnt the producsion of the
forearm, suvent, radykmm-for:rung enzyme is also present in human
increases when’t}?nd ;!m Ifradykxnln content of subcutaneous tissue
Hilton (1957 and © subject is heated. It has been concluded by Fox and
tation whict g0 1958) that this mechanism contributes to the vasodila-

velopsin the skin at the same time. Such a mechanism is
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most probably involved in the localized arcas in Uprus e al. and Young's
cases and the cases of gustatory sweating in other arcas of the face.

It is significant that Young found that local anaesthetic block in the
region of the stellate ganglion on the affected side produced a Horner’s
syndrome but did not prevent the gustatory sweating. Similar findings
have been observed in a case of auriculotemporal syndrome by Freed-
berg ¢t al. (1948—Case 2) in which sweating was not abolished after
injection of local anaesthetic into the superior cervical ganglion.

Tarlov and Herz (1947) have also described an unusual case in
which unilateral emotional sweating was confined to the supraorbital
arca. Scction of this nerve completcly relieved the sweating in the area
of resulting annlgesia, except that some sweating persisted over the
mid-line in the glabellar region.

Coldwater (1954) has recently treated two cases of auriculotemporal
syndrome by rescction of the auriculotemporal nerve and the super-
ficial temporal artery and vein, together with the anastomotic branches
which the facial nerve makes with the auriculotemporal nerve. Prior
investigation of one case had shown that local anaesthetic block in this
region would prevent the gustatory sweating, but that local anaesthesia
of the cervical sympathetic trunk, lingual and chorda tympani nerves
and the submandibular ganglion were all unavailing. Coldwater postu-
lated that the efferent pathway of the syndrome was from the facial and
thence via its anastomotic branches to the auriculotemporal, Iachrymal
and zygomaticotemporal, He stated that he did not dare confine his
section to these anastomotic branches. Gardner and McGubbin (1956)
have shown that in one case intracranial section of the glossopharyngeal
nerve abolished the syndrome, but in another case thiswas only partially
successful. Evidently the facial or glossopharyngeal nerves, or both, can
provide the autonomic efferent pathway in these cases.

‘Wilson (1934) noted that after superior cervical ganglionectomy,
pilocarpine would still cause sweating on the face. He reconsidered the
account of Billigheimer (1921) and Woolard and Norrish (1933} that
pilocarpine acted on some fibres in the spinal nerves other than the
secretory sympathetic fibres, He also recollected that Cushing (193r)
had suggested that pilocarpine acted upon a parasympathetic centre
in the hypothalamus when the drug was injected intra-ventricularly.
Wilson eventually concluded that it acted directly on the sweat glands
and had only a peripheral action. He therefore thought it unlikely that
the sweat glands had a double innervation.

In 1936, however, Wilson retracted his earlier opinion. He now
suggested that the sudomotor nerves to the face were of two types—
the sympathetic secretory fibres from the superior cervical ganglion and
an accessory set. The sympathetic branches were supposed to leave the
carotid plexus and join peripheral branches of the trigeminal probably
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extra-cranially, and were not distributed with the peri-arterial nerves.
He thought the accessory sct probably arose from the brain stem
directly and joined the trigeminal at some point distal to the sensory
root, and were also distributed with the trigeminal branches. This
supposition is very similar to that originally propounded by Guttmann
and List (1928). Wilson thought the latter sct were normally distributed
to the sweat glands of the face, and his diagrams show a typical ‘mask’
area extending well up onto the forehead. There was no evidence that
they were important under physiological conditions, though they
became more evident after sympathectomy. They were cholinergic in
type. In his experiments he found that procaine nerve block of the
supraorbital always prevented gustatory and thermal sweating in this
area. One case which he described is particularly interesting. The
patient had been treated with radium (for an angioma of the tongue)
which produced a neuritis of the lingual and glossopharyngeal nerves
on the right side. Section of the sensory root of the trigeminal was per-
formed four years later, and subsequently a section, but extra-cranial, of
a portion of the glossopharyngeal. This was followed by a right superior
cervical ganglionectomy, and ten days later the patient noticed gusta-
tory sweating over the right side of the face. At this time there was com-
plete _anaesthesia in the distribution of the trigeminal of the right side,
but signs of regeneration of the glossopharyngeal. Thermoregulatory
sweating was present on the left side of the face but absent on the right.

Hax_ton (1948a) reported four cases in which gustatory sweating
made its appearance out of twelve cases he examined after ‘cervico-
thos‘amc'. ganglionectomy. In these cases the stellate ganglion had re-
mained intact and no Horner’s syndrome had been produced. A similar
case had been described by Lewis (1938). Haxton found that if the
%:_‘S'?t?t}’ sweating was unilateral, thermoregulatory sweating was
i el b b il
only the opposite side blu hedp hen th Tt
Haxton alor deseuiig s] when the patient was embanafscd.
scar in the prc:-a::'icc 1 o region, %f Bixth injury due o forceps, with a
¥ad been app:m:mu iﬁr tr;:iiwn. Sweating and flushing on cating fruit
cervical symomthetic chain _region smi; chxl.dhood‘ Se.:ctmn of the
produced a Homer‘sc d‘]ust at?ovedidc mlddl? el g-'m'g!lon
Subsequent thermers slyn rome but not relieve the cosxdmon.

In all his cases. 11 gulatory sweating was cqule on the two sides.
ganglion region i;1 tha:::m l:rpttl):;ed e pm‘;: a;ne block of the stellate
ing—though this couldpll:ot havr:vbgglvimercc;:};:: gltxistatory e
OPposite side was sometimes also invol dp‘ th Jec .on, simee ‘the

N o involved in the block! If sufficient

local anaesthetic were injected beneath the 1 o on o
side and was able to inb] a he prevertebral fascia on one
trate across mid-line to affect the opposite
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sympathetic chain, it is obvious that it could have extended upswards or
downwards beneath the prevertebral fascia even more readily, The
exact site at which the fibres concerned in the gustatory reflex were
blocked must still remain a matter of conjecture. Homer’s syndrome and
other evidence of sympathetic paralysis on the injected side was, of
course, produced by the local anaesthetic,

Tankel (1951) describes a single case of gustatory sweating that
opens up a new line of speculation. In this case sweating on eating was
present on one side of the face only, and was not preceded by flushing.
Sweating was apparent on the forehead, over the eye, side of nose, and
cheek and upper lip and chin, and over the parictal region. There was
no Horner's syndrome, the pupils were equal and no abnormality
detected in the central nervous system. Investigation of the afferent
pathway showed that this was either via the chorda tympani branch of
the facial (VII) or by the glossopharyngeal (IX). Tasteless cotton-
wool did not provoke sweating. Cocainization of the tongue did not
prevent the gustatory sweating, since apparently not all the taste fibres
to the glossopharyngeal could be anaesthetized by this method.

Tankel performed a series of tests to determine the effector pathway.
Procaine block of the supraorbital nerve produced complete anhidrosis
in the anaesthetic area. Similarly an injection of 20 ml. of procaine
solution in the region of the stellate ganglion at the base of the neck
caused gustatory anhidrosis and a rise in the skin temperature on that
side of the face. As with Haxton’s cases, however, an injection of so
large a volume of fluid does not Jocalize the site of the gustatory sweating
pathway with precision. Injections of acetylcholine and of pilocarpine
both produced more sweating on the affected side, and atropine pre-
vented gustatory sweating. After the injection of tetraethylammonium
bromide spontaneous sweating ceased all over the body and generalized
flushing became apparent; but gustatory sweating was not inhibited.
On heating the patient, more sweating was apparent on the affected
side of the face—as had been noted by Wilson (1936) in a case of
syringomyelia, and by Lewis (1938) in a case after sympathectomy.
Tankel then tried the effect of a subcutaneous injection of histamine:
he found that sweating was produced only on the affected side and that
no generalized sweating was produced—this absence of sweating is
the usual result unless an overdose of histamine produces central side
effects. Following up this unexpected finding, he then tried the effect of
the antihistamine drugs. These he found inhibited the gustatory sweat-
ing in proportion to their antihistaminic activity. On combining the
effects of heating with those of antihistaminic drugs, sweating appeared
most on the unaffected side. This indicated that the drugs did not
inhibit ordinary thermoregulatory sweating, but only the gustatory
sweating and some of the thermoregulatory sweating on the affected
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side of the face. He concluded that the sweating on the affected side of
the face was mostly due to histamine activity.

Thisinteresting report introduces a new line of investigation, but does
not yet appear to have been followed further by other workers. The find-
ing that tetracthylammonium bromide, which usually blocks the pre-
ganglionic-postganglionic autonomic synapses by depolarization, was
not effective in this case of gustatory sweating would appear to favour
the idea of special nerves supplying the sweat glands in gustatory
sweating which had no synapse in their pathway and are therefore
similar to those portrayed by Guttmann and List (1928). The fact that
histamine appears to be concerned in the production of the gustatory
sweating reflex suggested a complicated explanation to Tankel and to
Wilson, with whom he had consulted. Obviously the effects of histamine
and antihistamine drugs would have to be studied on other suitable cases.

Lee (1954) has made a careful study of the occurrence of gustatory
sweating in the tropics. He found that if chillies were used as an excitant,
gustatory sweating is easily elicited in normal subjects in the tropics.
It was always symmetrical, but there was much individual variation—
from his illustrations it appears to be most frequent on the forehead and
central part of the face. When elicited by the above excitants, it was
invariably accompanied by flushing of the face, salivation, lachryma-
tion and nasal secretion, though the intensity of each varied individually
(n.b. the latter three are due to parasympathetic activity, also that
flushing was not apparent in Tankel's case). Lee found that sweat
gland activity in response to a gustatory stimulus exhibited features of
reflex action—recruitment, facilitation and adaption or fatigue. He
found that other substances such as sugar or vinegar were not so effec-

tive as chillies and that mechanical or thermal stimuli were ineffective.
The sensitivity was greatest on the anterior part of the tongue. This is
rather different from the usual findings by other observers and may be
due to the fact that all Lee’s subjects were young men. Possibly in older
cases the taste buds in the anterior two-thirds of the tongue have atro-
phied as has been reported by Brodal (1948—page 232).

Lee confirmed that the sccretory gustatory sudomotor fibres are
cholinergic, but otherwise made no attempt to investigate the effector
pathway although he was aware of Tankel's paper. Lee believed that
gustatory sweating was most evident on the same areas of the face as those
in wlflch it was evident on thermoregulatory sweating, and it was better
:iei? in ?hcse areas when the body was warm., This, of course, is in contra-
theté?;:\(;x_l tocasesreported earlier in which it hasdeveloped aftersympa-

PERSONAL OBSERVATIONS

The author has obsery
rved two cases who showed locali
sweating on the face. fized abnommal
!‘AAP.—lg
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RIGHT GUSTATORY SWEATING (FIG. 62a-F)

cask 1LF. This patient, a woman of forty-six, had had a painful lump
excised from the right side of the neck in childhood. For the past four
years she had begun to sweat violently on the right side of the head,
face and neck. This was precipitated by cating meals and especially by
cheese, but not by the sight or smell of food. No abnormality was de-
tected in the central nervous system. Fig. G62a shows the pattern of
sweating in responsc to cating cheese. There was occasional slight
flushing on the right cheek. The sweating has been made evident by the
application of quinizarin powder. It will be observed that sweating is
principally on the right forehcad and above the eycbrow, on the right
side of the nose and the cheek near by, and on the upper and lower lips.
A better full-face view may be scen in Fig. 62¢. On thermoregulatory
testing it will be cvident that sweating is greater on the affected side
and is very profuse on both sides of the forchead (Figs. 626, ¢, d). It is
also considerable in the skin of the front of the neck where slight gusta-
tory sweating was also evident.

Attempts were made to block the sudomotor reflex pathway by Tocal
anaesthetic. On two occasions injections of procaine were made into
the region of the stellate and first thoracic ganglia by a posterior
approach. This proved to be very difficult to carry out at this level, but
minimal sympathetic paralysis was produced with evidence of a slight
Horner’s syndrome. Fig. 62¢ shows that the gustatory sweating pro-
duced by eating cheese was not abolished, although slight myosis and
slight ptosis has been produced on the right side. On a third occasion
procaine was injected in the region of the lower end of the cervical
sympathetic chain at the base of the neck by an anterior approach.
This readily produced a paralysis of the cervical sympathetic with 2
marked Horner’s syndrome. Subsequent eating of cheese produced
slight sweat gland activity around the left upper lip and also around the
left eyebrow, left side of nose and left chin, but on the right side there
still remained five functional sweat glands on the upper lip. These may
be seen in the photograph, Fig. 62f. This photograph may occasion
some surprise in that the Horner’s syndrome is no longer apparent. It
was taken by electronic flash in the dark, and under such conditions,
as has been reported earlier by Mutch (1936), the pupil of Horner’s
syndrome will dilate in the dark to the same diameter as that of the
normal side. It should be noted that the right pupil is still slightly
smaller, It is also evident that the upper eyelid has retracted and that
ptosis is no longer present. On subsequent thermoregulatory testing,
it is evident (Fig. 62¢g) that sweating is now greater on the left side
though it is apparent on the right side also, due to the anaesthetic block
wearing off before the test was complete.
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From these observations it was concluded that the patient had an
outflow of the pupilodilator fibres from a rather higher fevel than
usual—probably C.7 or C.8. Tt was also conjectured that the greater
amount of the effector pathway concerned with the gustatory sweating
was conveyed in fibres running with the sympathetic chain at about
this level, though apparently not all such fibres were blocked by the
local anaesthetic.

Subsequent right stellate ganglioncetomy was performed with resee~
tion also of the lower part of the middle cervical ganglion. Eight weeks
after operation, thermoregulatary testing was carried out and showed
the pattern to be scen in Fig. 624 (and also in Fig. 21, Case 1r.). Itis
evident that sweating activity has been retained in the central mask of
the face, as is usual, though surprisingly, in view of the considerable
gustatory sweating on the forehead originally, the latter now appears
to be anhidrotic. The persistence of sweating in the greater part of the
arm has been discussed earlier. On questioning, the patient denied that
she had any further sweating on the right side of the face on eating but,
on close observation, a slight degree of gustatory sweating was present
on the right upper lip and in the centre part of the left side of the face.

LEFT FACIAL HYPERHIDROSIS—EMOTIONAL

cast B.B. This patient, a man of forty-six, had shown profuse sweating
over the left forehead for four years, which was associated with head-
aches in the left supraorbital region. The sweating was not induced by
eating but seemed to be emotional in origin and was worse in winter
than in summer, There was no history of injury. Horner’s syndrome
was not apparent, but the pupil on the left side was slightly larger and
there was a suggestion of lid retraction on this side. Otherwise, no
abnormality was detected in the central nervous system, but X-ray of
the cervical spine showed osteoarthritic changes in the cervical verte-
brae with narrawing of the intervertebral joint spaces between 5th and
6th, and 6th and 7th cervical vertebrae.

Sweating was maximal in the ophthalmic and maxillary divisions
on the left side of the face, and approximately equal in the mandibular
divisions on either side. Electrical skin resistance measurements were
made on this patient before operation and are illustrated in Fig. 63.

The figures marked on the diagram of the face show the relative
conductivity of the different areas of skin. One unit represents the
passage of two microamperes of current from a 4-5-volt battery, The
symbol ro, therefore, can be calculated to indicate a resistance ;{‘ the
skirs equivalent to 250,000 ohms. The larger numbers on the chart
indicate a proportionately less resistance. It will ba apparent that the
areas of lowest clectrical skin resistance are on the left Supraorbim‘;
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region (up to 100 units), on the left pre-auricular and auriculo-
temporal region, on the lcft side of the nose; and on the upper and
lower lips, where they are cqual on each side.

Obscrvations on the hand blood flow bath before and after operation
were made by Professor Henry Barcroft of St Thomas’s Hospital
(Barcroft and Walker, 1949—figure 5). Vasomotor fone was greater in
the vessels of the Ieft hand than those of the right.

The left stellate and 2nd thoracic ganglia were resccted at operation
by an anterior approach. This produced an immediate Horner's syn-
drome on the left side and apparent anhidrosis of the Ieft arm and left
side of head, face and neck. Five days later, however, sweating was

BB,

B WEEKS AFTER LEFT

LEFT FACIAL HYPERHDROSIS

BEFORE OPERATION STELLATE GANGLIONECTOMY
Fia. 63. Casc B.B, Left facial hyperhidrosis, To show pattern of electrical skin resis-
tance. Numbers indicate proportional values of current; high numbers indicate low
i lIow Y, indi high resi:

again apparent in the same areas where it had been maximal before
operation, except in the lower part of the left face which was still rela-
tively anhidrotic.

Measurements of the skin resistance were made on various occasions
and the readings obtained eight weeks after operation are shown in
Fig. 63. It will be observed that over the lower part of the face the
numbers are relatively symmetrical, as had been observed before opera-
tion, except that now the resistance was slightly lower on the left cheek
as compared with the right. The left supraorbital region, however, and
infraorbital and left side of the nose, still show a much lower electrical
resistance (higher conductivity) as compared with the right side. In-
deed, the only significant change in the skin resistance, before and after
operation, is that it has been increased in the left pre-auricular and
auriculo-temporal areas following on the sympathectomy. The central
mask of the face area remains relatively unaffected by the sympathec-
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tomy. Blood-flow measurements in the hands (performed by Professor
Barcroft) indicated that a small degree of vasomotor control had been
retained on the left side.

These two cases indicate that resection of the cervical sympathetic
chain in the region of the stellate ganglion docs not necessarily interrupt
the abnormal gustatory or cmotional sweating pathways to the central
part of the facc. Sweat glands in the upper part of the forchead, the
auriculo-temporal area and pre-auricular areas, hawever, if they are
concerned with abnormal sweating, are supplied by pathways which may
be severed by stellate ganglionectomy.

SUMMARY

From the clinical cases reported in the literaturc and from the
author’s own observations, the following summary may be made of the
principal characteristics of abnormally evident gustatory sweating.

9 Acid, bitter or spicy foods (sometimes chocolatc) initiate a reflexin
which the sensory arc is conveyed by taste fibres in the glossopharyngeal
or facial (chorda tympani) nerve.

¢ Analmost immediatelocal flushing on the face which may notalways
be apparent (e.g. Case 1v.¥.), or present (¢.g. Tankel’s case and Case B.B.).
. Y Afew seconds’ delay, then sweating in a local area—or, if general-
ized, then mostly in the central mask area of the face with variable
extensions onto the forechead. Usually sweating is in the same area as
the flushing, but they are not necessarily identically distributed.

9 Pain sometimes precedes sweating.

. Y Other autonomic activity may often be diminished in the area—
i.e. general heating of the body usually produces less sweating on the
affected side (or less vasodilatation—Uprus et al.).

1[ When sweating occurs in localized areas there may be evidence of
peripheral nerve injuty, as in the auriculotemporal syndrome and in
the submental sweating syndrome.

¥ Cases may first show abnormal gustatory sweating after cervico-
dorsal sympathectomy for some other condition. In these cases thermo-
regulatory sweating is usually reduced or absent.

T In certain cases, particularly those due to injury of peripheral
nerve or.whose aeEioIogy is unknown, the local injection of anaesthetic
solutx?n in the region of the stellate ganglion (or even superior cervical
ganghon—.Ca:t 2 of Freedberg et al.) may not interfere with the gusta-
tory sweating, but if the volume of anaesthetic solution injected is large
then part or all the gustatory sweating may be abolished. '

DISCUSSION AND CONCLUSIONS
The E’ussocm}cd vasodilatation, which may often precede the appear-
ance of sweating, has been explained by Hilton and Lewis (1956 and
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1957) on the basis that cholinergic nerves to salivary or sweat glands,
besides activating a secretion from the gland, also causc the gland to
produce an cnzyme which acts on globulins in the blood to produce
bradykinin. The latter is a powerful vasodilator, and thus vasodilatation
is a sccondary, rather than a primary, action of these nerves. Such
mechanism is probably the one involved in the bucco-labial flushing
originally observed in the rabbit by Jolyet (1878) and in the dog by
Dastre and Morat (1880 and 1884) whose original experiment appears
to have been very similar to that of Murray and Thompson {19575—page
217). In this respect it is interesting to recall that Barcroft (1907) and
Gaskell (1916~—page g3) thought that the flushing was explainable by
the action of metabolites duc to such secretion rather than as a result of
stimulation of vasodilator nerves, such as those in the cervical
sympathetic suggested by Dastre and Morat, Emmelin {1955) has
administered sympathicolytic drugs, and observed changes in blood
flow and salivary sccretion, in the submaxillary gland of the cat, which
fit in well with Barcroft’s original obscrvations. Other aspects of vaso-
dilator nerves have been reviewed by Burn (1938), Uvnas (1954) and
Folkow (1955), but it would scem that many of their conclusions
should now be reconsidered.

Hilton and Lewis suggest that since injection of acetylcholine has no
vasodilator or secretomotor effects after atropine, sccretomotor nerve
fibres in the chorda tympani are in some way resistant to the action of
atropine. Either they release some other transmitter substance in
addition to acetylcholine, or the latter is relcased in such close prox-
imity to the receptor structures that atropine cannot completely block
its access to them. In view of Tankel's observations of histamine on
gustatory sweating it is possible that some similar H-substance may also
be produced on stimulation of cranial autonomic nerve fibres. Hilton
and Lewis actually stimulated the chordo-lingual nerve and not just
the chorda tympani. It is possible that other fibres—e.g. scnsory—
might have been stimulated in the mixed nerve.

Blushing due to embarrassment is also said to be abolished after
cervico-dorsal sympathectomy by Lewis and Landis (1930—page 166)-
and it has been suggested that it should be regarded as being produced
by inhibition of sympathetic vasoconstrictor impulses. Lewis and
Landis, however, were nat entirely satisfied that this explanation was
sufficient to account for all flushing on the face from other causes.
Anonymous recent opinion (Brit. med. J. 1957, i, page ¢16) suggests
that blushing is a parasympathetic function.

Chorobski and Penfield (1932) and Penfield (1932) have shown that
in monkeys cerebral vasodilator fibres are present in the facial nerve
and leave it by the greater superficial petrosal nerve to synapse with
ganglion cells in the region of the cavernous sinus. These ganglia have
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also been verified in the rabbit by Gellert (1951). Hertzman and
Dillon (19392 and #) have shown experimentally by photoclcctfic
plethysmography in man that simultaneous waves of vasomotor activity
caused vasoconstriction in the extremities and vasodilatation in the skin
of the forehead, but in the nasal septum the responses were variable.
They concluded that there must be sclective vasomotor patterns in the
skin and the nasal septum.

Schumacher, Ray and Wolff (1940) and Schumacher and Wolff
(1941) have confirmed in man the proposition of cercbral vasodilator
fibres and Gardner, Stowell and Dutlinger (1947) report that rescction
of the greater superficial petrosal nerve was effective in the treatment
of unilateral headache and that lachrymation and nasal congestion
were also relieved on the operated side. Blicr (1930) had suggested that
there might be some vasodilator fibres for the nasal cavity in the sym-
pathetic system which probably had their ganglion cell stations in the
superior cervical ganglion, and that these were in addition to those
from the sphenopalatine ganglion. The experimental evidence, how-
ever, for Blier's hypothesis appears to be rather weak. Higbee (1949)
concluded that vasoconstriction of the nasal mucosa was the dominant
effect of stimulation of sympathetic nerve fibres, whereas parasympa-
thetic fibres from the sphenopalatine ganglion were vasodilator in action.

The fibre content of the facial nerve is of interest. Foley and DuBois
(1943) showed that 15 per cent of the total axons in the facial nerve
were autonomic efferents and of these, 70 per cent. left via the greater
superficial petrosal and 30 per cent. via the chorda tympani. Their
findings were confirmed approximately by van Buskirk (1945), who in
a comparative study on the facial nerve found that autonomic efferents
comprised 7 per cent. of the total in the dog, 2 per cent. in the cat and
as much as 24 per cent. in man, He did not find any efferents in the
auricular branch of the vagus which, according to him, is made up
entirely of sensory fibres, and he thus confirms the conclusions of
Bruesch (1944).

There seems to have been little work performed on the proportion
a-nd function of the autonomic efferents in the glossopharyngeal nerve
since the time of Loeb (1869). Cobb and Finesinger (1932) showed that
stimulation of the vagus nerve produced a reflex vasodilatation of the
cerebral vessels and that the efferent pathway was mediated by the facial.
Their findings have confirmed the earlier report of Forbes and Wolff

(1'928). Foley and DuBois, severally and jointly, have performed many
histological countson the fibres in the IX, X, and XI cranial nerves (1933,

1934, 1936, 1937 and 1945). These were all performed on the cat and
provide little information in regard to the autonomic efferents except
that the anatomy of the tympanic branches of the glossopharyng’eal arf)d
of the vagus is apparently different in that animal from that in man,
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Some support, however, for the possibility of sudomotor autonomic
cfferents in the glossopharyngeal nerve is provided by Rexed (1944—
Table VII). In this table, showing the calibre spectra of the cranial
nerves in a human new-born child, it will be evident that there is a
peak of finely myelinated fibres, one to two microns, present in the IX
cranial nerve. Many of these may, of course, be sensory-—as presumably
they all are in the trigeminal (V). It is odd to note that at this age such
a small proportion of fincly myclinated fibres are present in the facial
{VII). Possibly, however, some of the fibres of what should have been
the nervus intermedius had been included in the vestibular portion of
the auditory (VIII) nerve, This has often been found to be the case in
man by van Buskirk (1945).

Larscll (1918, 1950) has traced the fibres of the nervus terminalis
into the olfactory cpithelium in mice and other mammals. Axons of
multipolar neuroncs are located in the nasal septum, and are distributed
to Bowman's glands and apparcntly to blood vessels in the olfactory
mucasa and vessels related to the olfactory bulb. He believes that the
preganglionic fibres probably arise in the supraoptic regions. The
nervus terminalis has been described in man (Pearson, 1941) as pro-
viding filaments to the cerchral blood vessels in the anterior cranial
fossa, but filaments from it to the peripheral vessels have not yct been
recognized in man. Although it is possible that this 13th cranial nerve
may provide an autonomic efferent pathway to the nasal mucosa, its
fibres are few in number and it is improbable that they would be
sufficient to provide the pathway to the area of retained sweating in the
central mask of the face. They are mentioned here in order todiscount the
possibility that these are the relevant pathsways for the sudomotor fibres.

Other aspects of autonomic efferents to the face from the cranial
nerves have been discussed more fully by the author elsewhere (Monro
1954b—pages 18g~227).

The idea of the face receiving an autonomic efferent supply to the
skin from onc or more of the cranial nerves may be more acceptable if
the skin around the proctodacum is considered as well as that of the
stomatodaeum. Besides the invariable finding of retained sweating in
the central mask of the face after stellate ganglionectomy, it has been
shown earlier that the skin of the perineum also retains a low electrical
resistance after lumbar sympathectomy. These observations have also
been made by Ray and Console (1948), who showed that sweating was
retained in the central part of the face in one case of ‘total sympathec~
tomy’. The area involved in retained sweating in the perineum corre-
sponds closely to that of the 4th sacral dermatome. Although this has
never been precisely delineated in man, the suggestion for it made by
Head (1893) corresponds very closely with that observed in the macaque
by Sherrington {1893) (gth post-costal dermatome).
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Haggqvist (1g37) made a fibre analysis of the anterior roots of the
macaque and had shown a second outflow of fincly myclinated fibres
in the lower sacral and coccygeal region. In man, Swensson (1938) and
Rexed (1944) have shown that this outflow of finc myelinated fibres
is most frequent at the 4th sacral nerve root—closcly corresponding to
the dermatome in man where retained sweating is observed.

Thus twa arcas of the body show retained sweating after the appro-
priate sympathectomy. Both, and only these arcas, have parasympa-
thetic nerves which are known to supply structures in this region. Do
these parasympathetic nerves supply the sweat glands also, or is there
an outflow of so-called sympathetic but similarly cholinergic nerve
fibres which is concealed or closely approximated to the parasym-
pathetic outflow? (See p. 184.)

The difficulty is the proof. If it were possible to combine a lesion of
the stellate ganglion with a lesion of such an appropriate autonomic
cranial nerve, then complete anhidrosis should be produced on that
flde of the face. No such case has been obscrved. A case of bilateral
intra-petrous facial palsy showed diminished facial sweating on both
sides, but nowhere was it completely absent—presumably the glands
were supplied from the sympathetic cervical chain. Unilateral paralysis
of the facial and auditory nerves due to ‘acoustic neuroma’, which had
been excised, and with partial involvement of the V and IX cranial
nerves, similarly showed no absolute anhidrosis of the face. A case on
whom the sensory root of the trigeminal nerve had been sectioned, and
upon whom a stellate ganglionectomy had also been performed,
showed some recovery of function from the sympathectomy, but no-
where complete anhidrosis. From the literature we find:

(1) Section or block of peripheral branches of the trigeminal produces
complete anhidrosisin the analgesic area (Listand Peet 1938d) and others.
(2) Malignant parotid tumour involving the bone of the middle
cranial fossa produces absolute anhidrosis of the lips, cheek, side of nose
and lower eyelid (List and Peet). It is therefore evident that it must be
possible to block both sets of nerves simultaneously. This junction must
be distal to the trigeminal ganglion, for otherwise central sweating on the
face remains. Section of the sensory root of the trigeminal, followed by
superior cervical ganglionectomy, showed sweating on this side of the
face' ten days later (Wilson 1936). This case (Case 3) 2lso had a recent
section of the glossopharyngeal nerve, but this section was extra-
cranial and therefore the tympanic branch presumably remained intact.
The cases of gustatory sweating in the submental region (U] rus.
¢t al., 1934, and Young, 1956} did not necessarily receive their eﬂ‘elr)e 3

fibres from the chorda tympani branch of the facial, since the s dn
motor fibres may have already been present in the Ji : 1 o
the chorda tympani joined it. The author e before
. can find no case in the litera-
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ture, or his expericnce, which shows a lesion of the cervical sympa-
thetic and of the intracranial portions of the facial or glossopharyngeal
nerves. Were such a case to be found, it might show complete anhidrosis
of the central part of the face.

There is thus no reason for believing that cither the facial or the
glossopharyngeal (or both) may not provide another sudomotor path-
way to the central part of the face. The afferent pathway for gustatory
sweating is via the facial (VII), or probably more commonly the glosso-
pharyngeal (IX). The efferents could be via the greater superficial
petrosal branch of the facial or the communication of the facial with the
lesser superficial petrosal, or even the branches of the lesser superficial
petrosal from the tympanic plexus which comes originally from the
tympanic branch of the glossopharyngeal (Fig. 59). The cfferents may
synapse with ganglion cells around the internal carotid artery in the
region of the foramen Iacerum (Chorobski and Penficld, 1932), in the
infratcmporal region, as illustrated by Reichert and Poth {1933—page
135) and by Chorobski (1951—page 310), or along the chorda tympani
and lingual nerves as have been described by Langley (18go) and Snell
{1958).

Facial hyperhidrosis, or the localized variety—auriculotemporal
syndrome~—have some features in common with ‘perilesionary hyper-
hidrosis’ as described by Guttmann {1940¢). In this, abnormally
increased sweating developed around an anhidrotic area after a few
days and may even be evident without heating the patient. Later this
spontaneous sweating disappears, but may still be recognized by its
rapid onset on general heating of the body. This is evident in the
author’s and Tankel’s cases.

It has been evident that inferior cervical ganglionectomy, or pro-
caine anaesthetic block in this region, will greatly reduce sweating all
over the face, and may appear to abolish gustatory sweating. In the
two cases of gustatory sweating observed by the author, however,
complete gustatory anhidrosis was not produced by either procedure,
and a few sweat glands on the upper lip could still produce sweat on
gustatory stimulation, even though a large volume of procaine had been
injected at the level of the 8th cervical vertebra and had produced a
Horner’s syndrome. It is possible that the preganglionic fibres which
produce this sweating may have left the vertebral canal at a higher
level than is usual for the upper level of the thoraco-lumbar outflow of
the sympathetic.

Van Buskirk (1941) has described the presence of apparently auto-
nomic fibres in the cervical vertebral canal. These were found in the
sinuvertebral nerve (Luschka), which lies on the lateral region of the
Hoor of the canal and sends fibres to vessels aver the dura mater and to
the vertebrae. Van Buskirk performed anatomical experiments on cats
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and made dissections on human foctuses. He concluded that this nerve
offered a pathway for sympathetic fibres to the upper ccr}ncnl nerves
which would by-pass thosc running through the inferior cervical
ganglion and the cervical sympathetic chain in the neck. The number
of such fibres, however, is relatively small, and most were unmyclinated
and appeared to be distributed to blood vesscls. Van Buskirk’s findings
have been confirmed in cats by Christenson and Polley (1950). %t
scems unlikely that this pathway is important in normal sympathetic
activity in the head and neck, but possibly, after the rescetion of por-
tions of the cervical sympathetic chain, its importance may be increased.

Shechan (1941) has shown that fine myclinated fibres are present in
the anterior roots of all the cervical nerves, although they never number
more than 100. Swensson (1938) and Rexed (1944) show a similar out-
flow of these fine fibres, though they do not state their numbers precisely.

Skoog (1947}, in carcful dissections of the cervical region in adults,
has shown that intermediate sympathetic ganglia are to be found in
relation to almost all the cervical nerve roots, and especially frequently
in relation to the 2nd cervical (Fig. 73). Mitchell (1953) has recently
suggested (pages 32—33) that these finc myelinated fibres and the inter-
mediate sympathetic ganglia in relation to the upper cervical nerve
roots might form alternative sympathetic pathways to the head and
neck. Mitchell does not provide any experimental evidence in favour
of this hypothesis, and the author has shown, in the chapters dealing
with the lumbar intermediate sympathetic ganglia, that such pathways
do not exist for the intermediate ganglia in relation to the 4th and 5th
lumbar nerve roots. This does not exclude the possibility of such path-
ways in the cervical region. If such is the case they will provide another
autonomic pathway to the head and neck which would fail to be
interrupted by resection of a portion of the cervical sympathetic chain
and stellate ganglion.

It should also be realized that other pathways alternative to the
cervical sympathetic chain in the neck are present along the course of
the carotid arteries and particularly the vertebral artery. Such possi-
bilities are well seen in the illustrations to Skoog’s article (Fig. 73). All
these three possibilities must be remembered in considering the possible
route of the pathway of sudomotor fibres to the central part of the face,
which retains its sweating after stellate ganglionectomy. All these path-
ways might be paftially.or almost completely blocked by a large injection
of local anaesthetic behind the prevertebral fascia at the base of the neck.

It appears that the missing link in this chain of possible autonomic
pathways has now been supplied by Murray and Thompson (1956 and

19574 ar‘ld ). Th:-y observed in the cat that after complete pre-
i;};::g\l:m{, d&nervauon of .thr: supcn_or cervical ganglion, sprouts from
gal efferent fibres in the adjacent nodose ganglion partly re-
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innervated the superior cervical ganglion by way of existing com-
munications. As a result, nictitating membrane contractions on the
operated side could be produced by vascular and gastric reflexcs,
passing up the contralateral vagus. They suggested that this pheno-
menon might well be responsible for gustatory sweating, and this
suggestion has reccived support clsewhere (Brit. med. J. 1957, i,
page 718). The carlicr experiments of Kirgis and Reed (1955) would
appear to support these findings, and also the reports of Kuntz, Hoff-
man and Napolitano (1956) that in the cat fibres of the vagus normally
contribute to the internal carotid nerve of the cervical sympathetic.
Kuntz ef al. thought that these fibres were probably afferent, since they
were over 3°5 microns in diameter, but they do not exclude the pos-
sibility ofan efferent contribution. They agree that complete sympathetic
denervation of the hecad cannot be achieved by cervico-dorsal
sympathcctomy.

It is cvident that if suchk a pathway, as Murray and Thompson
suggest, can develop from the preganglionic fibres of the vagus, as 2
result of injury to the preganglionic fibres ordinarily supplying the
superior cervical ganglion, they could also grow from the glosso-
pharyngeal which is not far distant, especially in the infratemporal
region, or from the facial nerve to the ganglion cells in the petrous
region. Indeed, it is very possible that during normal devclopment
such connections of ‘parasympathetic’ preganglionic fibres may form
synapses with ‘sympathetic’ ganglion cells of cholinergic type in the
head region. It is apparent that Langley’s (1go5—page fo3) original
division into sympathetic and para-sympathetic outflows no longer
holds for cholinergic nerves to sweat glands, although when he first
used the term ‘parasympathetic’ he applied it only to the cranial and
sacral systems seemingly as an abbreviation. Murray and Thompson
(19572 and b) suggest that these new connections may also apply to
ganglion cells whose axons have endings of adrenergic type—at least,
those to the nictitating membrane. Presumably in the facial region
they do not usually establish synapses with nor-adrenergic vaso-
constrictor fibres unless the released bradykinin overpowers the vaso-
constriction that would ordinarily be produced by stimulation of such
a nor-adrenergic postganglionic neurone.

Some recent support for the suggestion that preganglionic fibres
from cranial autonomic efferents can form synapses with adrenergic
ganglion cells supplying the erector pili muscles in man has been
provided by Herxheimer (1958). He has described a case in which
gustatory sweating appeared on the neck and shoulder following a
thoracoplasty on that side. On eating certain sweets or cheese, goose-
skin appeared in the same area, but after heating the patient, sweating
was much less on the face, neck, shoulder and arm on the affected side.
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Plethysmography suggested absence of vasaconstrictor control in the
hand and fingers, Herxheimer concluded that sprouts from the vagus
had made connections with the sympathetic ganglion cells whose normal
preganglionic fibres had been divided.

The evidence of this report would scem to confirm in man what
Murray and Thompson had observed in the cat. It now scems almost
certain that a similar process must account for gustatory sweating.
Herxheimer did not consider the implications of the terminology of the
preganglionic fibres involved, but obviously the prefix ‘para’ should no
longer apply to ‘sympathetic’ autonomic pathways of this type.

In Dastre and Morat’s original experiment (1880) on the dog they
stimulated the central end of the cut vagus after previous avulsion of the
superior cervical ganglion on that side. Vasodilatation was observed on
the contralateral bucco-labial region-—presumably as a result of an
efferent discharge of the normal vagus via sprouts to the cells of the
intact superior cervical ganglion on this side. Scction of the intact vago-
sympathetic trunk abolished the response.

In the central region of the face it would seem possible, on develop-
mental grounds, that the cranial autonomic efferent preganglionic
fibres establish connection with some of the ganglion cells supplying
sweat glands to the region. The various other phenomena relating to
gustatory sweating lend support to this hypothesis.

Although procaine anaesthetic block at the base of the neck appears
to interrupt the greater part of gustatory sweating, it is unlikely to have
extended so high as to involve the cranial nerves at the base of the skull.
Although, therefore, it might appear that the facial and glossopharyn-
geal nerves could not be concerned in the efferent pathway of gustatory
sweating, it has not been shown that the nerves, which are concerned
with the retained sweating in the central mask of the face, are necess-
arily the same as those concerned with gustatory sweating. This has
been presumed, since both forms of sweating cannot be explained by
the ordinarily accepted sympathetic pathways from the thoraco-lumbar
outflow. The anatomical pathways are so complex in this region that
it is unlikely that particular pathways to the central part of the face

could be demonstrated by dissection or by the examination of micro-

scope sections of human foetuses. Such pathways must exist and evi-

dence relevant to cither explanation has been discussed. The association

of sweating retained in the perineum as well as that retained in the

central part of the face has provided a strong inference that these two

may be associated and that the cranio-sacral outflow of the para-

sympathetic may be in part responsible. Here some sacral parasympa-
?hmc efferents may establish synapses with a few postganglionic cells
in the lower sacral segments.
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SUMMARY

4 Gustatory and retained facial sweating after stellate ganglion-
cctomy is maintained by a nervous pathway.

4 There is much evidence to suggest that this pathway may be via
the facial (VII} or glossopharyngeal (IX) or both cranial autonomic
nerves, Attention is drawn to the retained area of sweating in the
perincum after lumbar ganglionectomy, which is possibly maintained
via the sacral autonomic nerves.

4 If, however, all facial and gustatory sweating is maintained by
sympathetic nerves, these nerves Jeave the spinal cord above the cilio-
spinal outflow in T.1 and T.2 (or even C.8) spinal nerves, or possibly
they ascend in the neck other than in the cervical sympathetic chain
via the vertebral nerve, sinuvertebral nerve or along the carotid
arteries. It is also possible that they may pass, through preganglionic
fibres leaving the upper cervical scgmental nerves, directly into the
cervical intermediate ganglia,

§ The epibranchial placodes associated with the V, VII, IX and X
cranial nerves are derived from areas of ectoderm whose subsequent
development would provide arcas of skin remarkably similar in pattern
to those arcas where sweating is retained on the face after sympathec-
tomy: gustatory sweating in the normal subject is observed most fre-
quently in these areas.

9 It has been shown experimentally in cats that after preganglionic
denervation of the superior cervical ganglion, collateral sprouts from
the adjacent vagus nerve will establish functional synapses with
‘sympathetic’ ganglion cells in the superior cervical ganglion. Similar
evidence is available for man. Such a pathway would readily explain
the occurrence of gustatory sweating after sympathectomy. It is prob-
able that similar pathways could be established from the glosso-
pharyngeal and facial nerves to sympathetic ganglion cclls distal to the
superior cervical ganglion and lying at the base of the skull, in the
petrous and infra-temporal regions.

4 It is suggested that if such pathways can occur as a result of injury.
they may also arise during development and thus supply the sweat
glands in the central part of the face and larynx regions with autonomic
pathways which are independent of those from the thoraco-lumbar
outflow of the sympathetic.

¢ Similar connections between sacral autonomic fibres and ganglion
cells in the lower sacral segments would account for the sweating that
is retained in the perineum after thoraco-lumbar sympathectomy
(as suggested by Monro, 19546 and 1956).
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Chapter 12

§1. THE EFFECTS OF SYMPATHECTOMY ON
VASOMOTOR INNERVATION AND ITS REGOVERY

HISTORICAL INTRODUCTION

Avrrouck Claude Bernard in 1851, when he first dcscx:ibcd the effects
of sectioning the superior cervical sympathetic chain in the dog, the
horse and the rabbit, believed that the resulting vasedilatation was
primarily due to the increased metabolism of the tissues, he later
(1858—pages 240-241) realized correctly that it was r.e,ally due to t}}e
release of vasoconstrictor tone consequent on sectioning sympathetic
fibres. From this time onward many physiologists have performed
experiments on the effect of cutting and stimulating different bran'ches
of the sympathetic nervous system, and have observed its invariable
constrictor effect on all blood vessels to the periphery. Langley (18g1a
and 5) found that in the cat the sudomotor and vasomotor effect
obtained on stimulation of nerves, ganglia or grey rami agreed very
closely in their distribution. He showed that stimulating the sym-
pathetic ganglia in the appropriate regions always produced constrictor
effects on the blood vessels to the feet. Although he does not appear
to have used a plethysmograph at this time, he refers to the as yet un-
published observations of Bayliss and Bradford who were using such
apparatus on dogs. These workers first showed (1894) that the fluctua-
tions in leg volume depended on vasomotor tone, since they disappeared
after cutting vasomotor nerves., Such techniques were, by this time, in

common use, and as early as 1886 Ellis had devised a micro-plethysmo-

graph recorder for observing the fluctuations in limb volume of frogs

and the pulse wave in the finger of man. Fluctuations in blood pressure

not associated with pulse or respiratory cycle were first described by

Traube in 1865 and by Hering in 1869. Bayliss and Bradford realized

that the fluctuations in leg volume must be due to the same cause. An

account of the early use of the plethysmograph is given by Barcroft and

Swan (1953); this includes a description of the method of measurement

and calculation,

Hewlett and van Zwaluwenburg, who in 190g applied the venous-
occlusion plethysmograph to the limbs of man, showed that these
rhythmic fluctuations in blood flow were due to changes in vasomotor
tone. In this technique there is no hindrance to the arterial inflow to
the limb in the plethysmograph provided that the collecting cuff

S.AP—I4
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pressure is not inflated above diastolic blood pressure. Two years later
(r911), in a paper written with Marshall, they showed that in man the
blood flow in a limb increased with an increase of the temperature of
the water around the part.

The surgical implications of these discoverics do not appear to have
been realized in this country for some years. Jaboulay in 1899 appears
to be the first who realized the potential value of sympathetic interrup-
tion in vasospastic disorders, and his pupil Leriche was recommending
periarterial sympathectomy in 1913, Further anatomical investigations
were made by Kramer and Todd (1914) and Potts (1g14) who de-
monstrated that the vasomotor inncrvation to the skin arterioles
carresponded to the innervation of the somatic segments.

Royle (1924a), who was performing sympathetic ramisection for
spastic paralysis, obscrved that coldness and sweating of the skin dis-
appeared after regional sympathectomy and suggested a new approach
to the treatment of vasospastic discases of the extremities. Following
this, Adson and Brown (1925) rcported the treatment of Raynaud's
diseasc by lumbar ramiscction and ganglioncctomy and perivascular
neurectoray of the common iliacs. By skin temperature observations
they showed the resulting vasodilatation and relief of vasospasm.

Lewis and Landis (1930) gave a careful account of the cffects of
cervico-dorsal sympathectomy in two patients with Raynaud’s disease.
By skin temperature observations they showed that there was an initial
vasodilatation, but that this was not maintained at the same level over
the course of time, They also found that cooling of the body caused
slight vasoconstriction of the supposcdly sympathectomized limb, but
they did not comment on this. They expressed a doubt that inhibition
of a vasoconstrictor tone was the complete explanation of flushing of
the skin. In the next year Lewis and Pickering (1931) provided further
evidence to suggest that sympathetic vasodilator nerves were present
in man. This hypothesis has been argued on many occasions before
and since, but Arnott and Macfie (1948), by calorimetric observations,
showed that ulnar nerve block does not significantly alter the blood
flow of the fifth digit in normal human subjects who have been brought
into a condition of reflex vasodilatation. This was confirmed by Gaskell
(1956 5), who showed that intra-arterial administration of atropine at
the height of heating does not change the blood flow in the hand.
Arnot and Macfie also showed that local cooling in the fifth digit, in
reflexly dilated subjects, significantly reduces the blood flow, and that
this reduction is not further altered by ulnar nerve block. Their latter
conclusion confirmed Lewis’s (1929) observations on the pulse volume
in normal fingers and in cases of Raynaud’s disease. In severe cases of
this malady an increase of the pulse volume did not begin until the
temperature of the water around the finger had reached about 30° C.,
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but in normal subjects it starts to increasc at about 20° C. and increases
progressively for each §° change in local temperature.

Lewis (1930) had shown, however, that when normal fingérs are
placed in very cold water they respond by periodic vasoditatation, and
that this phenomenon appeared to be the result of a local change and
not an effect of central vasomotor control, Grant and Bland (1931)
confirmed these observations in man and also on the bird's foot. They
suggested that the greatly increased blood flow through the tissues of the
digit was principally through arteriovenous anastomoses. These had
first been described by Hoyer (1877) and Sucquet (1862), with a fuller
account given of their occurrence in man by Grosser (1go2). Grant and
Bland made counts on the numbers of these specialized vascular shunts
and found that they were much greater in the fingertip than in the
middle phalanx, and more frequent here than in the proximal phalanx.
They were relatively rare on the dorsum of the hand. Pickering (1932)
reviewed the vasomotor regulation of heat loss from the human skin in
relation to external temperature. He found that the application of cold
to the skin produced reflexly a vasoconstriction, but that application of
heat to the skin did not produce vasodilatation reflexly although it
may cause vasoconstriction if the stimulus is excessive. Cool blood
returning from the skin that is cooled induced a reflex vasoconstriction
by a central mechanism. Similarly, any vasodilatation produced is due
solely to the action of the central mechanism excited by a rise of blood
temperature, This was confirmed by Gibbon and Landis (1932), but
Kerslake and Cooper (1950) showed that a nerve reflex was also in-
volved and that it did not occur after sympathectomy.

More recently both Roddie, Shepherd and Whelan (1956 and
19570 and b) and Edholm, Fox and Macpherson (1956 and 1957) have
shown that in the skin of the forearm vasodilator nerves exist and that
they are cholinergic in character (Roddie ef al., 19575). These papers
were based on results obtained on venous occlusion plethysmography
comlfined with local anaesthesia of nerves or after intra-arterial atropine,
provided it was infused before body heating was started. They both
confirm the earlier report of Grant and Holling (1g38), whose ob-
servations were based on skin temperature, Both Roddie ef al, (19575)
and Edholm et al. (1957) consider whether this vasodilatation could be

brought ahout by a bradykinin-forming enzyme (Hilton and Lewis
1956 and 1957), since Fox and Hilton (1957 and 1958) have recovered
this substance from human forearm skin during body heating. Edholm et
al. {1957) seem to be more in favour of this mechanism than Roddie e al,
;ﬂd it should be remembered that in the case of the salivary gland,,
H;Zi};‘;ﬁ:;?x:g'enzwc is still released on stimulating the chorda-
of workers agree, ho:‘;’gl:lz ation (Hilton and Lews, 1957). Both groups
s ver, that in the hand the dilator response is due
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solely to the release of vasoconstrictor tone, This may be a little puzzl
ing, as the skin of the hand is also frecly supplied with sweat glands,
Since Roddic ¢t al. (19576) found that infusion of intra-arterial atropine,
at the height of sweating did not alter the forcarm blood flow they
repeated Gaskell's work (19566) by infusing atropine before heating and
concluded that, although they could not exclude dilator nerves in the
hand, the part played by them must be small.
Treeman {1935) investigated the effects of temperature on the rate
of blood flow in the normal and sympathectomized hand. He used a
water-controlied hand plethysmograph and found that in the normal
there were variations of blood flow up to 500 per cent., but these were
nearer 20 per cent., in favourable cases. He considered that the errors
would be minimized if the mean of five consecutive readings were
taken. Reduction in blood flow could also be produced by noise, dis-
comfort or embarrassment, as well as by cold. In the sympathectomized
hand these spontancous variations in blood flow were absent, but with
an increase in temperature there was a slight increase in blood flow
which was much less than on the normal side. Freeman confirmed the
observations of Thomas (1926) and Lewis and Landis (rg30) that the
application of cold would still cause slight vasoconstriction in the
sympathectomized hand. It now appears, however, that sympathec-
tomy could not have been complete in all the cases these warkers
examined; indeed, Freeman’s observations were performed on a case
two years after operation. Freeman stated that heating the body
produced no vasodilatation in the sympathectomized hand, but
actually his figures {Fig. 6) show that therc was a slight decrease in flow—
the time-interval since operation was not stated, This decrease occurred
even if the local temperature remained constant. Procaine block on the
sympathectomized hand caused an increase in flow when the hands
were placed in cold water at 17° C. On warming the body ten days
after sympathectomy, there was a very slight increase in the blood flow
in the hand; but after six months there was a considerable increase in
blood flow from a lower basic level (Fig. 9), i.e. probably re-innervation
had taken place. Freeman suggested that in the sympathectomized hand
the increase in blood flow with local temperature increase could be ex-
plained by chemical control by metabolites according to the Arrhenius’
equation: this states that the logarithm of the rate of a chemical reaction
is proportional to the reciprocal of the absolute temperature. It now
appearsthat in regard to the rate of blood flow, such a relation, if any, was
probably entirely fortuitous. Freeman suggested that the vasoconstric-
tion in sympathectomized hands on cooling the body was due to
adrenaline sensitization. In earlier papers with Smithwick and White
(1934) and Smithwick, Freeman and ‘White {1934} he had investigated
the effects of intravascular adrenaline on the skin temperatures of the
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fingers and on the rabbit’s ear. The sensitivity of various- tissues to
adrenaline after sympathectomy had first been shown by Elliott {1905)
and Meltzer and Auer (19044). Unfortunately, however, Fx:ccm:m etal.
{1934) and Smithwick #f al. (1934) had misread these carlier workers,
and had ascribed 2 potentiation of the effects of adrenaline on only
postganglionic and not preganglionic dencrvated vesscls. They thought,
if section of the preganglionic fibres alone were performed, vasoconstric-
tion to circulating adrenaline would be less pronounced. Smithwick
(1g36) therefore introduced a new form of sympathectomy which }}e
claimed would provide only a preganglionic section of the sympathetic
pathways concerned with the blood vessels of the hand, It has been
shown ealier in this manograph why such an operation is unlikely to
praduce the effects claimed for it (Fig. 22). Simmons and Shechan
(1930) did not consider that adrenaline hypersensitivity was likely to
be the principal cause of ‘relapse’ after sympathectomy, since it was at a
maximum only eight to ten days after operation. Telford (1935) had
devised a similar operation to that of Smithwick for much the same
reasons. There has been considerable discussion on this vexed question
of the apparent relapse of the vasomotor denervations following
sympathectomy, and the whole subject will be discussed again later.
The more recent conclusions of White, Smithwick and Simeone {1952),
(page 109), however, were that regeneration of the sympathetic nerves
or the less likely functional reorganization of neurones, as suggested by
Geohegan and Aidar (1942), was a more probable cause of this relapse
than any supersensitivity to adrenaline following denervations. The
more recent reports of Monro (19544 and b) and Murray and Thompson
(19574 and b) support the latter view.

Further contributions to the technigue of investigation of vaso-
difatation and vasoconstriction in response to warming and cooling
the body have been made by Uprus, Gaylor and Carmichael {1936).
They have drawn particular attention to the local temperature of the
limb, its posture, and the rapidity of the rise of blood temperature,
which they said could best be produced by immersing part of the body
in hot water, rather than by means of a hot-air cabinet. Wilkins,
Doupe and Newman (1938) adapted the plethysmographic method of
Hewlett and van Zwaluwenburg (1gog) to the estimation of the rate of
blood flow in mormal fingers and the changes in response to local
temperature differences. They showed that body warming may increase
the blood flow in the fingers by as much as 100 times, though other
workgm have shown that in the hand it rarely exceeds a third of this.
The increase in blood flos resulting from local heating of the finger is
not as great as that produced by body warming, The blood flow to the
tcx:xmnal phalanx of the finger is considerably greater than that to the
middle phalanx when the vessels arc dilated, though this varies in
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different individuals. They estimated that the flow in the terminal
phalanx was usually three times as great as that in the middle phalanx.
In obtaining their estimations they measured five consccutive readings
and averaged them—variations in these readings were greater before
warming the body. Other precautions which they found to be necessary
for accurate observations were to avoid measurements after reactive
hyperacmia and to place the collecting cufl as closc as possible to the
plethysmograph cup. For scaling the finger they used Vascline, which
offered no compression to the finger tissuc.

Grant and Pearson (1938) confirmed that the blood flow in the
fingers was much greater than that in the hand, and this again was
greater than that in the forearm. This, of course, was in kecping with
the counts Grant and Bland had made {1931) of the frequency of the
occurrence of arteriovenous anastomoses in human skins at different
sites.

Lewis (1938) again drew attention to the obscrvation that the full
vasodilatation resulting from sympathectomy declined during a period
of about a week. More recent interest in this problem has been shown
by Barcroft and Walker (1949), Walker, Lynn and Barcroft (1950) and
Barcroft (1951 and 1952). The author’s contributions to the subject
will be discussed later.

A further critique of the venous-occlusion plethysmographic method
of measuring blood flows in the extremities of man has been given by
Landown and Katz (1942). In addition to the precautions stressed by
Uprus ¢f al., Landown and Katz showed that attention must be paid
to the collecting cuff pressures, and investigated this in relation to the
displacement artefact at the start of a recording. A truly rectilinear
record was much to be desired, and they showed that for the most
accurate results the limb should be at or just above the level of the
heart. Gaskell (19564} has considered these matters further in relation
to the size of the cuff and collecting pressure.

Greenfield and Shepherd (1950a) showed that the venous-occlusion
plethysmograph when applied to the fingers immersed in cold water
was an unreliable method of estimating blood flow, since the size of the
pulsation indicated a larger flow than was shown by the slope of in-
crease in volume. They considered that this was due to cooling causing
a constriction of the capacity vessels in the finger, but that when the
temperature was raised to 32° C. the capacity vessels relaxed and flow
readings became valid, They therefore adapted the method of calorimetry
to measure blood flow on a standard length of finger at low tempera-
tures. They realized that it was of little use expressing blood flow in
relation to a standard volume of the fingertip, if, as Wilkins, Doupe and
Newman (1938) had shown, the rate of maximal flow was much
greater in the tip than in the middle phalanx. Although the rate of
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blood flow could be expressed in relation to the volume of finger on
which it was measured, for comparative purposes this would be value-
less except for a finger of exactly the same dimensions. Greenfield and
Shepherd showed that immersion of a finger in a bath 0°-6° C. caused
an initial, almost complete, cessation of blood flow, followed after 5~10
minutes by a rapid increase to 30-g8 ml. per 100 mi, per minute. This
subsequent behaviour during one hour of immersion varied between
individuals, most showing a general decline with intcrmittent periods
of greatly diminished flow. Similar but smaller changes followed initial
constriction at §°—12° C., but at 12°~15° G. there was no initial con-
striction, although flows were gencrally lower than in the two preceding
ranges. Carmichael (1950), in a review of the digital vasomotor re-
sponses, believed that peripheral sympathetic fibres constrict the blood
vessels on the arterial side of the vascular bed. This can be initiated
reflexly by both visceral and cutancous sensations, and these reflexes
are obtainable at spinal levels—ipsilateral with minimum cutancous
stimuli, and bilateral with stronger stimuli. He believed that vasodilator
fibres were present but not so definitely, and that veins have constrictor
fibres only.

Greenfield, Shepherd and Whelan (1951) investigated with their
calorimetric method the proportion of total hand blood flow passing
through the digits. They confirmed the carlier observations of Wilkins e#
al. that the flow in the fingers was relatively much greater than that in the
hand, but found that when a subject is comfortably warm a greater
percentage (average 69 per cent.) of the total hand flow passes through
the digits than when he is cool (average 43-8 per cent.) or indirectly
heated (445 per cent.). They also found that the digital vessels ap-
peared to dilate at lower levels of general body heating than do those
of the body of the hand, and that the fluctuations in the blood flow
occurred synchronously in the hand and all the extremities.

CRITERIA FOR TECHNIQUE OF DIGITAL PLETHYSMOGRAPHY
Astudy.of the above literature suggested that digital plethysmography
Czn provide a convenient method of determining the presence or
ah_sencF of vasoconstrictor innervation after sympathectomy and that
this might be a more sensitive method than hand or foot plethysmo-
gap:ly_u ?recauuons would need to be taken in regard to the absence of
m:f;iuondat tl-u? base of th'e finger by the plethysmograph cup, the
Pt oafnt position of the hml_)s, the absence of external stimuli and
fbree o, emperature. The claim, by some workers, that vasodilator
4 present in the {1mbs might be more easily investigated on
in which vasoconstrictor tone had been removed as a result of
%nﬁ:thectomy, provided that such vasodilator nerves, if they exist,
Pass through the sympathetic chain. Although it is possible that
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different individuals. They estimated that the flow in the terminal
phalanx was usually three times as great as that in the middle phalanx.
In obtaining their estimations they measured five consccutive readings
and averaged them—variations in these readings were greater before
warming the body., Other precautions which they found to be necessary
for accurate observations were to avoid measurements after reactive
hyperacmia and to place the collecting cuff as close as possible to the
plethysmograph cup. For sealing the finger they uscd Vaseline, which
offered no compression to the finger tissuc.

Grant and Pearson (1938) confirmed that the blood flow in the
fingers was much greater than that in the hand, and this again was
greater than that in the forcarm. This, of course, was in keeping with
the counts Grant and Bland had made (1931) of the frequency of the
occurrence of arteriovenous anastomoscs in human skins at different
sites.

Lewis (1938) again drew attention to the observation that the full
vasodilatation resulting from sympathectomy declined during a period
of about a week. More recent interest in this problem has been shown
by Barcroft and Walker (1g49), Walker, Lynn and Barcroft (1950) and
Barcroft (1951 and 1952). The author’s contributions to the subject
will be discussed later.

A further critique of the venous-oeclusion plethysmographic method
of measuring blood flows in the extremities of man has been given by
Landown and Katz (1942). In addition to the precautions stressed by
Uprus et al., Landown and Katz showed that attention must be paid
to the collecting cuff pressures, and investigated this in relation to the
displacement artefact at the start of a recording. A truly rectilinear
record was much to be desired, and they showed that for the most
accurate results the limb should be at or just above the level of the
heart. Gaskell (19564} has considered these matters further in relation
to the size of the cuff and collecting pressure.

Greenfield and Shepherd (1950a) showed that the venous-occlusion
plethysmograph when applied to the fingers immersed in cold water
was an unreliable method of estimating blood flow, since the size of the
pulsation indicated a larger flow than was shown by the slope of in-
crease in volume. They considered that this was due to cooling causing
a constriction of the capacity vessels in the finger, but that when the
temperature was raised to 32° C. the capacity vessels relaxed and flow
readings became valid. They therefore adapted the method of calorimetry
to measure blood flow on a standard length of finger at low tempera-
tures. They realized that it was of little use expressing blood flow in
relation to a standard volume of the fingertip, if, as Wilkins, Doupe and
Newman (1938) had shown, the rate of maximal flow was much
greater in the tip than in the middle phalanx. Although the rate of
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better rcleasc of vasoconstrictor tonc would be attained by immersion
of the opposite extremitics in hot water, this method became impractic-
able if it was also intended to obscrve sudomotor activity over the whole
body. All these criteria have been considered in the construction of the
plethysmograph designed by the author, and in the method of carrying
out the observations.

TECHNIQUE AND METHODS OF DIGITAL PLETHYSMOGRAPHY

The first account of a practical micro-volume recorder scems to be
that of Ellis (1886). This had the advantage of producing a lincar trace
with almost no pressurc changes. He recorded the movements of a drop
of fluid in an horizontal tube and found that for the finest tube ether
was the best liquid, but for larger tubes, of barometer bore, alcohol or
water were sufficient. The horizontal tube was held in front of a slit in
the wall of a dark room and illuminated by the sun from a mirror. A
greatly magnificd image of the meniscus, at one end of this column of
fluid, was projected by a photographic lens on to photographic paper
or film moved by clockwork in a vertical plane. With this apparatus he
examined the form of the pulse wave in man,

Johnson (1932) utilized a similar method for obscrving the changes
in peripheral circulation following cervico-dorsal ganglionectomy. He
used alcohol because of its low viscosity, specific gravity and surface
tension, but coloured it with a dye so that a better contrast was ob-
tained on a photographic record. With this apparatus he obscrved the
skin temperature and digital pulsc wave, cach day after operation, and
found that whereas it increased to 5 units immediately after operation
and for the next two days, it declined to 3 units on the third, to 1 on the
ninth, and by the thirteenth day was back to its preoperative level of
0-5 units. Bolton, Carmichael and Stiirup (1936) adapted the rubber
diaphragm principle for the measurement of small changes in volume.
A small optically flat mirror was mounted on the tambour, and by this
means a light beam was deflected on to photographic recording paper-
Several such units could be recorded simultaneously,

Turner, Burch and Soedman (1937) used a mechanical type of
plethysmograph working on the bellows principle for studies on the
pulse and blood volume of the fingertip. With it they were able to show
that raising the arm caused an increase in the pulse volume with 2
decrease in total finger volume, whereas lowering the arm below heart
Ievel caused the opposite in both.

i . LN e e e,

Araiassas N e
compared his estimations in the digits with those obtained from
simultaneous venous-occlusion plethysmography. The reports of other
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. . 5 b
tions performed with these techniques have been made by
2}’:2:,“ ;mg Dillon (19394 and &, and 1g40a, b and ¢ and Hertzman,

andall and Jochim (1946). .

R'iGg:tz (193}{) dcscrig)t?(; a displ:lccmcm_. liquid plcthyfmogmphl on tl;c
Elis principle, which he Iater (1946) mcorpor:}(cd into a re au; fh y
portable unit. In a paper with Ames (1949) he gives an accoun of the
various precautions to be taken with this instrument in regard to posi-
tion of the limbs, etc. He had now modified his apparatus so that
records from both index fingers or from both great toes could be ta'kcn
simultaneously. In two other papers (1948 and 1g949) Goctz describes
the use of this instrument in the diagnosis and treatment of vascular
diseases. In a further paper (1950) Goetz shows that_ skin temperature
measurements in the digits were not always proportional to the bl?od
flow as measured by his plethysmograph. He also confirmed that slight
changes in posture would produce a markcd_c{fcct on the plcthys'mo-
graphic record. These changes were similar in the sympathectomized
limb, but the temperature of this limb did not reach full normal
vasodilator level although the plethysmograph showed full vaso-
dilatation. More recently Felder, Russ, Montgomery and Horo“_mz
(tg54) agreed that temperature readings gave an accurate indication
of toe plethysmograph blood flows only at low values. Burch (1947)
utilized a small metal bellows which activated a pointer held in a watch
bearing. The movements of the pointer were recorded photographically.
With this he studied the fingertip and was able to recognize five types
of spontaneous deflections in volume.

Greenfield and Shepherd (19506) described a water-controlled.
plethysmograph in which the finger was inserted into a finger-stall
surrounded by water in a sealed chamber and stirred with a maguetic-
ally activated paddle. In their apparatus, however, a head of water of
several centimetres was required to keep the finger-stall closely applied
to the finger.

The author’s plethysmograph to be described later, was first built in
1g4g. It has many points of similarity with the Gaetz apparatus, but
has been constructed of materials casily available in the workshop and
has proved to be far less costly. An added refinement in the optical
system has provided a very efficient light source from an ordinary mains
electric bulb, and by slight variation of the vertical displacement of the

optical axis, the records from the two sides of the body may always be
easily distinguished.

A new pattern of venous-occlusion plethysmograph, using a trans-
ducer valve and electronic circuit, has recently been deseribed by
Melrose, Lynn, Rainbow and Wherrell {1954). This seems to have no
advantages over the author’s apparatus except a better frequency
m=ponse. Although the sensitivity is rather greater, this is nat reliable
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“Fhis feature of a reduction of blood flow in the digits after hieating the patient was
relatively frequent and will be discussed fully later. . L

Fig. 66 (4) (E.C.) shows the records obtained at the carlicr examinations on the case
of brachial plexus lesion. On the right side the record is at all times normal, although
it shows a slight irregularity in the top left record. At scven months the Jeft rgcmd
shows a very small pulse wave and a correspondingly small blood flow. After cighty
minutes’ heating, however, the pulse wave has increased in size, but the rate of blood
flow has decreased slightly. On the right side it is evident that it is very difficult to
estimate fast flows after heating the patient, since the venous spaces arc filled by two
pulse waves. It is probably that the actual blood flow is much greater than that
indicated.

When examincd again thicteen months after injury (8), it will be seen that the re-
cord from the left side shows very small pulse waves but a slightly greater flow than

that at the first tfon. The air P at the time was, however, 4° C.
warmer. After heating the patient the rate of flow on this side decreases slightly but
the pulse wave remains relatively unct d, though probably it is too small to have

any significance. Again it will be seen that on the normal side there is great difficulty
in estimating the fast rate of blood flow.
This case rep an ly complete dencrvation of the vessels of the hand

> s ety 1
2t this stage, and it is interesting to observe that decrease of blood flow after heating
is also found in such a case.

CONDUCT OF TESTS
TFag. 67 shows a composite graph of various observations made during the tests for
vasomotorandsudomotor control,eight days aft ] dT.2gangli (Teft)
performed on the one case of known normal vessels—hyperhidrosis of hands (r.mc.c.).
The patient lay exposed on the bed in the heating cabinet covered only by pyjamas.
The temp of the sur ding air was about 12° C. Half an hour was allowed
for fult iction to be produced on the normal (right) side; the mouth
temperature was 36 8° C. Thermocouples were attached to the index fingers inside
the cups and also to the adjacent fingers (ot recorded on the graph). Initial tempera-
tures were g5° C, on the right and 19'5° C. on the left. On this graph, on the left
(Opcl‘atcd). side all points are indicated with solid centres, whereas those on the un-
operated sidehave open centres. When the skin temperatures appeared to havereached
constant values, blood flow estimations were made and the averages are plotted.
Left. Blood flow 38 0.#  Pulse wave 6 6.%
Right. Blood flow 1-6.  Pulse wave 1-0.

i '.I‘he cabinet was then closed and the radiant heat turned on. The temperature
inside the cahinc.t rose gradually from 12° to 40° C. over the next 1} hours. The tem-
Perature of the air in the neighbourhood of the hands, which were outside the cabinet,
zrlﬂy rose from 15° to 18° C. (about 3° C. in all). After forty-five minutes’ heating,

ood flow observations were again determined. The skin temperature on the right

i ) . N L
rl:::l: ;ng;i lée:d begun to rise after about ten minutes, and after thirty minutes had

Left. Blood flow 40. Pulse wave 7-3.
Right. Blood flow g3. Pulse wave 10.
After 2 further 55 minutes' heating,

. the temperature of the right finger had
slightly surpassed that on the left, Plethysmographic observations sho%ved: B

Left. Blood flow 42. Pulse wave 73,
Rught. Blood flow 28. Pulse wave 16-5.
The effect of placing the left hand in i
3 the] cold water was then tried, since obs: ti
on anclh.:r patient had indicated that this caused an increase in ﬂ;\v. l;r:’for:zaatl;;j
For expression of these values see P- 203, Columns 16 and 19, 21 and 22.
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below 1 c.mm., which is the same scnsitivity as that of the author’s.
The range is only half that of the author’s apparatus. Considerable
complexity is introduced by the electronic circuit, and photographic
rccording is required for both techniques.

MLTHOD AND OBSERVATIONS

A description of the author’s apparatus and the method of evaluating the record
and calculating the result is given in the Appendix. It will be an advantage, however,
to consider certain illustrative records at this stage in order to gain an idea as to the
amount of information furnished by the plethysmographic record.

Fig. 64 (0) shows b= ~heommatons —tontoi it glotbe C s Tt from veare
after bilateral stella . . .
only case observed | ' .
normal blood vessels, In the top records may be scen the specimen observations
obtained respectively before and after heating the patient. Although five or six
actual observations were made on each occasion, only the record of onc of these is
illustrated. It will be observed that although the pulse waves before and after heating
are relatively unchanged, the pulse rate is much increased after heating, also that on
the side tested only one week after operation the pulse wave is very much larger,
The slopes of the record when the venous occlusion cuffs are applied show a slight
decrease in flow after heating—this, however, is not statistically significant. It will
also be observed that the volume of the venous spaces is very slightly decreased after
heating, indicating a possible venoconstriction.

The lower records (b) show specimen obscrvations obtained when the patient was
examined at nincteen months after operation. Before heating, the pulse wave 18
much smaller on the right than it is on the left but, after heating, they are both
increased to approximately the same Jevel. This indicates that greater vasoconstrictor
control must have been present on the right side initially. Similarly, the slopes of the
pulse waves when the venous occlusion cuffs are applied indicate a greater initial
blood flow on the left side, whereas, after heating, both are at about the same ratc.
It is not possible 10 comment accurately on the size of the venous spaces, but it would
appear that after the second examination they are little different before and after

heating
Tt is therefore evident that in this case of sympathectomy on normal vessels vaso-
constrictor control was abolished shortly after of ion, but a great deal of this had

+

been regained at a 7 pecially on the right side.

Fig. 65 shows records obtained from a case of thoraco-lumbar sympathectomy.
In the upper record it will be observed that afier heating the paticnt there is a slight
decrease in the pulse volume on cach side and a highly significant decrease in the rate
of blood flow on cach side. It 1s also apparent that the venous spaces are filled with
fewer pulse beats and that these pulse waves themselves appear to be smaller am:r
heating. The venous occlusion spaces must have been reduced after heating. It is
unlikely that this could be accounted for by the positson of the plethysmograph cups
having been altered and less tissue enclosed after heating, since there is such a small
reduction in the size of the pulse wave.

The lower records show another case in which blood flows were measured in the
toes after thoraco-lumbar sympathectomy. It will be observed that the pulse waves
are slightly increased on both sides after heating, but that the blood flow on the left
side is slightly but significantly decreased, whereas that on the right, which was
initially larger, has shown an increasc. It would appear, therefore, that vasoconstric~
tor control has 1n part returned to the left toe. Againit s!lould be noted that the venous
spaces on the left side are shghtly reduced after heating, and that this is the same
side as shows a slight reduction in flow.
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Fic. 68. Case F.McC. Blood flows and pulse waves at intervals after operation in a
case with normmal fingers.

obtamned after heating by that obtained before heating, when maximal vasomotor
control should have been effective. If no vasomotor control is present, the index
should be approximately unity, but if much control is present, as on the normal side,
then the index should be well above unity. Although the volume of the index fingers
1n this patient were each 10 c.c. on each side, this was not always so in other cases.
The expression of the relative change in flows as an index avoids any inaccuracy. In
this test the values were:
Heating index: Blood Flow, left 1-08; right 17-4.
Pulse, left 1+15; right 16-5.
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however, the change in position of the hands caused the plethysmograph cup to
become displaced and subsequent observationy on the bloed flow cauld not be read
accurately. The pulse wave, however, wat increased to 10 on the left side. The tem.
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Observatio=- « « . - o . . “ o,
except for - twastige Ihe mouth teme
perature h - ‘ Ve uite test, when the radiant heat was turned
off.

X:‘rom these figures were calculated the heating indices for bloed flow and pulse
wave, This caleulation is performed by dwviding the average of the measurements
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Usually this was continued until the patients mouth temperature rose
at least 1° C., or reached 37°4° C.

14 Indicates whether fingers or toes were examined. After four-quarter
sympathectomy, observations were made on fingers or tocs on different
occasions,

15 Indicates the reference number for each observation and is marked be-

side each relevant point in graphs of blood flow and pulse wave heating
indices (Figs. 69 and 70). These points are marked in black with white
aumerals for fingers and clear circles with black numerals for toes, The
table should therefore be read against the symbol F or T, the reference
numbers for T being in bold numerals, as the same number may apply
to both. The orders of these points arc taken from the convenient posi-
tions on the plots of the graph of the blood flow heating index.

16 and 17 Show the mean blood flows expressed as if 10 c.c. of digit were included
in the plethysmograph cups. This was not exactly so in all cases but, as
has been explained carlier, it would be inaccurate, since blood flow
along the digit is not proportional to its length. As it has been shown
that the blood flow in the terminal phalanx is about three times greater
than that of the middle phalanx, it is obviously of better comparative
value to measure standard lengths of the phalanges, which are taken for
the distal two phalanges of the finger or terminal phalanx of the big
toe.

18, 19,20 Refer to statistical examination of the observations. The ‘t’ test has been

applied to all observations and the probability is taken from standard

statistical tables. Statistics were calculated ding to the method

recommended by Bernstein and Wetherall (1952).

If the probability is better than 0-05 (5 per cent.) it is regarded as

significant;

It better than 0-02 (2 per cent.) it is regarded as more significant;

If it is better than o o1 (1 per cent.) it is regarded as highly significant

?;ld many)of these points are better than 0-001, or very highly significant

in 1000}.

Show the height of the pulse wave measured in mm. on the record.

1 mm. = 2 c.mm. expansion. The pulse waves were measured on por-

tions of the graph showing no general change in volume and, after

hcaux.ng, were usually measured at a faster speed of recording. Patients
showing evidence of cardiac disease occasionally show irregular heights
gil'] pulse wave, and on these cases the observations were averaged.

by cogoﬁe(:d;ie;efz::vl:)o:‘{low and puls? wave. These are r?(prcsscd as

b ) er heating, divided by that obtained before

eating. In this way the actual volume of the digit enclosed in the
ple!}.wsmograph is of no account since it is unchanged before and after
lsul:latmg.
ows the correlation (if any) between the blood flow and pulse wave
l‘:::‘:;ng[hu;d:;u f’il;::c :o;fb;?od flow has been d_ivided by thaﬁ for pulse
% - of this column will be discussed later.
ows notes of any particular observations.

21 and 22

23 and 24
25

Attention is drawn to th i
orly e vasocum‘ﬁcﬁc observations made on hot days when there was probably

1 on before heating. Thi: ing i
%‘:v::r t.han it should have been, but as no s . Mkcroﬁ(:;he::mg l'm??‘
r ;em‘\&o;mblc to produce full iction on these i HV;AZ indi

was iving the adrenolyti hvdeallags :
an unusual change, in that L:hc pulse waves wert e MR i

Ttis thereore o e very large and decreased on heating.

ght that they should not be included with the other observations,
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There is thus considerable agreement on this occasion but, ax will be seen from
Table IX, this is not always the case.

The obscrvations obtained on this jion and on subseqg ions up to
nineteen months are plotted in the graph, Fig, 68. As in the previous graph the points
with solid centres are those obtained on the left side, and the changes observed before
and after heating are connected by continuous arrows. Those on the right side have
points with open centres and are connected by arrows with dashed lines. The blood
flows before and after heating arc plotted as actual values (cross lines) at each
obscrvation, and as the average by the arrow. The pulse waves are plotted simply a3
arrows with initial points and apices indicating the pulse wave obtained after heating.
It will be observed that on the right side, before operation on this side, there is con-
siderable initial vasoconstriction and that after heating (as in the experiment just
described) the blood flow increases to about 28 and the pulse wave to 16:5.

Seven days after operation on the right side the blood flow, on that side, starts at
about 48 and after heating decreases slightly to about 46. The pulse wave is only
slightly changed—increasing from 12+5 to 13.

The observations on the left side eight days after operation have already been
described, and at seventeen days after operation they show a slight decrease of
blood flow from about 24 to 23+5, whereas the pulse wave is unchanged at about
47

At nincteen months after these operations the initial blood flow and pulse wave on
the right are almost the same as before operation; but after heating, the bloofl flow
rises ta o rather higher level of about 40, whereas the pulse wave is not so high at
about 8. On the left side on the same occasion, the initial blood flow is greater at
about 11, rising to about 4o, The pulsc wave on this side, however, is again smail and
increases from 2-2 to 8.

Considering the change in blood flows, therefore, it is evident that there is greates
vasoconstrictor control on the right than on the Ieft, nineteen months after operation,
and that the range is comparable to that before operati Ithough the
blood flow never reaches as high a level as that observed soon after operation. The
significance of these results will be discussed Jater in regard to recovery of vasomotor
innervation after sympathectomy.

The observations on all cases upon whom plethysmography was performed have
been tabulated in Table IX. For convenience in reading this table the following
notes are given:

Column Data

1 Initials of patients arranged in alphabetical order of their surname—for
convenience in comparing their sweating patterns shown in Part L
Age in years at time of relevant gperations.
Side examined,
Levels of ganglionectomy, the upper being shown first, 7 = trans-
thoracic resection.
Interval in months since the relevant operation.
Evidence of sudomotor activity in the hand or foot at the relevant exam-
ination.

- I B N

+4 == slight evidence of acnvity in limb,
+ 4+ = marked sudomotor activity in the hand or foot.
7and 8  Mouth temperaures before and after heating the patient,

gand 10 Temperatures of the air in cabinet before and after turning on the
radiant heat,

11 and 12 Blood pressure of the patient in mm. of Hg., with the systolic pressure
n bold type. It was not always convenient to measure the blood pressure,
especially when observations were made on the fingers.

13 Time for which radiant heat was applied before observations were made.
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204 Vasomotor Control after Sympathectomy

but the mode of activity of this drug is interesting, and it is intended to make further
obscrvations on cases who are recciving it. NC indicates that for some particulas
reasons, usually peripheral vascular disease, the observations have not been charted
on the graphs.

The collecting cuff pressure was 70 mm.Hg., which was usually well below diastolic
blood pressure. [t was reduced to 5 mm. below the diastolic when the latter was fess
than 70 mm.Hg.

The blood flow heating indices have been plotted graphically (Fig. 6g) on log.
paper against time (which is not strictly proportional and has been spaced out more
for obscrvations made shortly after operation). The points indicating observations
on the same digit have been connected by continuous lines. Only two such points are
indicated on the toes and these are connected by dashed lines. Fingers are shown in
black with white numerals and toes by clear circles with black numerals as in colurmns
14 and 15 of Table IX. The observations on the case of brachial plexus lesion are
indicated by the letters A, B, €, and are connected by a dotted line, In some cases
observations were made before operation, usually at the time of the first observation
after sympathectomy on the opposite side. Tt will be noted that there are relatively
few points plotted for toes during the first year. This was because the signifieance ol
observations on the toes was not immediately recognized, and also because of the
difliculty of performing plethysmographic obscrvations on the first cases to be tested.

Obsercations on the Fingers

Up to time of three months after operation, many fingers show incomplete resec:
tion, others again are relatively unchanged, and five cases {6 points) shaw a significant
decrease in the blood flow heating index. Observations carried out after three
months, however, with the exception of the brachial plexus lesion, show only 1 point
(F.24~22 months) which does not show a significant increase in the heating index.
Many of them, such as points F.29-F.38, show very large heating indices, Other
points, however, such as F.20-F.28 (except F.24), all show a significant increase, but
to a less degree. It is therefore apparent that vasomotor tone may not always be absent
cven shortly after sympathectomy, but that cases examined in this serics, at intervals
greater than three months, invariably (with one exception) show presence of vaso-
motor control in the fingers,

Observations on the Toes

It will be evident that a few cases examined within about six months show incom-
plete resection of vasomotor mnervation. These arc points T.o-T.13, though points
T.10and T.11 are not significant. Point T.1 shows no change. After three months, how-
ever, 1t will be seen that by far the greater majority show no change or a slight de-
crease in the heating index. Points T.2-T.6 show a significant decrease; points
T.17-T.21 show a sigmficant increase, as also do points T.14-T.16 with T.25,
although these are to a lesser degree. Pounts T.33 and T.34 are shown on this graph
to show blood flows in the toes at six months. All other points examined after three
months have an index of approximately 1, indicating no significant change, and
statistically may be regarded as a single group. (Finger points F.27 and F. 28 show a
significant increase, though this 1s less than observed in other such cases. This case,
however, was examned on a hot day and it is probable that the index would have
been greater if more vasoconstrictor tone had been induced at the start of the test,)

Peripheral Nerve Lesion

‘The only ption to the above 1 is the case of brachial plexus lesion,
Although examuned as late as scven and thirteen months after injury, the heating
index was signifi 1y less than 1 (; i ly 0 6) on each occasion, indicating

a marked decrease after heating (Pmrxfts A and B). At thirty-onc months, however
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Effect of Sympathectomy on Vasomolor Innervation 209

all bunched closer to unity and, if anything, have a slightly more
vertical displacement—indicating a greater increase of the ﬂow‘indcx
than that of the pulse wave. This, of course, was scen clearly in the
comparisons between the
two graphs (Figs. 69 and
7). FINGERS
The conclusions from .
these two graphs arc that .
there is little corrclation )
between the blood flow ©
and pulse wave indices in
the toes, but that this cor- .
relation is better scen in
the fingers, especially in .
cases where both are in- 2
creased. These cases are AN
those whichshow evidence *
of considerable vasomotor ) ¢
control. The two graphs
would therefore support !
the general conclusion
that vasomotor control
does not recover in the *°
toes, butis always present, 10
Or recovers to a consider-
able degree in the fingers. 10
€ actual correlation
between true blood flows s
and pulse waves is por- N :
trayed graphically in Fig.
62. The flows are ex-
pressed as ml. per 100 c.c.
Per minute as for 10 c.c.
of digit. As explained
catlier, the volume of the ~ °*
Part is only an approx-
Imate figure, but since the o
pulse waye should truly be
represented in proportion

1 .. . . -
d‘;;é‘;ﬂg]l;.me of the digit, the relationship of the two will be expressed

tocI: ‘Imcll be seen that the correlation is better for fingers than it is for
the 'din eed, l_here are only four points for the fingers which lie above
2gonal line—two of these are from the same case and the other

CORRELATION INDICES

FLow

INDEX
.

FLow
.
)
J

b 2 3 4 o 2 30
PULSE  INDEX

Fic. 71. Correlation of flow and pulse indices.
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Table X.—ANALYSIS OF VASOMOTOR RECOVERY

, Significant | Significantly| Significant
Blood flowes decrease umhangti’ ifua{ue Total
Fixcers
0-3 months 5 6 7 18
After 3 months [ 3 18 21
Arulston 2 o 7 3
ToEs
0-3 months . o 2 1 3
After g months 5 12 12 29
Pulse wave Index Index Index
<o8 o8-1-19 >r2
FINGERs
o-3 months 2 7 5 14
After 3 months o 4 13 17
Arulsion ] o 2 2
Toes
©0-3 months . H 1 1 3
After 3 months . o 22 7 29

or more other cases in which severe peripheral vascular discase prob-
ably prevented the vessels from expanding after heating the patient.
In the toes, however, only 7 cases showed an increase on heating out
of 29, and in these it was much less marked than in the fingers. The
remaining 22 cases on the toes showed no apparent change.

Simple measurement of the changes in the heights of the pulse wave
wouldseem to offer a more convenient method of testing for the presence
of vasomotor control.

The correlation between the blood flow and pulse wave indices is
expressed graphically on a two-way logarithmic scale in Fig. 71 for
the fingers, and for the toes separately.

A line is drawn on each of these graphs indicating equal degrees of
increase. It will be observed that in the case of the fingers (upper
graph) the majority of the points lie either along this line or above it
and to the left. There are only 3 points, Nos. 6, 4 and 21, which ke to
the right—indicating that the pulse wave index has increased more
than that for the blood flow index. Two of these points are from the
same finger, and the other is also from a case of Raynaud’s disease with
secondary peripheral vascular disease of the vessels.

The lower graph (Fig. 71) shows the points obtained from records of
the toes. It will be evident that there is very little linear arrangement
along a line showing equal increases in the two indices. The points are
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two arc also from cases showing scvere peripheral vascular discase. For
convenience in recognizing these points, thosc obtained before hca'nng
the patient are indicated by black centres, whereas ﬂ.losc A:)bl:uncd
after heating—which should show maximal vasodilatation—are
indicated by hollow circles. .

The correlation for truc blood flows and pulse waves in the tocs
suggests that it follows a curve, as indicated by the interrupted linc.
This suggests that the pulse wave is proportionally larger than the
blood flow except when the latter is very large or very small, These two
graphs would not support the suggestion that the height of the puls.c
wave is always proportional to the blood flow in the digit. At lc_ast this
does not apply to cases before or after sympathectomy for peripheral
vascular discase or hypertension. It is possible that there may be a
better relationship if the digital blood vessels were normal—but these
patients rarely require sympathectomy. Only onc such case (Favec.)
Was examined here. This shows a very close relationship when most of

© vasomotor innervation has returned. There is obviously consider-
able variation in other cases, many of which have abnormal vessels.
When all cases are considered, although there is this large amount of
individual variation, it is possible that in any one casc at one time,

during a heating test, the relationship may be better, as has been
Suggested by Melrose et al. (1954).

§2. DIGITAL VASOCONSTRICGTION AFTER
GENERAL BODY HEATING

In the discussion on the changes in the blood flow before and after
heating the patient it will be recalled that some of the fingers and toes
both showed a decrease instead of remaining unchanged—as would
have been expeceted if vasomotor control had been removed. Statistical
NEGIYSis (Table X) showed that 5 fingers, out of a total of 18 examined
within three months of operation, showed this decrease, whereas 7
showed a significant increase. Similarly, 5 toes had shown a significant
decrease out of a total of 29 when all cases were examined three months
or more after operation. Twelve toes, examined three months to six
years aﬂ_er operation, by this time had shown a significant increase.
Examination of the literature shows that this phenomenon had been
observed previously under certain conditions, Witkins, Doupe and
Newman (1938) had found that the increase in blood flow in the
fingers, resulting from local heating, is not so great as that produced
Yy body warming, Earlier, Prinzmetal and Wilson (1986) had investi-
gated the blood flow in the forearms before and after sympathectomy.
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Digital Vasoconstriction after General Body Healing 213

thought that the veins had definite vasoconstrictors, but that there was
no evidence for vasodilators in them.

Further evidence of the existence of this phenomenon has more
recently been given by Ahmad (1954) who kindly allowed the author
to be present when thesc tests were performed. The patient had under-
gone a bilateral resection of T.2, T.3, T.4 and T.5 ganglia. Blood flow
estimations were made on the hands, which were placed in water-
controlled plethysmograph vessels, and body heating was induced by
placing the patient’s legs in water at 45° C. This produced no change
in the rate of blood flow in cither hand, indicating that vasomotor tone
had been completely removed. When the temperature of the water
around the hand on one side was raiscd to 41°C. (from 32°C.) and that
around the other was cooled to 25°C., it was observed that there was a
reduction of flow on the warmer side and an increase in flow on the
cooler. When the temperatures of the hands were reversed, the now
cooler hand had a greatly increased flow, and the now warmer hand
showed a further reduction (see Ahkmad—figure ). These tests were con-
firmed on a subsequent occasion, but it appeared that the initial
changes in the flows were not maintained and tended to revert to a less
CXtreme. level. Ahmad was able to find slight evidence of this pheno-
menon in two other cases, but neither showed it as well as in the case
described above. .

There has been confirmation of this phenomenon in animals. Fergu-
son and .Levinson (1952 and 1953) perfused the isolated ear of the
;abhlt with oxygenated Locke’s solution at different temperatures and

ound that the flow was decreased with 2 rise in temperature and vice
i‘.:::.dThey drew attention to similar observations on the rabbit per-
Dog l: b}}; Grant (1930), .Grant, Bland and Camp (1932) and by van
" eetn-d r}?ek?ma and Dirken (19504 and 8). Ferguson and Levinson
tui& S fe ht atin th_e 1solf1tc§ ear of the rabbit a decrease in the tempera-
patte:n tT; perfusing liquid resul.ts in an alteration of the vascular
from the ey thought that the fluid may have been partially diverted
Venous g capillaries through vessels of larger calibre, such as arterio-
ancrieﬁnastm}r)m.ses. LeCon"lpte (1941) measured the diameter of the
one side “Oa r; bl} upon wh}ch he had performed a sympathectomy on
tion of. Y n heating the animal strongly he observed a slight constric-
om0 e Sym}?athectomized vessel, whereas the control on the
P?OSlte side continued to dilate (sec Sfigure 1),
boﬂ‘::rzn(l?athectomized d?gs., as reported by Ederstrom and Higgin-
observed ix?sfh)é zasoconsmcr_wn in response to hyperthermia was to be
side, oot pad on the operated side and also on the normal
In the cases reported here this phenomenon of de in digi
blood flows on heating the patient,P appeared on 4 gdgciﬁ l(:;' :111 tgc:::%
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In their first case, they found that ten days afier 21 2lcohol injection of
the upper thoracic ganglia the blood Bow was reduced from 141 1o
0°75 €.C. PET 100 c.C. per minute, on heating the patient’s other arm.
The same procedure carried out before operation had czused 21 io-
crease in the flow from 0-65 to 1-75 c.c. per 100 ¢.c. per minute. In their
second case, which was examined one month afier a Smithwick nyps
cervico-dorsal sympathectomy, the blood flow on the operated amm
decreased on warming the patient from 1-2 too-75c.c., whereasonthe un-
operated side it increased from 0-61 to 1475 c.c. per 100 c.c. per minute.
They explained this by a vasodilatation in the normally innervated
areas causing diversion of blood from the sympathectomized segroeats,
but this cannot be the case since the blood pressure on the two sides must
be equal. Also, in the author’s cases, there appears to be little alteration
of blood pressure on heating the patients.

The opposite effect of cold on the forearm has recently been invest-
gated by Clarke, Hellon and Lind (1958). They showed that it occurred
over temperatures ranging 18°-1° C. both in normal and sympathec-
tomized patients, though not in a case of brachial plexus lesion. They
thought that the change of bloed flow tock place mostly in the muscle
blood vessels and that it was mediated by sensory nerves.

Similar observations to those of Prinzmetal and Wilson have been
made on the finger by Burton (1g10). His experiments were carried out
on two normal subjects who had been kept in a warm room for five
days. If the legs of these subjects were subsequently heated so 2s to
induce full vasodilatation, it was found that the blood fHows in the
finger decreased when compared with the rate of flow before heating.
If, however, the patients were then kept in a cold environment, the
reverse was the case—as is usual.

Wolff and Pochin (1949), when investigating the behaviour of single
fingers in response to changes in local temperature, found that if one
finger was immersed in cold water the subsequent yasodilatation on
placing it in warm water again was much greater than on the control
finger on the same hand. They considered that this phenomenon was

the same as that described by Lewis (1930 and 1931). It was only seent,
however, if the temperature of the water was cooler than 15° C. They
confirmed that the ‘“Hunting reaction’ was seen in the range 3° 10
10° C. Stein, Harpuder and Ryer (1949), using a plethysmograph on
the leg, found that sensitization of the blood vessels in the muscles,
following sympathectomy, is more marked for the vasodilator than for
the vasoconstrictor mechanism. They thought that sensitization of the
cutaneous vessels is too inconsistent to be of significance. Carmichael
(1950), however, had concluded that peripheral sympathetic fibres
constrict the blood vessels on the arterial side of the vascular bed, but
fthat there was also some evidence in support of vasodilator fibres. He
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thought that the veins had definite vasoconstrictors, but that there was
no evidence for vasodilators in them,

Further evidence of the existence of this phcnomenon has more
recently been given by Alimad (1954) who kindly allowed the author
to be present when these tests were performed. The patient had under-
gone a bilateral resection of T.2, T.3, T4 and T'.5 ganglia. Blood flow
cstimations were made on the hands, which were placed in water-
controlled plethysmograph vesscls, and body heating was induced by
placing the patient's legs in water at 45° C. This produced no change
in the rate of blood flow in cither hand, indicating that vasomotor tone
had been completely removed. When the temperature of the water
around the hand on ane side was raised to 41° C. {from 32°C.) and that
around the other was cooled to 25°C., it was observed that there was a
reduction of flow on the warmer side and an increasc in flow on the
cooler, When the temperatures of the hands were reversed, the now
cooler hand had a greatly increased flow, and the now warmer hand
showed a further reduction (see Ahmad~—figure 1). These tests were con-
firmed on a subscquent occasion, but it appeared that the initial
changes in the flows were not maintained and tended to revert to a less
extreme level. Ahmad was able to find slight cvidence of this pheno-
menon in two other cases, but ncither showed it as well as in the case
described above. .

There has been confirmation of this phenomenon in animals. Fergu-
son and Levinson (1952 and 1953) perfused the isolated ear of the
;::::lt t‘}:‘llh oxygenated Locke's solution at different temperatures and
verss ’I'l::t the flow was ficcrcas?d .with a risc in temperature an'd vice
forme.d beyG drew attention to similar obscrvations on the rabbit per-
Dobben.]g ‘l‘:mt (1930}, Grant, Bland and Camp (1932) and by van
suggested :’}‘:C ema apd Dirken (1950a nnd.b). Fergusoq and Levinson
ture of gho at in th_c 1sol.atcfl car of thc. rabbit a dccr'casc in the tempera-
pattern. T, Per‘l;usmg liquid rcsul.ts in an alteration of .the v?scu]ar
from t};e C:’).'l; ought that the fluid may have b.een partially dwcrt.cd
verous anas}:l aries through vessels of larger calibre, such as artetio-
arteries fn 3 :Ill;llc:_ses. LeGon_:pte (1941) measured the diameter of the
one side, O ;e ;t upon wh}ch he had performed 2 sympz}thectomy on
tion of the a mghthe an.lmal strongly he observed a slight constric-
Opposite side scymrgat ectoml.zcd vessel, whereas the control on the

0 sympath ontinued to dilate (see figure 1).
Bothary pathectomized d?gs, as reported by Ederstrom and Higgin-
(1952}, vasoconstriction in response to hyperthermia was to be

obs 3
sid:_ Tved in the foot pad on the operated side and also on the normal

In ¢
blood gzv::scs Teported here this phenomenon of decrease in digital
on heating the patient, appeared on 4 sides out of a total
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of 1o sides which showed no evidence of vasomator innervation shortly
after cervico-dorsal sympathectomy, and in 5 toes out of a total of 19
toes which did not show evidence of vasomotor recavery after thoraco-
lumbar sympathectomy. That is, it was found in 40 per cent. of fingers
and 25 per cent, of toes after the appropriate sympathectomy—in the
fingers of three patients and the toes of threc others. The inadequate
sympathectomy in the cases showing an increase in flow after body
heating may have masked any decrease they might have shown.

1t is interesting to note that in the only case in which postganglionic
pathways were certainly absent—the ease of brachial plexus avulsion
examined seven and thirtcen months after injury—this reduction of
blood flow in the fingers, after general body heating, was scen particu-
larly well (Fig. 66). It was no longer evident when sudomator activity
was apparent on the thumb——after thirty-one months. In no other
fingers was the phenomenon seen after three months from the time of
operation. All sensation was absent in the hand thirteen months after
the brachial plexus lesion.

The explanation of this phenomenon still remains obscure. It has
been suggested that, in the case of the fingers, the slight decrease in
flow might have been due to slight cooling of the hand outside the
cabinet during the course of the test. Although digital skin temperatures
werse not measured in any of the cases which showed the decrease in
flow, in other cases which showed no change or an insignificant decrease
in blaod flow, the temperature of the fingers increased slightly {0'5%~
1° C.) as the patient’s own mouth temperature rose on gencral heating
(Fig. 67—Cascr.mce. Finger temperature 34+5° C. atstartof body heating
rose to 45-2° in forty minutes). In the case of the toes in which decrease
of flow was measured when they were enclosed in the heating cabinet,
it is almost certain that no decrease in local temperature could have
occurred, but rather that they would have become warmed by the
radiant heat rather more quickly than the fingers.

Should it be supposed that when a normal subject is cool the tempera-
ture of the arterial blood in the hands is not much below that of the
body as a whole, reference should be made to some observations re-
corded by Bazett, Love, Newton, Eisenberg, Day and Forster (1948).
Under such conditions cannulated thermocouples showed the tempera-
ture of the rectum was 36-9° C., that in the brachial artery 31-1° C.
and in the radial artery only 21-5° C., without the subject being unduly
cold. It is probable, therefore, that in the subjects showing this pheno-
menon of reduction of blood flow on heating the bedy, the temperature
of the blood entering the fingers, even after sympathectomy, rose
slightly during the course of the test,

Another suggestion is that this phenomenon might be due to adrena-
line sensitivity of the vessels and that adrenaline is liberated under the
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stress of prolonged body heating. Although this might account for the
decrease in flow in the fingery, it is unlilely that it can explain that in
the toes, for in all these cascs in which it was scen, a splanchnic resection
had been performed together with the sympathectomy and therefore
the adrenals should have been denervated.

CONCILUSIONS
In the author's opinion the explanation is more likely to be duc to the
behaviour of denervated arterio-venous shunts, or cven to the direct
effect of temperature on the walls of the smaller blood vessels, particu-
larly the arterioles. It should be pointed out that in the case of the
fingers the blood flows were always initially small, duc to cither severe
Raynaud’s disease or general peripheral vascular discase, This, how-
ever, did not apply to the toes when relatively large blood flows were
recorded before heating the patient, Grant (1930) has shown that the
vessels of the rabbit’s car sometimes respond to local heating by
constriction, and the same observations have been made by Clark and
glafk (19344 and 8) and summarized by Clark (1938). This para-
T?hmt:al behaviour is reversible in any one arterio-venous anastomosis.
ha:; the ovcr-nl.l warming of a rabbit’s car causes a vasoconstriction
and ICC.n showxz in the normal rabbi't by Ferguson and Levinson (1952
and Dfiail’:() and in the sympathectomized ear by van Dobben-Brockema
cold va‘; ‘3'21(195_05) and LeCompte (1941). A similar phenomenon, the
tures. Tl?is :ftauon phcnomcn'on, occurs principally at low tempera-
atﬂi!;uted :\as shown by Lewis (1930) to be a local reaction which he
(19500) hao ar}ll axon rcﬂfm. _Latcr workers, Greenficld and Shepherd
nenes ;r " ve shown that it .sull occurs, but to a lesser degree, when no
may be du};rfser}llt m.thc dlg?nt. The author suggests that the explanation
ing in the i o the slightly increased temperature of the blood circulat-
majority of ger after the patient has been heated. This would cause the
dlightl Withartemo-vcnou:a anastomoses or the arterioles to constrict
from tl’xe e ar:isagparcnt reduction in blood flow. It will be observed
decreased wi?}’lr ﬂlllustrat.cd that the capacity of the venous spaces
the flow in th rel Cx.heaurfg and that thcy. offer a greater resistance to
Suggested ex *13 3rtl?nolar side of the arterio-venous anastomosis. This
evidence on aPn;inatxon_h::ts not yet been proved, but experimental
observations byn(;:h (cited above) has shown that it may occur. Recent
10 arteriomyery e author on the hamster cheek pouch which contains
Tespond to 10ca1l1118 anastomoses .show that the arterioles particularly
the arterioles . eat by con.stncuon. ‘When the check pouch is warmed,
constriction incrg:; te: constrictat a tcmperat(l’xrc of about -::,6° C., a‘nd this
will dilate along the sgrogrcsslvely up 0 42 oc : On cooling, again they
below this temperaty me curve to about 36° C. but, for a few degrees
re, the diameter of a vessel does not bear a
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constant relationship to temperature and shows a lag in its response
depending on whether the tissue is being warmed or cooled. At tempera-
tures below about 15° C., vasodilatation appears and is very evident
below 7° C. These changes are also secn in the veins which respond to
heat by vasoconstriction, but the proportionate change in diameter is
much less than that of the artcrioles. The author intends to continue
thesc experiments on transparent chambers inserted into the rabbit's
car with a view to direct examination of this problem in structures
more closely resembling human digits.



Chapter 13

RECOVERY OF FUNCTION AFTER
SYMPATHECTOMY

Tue good results after lumbar sympathcctomy, and the .rc]ativcly
unsatisfactory clinical and physiological results after cervico-dorsal
sympathectomy, have been realized for many years. Shechan had drawn
attention to this contrast when reviewing the subject in 1933. Among
the possible explanations that he considered was the postulate of Lewis
(1929) that there was some special ‘local fault’ in the vessels of the
fingers in cases of Raynaud’s disease. Another possible factor was the
suggestion that the vessels of the fingers showed a more powerful
response to a local stimulus, such as cold. A third possibility was that
of local vascular reflexes, which had first been suggested by Leriche,
but Sheehan did not regard this as a satisfactory explanation. A fourth
possibility was that of an extension of the periarterial sympathetic
plexus along the main vessels of the limb. According to Langley, how-
ever, this does not extend into the hand, and this opinion has been
confirmed by Stopford (1931). Sheehan believed that better results
would be obtained if greater attention was paid to the more complete
removal of the stellatc and 2nd thoracic ganglia. Kuntz (1927) had
earlier described an occasional ramus from the 2nd thoracic ganglion
which joined the 1st thoracic nerve without passing through the stellate
ganglion. This arrangement was relatively common, being present in
about one-fifth of the dissections he examined. Later Kirgis and Kuntz
(1942) described a less common but similar pathway from the third
thoracic ganglion, which would also escape section if the stellate and
second thoracic ganglia alone were excised.

Simmons and Sheehan carefully reviewed the whole subject in 1937,
and examined a number of cases by testing for sweating on the hands
and_by skin temperature observations. By this time 2abnormal sensitivity
to circulating adrenaline had been suggested as yet another possible
cause for relapse after sympathectomy. Simmons and Shechan, how-
ever, concluded that the cause of relapse after sympathectomy was not
due to any ‘lm?l fault’ or other special idiosyncrasy of the vessels of the
%\and, nor wasit due to the influence of abnormal sensitivity to circulat-
ing adrenaline, though this could be demonstrated very shortly after
operation. They found that the relapse coincided with the reappearance

of vasoconstrictor fibres in the ulnar nerve, which could be blocked by
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an injection of procaine at the elbow. They suggested, thercfore, that
regeneration of sympathetic fibres was the most likely reason for their
reappearance. .

1t has been known for many years that sympathetic nerves are readily

able to regenerate, Langley had carried out some experiments which
demonstrated this in 1900, but it is interesting to consider that many of
his results—especially carly regeneration—could be better explained
by the presence of intact intermediate sympathetic ganglia in relation
to the nerve roots down to the level of the 4th lumbar nerve root.
Langley had not realized that such ganglia existed, but they are now
known to be present in the cat and other animals. Gaskell (1886—
page 15) was apparently awarc of their presence, but does not comment
on their significance and they are not mentioned in his monograph of
1916 which was published posthumously. Langley had also shown that
if the postganglionic cell itself was excised, preganglionic fibres were
not able to establish a functional relationship with the peripheral end
of the postganglionic fibres. His conclusions have more recently been
confirmed by Hollingshead (1948). Lee (1929) has shown that sym-
pathetic fibres in the cat had extraordinary powers of regeneration—
a one-inch gap in the cervical sympathetic chain showed evidence of
regeneration after 275 days, but if there was no gap, regeneration was
apparent in twenty-six days and could be histologically verified. His
conclusions have been confirmed by Butson (1950), who showed that
sympathetic activity in the eye (rabbits and cats) could be regained
when as few as four finely myelinated fibres could be seen in the peri-
pheral portion of the previously sectioned cervical sympathetic chain.
Many other workers have considered regeneration to be the most
probable cause of recovery of sympathetic activity—Smithwick
(1940a and b), Telford (1938), Haxton (19474 and 5, 19482 and &,
1952 and 1954), Grimson and Durham (1949) and, in cats, Haimovici
and Hodes (1940). No one has ever suggested, however, that if post-
ganglionic nerve cells are excised they can be replaced by the body, nor
that preganglionic fibres are able to establish connections directly with
the blood vessels or sweat glands. It has always been presumed that
regeneration, when it occurs, is either of a sectioned postganglionic
fibre, or of a sectioned preganglionic fibre—in the latter event, the
postganglionic cell may have been quite intact.

Felder, Simeone, Linton and Welch (1g949) have reviewed a number
of cases who had undergone sympathectomy for Raynaud’s disease.
They found that in cases examined six months to twenty years after
operation vasomotor activity could be demonstrated in 6o per cent.
and sudomotor activity in 61 per cent., but in the same cases combined
it was only 48 per cent. In cases examined from six months to one year
later, 25 per cent. showed vasomotor recovery and 20 per cent. sudomotor
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recovery. Fairly similar figures have also been reported by Smill‘n\'lck,
Robertson and Farmer (1950). Simeone and Felder (1951) cqnndcrcd
the result after ganglioncctomy and ‘preganglionic’ rescction, and
concluded that it made very little difference which type of.opcmuon
was performed. Learmonth (1950) belicved that regeneration ?f the
sympathetic might still be an important factor, but \h:_\t the c:clls in the
intermediate cervical sympathetic ganglia would pmvndc. an important
alternative pathway. Robertson and Smithwick (1951) did not find the
close correlation between physiological evidence of autonomic recovery
and clinical results, as had been noted by Felder e al. (1949). Rol_»cnson
and Smithwick did not observe vasomotor activity to be present in such
a high proportion of cases, and presumably this was because they were
using a less sensitive method. Felder ef al. had suggested that‘thc best
form of sympathectomy was ganglioncctomy plus root scction, but
Smithwick doubted whether this made much difference.

White, Smithwick and Simcone (1952), in an excellent monograph
on the autonomic nervous system, have compared the physiological
observations on cases after cervico-dorsal sympathectomy reported
by Haxton (19474), Felder et al. (1940) and Smithwick, Robertson and
Farmer (1950). Haxton found evidence of autonomic recovery in all
cases, and the others less frequently. This inconsistency would be better
explained by the relative sensitivity of their tests. The results of clinical
assessments were also given, but appear to be too subjective for com-
parison. White ef al. (1952) concluded, however, that after lumbar
sympathectomy regeneration may occur with the passage of time, but
‘was more delayed in onset, less complete and less frequent.

Kinmonth and Hadfield (1952) also found that the results of ganglion-
ectomy and ‘preganglionic’ resection were the same, and suggested,
therefore, that nerve regeneration was not the chief cause of relapse.
They believed that the possible causes of recovery of function might be
adrenaline sensitivity, reorganization of alternative pathways and,
Possibly, the ‘local fault’ postulated by Lewis. The author will consider
these and show that the first and third alternatives are no longer
tenable.

Jepson (1951), also, did not believe that regeneration of the Sym-
Pathetic expained the return of neurogenic activity in the upper limb.
He re-explored a case which had relapsed two years after operation,
and found that at the thoracic end of the sectioned chain a neuroma
was present and that no anatomical connection between this and the
somatic or sympathetic systems could be demonstrated. The neuroma,
on histological examination, had confined its neurofibrils, and removal
of the neuroma and an additional piece of thoracic chain failed to im-
prove the patient’s condition. He believed that the recovery of function

after sympathectomy would best be explained by the compensatory
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activity of altcrnative sympathetic pathways. He suggested that these
might be through the intermediate cervical sympathetic ganglia; he
thought that in the normal limb their activity was minimal and only
as months passed did it become clinically significant.

Telford (1935) and Cohen (1953) have confirmed that on re-explora-
tion of their cases they found no such regencration of the sympathetic
in the operative arca, On the whole, Cohen thought it most likely
that the explanation of such apparent regeneration was re-routing via
the accessory sympathetic paths. Cohen has also commented on the
decrease in blood flow immediately after sympathectomy. He stated the
exact mechanism was unknown, but that it was generally ascribed to
vasoconstrictive substances circulating in the blood. A later report has
been that of Haxton (1954). In this Haxton still claimed that regenera-
tion of divided fibres is the causc of relapse after sympathectomy. He
based his conclusions on the results of his injection tests, but as will be
described later, in the author’s experience these have not been found
to be conclusive.

In man, however, it does not appear that postganglionic fibres have
any particular ability to regenerate at a greater rate than other types of
fibres in peripheral nerve. Richter (1946), when he examined the sudo-
motor activity after peripheral nerve lesions, did not find any evidence
to suggest this. Similarly, in the author’s case E.c. (Chapter 5) it has
been shown that sudomotor fibres regenerated after brachial plexus
avulsion at a rather slower rate than did those for crude sensation. It
should also be recalled that the patterns of anhidrosis after lumbar
sympathectomy remain quite permanent, and there is no evidence that
sudomaotor fibres present in the second lumbar nerve on the front of the
thigh (with ganglion cells in the intermediate ganglia) show any evi-
dence of invading the nearby anhidrotic sacral dermatome on the back
of the thigh, Indeed, this margin between a sweating and a non-sweat-
ing area is quite constant in position from year to year and does not
appear to extend even one centimetre. It is therefore suggested that if
ganglion cells, which ordinarily supply a certain dermatome, are
resected, no other ganglion cells, which normally do not supply this
dermatome, except possibly those from the next above or below, are
able to re-innervate it even if the ganglion cells which normally inner-
vate it are removed. This is so, even when both sets of ganglion cells
remain intact in the body and only the preganglionic fibres which
supply one set are sectioned. No autonomic activity will return to the
skin in a dermatome which has been rendered anhidrotic due to resec-
tion of preganglionic fibres, unless these fibres regenerate or others
near by are able to establish functional synapses (p. 91).

Ganglion cells remain in the lower lumbar and sacral sympathetic
ganglia, but sympathetic activity does not return to these dermatomes.



Recovery of Function after Sympathectomy 221

Ganglion cells remain in relation to the nerves of th.c bra.ch.ial plexus
after stellate and T.2 ganglionectomy, but autonomic actvity :\.lmost
invariably rcturns to the upper limb. These ganglion c.clls in _rclauon to
the brachial plexus may be in a number of .di{fcrcnt.sncs. Firstly, (h.cy
may be present in the middle, intcrmediate ccr.vxcal fmd superior
cervical ganglia, and along the cervical sympalhcr:xc chalr}. Sccon‘dly,
they may be present in the intermediate sympathetic ganglia described
in this region first by Wrete (19344) and, in the adult, by Skoeg (1947),
and confirmed by Ehrlich and Alexander (1g51). Ilustrations from
Skoog’s paper arc shown in Fig. 73, and indicate the ffcqucncy :{nd
complexity of the intermediate ganglia and their rami. Other sites
of sympathetic ganglia are along the common, internal and external
carotid arteries in the carotid plexi, and along the vertebral artery and
also, possibly, in relation to other arteries in this region. Should pre-
ganglionic fibres re-establish functional conncections with any of the
ganglion cells in these regions, there would be every reason to expect
autonomic activity to return to the upper limb. Such, indeed, must be
the case. It has been realized that ganglion cells whose fibres supply the
upper limb may be present in the sympathetic chain as low as the grd
thoracic ganglion or lower {Goetz, 1948), and that ganglion cells
supplying the lower limb may be present in the sympathetic chain from
the 1st lumbar ganglion and extend into the sacral ganglia. After
cervico-dorsal or lumbar sympathectomy, fibres which have been
sectioned, but whose origin is from cells beyond that of the resection,
may be able to regenerate across the block of scar tissue and pass down
a nerve root to the periphery. Such fibres would be only few in number
and have a long way to grow, so that if this is the explanation, then
regeneration should occur only after a long interval after operation.
Further evidence that the postganglionic fibres show little evidence of
recovery is provided by the observation that when sudomotor activity
returns to the upper limb it does so least along the ulnar border. This
is contained principally within the first and second thoracic dermatomes
and it is the sympathetic ganglia at these levels which have been
resected.

If regeneration is the explanation for the recovery of function after
sympafth?ctomy, it must be due to regeneration of preganglionic fibres
establishing fun_ctional connection with postganglionic cells. These cells
have been left intact at the time of the original operation except that
they have lost their original preganglionic supply.

As recovex_y o-f function does not occur after lumbar sympathectomy
g’:\fg%:;%l;:ﬁ:: lfjbms from the }ower level of the thoraco-tumbar outi

cen able to bridge the gap from the level, say, of the
1st lun:abar meathctu: ganglion to that of the upper level of t.h,e sym-
Pa‘}:it‘:_c,}é“m at, say, the 4th lumbar—i.e. two segments. Evidence



F16. 73. To show pasition and connections of cervical intermediate sympathetic
ganglia in adults. Skoog, T. {1947). Lancet Right cervical sympathetic trunk and its
connections with spinal nerves in {a) and (b); left cervical sympathetic trunk and its
connections with spinal nerves in (c}, (d) and (e). Showing sympathetic ganglia
marked in black: a, superior cervical ganglion; &, stellate ganglion; ¢, superficial
communicating branch, d, deep communicating branch; ¢, vertebral nerve; f, rami
communicantes grise bipartiti of Wrete; g, sympathetic trunk; 4, branch to plexus
of carotid artery; 1, vagus nerve; £, subclavian artery.
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has been provided by Papez, Jansen and Dukes (1945) that in puppicf,
fibres from the 1st lumbar rami communicantes were often lost in
connective tissue, and they became twisted into whorls as in a ncuroma.
A similar appearance is found in the rami from the oth thoracic nerve
root in the histological examination of the post mortem material {Case
5.} described in Chapter g. !

Sympathectomy of the 2nd and grd lumbar paravertcbral ganglia
should include the lower level of the thoraco-lumbar outflow. Pre-
ganglionic fibres from these segments of the cord—usually L.z but
sometimes L.g—cannot regenerate to establish functional connections
with the lower lumbar paravertcbral ganglia nor with the Jumbar inter-
mediate ganglia at these levels. In the upper thoracic region, however,
it is possible that some of the preganglionic fibres from the upper level
of the thoraco-lumbar outflow may not have been sectioned at stellate
and T.2 ganglionectomy, and might easily be able to estabfish func-
tional connection with the ganglion cells in the region of the brachial
plexus. It is possible that preganglionic fibres from the 1st and 2nd
thoracic nerve roots may have been able to regenerate to establish
functional connection with ganglion cells left intact after operation,
but in the author’s opinion the more likely explanation is that these
preganglionic fibres were not all divided initially. It will therefore be
necessary to examine more critically the possibility that the upper level
of the thoraco-lumbar outflow of the sympathetic may have been left
intact after a stellate ganglionectomy.

UPPER LEVEL OF PREGANGLIONIC OUTFLOW OF THE
SYMPATHETIC NERVOUS SYSTEM

Experimental work on animals has suggested that the upper level of
the thoraco-lumbar outflow is never above that of the 1st thoracic and
ustxa.lly only the 2nd or grd thoracic anterior roots. These observations
originated from Langley (1892) who used the cat, dog and rabbit.
§heehfm and Marmzzi (1941) and Sheehan and Pick (1g43) have
lnvestigated this in the monkey, and Geohegan, Wolf, Aidar, Hare
and Hinsey (1942) in the cat and monkey. Their conclusions are sup-
ported by the observations of Hinsey, Phillips and Hare (1939) that a
stellate ganglionectomy was sufficient to produce permanent sympa-
thectomy of the fore limb in the cat, though Kuntz, Alexander and
Furc?lo (1938) had suggested, on experimental histological grounds,
that in th? cat ﬁbrf:s from the st thoracic anterior root were able tt;
Xx;:gscee 1‘1:“:‘ gtanghon cellshin the inferior cervical ganglion, and that

ent axo: 3 istri
sw«;at Slands of the‘;::) rvev};x;:w‘wcrc distributed to the blood vessels and
n man, Foerster (1939) stimulated the nerve ro i i

not observe a vasoconstriction in those above the 4(:;15 tix:::g?f;iii
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root. Ray, Hinsey and Geohegan (1943) performed similar experi-
ments in man, and observed the autonomic activity by the decrease in
the electrical resistance on the fingers, Their results, and those of their
co-workers at various times (Geohegan ¢f al., 1942 and Geohegan and
Aidar 1942), have been summarized by Aidar (1947). The levels of the
preganglionic outflow to the upper limbs were respectively—

cat . . T.s-Tg

monkey . T.4-T.10

man . . T.-T.10
though there was an occasional outflow from T.1 in man.

Netsky (1948) believed that it was usual for a small percentage of
fibres supplying the upper limb to traverse the anterior root of the 1st
thoracic nerve. He pointed out that Kuntz (1927), in disscctions on the
cadaver, had found similar evidence, and that Sheehan (1941) had
found the 1st thoracic root to provide the upper level of the thoraco-
lumbar outflow, and that in one of Shechan’s cases this was at the 8th
cervical. Hyndman and Wolkin (1941) had thought that the pre-
ganglionic fibres to the upper limb were not present above the 2nd
thoracic.

Sunderland (1948) and Sunderland and Bedbrook (1g49) found
that postganglionic fibres were present in all the roots of the brachial
plexus in man and, in two cases out of four examined by Sunderland,
preganglionic fibres were present as high as the 8th cervical nerve.
Ray and Console (1949), when considering the sweating patterns on
face and neck, believed that the preganglionic outflow must be above
the 8th cervical anterior root. Further anatomical evidence has been
provided by Pearson (1950), who found that in human embryos and
foetuses white and grey rami communicantes could be recognized in
relation to the 8th cervical nerve.

In later reports Ray (1953), although he does not give details of his
experiments, found definite suggestions, from his records of skin
resistance in the hand, that stimulation of the 7th and 8th cervical, and
1st thoracic roots would produce sympathetic responses. In 1955 Ray
elaborated this statement by saying that he observed a prompt response
in the hand on stimulating the 7th and 8th cervical roots in man even
after the cervico-thoracic chain had been removed. It is possible that
Ray was repeating in man the previous experiments of Geohegan and
Aidar on the cat (1942, to be described later), and that these lower
cervical nerve roots may ordinarily supply only the head and neck, but
will supply the hand by a process of functional reorganization after the
original preganglionic fibres to the hand have been severed.

Further experimental evidence is provided by Bridges and Yahr
(1955), who observed vasoconstriction in the fingers on stimulating the
anterior roots of the 8th cervical and the upper three thoracic nerves.
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Similarly, Coldwater, Alexander, Cox and Randle (1957) found th‘at
when they stimulated the rami to the upper thrcc' thomcl'c gonglia,
the 1st thoracic contributed significantly to the innervation of .thc
sweat glands of the hand. They found no responsc when stimulating
the chain below the level of the 4th thoracic ganglion. In one casc on
whom, eighteen months previously, they had already resected the first
three thoracic ganglia without producing a Horner’s syndrome, they
stimulated the ramus from the 8th cervical nerve and observed vaso-
constriction of the finger. Subsequent removal of the remainder of the
inferior cervical ganglion produced a Homer’s syndrome.

Tt appears, therefore, that therc has been a growing realization that
the 1st thoracic nerve root may not be the uppermost which contains
preganglionic sympathetic fibres in man. Further evidence that this
may be at the 8th cervical anterior root, or even above this level, is
provided from the observations on Case c.A. (Fig. 25). In this case it
was shown that after section of the anterior root of T.1, and confirmed
degeneration of T.2 and T.3 nerve roots, autonomic activity was still
present in the hand and was not abolished by a spinal anaesthetic which
apparently reached at least to the level of T.4 (Chapter 5). Haxton
(19472 and 1954) has described a technique whereby he is able to
investigate relapses after sympathectomy. In this he claims that para-
vertebral injection of procaine, mixed with radio-opaque diodone
may be injected at the level of the 2nd thoracic vertebra and will block
the regenerated vasoconstrictor fibres to the hand. Haxton did not be-
lieve that the procaine injection affected the ist thoracic or higher
nerve roots or rami, since no Homer’s syndrome was produced in cases
which did not originally show it. The position of the diodone could
be confirmed by X-ray, With Mr J. V. Crawford, of The London
Hospital, the author has endeavoured to repeat these tests. Injections
of procaine were also given at the lower cervical intervertebral fora~
roioa. The conclusions from these tests are that it is very difficult to be
certain oi.' the precise position of the injections, and that a preganglionic
outﬂo.w in cases who have shown recovery after stellate and T.2
ganglionectomy is more likely to be from the 8th cervical rather than
the 7th cervical nerve root. Injections at the 2nd thoracic level were
hk%}: to have spread upwards to affect rami from higher levels.

¢ canclusions are that after cervico-dorsal sympathectomny affect-

ing stellate and 2nd thoracic ganglia some pregan, lioni
higher levels remain intact. gne pregengtionic fibres from

FUNCTIONAL REORGANIZATION FOLLOWING

o PREGANGLIONIG FIBRE SECTION
&‘Blllfngts}'::y anr.l Ranson (1918) found that for every preganglionic
on 1n the cervical sympathetic trunk of the cat there were thirty-two
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cells in the superior cervical ganglion, though Wolf (1941) found a
closer ratio. This docs not mean that a preganglionic fibre synapses with
only thirty-two postganglionic cells, since it is very probable that each
ganglion ccll has more than one preganglionic fibre effecting a func-
tional synapse on it. Such a possibility, however, does not appear to
have occurred to many workers on this question, but Hillarp (1946 and
1949) is definitely of the opinion that each postganglionic nerve cell is
not innervated by one preganglionic neurone alone, but that several
such neurones converge towards it. Apparently it was with this concep-
tion in mind that Geohcgan et al. (1942) investigated the levels of
origin of the preganglionic fibres in the cat, and determined, by direct
stimulation, those nerve roots which carried the sympathetic pathway
to the following structures. They found that

the eye received preganglionic fibres from spinal levels T.1-T.4 or
T.5

the forc pad received preganglionic fibres from spinal levels T.3-T.9
the hind foot received preganglionic fibres from spinal levels T.r1-
L.
the hair on the tail received preganglionic fibres from spinal levels
T.r3-L.3

It appeared that in the cat, whereas the uppermost level of the thoraco-
lumbar outflow was the T.1 segment, the uppermost outflow of pre-
ganglionic fibres serving the fore pad was only T.3.

Geohegan and Aidar (1942) followed up these observations with a
most interesting series of experiments. They performed laminectomies
on cats and sectioned some anterior roots on onc side only from T.3 to
T.r1. The changes in skin temperature were then measured and vaso-
constrictor control was found to return on the operated side. After two to
six months they re-exposed the nerve roots and measured the presence
of autonomic activity in the fore pad by changes in the clectrical skin
resistance. They found that electrical stimulation of the anterior nerve
roots produced positive responses from T.1 and T.2, and significantly
large responses from T.3 nerve roots on the previously operated side.
On the opposite side, however, no responses were obtained on stimulat-
ing at these levels, but only at T.4 anterior root or below—as had been
found in the normals. From these observations Geohegan and Aidar
concluded that a functional reorganization of preganglionic fibres
must have taken place. Preganglionic fibres, normally only subserving
the head and neck, must have given off collaterals to the postganglionic
cells controlling sudomotor activity in the fore limb.

Evidence that this functional reorganization may also occur in man
has been given by Ray, Hinsey and Geohegan (1943). They sectioned
the anterior roots T.2—T.8 on each side in one patient, on whom they
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had first determined the levels of the sudomotor pathways. These had
included the T.g anterior root on onc side, but only as low as T.8on
the other. Within ten weeks of the operation, autonomic activity re-
appeared on the side which had shown a sudomotor outflow to the
hand at the level of T'g.

Further cvidence has been provided by the author’s observations on
cases of anterior rhizotomy of the lumbo-sacral anterior nerve roots.
Although autonomic paralysis was cvident in the feet shortly after
operation, it very soon rcturned, and in the casc examined six weeks
after anterior rhizotomy, both sudomotor and vasomotor tone were
almost the same as before operation. In these cases of anterior rhizo-
tomy, intact preganglionic fibres from nerve roots above that of T.12
must have been able to establish functional conncction with the
ganglion cells supplying the lower leg.

Tn the author’s opinion such a process occurs also in the cervico-
dorsal region after sympathectomy involving the stellate and T.2
ganglia. Preganglionic fibres may leave from the 1st thoracic nerve
root, but all may not pass into the stellate ganglion before they synapse
with postganglionic cclls supplying the nerves of the brachial plexus.
Other preganglionic fibres leave in the 8th cervical anterior root, and
similarly will escape section by stellate ganglionectomy. There may
even be a few fibres in the 7th cervical root. The pathways which these
fibres may take are shown dingrammatically in Fig. 74. Other path-
ways may be via the carotid or vertebral arterial plexi as described in
the h‘\xm:m embryo by Kimmel (1955), or by the sinuvertebral nerve
descn.bed by van Buskirk (1941). All these pathways are indicated in
the diagram by —V. A comParablc aberrant pathway to the central
part of the face probably exists from the vagus (or even the glosso-
phary.ng.eal) nerve to the superior cervical and other sympathetic
ganglia in the head and neck. Autonomic nerve loops connecting the
jﬁir:;:tt:; .nerS\;: may also ff)rm an alternative pat]"\way. These are

ustrated in Skaog’s figures: (sce Fig. 73 (b) f, rami communicantes
grisel bipartiti of Wrete). Since intermediate ganglia lie along the
;%um: of these loaps, at least a part of them must contain preganglionic
m;;ziu:(l: n]:}l;xfa%glionic pathways from the th cervical anterior root
ey ly be concerned in the autonomic pathway to the upper
fll!‘;‘l , but only to the eye, head and neck. When the other preganglionic
cclll‘:Sslfme lower levels are divided by sympathectomy, the ganglion

pplying the upper limb are at first without any preganglionic

z:pp\?‘, and therfnorcgulatory sweating is no longer apparent. After a

lhg;t ;:l:i:rl:::l}lof umei however, the intact preganglionic fibres—although

to the gan 1ioy Su[ﬁ) y only t'he head and ne‘ck—scnd off new collaterals

onic ﬁbrcsgha:;c:c \s-c:-“]fplw{lg' the upper limb. Since these pregangli-
cen injured they do not ‘regenerate’, The pro-
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cess is, rather, one of ‘functional reorganization’—the term used by
Geohegan and Aidar (rg42) and Monro (19544) or collateral sprouting
~—a more apt description employed by Murray and Thompson (1956).
It is possible that collaterals from these fibres to the ganglion cells
subserving the upper Jimb may always have been present anatomically
but are not physiologically active. This hypothesis would be most diffi-
cult to prove. Histological studies by Murray and Thompson (19374)
suggest that they do not occur in normal ganglia, but they are not precise
on this point.

ADRENALINE SENSITIVITY

Meltzer and Meltzer (1903), Meltzer (1904) and Melizer and Auer

(19044 and ) were the first to describe the effects of adrenaline on
blood vessels of the ear and on the eye, and its relation to sympathec-
tomy. Elliott (1905), from further experiments, concluded that plain
muscle when denervated shows an increase in the capacity for irritation
by adrenaline which is greater than it had previously possessed. The
imperfect quotation of his paper by later workers, and Elliott’s own
misquotations of Meltzer’s and Auer’s papers, has caused many years
confusion in the understanding of adrenaline sensitization. The refer-
ence Elliott gives to Meltzer’s and Auer’s work is not correct. Subse-
quently, Elliott states that in the ear vessels adrenaline sensitivity
appears in sequence to simple decentralization by section of the pre-
ganglionic axons. For this statement he refers to Meltzer and Auver
(1904b). In this earlier paper (page 44) they state that—
‘for the blood vessels of the ear we have established that the simple
section of the sympathetic is sufficient to prolong the constricting effect
of adrenaline, and that the removal of the ganglion does nat increase
this effect.’

Freeman, Smithwick and White (1934) and Freeman (1935) de-
scribed some experiments on man and rabbits in which they endeav-
oured to show that adrenaline sensitivity was greater after ganglionec-
tomy than after “preganglionic’ section. They were aware of Elliott’s
paper (1905) and referred also to Meltzer and Auer, but it is evident
that they could not have read the statement of the latter quoted above,
or, if they did, they dismissed it. Following this, Smithwick designed a
new type of operation in which he claimed that only preganglionic
fibres to the upper limb would be divided. As has been shown herein
the text (Case s.a.—Chapter 5), there is no reason to suppose that the
isolated 2nd and 3rd thoracic sympathetic ganglia remain functonal,
and therefore the effects should be identical to those to be observed if
these ganglia had been removed. White, Okelberry and Whitelaw (1936)
demonstrated sensitivity of the blood vessels to adrenaline following
sympathectomy, but Simmons and Sheehan (1937) showed that in
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man this was only transient and could not be the principal cause f‘?r
relapse after sympathectomy. Ascroft (1937), hoxvcvcr, had shown_ in
monkeys, by means of skin temperature obscrvations, that :\drcrznl'mc
sensitivity might be an important factor in apparent vasoconstriction
after cervico-dorsal ganglionectomy in these animals, and Simconc
(1937), working on cats, confirmed that postganglionic denervation led
to greater sensitization than preganglionic dencrvation. This increased
sensitivity disappeared as the nerve supply regenerated. Many of the
conclusions of the above workers were incorporated by Cannon (1939)
into ‘A Law of Dencrvation’. It should be noted, however, that
Fatherree, Adson and Allen, writing in 1940, thought that the sensitivity
to circulating adrenaline of the digital vessels in man was about cqual
after preganglionic or postganglionic section.

Kirgis and Reed (1949) appear to have been the first to question the
value of ‘preganglionic’ sympathectomy. They investigated the cffect
of superior cervical ganglioncctomy on the smooth muscle of the eye.
After cervico-dorsal and second thoracic ganglionectomy in cats, there
was evidence of re-innervation of autonomic fibres to the cye in threc
to six months, but there was no evidence of regencration afier superior
cervical ganglionectomy. They therefore recommended that the latter
procedure was more permanent.

Kirgis, Reed and Pearce (1950) reviewed a number of human cases
which had undergone the two types of cervico-dorsal sympathectomy.
They concluded that there was no proof that complete preganglionic
section without regeneration was better than ganglionectomy. They
fol.md that ganglionectomy in their cases was always effective up to
t}.urty months, but that preganglionic section was never effective after
eight months, or only to a variable degree. They considered that efforts
toremove as much as possible of the peripheral ganglia were most likely
tobe effective, They believed that sympathectomy would have been more
pc}?u'lar if less attention had been paid to transient periods of enhanced
activity of denervated smooth muscle in certain unphysiological condi-
tions, and more recqgnition paid to regeneration from preganglionic
fcigrl::i:x dljgettihzzxi Kirgis (1052) have summed up the question and
interraption of reyperal?nwt};i of smooth muscle, whu:.h may follow

; don of preganglionic fibres, appears to be more significant than
yperactivity that depends on denervation.

CHANGES IN BLOOD FLOW IMMEDIATELY FOLLOWING
X SYMPATHECTOMY
. Lcwx-s and Landis (1930) appear to have been the first to observe that
immediately after cervico-dorsal sympathectomy the hands were
flushed and the digital arteries pulsated vigorously. By the second da
the flushing had disappeared and these changes were no longer cvident‘{
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and by the fourth day pulsations could no Ionger be felt. Other ob-
servers have made similar observations. Johnson and Davis (1936
according to de Takats, 1937) found that following a cervico-dorsal
ganglioncctomy for Raynaud’s disease the peripheral circulation
returned to normal in less than three weeks. De Takats (1937) reached
a similar conclusion, but thought it was due to improper selection of
cases and suggested possible regeneration of the sympathetic. Schulen-
berg (1949) examined the vasomotor changes after peripheral nerve
injuries. He found that the cutaneous area commonly passed through a
warm phase of vasodilatation which continued for approximately
twenty-onc days, but after this the vessels entered a cold phase. This
phenomenon has received much attention from Hoobler, Avera,
Little, Peet and Bassett (1949) and from Barcroft and his co-workers
(Barcroft and Hamilton, 19482 and 4, Barcroft and Walker, 1949,
Lynn and Barcroft, 1950, Walker, Lynn and Barcroft, 1950, and Bar-
croft and Swan, 1953). In their papers they described blood flow
observations on the hand and foot performed before and on each day
afier sympathectomy. On the first and second day after operation the
blood flow in the hand may reach a very high level (up to 50 ml. per
100 ¢.c. per minute), which is even greater than the maximal blood
flow obtained on normal vessels after release of vasoconstrictor control
produced by heating the patient’s body. Towards the end of the first
week this hyperaemia rapidly subsided, and after a fortnight the blood
flow in the hand had returned to about the pre-operative level, although
in the foot the residual flow remained about double after two to three
months, They discussed the possible explanations for the regain of tone
and, although they discounted the probability that this is due to circti-
lating adrenaline, they believed that it might be due to an intrinsic
change in the physiology of smooth muscular contraction. It does not
appear that they had regarded the very high blood flows immediately
after operation, and for the next day or two, as being anything bC:fO”d
that which could be explained by simple removal of vasoconstrictor
innervation. They were aware that this high level of post-operative bl
flow was considerably greater even than in normal vessels, in which vaso-
constrictor tone had been inhibited reflexly.

Similar observations have been made in the author’s one case of
sympathectomy with normal blood vessels (Case Fatec., Fig- 68). 10
this case the maximal blood flow after heating the patient was about
30 ml per 100 c.c. per minute on the unoperated side, but seven days
after operation on the other side the blood flow was almost 50 mL per
100 c.c. per minute. Observations had also been made three days after
operation and indicated an even faster rate of blood flow (not reported
here). This fast level of blood flow after operation was not maintained-
When nineteen months after operation vasoconstrictor innervation had
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returned almost to the pre-operative level, the maximal bl?od flow
after heating the patient was about 38 ml. per 100 c.c. per minute.

In the author’s opinion the explanation of this phcnomc‘noy does not
lie solely in the rernoval of vasoconstrictor control. The principal blood
flow into the digits is through arterio-venous anastornoscs. Alt!lough
the changes of the calibre of these vessels are difficult to observe directly
in man, they have been observed in the rabbit.

Grant and Pearson (1938) realized that artcrio-venous anastomoses
play a greater part in the regulation of blood temperature, and that in
man and animals circulating adrenaline was not a factor responsible
for the regain of vascular tone following sympathectomy.

Clark, Clark and Williams (1934) and Clark and Clark (1934a and
5) made dircct observations on newly formed and original arterio-
venous anastomoses in transparent chambers inserted into the cars of
rabbits, Their conclusions have been summarized by Clark (1938).
He states that—

‘stimuli which caused sudden increase in circulation followed by two or
three days of increased blood flow may lead to the formation of numer-
ous arterio-venous anastomoses in stable vascular networks. . . . Most
of these new-formed arterio-venous anastomoses are temporary. With
return of quiet circulation in the vascular area they diminish in size,
lose some of their extraendothelial cells, and either become inconspicu-
ous portions of the capillary network, or retract and disappear. . . .
Some remain “permanent”—some of these are non-contractile, while
others develop active contractility. The latter appear to be exactly the
same as those with intact nerve supply and are under both central and
local control. There is evidence that the acquisition of contractility is
associated with regeneration of nerves. . . . Some permanent arterio-
venous anastomoses were seen to grow small and disappear. Contribut-
ing factors were (a) lessening of blood flow; (§) formation of new
capillaries supplied by the artery beyond the site of origin of the
arterio-venous anastomosis; (¢) persistent maintenance of a completely
contracted condition in the arterio-venous anastomosis. Similar dis-
appearance of arterioles has been observed associated with the same
contributing factors.’

mf:;l; : dcs_cription woulc_l seem to furnish a f:omplete explanation for
the changes in blood flow immediately following sympathectomy. The
initial secng:ll of vasoconstrictor fibres serves as the stimulus which
causes a sudden ing i 1 5 )
tions were made al?tl;aisxfj:;igslihcxgigl?: :;i(i]lthi? Ughhciark $ observa-
to local infection, there is no reason tc;] su . n}-lft ylene bluc, and
should not Prodl;ce a relatively simil. nra ot sympathectomy
been performed vely similar picture. Sympathectomy has

performed en }hvz rabbit, but this has usually been as an acute

experiment in rabbits in which transparent chambers are inserted in
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the car. There doces not appear to be any account of changes observed
over several days after sympathectomy. The author has performed
preliminary experiments on rabbits’ cars in which transparent chambers
have been inserted. The day-to-day changes in the blood flow have been
made by direct observation. The picture is much the same as that
described by Clark above. Many small vessels of veno-capillary type
become much dilated. Some form true contractile arterio-venous anas-
tomoses, but most of them begin to disappear after the fifth day follow-
ing the superior cervical ganglionectomy.

In a transparent chamber the largest arteries are much smaller than
those observed by LeCompte (1941) in the intact ear after sympath-
cctomy. LeCompte found that when the animal was resting quietly the
initial dilatation of an artery steadily decreased cach day until the
sixth, after which there was little further contraction. In the transparent
chamber the smaller arteries do not scem to undergo such large changes
in diameter, but the most striking feature after sympathectomy is the
much greater velocity of the blood cells through them. LeCompte sup-
ported Grant (1930) in belicving that the contraction of the artery was
due to supersensitivity to an unknown hormone, Until the problem can
be investigated more completely, this aspect of the return of ‘tone’
after sympathectomy must remain unexplained.

CONCLUSIONS

In the preceding chapters it has been shown that there are three areas
in the body where sudomotor activity is retained after paravertebral
sympathectomy, which, according to previous generally accepted jdeas,
ought to have abolished sweating. Firstly, it is retained in the lumbar
region—in an escape area comprising at least the 1st and end lumbar
dermatomes—the reason for the retained activity here is the presence
of lumbar intermediate sympathetic ganglia in close relation to the 1st
and 2nd lumbar nerve roots. These are supplied by preganglionic fibres
from the lowermost segments of the thoraco-lumbar outflow of the
sympathetic. Secondly, sympathetic activity is retained in the perineal
area corresponding to the 4th and sth sacral dermatomes; and thirdly,
it is retained in the central part of the face (central mask), The ex-
planation for these last two areas has not been proved, but it is sug-
gested that they are supplied by autonomic pathways leaving the brain
stem or sacral cord through nerve roots which are not included in the
generally accepted levels of the thoraco-lumbar outflow.

After lumbar sympathectomy it has been shown that the patterns of
thermoregulatory anhidrosis remain permanently, and that vasomotor
paralysis is also permanent except in a few cases (approximately 10 per
cent.), when a slight degree of recovery appears after an interval of two
or three years.
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In the casc of cervico-dorsal sympathectomy, however, it has bcgn
shown that whereas sudomotor paralysis may have been cffected in
most of the upper limbs, a certain degree of vasomotor control was still
present in the about onc-third of the cases examined .':hortly a(_’tcr
operation. In the remaining two-thirds of those upper limbs, \\'l’uc'h
were examined at intervals greater than three months after operation,
sudomotor and vasomotor recovery had taken place in all cases (except
one side which showed no vasomotor recovery). These conclusions on
the invariable return of autonomic activity to the upper limbs show it
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Fra. 75. Vasomotor and sudomotor activity in the hands. Barcroft, H., and Harmilton,
G.'T. C. (1048). Lancet.

to be rather greater than that found by some other workers, but they
are confirmed by the observations of Haxton (19474), who found evi-
dence. that physiological activity had returned in all of fifteen Lmbs
examined one to fourteen years after stellate and T.2 ganglionectomy.

Barcroft and Hamilton (19484 and &) have investigated the evidence
of vasomotor and sudomotor activity in sympathectomized hands. In
cases examined within six months of operation they found no evidence
of the presence of cither, but in other cases examined one to six years
after operation cither vasomotor or sudomotor activity was invariably
present, and usually evidence of both could be obtained. Their findings
are }\Iustrated m Fig. 75 (courtesy of Professor Barcroft). Of those cases
originally examined within six months of operation, almost all showed
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evidence of having regained some degrec of autonomic innervation
when examined again twelve to cighteen months later.

In the author’s opinion the return of autonomic activity depends
not so much on the time interval since operation but rather on the
sensitivity of the method by which it is detected. It is probable that if
cases examined by other workers—e.g. Simmons and Shechan (1937
and 1939)—which did not show evidence of any return of autonemic
activity at onc year but did show it at five ycars, had been examined
with a more sensitive method, they would have revealed a slight degree
of autonomic activity even at six months or carlier. No attempt, there-
fore, has been made to try to determine the time at which autonomic
function returns to the upper limb after sympathectomy, except to
observe that vasomotor recavery was present in every case ¢xamined
(except for one side) after a post-operative interval of three months.
Possibly, examination of all patients at regular monthly intervals
after operation might furnish more information on this aspect, but this
would be very tedious for the patients and for a single observer. The
number of cases cxamined after cervico-dorsal sympathectomy is
smaller than those examined after lumbar sympathectomy, but since
the former had all shown evidence of return of autonomic activity at
the time of their last examination, whereas the greater majority of the
latter had not, there would have been no particular advantage in
extending the number of cases examined after cervico-dorsal
sympathectomy.

It is concluded that reorganization of preganglionic fibres by
collateral sprouting offers a better explanation for recovery of function
after sympathectomy. Regeneration of both preganglionic and post-
ganglionic fibres may be a contributing factor, but it is likely to
account for the cases which show evidence of recovery of function only
after a long interval-—two years or so, after sympathectomy.

* Newcombe ¢t al. (1959) have provided a very recent objective analysis ?fa
farge series of hypertensive patients treated by operation. They found a survival
rate of 76 per cent. for five years which was in accord with the published figures
of surgical cases and 1n favourahle contrast with any series of patients treated con-
servatively. (Newcombe, C. P., Shucksmith, H. S., and Suffern, W. S. (19592.
Sympathectomy for hypertension. Follow-up of 212 patients;’ Bnt. med. F. i

142-144)



Chapter 14
§1. CLINICAL APPLICATIONS

Avtnoucn operations for sympathectomy are not at present being
performed so frequently as they were a few years ago, there have been
a number of recent reports suggesting that this method of treatment,
when employed on carcfully selected cases, is still superior to all others.
Thus Wells (1956), in reviewing 150 cases of thoraco-lumbar sympa-
thectomy for hypertension, which he had followed up for five years,
concluded that the swing away from surgery had been too complete,
since it had much to offer the patient in the relicf of distressing symp-
toms, conservation of vision and prolongation of life.

Similar support has been provided by Longland and Gibb (1954),
who showed that a group of hypertensive patients with more severe
retinal changes were particularly benefited by operation as opposed to
medical treatment. These conclusions contradict the earlier opinions
of Platt and Stanbury (1g50). Other more recent reports have been
reviewed in two leading articles in the medical press (Brit. med. 7., 1955,
ii, 893~894, and Lancet, 1956, ii, 1031-1032) and both have added a
plea that operation for hypertension should be employed more fre-
quently in selected cases.* Surgery will certainly continue to have a
place in treatment until pharmacology can offer an ideal and universal
alternative, Zintel, Sellers, Jeffers, Mackie, Hafkenschiel and Lindauer
(195§), while endorsing the better results of surgical as compared with
medical treatment, suggest that the atter may be more effective after
sympathectomy. In all these reports, although the authors usually
describe the types of operations to which their patients were subjected,
1o attempt has been made to correlate the extent and manner of
thofaco-lumbar sympathectomy with the clinical response of the
patient. Similarly, there has been, in these reports at least, no assess-
ment of anatomical denervation. It would have been a great advantage
to know if the planned extent of the operations had been achieved in
all cases.

Haimo.vici (1951), in an editorial on the criteria for sympathetic
denervanon, stressed that this must be complete to be successful, He
noted lhe_variations of the normal anatomy of the paravertebral
:{lmpathenc. chain and the rami communicantes, and also considered
re;:i g:;‘t :vhlch the.intermediate ganglia might play in the presence of

ympathetic pathways. He suggested that vasomotor responses
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would provide an indication of the degree of sympathetic neurcctomy,
but he realized they would be inadequate and non-specific for the arca
of denervation. The segmental levels could be estimated more accur-
ately by studics in the changes in the arcas of sweat secretion, These
would indicate the dencrvated dermatomes.

The foregoing chapters will provide a basis for assessment of the
completencss or otherwise of paravertebral sympathetic resection over
varied segments. Thesc scgmental areas of denervation may be cor-
related with the intended levels of resection for cach individual patient.
Unfortunately, it has not been practicable to extend these observations
to the assessment of clinical change in the discases or the symptoms for
which these patients originally underwent their operations. To do so
would have introduced a greater subjective element from the observer
than the more objective records of vasomotor and sudomotor innerva-
tion reported here. It would also have made this monograph much
longer; ncvertheless reports of this nature are needed. Perhaps a team
of surgeons, physicians, physiologists and anatomists will be able to
provide such a comprehensive study.

Haimovici has suggested that the presence of autonomic denervation
insplanchnic and skeletal muscle can be estimated from theskin patterns.
The position of the intermediate ganglia may invalidate this assump-
tion. In Chapter ¢ it has been seen that, in the upper lumbar region,
the cells in the intermediate ganglia lying on the grey rami communi-
cantes were more likely to retain intact connections to the skin, whereas
at the same segmental level, those in the ganglia on the white rami
showed evidence that their fibres to the viscera had been divided. On
the other hand, at thesc levels, there were still small bundles of fibres,
running with the lumbar vessels which connected the intermediate
ganglia with the mesenteric ganglion tissue lying in front and at the
sides of the aorta. These bundles were very small and it would seem
unlikely that they would furnish a very effective pathway for sym-
pathetic impulses to the viscera. In this respect, however, it must be
remembered that, certainly in the cervical region, even a few pre-
ganglianic fibres and their collateral sprouts can produce a great deal
of autonomic recovery of function,

Objective evidence on this point may be deduced from the absence
in men of the power of ejaculation. Loss of this power is very often
associated with the resection of the first lumbar ganglion. Although
there are various reports that this disability may disappear, it is inter-
esting to recall that it did so in one patient (Case w.s.—page 40) at
the same time as thermoregulatory sweating was observed to return to
part of the T.11 dermatome on one side.

Various reports have claimed that the results of lumbar sympathec-
tomy for peripheral vascular disease are improved if the 1st Jumbar
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ganglion is also resected. Since there may be as many ganglion cells in
the intermediate ganglia associated with this nerve tr.unk as therc are
in the corresponding paravertebral ganglion, it is difficult to under-
stand what benefit can ensuc. It has been pointed out by Ross (1954),
however, that this ganglion should also be removed if there is an iliac
arterial block and it is desired to dilate the collateral vessels in the hip
region. For more distal vascular discase of the legs, Hohf, Dye, Olwin
and Julian (1954) have shown that paravertcbral sympathectomy
T.12-L.3 offers no advantage over the standard operation L.2-L.3.
Ray (1955) agrees with this opinion. Ordinarily for peripheral vascular
disease, in men, the first lumbar ganglion should be preserved.
Although bilateral thoraco-lumbar sympathectomy is always fol-
lowed by marked postural hypotension, this does not usually persist for
long. The blood pressure eventually returns to its pre-operative level
in all but one-fifth of the patients. It will be most interesting to discover
if this is associated with more adequate visceral antonomic denervation
and whether any particular type of operation is more likely to achicve
it. In this respect it seems unlikely that any advantage is to be gained
by extending the resection more cranially. The incision should be
placed so as to enable the surgeon to make a very thorough dissection
of the sympathetic chain and the splanchnics as they pass through the
diaphragm and its crus, and he should also resect the lumbar splanch-
nics and the upper part of the lumbar paravertebral chain to below the
Ievel of the thoraco-Jumbar outflow. Attention has already been drawn
to the better vasomotor results of the retro-pleural as opposed to the
transthoracic operation.
. In regard to the autonomic denervation of skeletal muscle, evidence
is even more lacking. Intermediate ganglia usually supply the skin over
the inner side of the calf; though the underlying muscles are supplied
from lower segments. In the forearm it has already been shown that
f?}rlne degree of vasomotor innervation :'Almost invariably has returned
o en tested threeA moPths after operation. Although there are many
-ports of observations in the calf on blood flow after sympathectomy, the
general ﬁndmg is that in many cases of peripheral vascular disease of
the legs there is little permanent change (e.g. Shepherd, 1950). This
may wgll be due to the small extent of permanent depervation: any
subjective clinical improvement may be due solely to section of visceral
afferents.
As an indication of what can be achieved by careful observati
digital blood flow before and after lumbar sym}}’)ad\ectomy, I?f:s 2:;

Simeone {1957), by means of body heating tests, showed that they could

prcdlct' the clinica} effect of the operation in 73 per cent. of cases with
sntermittent claudication. Even then, half the patients in whom a poor

response | : s ;
Ps ons :ln7 blood flow was predicted still improved with sympathec-



248 Vasomotor Control after Sympathectomy

tomy. Although such studics are the most likely to provide information
on the best form of treatment, whether by operation or not, they will
be of even more value if they can be corrclated with the segmental
pattern of autonomic denervation, Similarly, hoth Mavor (1955) and
Edwards and Crane (1956) agree that the clinical condition, with prier
assessment of the degree and site of arterial obstruction, must be care-
fully considered before selecting paticnts for lumbar sympathectomy,
Such critesia would be even more valuable were it known that in any
particular patient a sympathectomy or other neurectomy would
denervate the vessels down to a specified level.

An example discussed in Chapter g is that of Gase w.r. in whom
the unusually low extent of the ‘escape’ area into the L.4 dermatome
prevented the healing of an ulcer above the medial matleolus, whereas
a similar ulcer above the lateral malleolus had healed. This was sur-
rounded by skin that was anhidrotic, and presumably had also lost its
vasomotor innervation,

Local anaesthetic block, even when given at precise levels, may give
misleading information as to the anatomical denervation to be achieved
by a paravertebral sympathectomy at the same levels—especially in
the upper lumbar segments. This is b the intermediate gangli
related to the rami communicantes and nerve trunk are involved in the
area of diffusion of the local anaesthetic whereas they are left intact
after operative sympathectomy. Case R.R. (page 60) shows the area of
anhidrosis after local procaine injection within the psoas muscle sheath
at the levels L.2, L.3 and L.4. Obviously the arca of autonomic de-
nervation is much more extensive than that found after paravertebral
sympathetic resection at comparable levels. As Husni and Simeone
(1957) have shown, there may be an indication that a certain type of
sympathectomy will benefit the clinical condition even if such an
operation is not practicable.

‘Chemical sympathectomy’ with injections of alcohol or phenol as
suggested by Haxton (194g) should, in theory, produce an arca of
autonomic denervation closely approximating that of procaine injec-
tion. Unfortunately, it seems that it is very difficult to be sure of the
precise focation of the tip of the needle (White, Smithwick and Simeone,
1952—pages ¢62~464) and, although this method has been taken up by
several other workers, there are no reports of the dermatome patterns
of denervation or correlation with the levels of injection. The limited
observations of Boyd and Monro {194g) 2nd on Case s.w. reporied
here (page 104) suggest that the method may produce patchy areas of

anhidrosis and that these are only transient.

In the cervico-dorsal region, local injections of anaesthetic solution
{or of sclerosing chemicals) may praduce interference with sympatigetic
function, which is very different from the later effects of a ganghion-
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ectomy in the same region. In this case tl}c discrepancy 15 prot'mbly‘not
because of the intermediate ganglia, which also occur in this region,
but is due to other sympathetic pathways, alternative to Ehc cervical
sympathetic chain. These may be paralysed by an injection of local
anaesthetic, especially if this is of large v?lumc, buf are not mtcrruptc(i
by the operation. In the upper dorsnl‘rcglon ‘chcm_lcal symPathcc(omy
appears to be very successful in abolishing the pain of angina pectoris.
Attempts have been made to define the site of the anacsthetic §o\utxon
by prior injection of radio-opaque oil, but the latter docs not diffuse as
readily as the agueous solution, and the area involved by the anaes-
thetic may be much more extensive. Presumably an aqucous solution
of phenol would behave in a similar fashion.

There is another aspect of ‘chemical sympathectomy’ which does not

yet appear to have been tried. At operation it should be possible to
inject the connective tissue around the rami communicantes with small
quantities of sclerosing solution under direct vision. The injection
should be aimed towards the nerve root with the intention of affecting
the intermediate ganglia (Figs. 40 and 41). The paravertebral ganglia
would then be resected as before. If this were done at the upper lumbar
levels, the whole of the Jower limb should be rendered anhidrotic. In
the region of the stellate ganglion, local injection of sclerosing solutions
could be made under direct vision into the region of the vertebral
nerve, and at other sites where preganglionic fibres from the rst
thoracic and 8th cervical nerves might be passing towards the inter-
mediate and other cervical ganglia. Skoog’s diagrams (Fig. 73) may
provide a guide to their site and the pathways involved. Care would
have to be taken to avoid injury to blood vessels and seepage of the
sclerosing solution back into the wound. The results should achieve a
much greater degree of sympathetic denervation, even if they were not
permanent. An added advantage over anterior rhizotomy, which might
otherwise be considered for severe cases, is that the sclerosing solution,
ifinjected near a nerve root, is likely to have a greater effect on the fine
autonomic fibres than on the much more heavily myelinated fibres to
voluntary muscle,

Althoug!x good results in cases of hypertension and peripheral
vascular disease are only to be expected if the sympathectomy is com-
?Iete for the region concerned, interruption of all sudomotor pathways
is not required for hyperhidrosis of the hands and feet. In the case of the
ham‘%s it has been shown that after cervico-dorsal sympathectomy, a
varying degree of sudomotor activity almost invariably returns. T’his
minimal sweating, which is so much less than the distressing amounts
which caused the patient to seek operation, is sufficient to keep the hands
moist enough to provide a grip of smooth objects. After lumbar sympa-
thectomy the resultant anhidrosis may be too perfect. The feet are dry
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and scaly, and ladies complain that they too frequently Jadder their
stockings! Ross (1954) was struck by the sceming anomaly that sympa-
thectomy produced good results for hyperhidrosis of the hands but not
for Raynaud’s discase. It is evident that for the former condition the
‘imperfect’ operation is better for the patient, Lumbar sympathectomy
appcars to achieve excellent results for Raynaud’s phenomenon in the
feet.

A successful sympathectomy in one region may precipitate or
aggravate symptoms in another region. Thus thoraco-lumbar sym-
pathectomy for hypertension may induce Raynaud's phenomenon in
the hands as well as unpleasantly increased sweating on the arms and
upper chest, Similarly, cervico-dorsal sympathectomy for hyperhidrosis
of the hands may be followed by such exacerbation of the condition in
the feet that another sympathectomy may be requested. If a lumbar
sympathectomy is performed, the patient is now distressed by drenching
sweat on the trunk.

It would appear, therefore, that some lesser operation might be more
satisfactory, and in this respect ‘chemical sympathectomy’ might
suffice, For hyperhidrosis of the hands it would seem that the inferior
cervical and 1st thoracic ganglia should not be included in the
ganglionectomy.

For facial and gustatory hyperhidrosis the problem is not so simple.
If sympathectomy is to be performed, it would be illogical to do less
than remove the inferior cervical ganglion, and in some cases a superior
cervical ganglionectomy might be preferable. It should be recalled that
gustatory sweating not uncommonly develops after cervico-dorsal
sympathectomy (Haxton, 19482 and 5). Section of the auriculo-
temporal nerve appears to be adequate for the auriculotemporal
syndrome. For other forms of facial hyperhidrosis it would scem best to
perform preliminary diagnostic anaesthetic block and to abolish sweat-
ing in the desired area with the minimal volume of anaesthetic solution.

For this condition, and for peripheral vascular disease of the hands.
it may be impossible to avoid the production of a Horner’s syndrome.
As has been stressed by Ray (1953), the cervico-dorsal sympathectomy
should not be restricted on this account. Ray suggests that if a sym-
metrical appearance is essential, a superior cervical ganglionectomy
may be performed on the opposite side. A better alternative, if this is
needed, would be to perform a plastic operation on the upper eyelid
by shortening the tendon of the levator palpebrae superioris muscle.
This should not be done too soon, or over-correction may result when
the Horner’s syndrome begins to recover. Such an operation was
performed on Case c.a., with apparently excellent results at the time.
Patients are usually unaware of any inequality in their own pupils.

Other indications for sympathectomy have been discussed by Lear-
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month (1g50). He points out that such opcrations may also be per-
formed to interrupt visceral scnsory pathways. For angina pecetorns he
recommends resection of the upper four thoracic ganglia on the left
side rather than their injection with alcohol. Sympathectomy may also
relieve other visceral, renal and causalgic pain. Indecd, after thoraco-
lumbar sympathectomy, as has been pointed out by Wcl}s (1956): a
patient may develop an acute abdominal emergency which remains
“silent’ and causes him no distress. This frcedom from visceral pain doces
not apply to the scar of the wound. Transient intercostal ncl‘lra]gia
may be very distressing after rib resection in these patients, but it does
not usually persist for long.

There are innumerable accounts in the literature of sympathectomies
of various types for many varied conditions. One striking feature com-
mon to them all is the complete absence of any objective post-operative
study of the influence of autonomic denervation on the original condi-
tion. Until such reports are available, no comment is possible.

§o. RECOMMENDATIONS

In all patients the extent and the method of the operation will have to
be considered in relation to the nature of the disease and its severity.
The most complete operations are required for peripheral vascular

disease and hypertension, On this basis the following recommendations
can be made.

CERVICO-DORSAL SYMPATHECTOMY

Resection should include as much ganglion tissue as possible, and an
attempt should be made to resect the middle and intermediate cervical
ganglia supplying rami to the brachial plexus, This operation has
already been suggested by Ray (1g53). The resection should extend at
least as low as the 2nd thoracic ganglion, but there is no evidence that
the 3rd need be removed, though perhaps this should be done if easily
accessible, It should be realized that not all preganglionic fibres will be
flivided, and there would seem to be little advantage in performing
intradural section of the 2nd and 3rd thoracic nerve roots if the rst
thoracic and 8th cervical are left intact,

In. severe cases of Raynaud’s disease or after its relapse following a
previous sympathectomy, consideration should be given to the possib-
ility of seetioning the 1st thoracic anterior root, but this should be done
only after prior electrical stimulation of the relevant roots and observa-
tion of the yolunta.ry muscle and autenomic responses.

. Alternatively, sclerosing solutions such as phenol might be injected
in small quantities under direct vision at the time of ganglionic resec-
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tion. This should be donc with a view to blocking the alternative
sympathetic pathways in this region, If results appear to be sufficiently
encouraging, the procedure might be extended to include less severe
cases.

THORACO-LUMBAR SYMPATHLCTOMY

The retro-pleural operation would appear to be more satisfactory
than the transthoracic approach. There scems to be no advantage in
extending the operation above about the 8th thoracic level unless it is
desired to relieve symptoms of angina pectoris. The rationale of
‘preganglionic’ scction to include the roots of the greater splanchnic
nerve appears to be mistaken. Great care should be taken to remove
completely the splanchnic nerves and the sympathetic chain as they
pass through the diaphragm and its crus. The sympathetic chain should
be removed as low as the lower border of the 3rd lumbar vertebra.
Metal clips should be placed at the upper and lower ends of the intact
chain so that these levels can be localized by X-ray examination.

On the analogy that if any preganglionic fibres persist intact it is
better to remove as many ganglion cells as possible, it might be expected
that the coeliac ganglion should also be resected. There is no evidence
at present that this conveys any advantage: even if it were removed,
there is a great deal of other para-aortic and pre-aortic ganglion tissue
which would be less accessible. Recent reports in the literature suggest
that partial adrenalectomy should not be attempted.

Under certain conditions where it may be necessary for sympath-
ectomy in the lumbar region to be as complete as possible, it may be
advisable to inject the rami communicantes of the upper three lumbar
nerves with a sclerosing solution such as phenol. This should be done
under direct vision with a view to the involvement of the intermediate
ganglia associated with these nerve trunks. The alternative would be to
section the anterior roots of these nerves, but this would cause herniation
of the lower abdominal wall.

LUMBAR SYMPATHECTOMY
All that is ordinarily required is resection of the paravertebral
sympathetic chain from the level of the upper border of the 2nd to the
level of the lower border of the grd lumbar vertebra.

Finally, may a plea be made for adequate anatomical follow-up on
all patients after all types of sympathectomy. Only when the intended
Jevels of resection at operation, the observed area of sudomotor denerva-
tion and the degree of vasomotor paralysis can all be correlated with
the change in the clinical condition will it be possible to say what treat-
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rent is best for the paticnt. It may be opcrative, or not, or a combina-
on of operation with medical treatment.

It is hoped that the studies reported here will enable surgeons and
Il others interested in the autonomic nervous system in man to gain an
nderstanding of what changes in the function of this system are likely
> result from any particular operative procedure. These recorded
bservations should also indicate the changes in function that may
ccur with the progress of time.



Chapter 15
GENERAL SUMMARY

PART ONL
1 THe patterns of thermoregulatory sweating have been determined
on 26 cases after thoraco-lumbar sympathectomy, 12 cases after lumbar
sympathectomy and 12 cases after cervico-dorsal sympathectomy—the
Iast two groups include € cases upon which four-quarter sympath-
cctomy had been performed.

4 Most of these cascs were examined on repeated occasions at varying
intervals after operation, and the changes, if any, in the sweating
patterns have been discussed.,

9 The patterns of sweating produced by an injection of carbachol
into some of the patients are compared with the thermoregulatory
sweating patterns in the same patients.

9 The presence or absence of vasomotor control in cither the fingers
or the toes has been investigated at the same time as the sweating tests.
Maximal inhibition of vasoconstrictor control was produced by heating
the patient in a hot-air cabinet.

9 After the appropriate extent of paravertcbral sympathectomy it
has been found that sympathetic activity is constantly retained in the
following areas:

(a) An escape area comprising the 1st and 2nd lumbar (and nsually
the grd lumbar) dermatomes, with an occasional extension upwards
into the 12th thoracic dermatome or higher, after thoraco-lumbar
sympathectomy; () an area in the perineum comprising the 4th and
5th sacral dermatomes, after lumbar or thoraco-lumbar sympathec-
tomy; (¢) an area in the central part of the face (central mask) which
may have associated with it an area over the larynx, and others around
the external auditory meati, after cervico-dorsal sympathectomy.

9 These findings on the sweating patterns, vasomotor innervation
and autonomic activity in the eye, face and neck are summarized in

Table I for Thoraco-lumbar sympathectomies,
Table II for Lumbar sympathectomies,
Table 111 for Cervico-dorsal sympathectomies.

These Tables I-IIT include data on the presence or absence of sym-
pathetic activity (@) within three months of operation; (8) after three
months from the date of operation.
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¢ It has been found that after lumbar or thoraco-lumbar sympath-
ectomy, sudomotor activity, if initially absent, did not rccover within
four years of operation (in one case it has not recovered after twelve
years). In these cascs slight vasomotor recovery became apparent in
30 per cent. of the fect examined after an interval of two to three years.

Adier cervico-dorsal sympathectomy, sudomatar activity was usually
absent in the hand if the sympathectomy included the 2nd thoracic
ganglion, but in all cases sudomotor activity had recovered, at least
partially, when examined three months or more after operation. Vaso-
motor activity in the hand and sympathetic activity in the orbit showed
similar recovery after an interval three months or more after operation.

Evidence from sweating patterns would suggest that the lower level
of the thoraco-lumbar outflow of the sympathetic is at least as low as
L.3 in 30 per cent. of cases.

9] ‘Fransthoracic thoraco-lumbar sympathectomy does not usually
produce as complete a rescction of sympathetic pathways as does the
retro-pleural operation.

Y Cases upon whom section of the anterior roots of certain nerves had
been performed have shown that autonomic activity recovers very
quickly after section of the preganglionic fibres ordinarily supplying a
llm.b, provided that other preganglionic fibres have remained intact,
It is suggested that this process of functional reorganization is by
collateral sprouting from intact preganglionic fibres.

9 One case of traumatic brachial plexus avulsion has provided evi-
dence that autonomic postganglionic fibres regenerate at a slightly
slower rate than sensory fibres. Sudomotor and vasomotor activity in
the hand showed no evidence of recovery until two and a half years
after the injury.

T Notes on aspects of pilo-erector activity are made in the text. Local
pilo-erector activity is retained after appropriate sympathetic ganglion-

ectomy, but is absent if there is an a i i
ccompan lesion of senso
nerves. P ing ry

PART TWO
. tﬂ] Lumbar intermediate sympathetic ganglia constantly exist on the
st and 2nd Jumbar nerve roots, and are thus able to furnish the post-
8anglionic cell stations to the 1st and 2nd (and probably gqrd) lumbar
dermatomes.irf which the sweating persists.
Mﬁ&h’{f\: existing pattern ‘ubtained on one case has been correlated
e Ispost-mnrtem findings and an exact agreement found between
evels of the lumbar intermediate ganglia present and the derma-
tomes in which sweating persisted.
m'i:kg‘htcen lumbar intermediate sympathetic ganglia were found
eside and twenty on the other side of the case examined post mortem.
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Approximately 6,500 cells were present in the intermediate ganglia in
relation to the 1st lumbar nerve root. This compares with approxim-
ately the same number of cells in the 15t lumbar paravertebral ganglion
on the opposite side.

9 The position of these intermediate ganglia is variable. They are
found in both ‘grey* and ‘white’ rami communicantes, and also on, in
and around the upper four lumbar nerve roots on each side. Their
positions, size and connections are summarized in Tables IV and V.

9 Besides the normal ‘grey’ and ‘white’ rami, other autonomic
pathways may exist: () as finc nerves along the lumbar arteries, to-
wards the ganglion cells on the sides of the aorta in the Jumbar regions—
this pathway is not interrupted by ordinary paravertebral sympathec-
tomy; (#) as occasional finc nerve loops between one nerve root and
another. Each of these pathways may be associated with ‘intermediate’
ganglia at onc or both ends.

% Evidence is produced that the ‘intermediate’ ganglia in relation to
the ‘white’ rami communicantes mostly supply the viscera, whereas
those in relation to the ‘grey’ rami or on the anterior primary division
of the nerve root mostly supply the somatic areas.

4 Doubt is expressed whether cither ‘grey’ or ‘white’ rami communi-
cantes in the upper lumbar region can be considered as containing only
preganglionic or only postganglionic fibres.

9 The findings in regard to the numbers of the lumbar intermediate
sympathetic ganglia have been confirmed in human embryos and
foetuses.

4 The calibre spectra of the anterior roots of spinal nerves and of the
cranial nerves in man are reproduced in Tables VI, VII and VIII by
kind permission of Professor Rexed.

9 Suggestions are made that the explanation of sweating retained
in the perineum after lumbar sympathectomy is from sudomotor path-
ways leaving the sacral cord in the 4th sacral anterior root which is
below the lowermost level of the thoraco-lumbar outflow.

9 Similarly, it is suggested that an alternative preganglionic sympa-
thetic pathway may exist by way of fibres leaving the brain stem via
certain cranial nerves (VIL, IX or X). The developmental fate of the
epibranchial placodes associated with these nerves (and the 5th cranial
nerve) is considered in relation to the areas of skin of the face and neck
where sweating activity is retained after cervico-dorsal sympathectomy.

¢ The phenomenon of gustatory sweating is discussed.

PART THREE
9§ Vasomotor effects are discussed and summarized in Table IX,
which also indicates the results of observations made on the same digit
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at varying intervals after sympathectomy. The figures obtained at cach
observation are cxamined statistically and expressed as an index.

€ Vasomotor activity was retained in the hand in almost 50 per
cent. of sides cxamined immediately after operation, and showed
recovery in all other cases when examined three months or more after
operation. .

It is shown that in the fingers, vasomotor control had recovered in
every case examined more than three months aficr operation. (In onc
case, which showed sudomotor recovery in both hands at two years,
vasomotor activity remained absent on one side only.)

In the toes, vasomotor activity is absent in most cases, but two to
three years after operation, about 30 per cent. of the feet examined
showed slight recovery. The results arc shown in Table X.

9 The observations obtained by measuring blood flows arc compared
with measurements on the height of the pulse wave. It is concluded that
the latter may be a more convenient method for determining the pre-
sence or absence of vasomotor innervation.

9 The correlation between the increase in blood flow and increase
in pulse wave is not constant. There is less correlation in the toes than
in the fingers, but in the latter it becomes relatively constant only in
cases which have recovered much vasomotor control.

9 Of those cases not showing some degree of recovery of vasomotor
control, about 20 per cent. of fingers and 35 per cent. of toes showed a
statistically significant decrease in blood flow after heating the patient.
The possible explanations for this are discussed.

9 Explanations are offered for the very large blood flows immediately
after sympathectomy and for their reduction over the next few days,
bug there seems to be no adequate explanation for the decrease in
calibre of the larger arterioles. [In a preliminary communication Burn
and R.oad have recently suggested that supersensitivity of blood vessels
fl‘otn:r)v:;v::llt? denervati;m is due to the loss of their noradrenaline content.
Vot ts:;;n 1g:m able i1;(hat this loss is associated with the change in
supcmthM. urn, J. 1., and Rand, M. _] (1958). The cause of the

ns ty of organs after degeneration of sympathetic nerves.
Lancet, ii, 1213.3

4§ The Yiterature in regard to explanations for the recovery of function
after syxppathectomy is reviewed.
ﬁbﬁeitb ;scztlulr:il;;lf;i :::ttinfungionalbreorganization_ of preganglionic
Fanction thar s 5 g offers a better explanation for recovery f’f

: generation—though the latter may occur in certain

cases after an Interval of two to three years.
ml:‘;_r:: ;::Vlgacr:)—goxs.al region it seems probable that these sprouts
glionic fibres leaving the cord in the 15t thoracic or

8th cervical nerve roots (or possibly even higher). These pathways
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will not be sectioned by ordinary cervico-dorsal sympathectomy.

9 In the lumbar region a resection of the 2nd and grd lumbar
ganglia will interrupt the lower level of the thoraco-lumbar outflow of
the sympathetic. Collateral sprouting of preganglionic fibres to ganglia
caudal to thesc levels ordinarily does not oceur.

4 Recent reports suggest that sympathectomy for hypertension may
be the best form of treatment in selected cases and that it may improve
the results of medical therapy,

4 For hyperhidrosis of the limbs, a less complete sympathectomy may
produce a more satisfactory effect on symptoms than a more radical
opcration such as is required for peripheral vascular disease.

% Sclerosing chemical solutions when injected along the course of
rami communicantes under direct vision at operation might improve
the results both cervico-dorsal and lumbar sympathectomies if clinical
conditions require this.

% Recommendations are made for different types of sympathectomy.
It is pleaded that all paticnts should be cxamined for residual autonomic
activity after operation,
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CLINICAL APPARATUS
SWEATING TEST CABINET*

Tis cabinet is constructed of Holoplast, which is a commercial type of plastic double
cavity material 3 in. thick. It is designed to be made up from three standard
81t X 4 ft. sheets of this material with the minimum of waste. IE is white co:ncd'on
both sides and requires no painting: it can be worked with ordinary woodworking
tools.

The cabinet (Fig. 76) measures 6 ft. 3 in. long X 3 ft. 4 in. wide and 3 ft. 5 in.
high, and is thus designed to fit over the mattress and rest on both ends of the fra}nc
of an ordinary hospital bed. It consists essentially of a roof compartment measuring
g in. decp which contains thirty-four vertical radiant-heat bulbs (316 c.p., 30 W,
230 V.) and above which is a curved aluminium reflector. ‘The roof compartment is
supported at cach end by two hinged flaps. The flap at the head end is strengthened
by vertical battens at each side to which the hinges are secured, and by ‘elbow’
pattern falding brackets. At the foat end, the two vertical battens to which hinges and
‘elbow’ brackets are also attached are secured to a foot piece 12 in. high which
extends about 4 in. above the edge of the mattress. The upper part of this flap is
fitted with a detachable end section similar to the side sections. The two end flaps may
be folded inwards for convenience in storage, and will then protect the electric bulbs.

From the side edges of the roof compartment the side sections are suspended by
means of half-hinges, which will allow one or both side sections on each side to be siid
off for easy access. The foot end section is fitted with similar hinges. The side sections
measure 4 ft. and 2 ft. in length respectively X 2 ft. 8 in. high, and are fitted with
tubber seals to make a relatively airtight joint with the head and foot flaps. Perspex
windows are fitted at each end and in each of the side sections; the Iatter’s windows
may be slid upwards for access. Side ports at the level of the arms are also fitted in
the two headward side sections. This allows the forearms to be placed outside the
cabinet for physiological observations on blood flow, etc.

As 2n alternative arrangement the two side sections at the foot end may be removed

and the foot end section suspended from a cross-partition in the roof compartment
2 ft. from the foot end. This allows the patient’s legs to project outside the shortened

cabinet beneath the transposed foot end section for physiological observations on the
feet, cte. (Fig. 77).

e cabinet is fitted with electrical switch
and 2 distanc &

to provide diffe heating power,
s e g air th No icular provision is made for ventila-
tion, as in practice the patient receives sufficient air through the space between the
sides of the mattress and the side sections.

With 2 patient inside and with all the heat bulbs on, the air temperature rises from
2o°_C. to about 45° C. in half an hour. This is the normal time required to raise the
patient’s muu!!.z temperature from 98-4° F. to gg-6° F.

\\'h;n lufm.m'mg 2 patient for the sweating test, all but the bulbs at the foot end
are off. The iner, after ing his coat, tie, collar, etc., ducks under
ﬁc'r!rndc;\;uﬁ;\pw?s mﬁeugn:d by the author and constructed in the Works Department of




250 Appendix

one of the side scctions and arranges a blanket to screen the space beside him between

the side section and edge of the mattress, 5o that sweating will not be inhibited by the

cool air from outsitle the eabinet, Measurements are made on the patient’s shin in the

x:lcv;nt areas, but those not being fmmediately examined are kept covered witha
lanket,

Should the expense of constructing such a cabinet dctcr anyone from at:cmptmg
to verify the area of sudomotor denervation, the bination of electric blankets and
ordinary blankets may provide a more accessible alternative. The patient should be
examined in a small warm room free from draughts. Though a cabinet is more
convenient for research purposes, it is quite possible to determine the margin between
sweating and nonssweating skin with simpler heating apparatus,

THE AUTHOR'S PLETHYSMOGRAPHIC
APPARATUS

PRINCIFPLES

This apparatus will record from both limbs si . The

cups are of two shapcs, to fit either fingers or toes, and are m:sde of Pcupat Standard
cups will fit the majority of patients, but smaller ones are available, The cups are
sealed to the digit by ‘rubber grease', which does not melt as easily as does Vaseling
when the fingers become warm. Fig. 78 shows a plethysmograph cup and venous
occtusion cuff attached to the great toe of a patient. The volume of digit enclosed is
not eritical, since only changesin flow and pulse wave are measured and expressed as
an index. More careis taken to place the seal at the proximal inter-phalangeal joint of
the finger or the terminal joint of the toc, In a number of cases the volume of the
digit enclosed has been measured and found to be about 1o mi, If the toes are very
Iatge, not so much tissue is included in the cups. Rubber pressure cuffs are placed
above the base of the finger o7 toe, and these may be inflated 10 2 pressure—usually
70 mm.Hyg.—frore an air reservoir,

‘The Perspex cups are connecied to horzontal glass tubes containing a short column
of alcohol. The connections are made by fleable polythene tubing of about g-mm.
bore and about § fi. in length, which is the minimum to allow of recordings to be
taken from both hands when these are extended through cither side of the heating
cabinet.

Light from the horizontal filament of an ordinary houschold clear lamp passes
through a condenser onto the two glass tubes in turn, since they are parallcl and in
almost the same optical plane.

The meniscus at one or other end of an alcohol calumn refracts the hght and
appears opague, wk the alcohot col act as cylindrical lenses. The images of
each tube are projected, after reflection by a right-angled pmm, onto photographic
paper by means of an anastigmat fens. The volume of air in each tube may be
adjusted by a syninge connected 10 a :.hrce»way tap. The memscus will be displaced
by any change 1n the volume of air in the system, without any change in presswre.
The ionages of the menisci are focused on the photographic paper, so that a displace-
mentof 0°01 ¢.C. i3 equivalent to 5 mm. on the paper and 03 mm. may easily beread,
which corresponds to 1 cmm i “The optical d may be rotated
about a honizontal axis so as to produce a shght raising or lowering of the plane of the
optical axss. By tins means the alcoho! columus, acting as cylmdncal lcnses, are
shghtly displaced one to another, and will tt o images of
density on the slit in the plate over the recording paper. At the start of each recording,
a characteristic mark 1s made with the cahbrating syringe to indicate the right-hand
side, By this means itis always possible to distinguish the menisci in the two tubes and

therefore to distinguish the records from each side, even though the meniscus at one

1 1y 1 h
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Fic. 77. Sweating test cabinet arranged for plethysmography
of fingers or toes.
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Fic. 78. Toe 1n plethysmograph cup.



Fie. 79. Digital plethysmograph. Toe and finger cups are shown.



OF BILATERAL THORACO-LUMBAR SYMPATHECTOMY TRANSTHORACKC TG_LJ

arose wearn ouT 38 4°C L.Gmontns R 4 montha P o

S 1
t ' n.". L P . . .
poeree I et s K _ . - . T s
LS . : ' :
R TE B PERTNRL AR S IO P A A PR ¢ P B N
H . . e
— ——— — - —
o F R oes T s ss .2 N
BLOCD FLOWs . 73 a0 72 IOR N (1)
R 61 '
AVERAGE BLOCD FLows | [ PUSE wave | 00

70
AFTER 43 miny MEATING MOUTH 377°C

CABINET 41°C

ﬂﬂmlﬂﬂmﬂmﬂﬂmﬂﬂmﬂﬂmﬂll HHIHI muumuuuuummnnmmnﬂwm ﬂﬂﬂmﬂﬂ

R 33 3”2 20 2. £
BLOOD FLOWS. " " . " o 5o " "
s
AVERAGE BLOOD FLOWS v "y PULSE WAVE -
R R
HEATING INDEX FLOW & *% puLse” '’
L 156 Loty

Fra. 80, Specimen plethysmographic record.
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end of an alcohol column may pass out of range, and that at the other end ul‘{lh.c
same column come into range, at the other end of the slit. The tength of shc alit is
12:5 cm. and, since it may be effectively doubled in |hi.| way, the total rangc is 25 cm.,
corresponding to a displacement of o5 €.€. and this may .bc rf:ul to an over-all
accuracy of 0001 ¢.¢. As one tube is necessarily nearer to the limb, it has a larger bore
to correct for the parallax error. Calibrations have shown that the over-all accuracy
is within 5 per cent., which is quite sullicient for clinical experimental work. In the
centre of the paper, where most of the obscrvations are recorded, the accuracy is
much better than this. The photographic paper is s} in. wide ex-government soft-
grade waterproof bromide, and only about 4} in. is used for the actual recording;
the margin may be used for notes and for the record of a signal marker. A ruled
graticule is placed beneath the slit so that 5-mm. markings arc made on the record.
The whole apparatus is enclosed in a light-tight box, fitted with a mirror in the roof,
by which the movements of the alcohol columns may be observed—side by side at
right angles to the optical axis. This enables the observer to gain an idea of the
changes in volume of the fingers as they are recorded. A dark-sleeve is fitted so that
pencil notes may be made directly on the paper during recording (Iig. 79). The
bromide paper is developed in ordinary bromide developer, diluted 1:4, contained
in a long-length film-developing tank,

When the occlusion cuffs are inflated to a pressure just below diastolic blood
pressure, the slope of the peaks of the pulse waves will indicate the rate of blood flow.
This may be most conveniently measured by means of a transparent seale which can
be adjusted for the speed of paper (Figs. 8o and 81). The initial rise when the venous
occlusion cuff is inflated is ignored, but the slope of the peaks of the pulse waves is
measured over the next three or four pulse beats. At slow flows this may usually be
quite easily determined, but at fast flows, when the venous spaces are filled with only
two or three pulse beats, it is more difficult to place the nylon filament of the trans-
parent scale satisfactorily over the peaks of three pulse waves in line. It is therefore
less practicable to measure fast rates of flow with accuracy, and it seems probable
that, on the whole, these arc given too low a value. When calculating the rate of flow,
wsually at least five observations arc made before heating the patient, and five more
after heating the patient. It is an advantage, when calculating the statistics of the
figures obtained to have a total of six observations on each occasion. Usually this is
done by taking an extra observation at a faster speed, so that the height of the pulse

wave may be more easily measured. This frequently shows 2 dicrotic notch or even
two such pressure waves.

CONSTRUGTION AND METHOD OF USING TRANSPARENT
SCALE FOR READING PLETHYSMOGRAPH RECORDS

CONSTRUCTION

Transparent acrylic sheet (Perspex } in. thick) measuring 30 X 17 cm, is large
enough to keep the record flat, though only the middle 20 cm. is engraved on the

underside. On the lefi-hand edge is a recessed slot in which slides a brass (or plastic)

slide to which is attached a nylon thread. This is inserted thr i
groove between them on the under surface and secured bya z:ciho'r‘xﬂamlc“:};r;ﬂsl;:
face. The shde may be clamped by a knurled button so that the point of attach-
ment of the nylon thread may be set at the level indicated and corresponding to th
speed of the paper—here shown in Fig. 81 as g-5 seconds per 5 cm, of xccofd Thc
figure 10 on this seale is 10 crm. from the top edge and the range of setting is . Z
secx;:ds pl;r 5l c'mc.dof r.ccord corru;‘)onding to 1-25-0'3 cm.fsec, ot
ong the top edge is a reciprocal scale reading to th indicati

as ml. per 100 c.c. part per minute expressed as ig‘ot a x:l:.’:.apna(:tx.n g;t‘;:;nti: 12;(1:&;:'
>
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at a distance 1o cm. to the right from the centre line of the slide, is inscribed point
“6". The nylon thread will cut this point when it lies at an angle of 45° to the line of
movement of the record and when the slide is set for 10 seconds per 5 em. of record
{o'5 cm.fsec).

‘This figure corrdpondx to the calculated displacement of the aleohol column and
optical magmf cation onto the record of thu particular plcm}smogmph where
o0t ¢.c. is equivalent to 5 mm, For any other plett h new will
have to be made to determine the figure to be cut by the thread when it lies at 45°.

Similarly, the point ‘3’ lies 20 cm. to the right of the centre line of the slide. It
sepresents the lowest value of blood flow which can be read when the speed of the
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F16. 81. Transparent scale for reading plcthysmograph records directly in bIOOd
flow per 100 ¢.c. of digit. The slide may be set and clamped in position
to the speed of the record. A nylon thread is aligned over the image of the meniscus
in each tbe.

record is other than 10 seconds per 5 em. (0+5 cm.fsec.). In Fig. 81 the nylon thread is
shown as indicating a flow of 4-g ml.{10a e.c./minute for a 10 c.c. part.

On the right side, extending vertically below the point *g’, is a seale for measuring
stoall flows. The zero on this scale is at the level of the slide setting for 1o seconds per
5 em. record, at which speed only is it accurate. If 2 small flow is to be read at any
other speed, the scale is moved vertically up or down on the record by the distance
over which the speed scale is different from 10 seconds per 5 cm. The nylon thread is
Lkept over the same point on the record and the reading is made of the new point it
now cuts on the night-hand scale.

One horizental Iine and 3 vertical Iines at 5 cm. intervals enable the scale to be
aligned correctly on the record. The vertical lines 5 cm. apart are used for counung
the number of 1 per second time marks on the record. This number is used for setting
the shide.

METHOD OF USE

In use, the slide is set and the scale brought in turn into a convenient position for
tmeasuring the slope of each flow on the record. The alignment is checked and the
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nylon thread laid over the peaks of the first three or four pu!salions after the venous
occlusion cuff has been applied, These should lie on a straight line and the initial
jump is disregarded. Should the nylon thread not cover the peaks, the scale is maved
to right or left until it docs so0: a reading is ‘made of the figure cut by the thread, and
this may be written on the Jower edge of the record,

ANALYSIS OF RECORDS

Frg. 8o shows specimen records obtained six months after transthoracic thoraco-
lumbar sympathectomy (Case p.r.). On the top record are the five readings taken
before heating the patient, and on the bottom are five more taken after heating the
patient for forty-five minutes, after which the mouth temperature had risen to 37°7°
C. Qn the upper record it will be noticed that there is a_considerable jump in the
record on both sides when the pressure cuffs are inflated (indicated by the signal
masker on the edge of the record). Time marks are in seconds. The pulse wave is about
3mm, on cach side, and the slopes of the increase in volume of the toc due to therate
of blood flow are satisfactorily straight. "The blood flow at each observation is not
identical, but the average is about 6+1 on the right and 75 on the Jeft—expressed as
ml, blood per 100 c.c. of toe per minute. On testing again after heating the patient,
it may be noticed that the height of the pulse wave is much increased, being rather
greater on the right than on the left (59 and 5+1 mm.); and that the blood flows are
also increased, being greater on the right than on the left. It will be seen on this record
that there is considerable advantage in reading the meniscus at both ends of the
alcohol column—when the image of the meniscus goes off at the top, the meniscus
at the other end of the alcohol column comes in at the bottom (seen well in the second
observation), The average blood flows on this occasion were—

(right) 29-5; (left) 11-7.
From these may be calculated—
Heating index. Flow (right) 4-85.

(left) 1-56.
Pulse (right) 1-9.
5 {left)  1-75.
A'I'he‘blood p is relatively unchanged, there being only a drop of 5 mm. in the
diastolic pressure after heating. These records indi i 2! hetic
resection, especially on the right side. 3 o

CONSTRUCTION OF DIGITAL PLETHYSMOGRAPH
The instrument is designed to record on 53-in. wi
e ; 53-in. wide ex-government waterproof
h.ron{lde paper (soft or ; A grade), A sch ic di of the plan and I;}ljeva\-
h]on is shown to scale in Fig. 82. Light from the horizontal filament (F) of a clear
glass 200-V., 100-W. lamp (over-run at 230 V. to provide greater actinic brilliance)
pahs;m }hroug{x a doul?lc planc-convex condenser (C) of 6:4-cm. (23-in.) diameter,
\:35 chisheld in an ad_]u§tzble mount 50 that it can be raised or lowered slightly and
0 mtatcd.about a horizontal axis, The light from the filament is thus condensed on
to ;n anastigmat lcns' (L). In this instrument the focal length is 5-5 cm. (2% in.)
:xclu :f:r:ure f3 5.1t is held in a bracket whose position can be adjusted and also
creen to prevent extraneous light fi i il
pagsf;h(Scc a0 Fige 7o us light from the lamp reaching the photographic
ith small springs two glass tubes 4 and B are held horizontall i
I ly beside each other
?Syalt:;o a‘sémall ll:lorzzm\ta.l gerspcx plates clamped to another bracket whose position
s dju;ta( le mha_ vertical direction. Between the brackets is another screen fitted
ol a’sh‘:: r:n“{ ich part is cut away to allow light to pass to the lens. The tubes
iy be e ;Omu;:stffc‘llc’ar a]lc;hol. (4L) (about 3 cm. long—-not critical), and
'y 1 e calibrati i i i
whxc:\d;m ;pm ends (fexibie) o Yrab eo::lxi ;mgs from a reservoir of alcohol into
P =1
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Tube A, bore 2:B mm.—37:5 mm. displacement of meniscus = 0°25 ml.

Tube B, bore 2:86 mm.~—36 o mm. displacement of meniscus &= 0-25 ml
Uncqu:\l hores allow for correction of the parallax error. The glass wall of each tube
is 1 mm. thick.

The meniscus at cither end of the alcohol column may be recorded on the photo-
graphxc papcr, thus cchcuvcly bling the 3

T R S T e 2

axis of the rays of light pﬁslsing through each in turn may be ;fighlly dispfaced by

(4
¢ to patient
d
b = . "7,: 2. .=—’
« PRotogrope paper
taches In megaine, —»
Fic. 82. Plan and el ion of digital pletl o

rotating the condenser about its horizontal axis. In this way, the intensity of the light
from each alcohol column forms an image of different density on the slit, and the
menisci from the two tubes may thus be always distinguished,

With the lens and tubes used in this instrument, the following measurements are
given, but these would need alteration if a lens of slightly different focal length were
employed.

Filament to condenser . . 267 cm. (0} in.)
Filament to tube B . . 808 cm. (12} in.)
Tube B to focal point of lens . 715 em. (2} in.)
Focal point of lens to sht . 2285cm (gin)

A transparent graduated scale (G.5.) has lines marked on it 5 mm. apart and lies
in contact with the photographic paper (5 mm, = displacement 10 c.mm.). Two
Icmed ﬂashla.mp bulbs (F.B.) laced over each end of the slit and flash for an

cmemd e . MLd Ll L denle b TN e b aalanatat

. \ . . . .
the paper during recording by means of a hand inserted through a dark-sleeve in the
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end of the cabinet. A signal indicator bulb is fitted onto one 'cdgc o(" Llu:. plate agd
secords onto the photographic paper at one margin (1 in. wide) which is otherwise
clear,

¢ photographic paper is ined in a magazi ( government K.24 Aero
Camera, which holds 6o feet). It is driven by an electric mator {ex-aircraft rotary
convertor) by means of gearing allowing two speeds of § mm. and 10 mm. paper per
second. Fine control of speed is provided by a multi-step transformer providing
secondary voltage 420 Vi~480 V. by 10-V. steps. X .

The tubes A and B each have a side tube connected to a 3-way tap, into one limb
of which it fitted 2 1-c.c. tuberculin syringe, graduated to -o1 mi. Each tube
is ¢ d to 2 plethysmograph cup by about 3 feet of 3-mm. bore polythenc
tubing. An air tank is contained in the cabinet and is connected 10 bulb inflator
pressurc gauge and another 3-way tap, to which the venous occlusion cufls are con-
nected. All switches and controls are fitted in a small compartment, one wall of which
may be folded down and on which the calibrating syringes are fitted.

The instrument is now designed to work off 230-V. A.C. mains, but was originally
constructed for 220-V, D.C. supply.

Since it has been shown in Chapter 12 that changes in the height of the pulse wave
in the digits are able to give as ready-—or even cl indication of the p
or absence of control, it is probable that a much simpler apparatus could
be made for this limited purpose. It would be of no use for estimating the amount of
collateral cireulation present in cases of peripheral vascular diseasc, and no visual
record would be availahle for comparison with later examinations.

The simplest form would consist of Perspex or metal toe and finger cups, each bored
with one hole to take a ‘Luerfitting male adaptor. To this adaptor would be,
attached a two-way tap (also of ‘Lusr’-bore, as the Record size is too small), The side
limb of the top would be connected by a short length of plastic tubing to 2 1-c.c.
tuberculin syringe, and the straight-through limb connected to a piece of transparent
plastic tubing of about 1-5-mm. bore and, say, 20 cm. in length. Along part of its
length near the end would be attached a short millimetre scale.

In use the patient would first be exposed to the air of a cool room so that maximal
vasoconstriction of the digits would be induced when this is possible. Such an appara-
tus as is described above should be fitted to the index finger or great toe on each side
with the rubber grease as is used for digital plet? graphy. The transp. tube
with its seale should be supported so that it lies horizontally on the bed or 2 convenient
table. By means of the syringe, and with the tap open to all connections, 2 small
amount of alcahol should be drawn up into the transparent tube from its open end
50 lhgt it forms a column about 2 em. long. Its position would be adjusted so that the

meniscus at one end lies over one end of the scale when the pulsation is at its Jeast,
The average of the peaks of the pulsations should be read against the scale and

expressed in mullunetres. Alternatively, it could be measured by means of the
tuberculin syringe,

Tl}: P‘f?clcf%l{r.t would be repcated when the paticnt has been heated to produce
o ion of ictor control. The second reading would be divided
¥ the first and expressed as a pulse heating index. It would be important to see

‘};ﬂﬁl the cup does not move over the digit during the test and that a standard amount
of finger or toe 15 included in the cup.

AUTOMATIC RECORDING SKIN THERMOMETER

The apparatus will record in rotatio
(every half minute or slower,

n up 10 eleven Eureka copper thermocouples
characteristic symbol, which is

for. the same lead). Each lead js indicated by 2
printed photographically on bromide paper. The
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symbols are so spaced that even when the next temperature is the same they
only overlap by half their width and may therefore still be easily identified.
After developing the record, the like symbols are joined up by coloured inks and
appear as a graph, whose co-ordinates, owing to the optical system, are almost
rectilincar, Each temperature symbol on the recording may be joined by ink of 2
different colour, The instrument uses long lengths of 5}«in. wide bromide paper
(normal grade) and at the usual sensitivity, 1° C, = 5 mm. over the range 14°~41° C.
By means of a switch alternative sensitivities will give 1° = 2 mm. (0 — 50°C.) or
1° = 20 mm. (0 — 6° C.). The actual temperatures are also visibly registered on a
scale as they are recorded, so that the progress of the experiment can be followed. On
the scale 1° = 75 mm. and covers 0°~42° C., so that the null deflection can be read
for calibration, though this is outside the range recorded on the bromide paper.

CONSTRUCTION (FIG. 83)

Light beams from the filament of a 12-V. 48-W. projection bulb ft (supplied from
A.C. mains transformer fr) pass d ds through a lens (not shown)
onto two plain aluminium-surfaced mirrors m; m,, 1 cm. square. The beam from m,
is again reflected from m, through a Perspex disc which contains a photographically
reproduced transparent symbol s (appropriate to the lead in circuit) thence through a
lens (+4D) onto mirrors m,, m,, through the galvanometer lens (+2D) onto its
mirror (10 mm. plain) m, so that the image is formed on the semi-transparent scale
¢, at 50 em. near the top edge of the cabinet. The other light beam from mirror m,
is reflected from m,, m,, m, through a similar symbol (there are 3 sets of 11) whichlies
vertically above the other and is rotated through § circle, thence through a separate
lens (+-1D) on to mirrors my,, my; (1o rotate the image so that it appears on the record
the same way up as on the scale), onto my,, m1;y and my, (which lies above m,) so that
the beam strikes the galvanometer mirror at a lesser angle and is therefore reflected
ata lower angle than that to the scale. It then passes into the magazine chamber m.c.
through a slot guarded by a shutter sk, which is closed if the top of the cabinet is
opened, through a 1}-in. X 5}-in. right-angled prism pr onto the recording paper
r.p. 7 cm. below.

A slow-geared A.C. repulsion motor mo, whose speed may be varied by a rheostat
rh, drives a shaft sh which operates the 11 X 3 position commutator co, to which the
Perspex disc containing the symbols is attached, so that a new lead is brought inter-
mittently into circuit by each rotation of the cam and a new symbol appears in each
of the light beams. The commutator should have first-quality non-corrosive contacts,
and mercury vacuum switches are to be preferred. Just before this occurs, however,
another cam opens a shutter sk, in the light beam to the recording paper only, thus
exposing it for about half a second when the galvanometer deflection has become
steady. The shaft also drives the magazine through 1:100 reduction gear gr, so that
the paper is spooled towards that end. An electric clock ¢/, makes one minute light
time marks ém on one edge of the paper, and there is a signal marker sm on the other.
Provision is made for writing on the record in pencil after inserting the hand through
a dark-sleeve dus.

The copper Eureka thermocouple leads are 5 yards long, 28 s.w.g. varnshed, and
bound together in plaited cotton sleeves, and have a resistance of 20 ohms. The
Eureka leads are connected to a common Eureka strip and the copper to indivdual
copper terminals Switch sw, selects the requisite Eureka resistance and switch sy
will either short-circuit the commutator on to lead C, which is provided in order to

check registration against a known temperature, or will connect the galvanometer to
its critical damping resistance for setting the zero. The constant temperature junction is
in ice melting in a vacuum flask ¢k, The galvanometer ga has resistance 8-8 ohms. sensi-
tvity of 1° A = 156 mm at 33 cm. period of one second and s critically damped
with about 140 ohms. in circuit (Actually 125 ohms. at usual sensitivity.) The
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10. 83. Plan and diagram of automatic recording skin thermometer.
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magazine mag is from a K. 24 Aero Camera, The instrument is enclosed in a light-
tight cabinet 15 in. X 2§ in. X 12} in. deep constructed from fibre board. It may be
whetled about on a troliey.

This was first d d in Monro (19513).

PP

ELECTRICAL SKIN RESISTANCE METER

This instrument is a modification of that described by Jasper (1945). Essentially it
conmls of an 18-V. dry bn!lcry nnd a microammeter, connected through various
r to two ¢l ing of a ulvcr-platcd ear clip and a brass fiat-
ended pointer of { sq. em. area. Current will flow in the circuit only when the patient
is connected across the electrodes. The ear clip is first moistened with commercial
‘clectrade jelly’ (as used for taking electrocardiograms), so that it will have a low
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Fic. 84. Circwt diagram of skin resistance meter.

resistance. It is not necessary to pnck the skin with a needle to reduce the resistance
still further, as in practice, the resistance of the skin of the lobe of lb: car without
pricking 1s negligible as compared with the of sympatk d skin.

Refinements in the design include:

1. A double 6-way + off switch which allows various voltages of 15, 3, 4'5, 9
135 and 18 volts to be tapped off the battery and at the same tume introduces certain
resistances mto the ciraut, 50 that even if the electrodes are short-circuited, not more
than 2 of 300 can pass through the galvanomc(cr

2. The hasa"“ le deflection of only 50 mi but is
fitted wnh an overload protection device,* which will protect the moving coil pro-
vided that the maximum current does not exceed 300 mxaoamperu In this way,
great scnsmvlty is obtained over a large range of skin resistances. The scale of the
galvanometer is marked in microamperes, but is also fitted with six other scales—
each coloured accordmg to the battery voltage in use, and which reads the electrical

resistance directly in log.,, ochms.
#Makers — Taylor Electrical Instruments Ltd., Slough.
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3. An alternative ear clip is fitted, so that the actual resistance of the skin beneath
one of them can be calculated, and if necessary their value can be deducted mechanic-
ally by reducing the value of the 20,000-chm variable resistance, so that the galvano-
meter registers the true resistance of the skin beneath the testing electrode.

4. Eight alternative terminals are provided, so that measurements can be made
from separate skin electrodes secured to the skin, This is of use when making measure-
ments of skin resistance at operations for sympathectomy. One is sufficient for the
perfc of ordinary ing tests (only onc is shown in the circuit diagram).

5. Two standard resistances arc incorporated in the circuit for checking the meter
and the batteries.

The apparatus is easily carried in the hand. A tube of ‘electrode jelly’ and the
various wires, car clips, etc., arc contained in a compartment in the lid, which is
detachable, The circuit diag; (Fig. 84) and the calibration chart are also fitted to
the lid of this compartment, It is impossible to close the lid with the ear clectrode
Jjack-plug in position and therefore the batteries cannot be discharged accidentally.

In practice the voltage is adjusted to give a full-scale deflection of the micr
when the testing electrode is placed on normal skin, but of only a few microamperes
when it is in contact with sympathectomized skin. Current will flow only when the
skin electrode is in contact with the skin: the apparatus is therefore economical and
the batteries should last a year. A normal subject is able to detect a current of 30
T Tt et et Ter o Tt * «"e= . here a current of

. - oo s .- ‘~ the provision of
altcmau.ng current at the same voltages instead of direct current. This alternating
current is obtained from the mains by a small built-in transformer. A bridge rectifier
supplies only direct current to the meter.

A'Slfggcsﬁon for future models would be to increase the range still further by
providing voltages up to 45 volts. More than one ear clectrode is not essential.
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INDEX

Acetylcholine—see also Cholinergic
nerves, 7, 10, 24, 168, 172, 178
Acoustic ncuroma, 181
Acute abdominal emergency, 241
Adrenal gland, 242
denervation, 215
medulla, 140
Adrenalectomy, 242
Adrenaline, 4, 192, 193, 217, 228, 230,
231
sensitivity (supernsensitivity), 192,
193, 214, 217, 219, 228, 229
sensitization, 192
Adrencrgic fibres, 6, 184
Adrenclytic drug, 5, 92, 203
Alcohol, injection, 212, 238, 241
for plethysmograph, 196, 250, 253
Alternative sympathetic pathways, 8,
20, g9, 104, 106, 115, 153, 156,
157, 158, 170, 180, 183, 185, 186,
219, 220, 227, 235, 239, 24%

247
Analgesia, 14, 49, 80, 82, 88
Angina pectoris, 239, 241, 242
Anhidrosis, 5, 7, 21, 22, 25, 30, 80, 88, 99,
146, 158, 159, 190, 220, 232, 236,
238, 239, 250
axilla, 54
mid-line, 44
Anhidrotic arca, legs, 110
thorax, g4, 110
changes, 36
Anteater, 113
Anterior nerve root, 151, 153, 154, 181,
223, 225, 226, 227
Anterior rhizotomy, 13, 16, 77, 78, 82,
84, 85, 147, 227, 230, 241, 242,

245
Antidromic vasodilatation, 26, 27
Aorta, 8, 117, 120, 128, 130, 135, 136,
141, 242
Arrhenius’ equation, 192
Arterial obstruction, 237, 238
Arterial stripping, 5
Arterioles, 195, 212, 215, 216, 231
denervation, 199
innervation, 212
skin, 190, 191

Artcriovenous anastomonis, 191, 213, 233
finger, 191
nerve supply, 231
rabbit’s car, 215

Artery, carotid, 182, 183, 186, 221
cerebral, 199, 180
cervical segmental, 183
contraction after dencrvation, 232,

247

digital, 229

fcmoral, §

iliac, 1go

ilio-lumbar, 137

inferior mesenteric, 136

intercostal, 120

lumbar, to7, 114, 117, 121, 127,
128, 133, 134, 136, 137, 141, 236,
246

precestal anastomotic, 135, 136
occipital, 167
renal, 131, 136,
aberrant, 131
subclavian, 72, 222
subcostal, 133
superficial temporal, 170
vertebral, 183, 221
Aspirin, 19
Atropine, 5, 23, 168, 169, 178, 190, 191,
192
Auriculotemporal syndrome, 167, 168,
170, 177, 182, 240
Autonomic activity, 214, 219, 221, 225,
233, 234, 241
eye, 227
head, 227
methods of testing, 234, 235
neck, 227
Autonomic denervation, studies, 241
Autonomic innervation, cye, 159, 162,
174, 228, 240, 268
hand, 217, 224, 225, 233
head and neck, 160, 161, 224
leg, 59, 238
skeletal muscle, 237
viscera, 237, 246
Autonomic nerve fibres, scleresis, 239
Axilla, 22, 54, 72
Axon reflex, 215






Index

Denervation, Law of, 229

Dermatographia, 110

Dermatome, 6, 8, 9, 14, 20, 23, 26, 27, 28,
57, 80, 91, 98, 99, 103, 104, 105,
110, 111, 121, 124, 140, 147, 148,
149, 150, 153, 156, 180, 181, 190,
220, 221, 236, 238, 244, 245

overlap across mid-li ¢ elso
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Electrical stimulation, 3, 4, 6, 8, 11, 26,
84, 86, 88, 154, 160, 178, 189,
2133, 225, 226, 241

Embryo, 106, 112, 113, 114, 115, 141,
144, 145, 224, 246

Emotional response, 17t

End plate, 23, 24

Mid-line, 44
principal innervation, 27
residual sensation, 27
sympathetic levels, 29
Diaphragm, 14, 57, 87, 121, 131, 133,

Digit volume, 250
Diodone, 225, 239
Disserninated sclerosis, 16, 17
Dog, 3, 113, 139, 153, 178, 179, 183,
189, 213, 221, 223
Drug, acetylcholine, 7, 10, 24, 168, 172,
178
adrenaline, 4, 192, 193, 217, 228,
230, 231
adrenolytic, 5, 92, 203
antihistamine, 172
aspirin, 19
atropine, 5, 23, 168, 16g, 178, 190,
191, 192
carbachol, 19, 23, 24, 25, 88, 108,
110, 111, 244
ine, 5
hexadienol, 10
hydrallazine, g, 203
nicotine, 24
parasympathomimetic, 19, 23, 24
pilocarpine, 4, 19, 23, 159, 160, ,
170, 172
sympathicolytic, 178
tetraethylammonium bromide, 172
hods, for detecting ing, g,
10, 12, 17

Dye

Ear, rabbit, 213, 215, 216, 231, 232
sympathectomized, 213, 215, 231,
232
Ear chamber, rabbit, 215, 216, 231, 232
Ectoderm, 66
Ejaculation, 40, 236, 237
Electrical activity, of skin, 4, 11
Electrical reaction of muscle, 85
Electrical skin resistance, o, 11, 12, 17,
20, 40, 62, 66, 103, 110, 146, 224,
226, 258, 259
car, 258, 259

Endothelial cells, 231
Enophthalmos, 3, 4
Epibranchial placode, 66, 163, 363, 186,
246
Escape area, 20, 25, 94, 96, 99, 103, 104,
103, 110, 111, 232, 238, 244
Eureka-copper thermocouple, 256
External auditory meatus, 163, 244
Eye, innervation, 159, 162, 240, 268
muscle, 229
sympathetic activity—see also Hor-
ner’s syndrome, ptosis, 218, 226,

244
Eyclid, plastic operation, 240

Face, devclopment, 163
innervation, accessory autonomic
pathway, 161
Facial palsy, 159, 167, 181
Fainting, 110
Fascia, prevertebral, 171, 183
Fibres, myelinated, 84, 120, 136, 137,
151, 180, 1B1, 183, 239
sensory, 88, 120, 137, 220, 245
unmyelinated, 84, 137
Finger, blood flow, after nerve block,
1

go
in cold, 194
denervated, cold vasodilatation, 215
plett phy —see Pleth
graph, digital

temperature, 193, 197, 214
after body heating, 214
volume, 195, 196, 250
Flash photography, 174
Flexor spasms, 16
Flushing, 168, 171, 172, 173, 174, 177,

190

bucco-abial, 178, 185

hand, 229
Foetus, 182, 246
Foramen, intervertebral, 119, 123, 124
Foramen lacerum, 182
Forchead, 196
Frog, 189

skin, 4
Fuchsin, g
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Bird, 191
Birth injury, 171
Blood flow, after sympathectomy, de-
crease on heating, 198, 199,
205, 211, 213, 213, 214, 215
increase, 201, 205, 206, 208, 210
calf, 212, 237
changes after sympathectomy, 200,
201, 220, 230, 231, 232, 247
digital, 201
correlation with pulse wave, 209,
210, 211
decrease after heating, 212, 215
digital—see finger or toc
ear, 232
finger, 189, 190, 191, 193, 194, 195,
197, 199, 203, 204, 208, 211, 230,
237
foot, 230
forearm, 19t, 194, 212
hand, 191, 192, 194, 195, 213, 230
measurement, 251, 253
observations, 18, tg, 92, 175, 176,
178, 196, 202, 205, 246, 250, 253,

255
posture, 193, 196, 197
toe, 208, 215
veins, 198
Blood pressure, 190, 200, 204, 212, 237,
251
Blood supply, peripheral, 5
Blood vessels, 212, 218, 223
denervation, go, 215
ear, 228, 231
innervation—see also Vasomotor,
228, 238
local fault, 217
muscle, 212
normal, 198, 211
Blushing, 171, 178
Brachial plexus, 25, 29, 77, 84, 115, 220,
221, 223, 224, 227, 241
avulsion (lesion), 13, 16, 87, 199,
204, 205, 212, 214, 220, 245
post-fixation, 30, 77, 85
pre-fixation, 30, 77
Bradykinin, 169, 178, 184, 191
Branchial arch, 66, 163
Branchial cyst, 165
Branchial fistula, 165
Bromphenol blue, 10

Calibrating syringe, 250
Calorimetry, 194, 195
Capillaries, 213, 231

Indes

Carbachol, 19, 23, 24, 25, 88, 108, 110,
111, 244
Carotid plexus, 162, 170, 182, 221, 222,
227
external, 161
Cat, 4, 7, 11, 23, 114, 178, 179, 182, 183,
184, 18s, 186, 189, 218, 223, 224,
225, 226
fore-limb pad, 223
Cauda equina lesion, 147
Causalgia, 241
Cell, binucleate, 123, 127
degeneration, 121, 122
intermedio-lateral, 8
Schwann, 123, 134
Carvical plexus, 115, 160
Cervical sinus, 163
Cervical sympathetic trunk—»see dlso
Sympathetic chain, 170, 222
Cervical vesicle, 164
Chart, body outline, 21
Check pouch, 215
Chemical sympathectomy, 238, 239, 240
Chillies, 173
Cholinergic nerves, activity —see also
Acetylcholine, 6, 170, 178, 177,
184 191
Chordotomy, 8, 8z, 147
Cifio-spinal centre, 3
outflow, 186
Clinical asscssment, 219
Clinjcal changes, 237, 239, 249, 241, 242
Clips, 14, 242
Cobalt blue, 6, 9
Cald, 5, 110,157, 192, 194, 195, 212,217
Cold vasodilatation, 191, 193, 212, 215,
216
Cold water, 199
Colic, 23
Collateral airculation, 237, 255
Callateral sprouting, of nerve fibre—see
also Functional reorganization, 8o,
87, 185, 186, 226, 227, 228, 234,
236, 245, 247
Collecting cuff, 194, 204
Cooling, general body, 190, 193
local, 199, 214
Cranial nerve—se» Nerve, cranial
Crocodile tears syndrome, 167
Cyanosis, 82

Deer, 113

Defaecation, 23

Degeneration (of nerve), 124, 128, 132,
134, 135, 136, 140, 225
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Lizard, 113 .

Local anaesthesia~see also Procaine, 27,
66, 105, 147, 158, 167, 168, 169,
190, 171, 172, 174, 177, 182, 183,
185, 190, 191, 192, 218, 220, 225,
238, 239, 240

Local fault, digita) arterics, 219

Locke’s solution, 213

Lumbar plexus, prefixed, 30, 33, 103,
119, 136, 141

post-fixed, 30, 108
Lymph nodes, 131

Macaque—see Monkey
Malleolus, 20, 59
Mecholyl, 23, 24
Medical treatment, of hypertension, 235,
243
Meningiomz, 80 *
Methylene blue, 231
Micturition, 23
Mid-line, innervation across, 30, 31, 34,
38, 42, 44, 47, 50, 110, 111
Minor’s test—for sweating, g, 10, 160
Monkey, 27, 30, 108, 114, 149, 155, 175,
180, 181, 223, 224, 228
Mouse, 114, 180
Muscarine, activity, 10, 24
Muscle, diaphragm, 14, 57, 87, 131,
133
ercctor pili—see Pilo-erection
levator palpebrae superioris, 240
platysma, 66
psoas, B8, 105, 113, 114, 118, 128,
129, 131, 141, 238
quadratus lumborum, 129, 131
smooth (plain), 228, 229, 230
Muscle blood flow, 212
Myelin, 120, 136
Myelinated fibres, 120, 136, 137, 151,
180, 181, 183, 239
Myosis, 3, 4, 16, Bo, 162, 174

Nasal mucosa, 179, 180
septum, 180

Nerve, anterior cutaneous of neck, 66,

168, 1

auditory—see Nerve, cranial
auriculotemporal, 167, 170, 240
cardiac, 84
caroticotympanic, 158, 160
carotid, 159, 184, 186, 221
cerebral vasomotor, 178, 179
cervical 7th, 86
S.AP~—20

285
cervieal 8th, 8y, 86, 87, 224, 225,
227, 239, 247
cervical, lower, 224
upper, 183
cholinergic, 6, 170, 171, 177, 184,
191
cho?da tympani, 160, 169, 150,
172, 177, 178, 179, 181
chordo-lingual, 178, 191
coceygeal, 155
cranial, 66, 180, 181, 184, 185, 186
auditory (VIII), 181
calibre spectra, 154, 180, 181
facial (VII), 66, 158, 159, 169,
170, 177, 178, 180, 181, 182,
184, 185, 186, 246
glossopharyngeal  (IX), 162,
163, 164, 165, 169, 171, 172
177, 179, 180, 181, 182, 184,
185, 186, 246
glossopharyngeal, tympanic
branch, 160, 179, 181, 182
hypoglossal (XII), 165, 167
trigeminal (V), 157, 158, 161,
162, 165, 169, 170, 171, 180,

24
vagus (X), 66, 163, 164, 179,
183, 184, 185, 186, 222, 246
vagus, auricular branch, 179
facial—see Nerve, cranial
femoral, 91, 119, 121, 123, 124,
129, 135
genito-femoral, 121, 123, 135
glossopharyngeal—see Nerve, cranial
great auricular, 168
ilio-hypogastric, 49, 59, 121, 123,
126, 131
ilio-inguinal, 124, 128, 131, 146, 156
inferior dental, 16g
infraorbital, 158, 160
intercostal, 14, 49, 241
lachrymal, 170
lateral cutaneous of thigh, 128, 134
lingual, 166, 168, 169, 170, 171
lumbar, 8, 107, 218, 239, 242
lumbo-sacral trunk, 129, 137, 227
mandibular, 161, 166
maxillary, 161, 166
mental, 160, 169
motor, 85, 87, 105, 154
myelinated, 84, 120, 136, 137, 151,
180, 181, 183, 239
obturator, 119, 121, 123, 124, 129,
135
accessory, 135
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Functional r izati also Col-
lateral sprouting, 86, 87, 219, 221,
223, 224, 225, 226, 227, 234, 245,
247

Gangli also Sympathetic gangli

aortico-renal, 135

ciliary, 160, 165

cocliac, 140, 242

geniculate, 16o, 161, 166

inferior cervical, 66, 182, 183

intracercbral, 178

middle cervical, 76, 82, 171, 175

nodose, 165, 166, 183

otic, 160, 166

para-aortic, 242

paravertebral, 1st lumbar, 62, 67

petrous, 160, 165, 166

posterior roat, 26, 50, 119, 123,
124, 141

pre-aortic, 242

sensory—see also Ganglion, p

Index

body, and vasoconstriction, 211,
213
local, 211, a14
Hecating cabinet, 17, 19, 249
Heating index (vasomotor index), 201,
204, 205, 246, 247, 253, 255
blood flow, 206, 208, 209, 247
correlation, 209, 247
pulse wave, 205, 207, 208, 209, 247
Heaung technique, body, 17, 18
Hedgehog, 113
Hernia, 242
Herpes zoster, 26
Hexadienol, 10
Hutamine, 50, 172, 173, 178
Histology, 218, 223
Horner's syndrorme, 4, 5, 16, 62, 82, 87,
98, 157, 169, 171, 174, 176, 182,
225, 240
Horse, 3, 5, 189
Hot drink, 19
‘Hunting *, to cold, 212

root, 123
sphenopalatine, 160, 166, 179
stellate, 16, 21, 169, 171, 172, 177,
181, 21, 221, 222, 223, 230, 240
supenior cervical, 160, 170, 171, 179,
181, 183, 184, 185, 186
trigeminal, 160, 165, 166
profundus, 165, 166
Ganglion cell, 140, 153, 220, 221, 225,
226, 227, 228, 246
multipolar, 113, 135
sympathetic, 15, 25, 77 124
Ganglionectomy, 76, 219, 229
stellate, 82, 163, 227
superior cervical, 240
Gastric reflex, 184
Gentian violet, 21
Gland, Bowman’s, 180
salivary, 177
submandibular, 169, 178
Glass prism, 1o
Grip, 239
G

Hydrallazine, g2, 203
Hyperaemia, skin, electrical resistance,

1
Hyperaesthesia, 14, 148
Hyperhidresis, 7, 15, 70, 162, 174, 175,
108, 199, 211, 239, 240, 247, 248
facial, 76, 182, 240
‘perilesionary’, 182
Hypertension, 13, 18, 57, 211, 235, 239,
241, 247
malignant, 158
postural, 237
Hypoalgesia, 27
Hypohidrosis, 78

Incision, abdominal, 64

Battle's (pararcctal), 33

Ioin, 55, 64
Incontinence, urine, 8o
Infra-red photography, 110
Injection—see Alcohol, Phenal, Procaine
Intcrmcdl'o—lateral cell column, 8, 82

y 21

gustatory

H-substance, 178

Hamster, 215

Headache, 179 X

Heart—s¢e Angina pectoris

Heat, radiant, 19, 214

Heating, 6, 12, 23, 68, 103, 157, 172, 11,
192, 193, 195, 196, 211, 212, 213,
230, 237, 2445 247> 249 253

v 237
Intervertebral disc, 27, 123
Intervertebral foramen, 119, 123, 124

Kidney, 141

Lachrymation, 173, 179
Larmunectomy, 84

Larynx, referred innervation, 164
Lemur, 113

Ligament, ilo-lumbar, 129
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Paravertebral injection—see alo Alcohiol,
Phenol, Procaine, 11, 6o, 104, 220,
215
Parotid gland, 160
tumour, 161, 101
Pelvic plexu, 153
Terfusion, a1y
Peri-arterial plexus, 217
Perincym, 22, 9o
Peripheral nerve, 220
lesion, 11, 220, 230
Pesipheral varcular disease, 5, 18, 93,
205, 200, 211, 215, 236, 237, 930,
240, 241, 248
Pharmacology, 217
Phenol injection, 104, 105, 238, 239,
241, 242
Tliotography, 21
infra-red, 110
Dilocarpine, 4, 19, 23, 159, 160, 170, 192
Pilo-crection, 4, 5, G, 8, 40, 08, 110,

184, 245
Placode, 163, 164, 166, 186
Plain muscle, 228, 229, 230
Plasmakinin—see Bradykinin
Platypus, 113
Platysma muscle, 66
Plethysmograph, 18, 98, 190, 191, 103,
104, 212, 260
calibration, 255
calorimetric, 194, 195, 215
digital, 193, 195, 196, 197, a1,
212, 250
photoclectric, 179, 196
simple pattern, 255
venous-occlusion, 189, 192, 104
water-controlled, 190, 192, 194,
105, 213
Pleura, 11y
l‘olyv'myH'ormo], 10
Postganglionic fibre, ecll, 10, 22, 24, 49,
88,91, 108, 116, 122, 128, 133, 137,
138, 140, 141, 158, 193, 218, 220,
221, 225, 2206, 220, 234, 245, 246
Preganglionic fibre, &, 15, 10, 22, 23, 24,
25, 54, 66, 72, 73, 74, 76, 77, 79,
Bo, 84, 86, 01, 103, 108, 109, 111,
122, 123, 128, 136, 137, 138, 141,
146, 148, 153, 156, 172, 160, 162,
183, 184, 185, 186, 193, 216, 219,
220, 221, 227, 228, 229, 234, 236,
239 241, 242, 245, 246
section, 219, 228, 229, 242
Preganghionic outflow—ree alto Pregang-
lionic fibre, 181, 184, 185 il

afiy

lower level, G, 14, 15, 23, 904 55 62,
770 03, 105, 107, 108, 111, 1ul,
151, 153, 221, uas, 432 297, 445
240, 247
thoraco-Jumbar, 106G, 294, 4%
upper level, 77, 86, 87, 148, 351,
102, 223, 224, 245, 232, 240, 247
cat, 224, 240
maonkey, 224
Prism, 10
Procaine Injection, 10, 11, 60, 66, 105,
171, 192, 174, 102, 185, 192, 248,
725, 248
Psycho-galvanic response, 162
Piosis—see alpo Homner's syndrome, 4,
16, Bo, 162, 174, 240
Pualaation, in arteries after sympathees
tomy, 920
Pulse wave, 18, 190, 194, 106, 191, 202,
205, 246, 247, 250, 254, 253, 855
after sympathectomy, decreave on
heating, 205
changes afice sympathectomy, digie
tal, 196, 197, 198, 199, 201, 220
correlation with blood flow, 201,
210, 211
digital, characteristic patterns, 197
forehiead, 196
measurcnent, 208, 411, 25%
Pupil—see Autonomic innesvation, eye
constriction—see Myosis
Pupil dilatation, in dark, 194

Quinizarin, g, 20, 40, 103, 174

Rabbit, 3, 91, 114, 178, 189, 193, 213,
arn, 210, 223, 228, 251
Rabbit's ear, 213, 215, 210, 231, 242
Radio-opaque oil, 225, 249
Radium, 171
Rarmni communicantes, 5, 14, 15, 25, 46,
Goy 72,84, 112, 115, 114, 118, 114,
520, 150, 134, 145, 417, 225, 225,
227, 25%, 23%, 242, 245
cervical, 222
grey, 107, 108, 121, 122, 124, 144,
126, 127, 128, 129, 131, 192, 194,
134, 135 136, 137, 138, 140, 141,
222, 256, 246
of Wrete, 227
white, 30, 96, 105, 107, 1ofl, 121,
122, 123, 124, 126, 127, 126, 141,
133, 135 134, 135, 137, 13%, 224,
256, 246
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Nerve—cont,
ophthalmic, 161, 165
pelvic, 147, 151, 153, 156
penpheral, lesion, 11, 220, 230
petrosal, deep, 160, 161
greater superficial, 160, 162,
178, 179, 182
lesser superficial, 160, 166, 182
phrenic, 87
pilomotor—se¢ Pilo-erection
primary division, anterior, 107, 109,
116, 119, 121, 124, 126, 127, 134,
136, 141, 246
posterior, 105, 107, 123, 124,
128, 142
psoas, 124
of pterygoid canal, 160
to quadratus lumborum, 123
saphenous, 20
segmental—ses Dermatome
sensory, 88, 120, 137, 220, 245
sinuvertebral, 182, 186, 227
splanchnic, 13, 14, 57, 105, 139, 147,
151, 153, 156, 215, 236, 237, 242
sudomotor—se¢ Sudomotar
superior laryngeal, 164
supraclavicular, 22, 25, 64, 70, 73
supraorbital, 158, 159, 160, 170,
171, 172
sural, 91, 186
thoracic, 224, 225, 226, 227
thoracic 1st, 241
tibial, 91
trigeminal—see Nerve, cranial
ulnar, 10, 190, 217
unmyehinated, 137, 183, 218
vagus—s¢e Nerve, cramal
vi Vi i
nerve
vasomotor—see Vasomotor nerve
vertebral, 182, 186 221,222, 227,239
visceral, 108
visceral sensory, 237, 239, 241
zygomaticotemporal, 170
Nerve of Kuntz, 217
Nerve loops, 108, 115, 116, 117, 127,
135, 136, 227, 246
Nerve plexus, brachtal—see Brachial
plexus
carotid—see Carotid plexus
cervical—see Cervical plexus
lumbar-—se¢ Lumbar plexus
pelvie—see Pelvic plexus
peri-arterial—see Perz-arterial
plexus

Index

sacral—sez Sacral plexus
tympanic—see Tympanic plexus
vertcbral—sec Vcrlcbra) plexus
Nerve reg
Nerve roat, 106, 114, nG ng, 130, 132,
147, 218, 221, 238, 246
anterior, 151, 153, 154, 181, 223,
225, 226, 227
cahbre, 152
posterior, 26, 27
Nerve section, intraspinal, 26, 76, 241
Jumbar, 242
Nerve sprout Coll 1
unmyelinated, 84, 137
Nervi erigentes, 147, 151
Nervus intermedius, 180
Nervus terminalis, 180
Neural crest, 165
Neuralgia, 241
Neurectomy, perivascular, 5
Neurofibrils, 219
Neurofibroma, 80
Neuro-glandular junction, 23, 24
Neuroma, 16, 120, 219, 223
Neurone, biochemical specificity, g1
Neurovascular bundle, 14
Nicotine activity, 24
Nictitating membrane, 3, 184
Noradrenaline, 247

Ocdema, 82, 104
Olfactory epithelium, 180
Operation, chordotomy, 8, 82, 147
plastic, upper eyelid, 240
spinothalamic tractotomy, B2
sympathectomy, 56, 227, 235, 237
243
extent, 57
incision, 237
retropleural, 237, 242, 245
Smithwick’s, 75, 84, 157
technique, 13, 241
transthoracic, 237, 242, 245
Orgasm, 40
Osmic acid stain, 84

Pain, 26, 88
‘burning’, 88
renal, 241
visceral, 26
Paraplegia, 146
‘Parasympathetic’ fibres, 151, 184
Parasympathomimetic drugs, 19, 23, 24



Index

‘escape area’—iee Escape arca
gustatory, 158, 159, 16o, 167, 182,
184, 183, 186, 240, 246
after sympathectomy, 240
reflex activity, 173
in tropics, 173
thermoregulatory, 12, 14, 17, 19, 20,
23, 75, 128, 171, 177, 227, 236
Sweating area, 6, 7, 8, 18, 20, 22, 244
ear, 22, 76, 98, 157, 166
face, central mask, 8, 22, 62, 66, 76,
98, 99, 148, 157, 166, 171, 175,
177, 180, 182, 183, 185, 186, 232,
240, 244
submental, 168, 169, 177, 18t
hand, ¢8
larynx, 22, 62, 66, 76, 98, 157, 166,
244

perineum, 8, 20, 34, 57, 79, 110,
146, 180, 185, 186, 232, 244, 246

re-adjustment, 18

submental, 168, 169, 177, 18t

Sweating test, 9, 11, 12, 250
cabinet, 17, 249
Sympathectomy, 191, 192, 193, 212, 214,

215, 219, 228, 229, 235, 236, 24t

cervieal, 3

cervico-dorsal, s, 6, 10, 18, 21, 25,
62, 70, 77, 97, 100, 115, 157, 158,
187, 171, 136, 177, 178, 184, 190,
192, 198, 199, 202, 204, 205, 211,
212, 213, 214, 217, 218, 219, 221,
223, 224, 227, 228, 229, 230, 232,
233, 234, 238, 239, 240, 241, 244,
247, 248

cat, 229
monkey, 229

chemical, 238, 239, 240

extent, 13, 237, 242

four-quarter, 15, 62, 70, 244

imperfect, 47, 96, 214

lumbar, 6, 7, 12, 18, 22, 57, 70, 71,
96, 100, 103, 109, 116, 128, 150,
156, 190, 204, 205, 217, 219, 223,
230, 234, 237, 238, 239, 240, 242,
244, 247, 248

paravertebral, 112, 116, 236, 238,

244

periarterial, 1go

“preganglionic’, 75, B4, 193, 197
tetro-pleural, 19, 55, 57, 92, 245
stellate, 82, 163, 227

temperature, 197, 214

thoracic, 225, 229, 241, 242
thoraco-lumbar, g, 7, B, 18, 20, 21,
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31, 77, 4, 100, 108, 318, 1 16, 136,

198, 204, 205, 234, 215, 232, 235
237 94',.'-'!4(. 253

transthoracic, 55, 54 55 56, 57, 62,

245
lrc:(m:m for hypertension, 235
Sympathetic activity—see clso Sudo-
motor, Vasomotor
cat, foot, 226
tail, 226
eye, 218, 226, 244
post-operative, 244, 245
Sympathetic chain, cervical, 3, 4, 115,
158, 150, 163, 174, 177, 178, 181,
182, 183, 184, 186, 189, 218, 221,
223, 225, 228, 239
lumbar, 14, 92, 104, 114, 128, 129,
139, 223, 237, 242
double, 14, 47, 56, 92
paravertebral—see also Sympathetic
ganglia, 15, 47, 56, 57, 9% 105,
114, 119, 131, 235
thoracic, 56, 104, 217, 2185, 223,
2235, 237, 242
Sympathetic ganglion, 62, 125, 219,
220, 221, 222, 228
alcohol injection, 212, 238, 24t
cervical, inferior, 223, 223, 240
intermediate, 221, 241
middle, 221, 241
superior, 221, 222, 225, 228,
229, 232, 240
lumbar, 25, 140, 220, 221
lumbar 1st, 131, 236, 246
mesenteric, 236
para-aortic, 246
paravertebral—see also Sympathetic
chain, 25, 56, 57, 121, 14%, 237,
245
prevertebral, 125, 128, 236
sacral, 220, 221
thoracic, 221, 228
hetic ganglia, i diate, 25,
56, 60, 108, 109, 111, 141, 142,
145, 183, 186, 218, 219
cervical, 220, 221, 222, 227,
239, 246
in foetus, 143, 144
lumbar, 8, 25, 106, 107, 111,
118, 121, 150, 232, 236, 237,
238, 239, 245, 246
Sympat.hcﬁc in!}en'au'on~:a Autonomic
1nnervation
¥ hetic outfl, P,

qutflow

oY
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Rat, 114

Raypaud's disease, 5, 135, 72, 190, 203,
208, 215, 217, 218, 229, 240, 241

phenomenon, 240

Reactive hyperaemia, 194

Recording paper, 251

Recovery of function, 98, 217 ¢ seq.,
247

Reflex, gastric, 18¢

Regeneration, 87, 88, 120, 135, 139, 168,
171, 192, 103, 218, 219, 220, 221,
225, 229, 230, 231, 234, 247

Re-innervation, 91, 192, 220

Renal pain, 241

Residual sensibility,

Rib, 119, 132

Rubber grease, 250

26, 149

Sacral plexus, fixation, 151
Saline, 4
Salivary gland, 169, 178, 191
Salivation, 168, 169, 173, 178
Scar tissue, 123, 124, 221, 223
Sclerosing solutions, 195, 238, 239, 241,
242, 248, 250, ~>3
] inner D
Sdcdmn of cases, ~35, 238
Sellotape, 10
Seminal emisdion, 40, 236, 237
Sersation—see elso Skin, innervation
autonomous rone, 91
brachial plexus avulsion, 83, go,
203
epicritic, 83
intermediate zone, g3
light touch, &9
maximal zone, 9t
pin-prick, £8, By

skin, 14
Sensitization, for vasodilator mechanism,
212
Sensory fibres, 88, 120, 137, 220, 245
Sheep, 5
Silver clips, 14, 242
Skeletal muscle, autonomic innervation,

237
Skin, blood flow, other than digits, 110,

196
blood supply, and ulceration, 59
electrical activity, 4, 6, 11
jnnervation, 99, 148
dissocistion, 8o, 88, g1, 162,
57
stratum cornewrs, 11

Index

Skin resistance meter, 19, 238, 259
Skin temperature, 5, 110, 190, 191, 196,
199, 214, 217, 226, 228, 255, 256
rabbit’s ear, 193, 213
Skin thermometer, 255, 256
Smithwick’s operation, 75, 84, 157
Smooth muscle {plain), 228, 219, 230
Spinal anaesthesia, 86, 146, 225
Spinal tumour, 8o
Spinothalamic tract, 82
Splanchnicectomy, 215
Stain, Bielschowsky-Gros, 113, 120
haematoxylin and eosin, 120, 134
iron-hacmatoxylin (Heidenhain's),
120, 134
Masson’s trichrome, 120
Nissl's thionin, 120
Ranson’s silver, 120, 124, 130, 132
Weigert’s, 136
Starch-jodine (Minor's test), g, to, 160
Statistical calculation, 203, 25t
Sterility, 40, 236, 237
Stimulation, electrical—see Electrical
stimulation
Stress, 215
Sudomotor activity, 116, 196, 205, 214,
218, 221, 224, 226, 227, 232, 233,
236, 239, 245, 246, 247
Sudomotor activity, foot, 99, 247
Sudomotor activity, hand, ¢8, 99, 247
Sudomotor fibres—see elso Sweating, 4,
8, 17 68, 189, 220, 237, 242
Sudcmoxor mncn’nuan, n!f, 238

ivity (ad itivity),

192, 193, 214, 217, 219, 228, 229
persensitivity, noradrenaline, 247
Sup ivity, unknown h 3

232
Surgical treatment, 57, 235, 243
Sweat, 4, 9, 10, 239, 240
Sweat glands, 4, 6, 7, 10, 11, 12, 16, 17,
19, 21, 22, 90, 147, 168, 170, 173,
192, 218, 223, 225
congenital absence, 147
innenvation, go, 186
intringic tone, go
Sweating—see clso Sudomotor activity,
4, 6, 122, 140, 217
zdrenergic, 4, 5
carbachol, 19, 22, 23, 40, 75, 88,
108, 110, 241
cholinergic, 5
detection by dye methods, 9, 10,
12,17
emotiopal, 150, 175
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Sympathetic pathways, alternative—see
Alternative sympathetic pathways
in spinal cord, 147
intact, 12
Sympathetic relapse, 228, 233
Sympathicolytic drugs, 178
Synapse, 24, 77, 172, 184, 186, 223,
226, 227, 228
Syringomyelia, 172

Tannic acid, 10, 21
Temperature, 10, 17, 190, 195
alter sympathectomy, 197, 214
air, 1B, 199, 249
bleod, 193, 214, 237
finger, 193, 197, 214
after body heating, 214
intra-arterial, 214
local, 191, 192, 193, 194, 211, 212,
213, 214, 215, 216
mouth, 199, 214, 249, 253, 256
rectal, 214
skin, 5, 110, 190, 191, 196, 199,
214, 217, 226, 228, 255, 256

Index

Vasoconstrictor tone—see also Vaso-
motor tone, 192, 195

Vascdilatation, 3, 4, 5, 11, 110, 169, 172,
177, 178, 179, 184, 185, 189, 190,
191, 103, 194, 211, 212, 213, 230

antidromic, 26, 27
in cold, 191, 1935, 212, 215, 216

Vasodilator mechanism, sensitization,
212

Vasodilator nerves, 198, 190, 181, 192,
195, 212

Vasomotor activity, 99, 179, 195, 212,
218, 219, 227, 232, 233, 234, 235,
236, 237, 245, 246

Vasomnotor control—see also Vasocon-
strictor control, go, 92, 93, 99,
110, 116, 154, 156, 205, 208, 211,
213, 233, 244, 247, 253

Vasomotor index—sez Heating index

Vasomoter nerve (fibre)—aee also Vaso-
constriction, 4, 5. 8, 16, 17, 68,
140, 184, 190, 191, 193, 195, 238,
242, 253

Vasomater pattern, 8, 235

V;

Temperature re i 256 recovery, analysis, 208
Tetracthyl jum bromide, 172 \% tone—sez also Vasoconstrictor
Thermocouples, 214, 255 tone, go, 189, 205, 230, 231, 232,
‘Toe, plethysmography, 197, 198, 253 247

temperature, 214

volume, 250
Touch, 26, 88, go
Tract, spinothalamic, 82
Transparent scale, 251
Tympanic plexus, 161, 169, 182

Ulceration, 5, 59, 238
Umbilicus, 27
Unmyelinated fibres, 137, 183, 218

WVascular tone, 231, 247
Vasoconstriction, 4, 6, 84, 85, go, 154,
184, 185, 189, 190, 191, 192, 193,
195, 198, 199, 205, 211, 212, 213,
217, 224, 225, 228, 230, 231, 238
on heating, 213, 215
dog’s foot, 213
vein, 213
Vasoconstrictor control—see alse Vaso-
motor control, 198, 201, 202, 226,
230
Vasoconstrictor nerve (fibre)—see
Vasoconstrictiont
‘Vasoconstrictor substances, 220

Vasomotor waves, 197
Vasospasm, 190
Vein, 195, 216
vasoconstriction, 213
Vena cava, 128
Venous occlusion, cufl, 250, 251, 253
pressure, 250, 251
Venous spaces, 251
spasm, 198, 199, 215
Vertebra, 131
transverse process, 132
Vertebral levels, 15
Vertebral plexus, 227
Viscera, 116, 133, 138, 139, 236
Visceral pan, 241
Visceral sensory pathway, 241
Vision, in hypertension, 235
Vomuting, 23

‘Warrth, 4, 192, 195, 212
Weigert's stamn, 84

X-ray, silver clips, 14, 242
X-ray examination, 27, 225, 239, 242
Xylene Cyanol, 21






