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Introduction

Fon APPROXIMATELY the past 35 vears, stellate ganglion block has been known
to the medical profession. Its usef ss in many clinical conditions has been
only contemplated, yet in others its efficacy has been proved. In cases in which
stellate block is indicated, it mayv shorten the duration of the disease as well
as produce cures and improvements which normally would not be obtained.

Stellate ganglion block has bees Ivocated in the treatment of a large num-
ber of diseases. Yet. it became obvious while studving the literature, both
American and foreign. that more clinical | experimental research is needed

before statistically significant conclusions can be obtained regarding the results
of stellate ganglion blocks in many of these disease entities.

It would appear that foreign physicians, particularly the French, have em-
l1!r)‘_‘.':-t| stellate ganglion block to a greater extent than we American [J]:\_\Hi:'i;ms.
Likewise, it is interesting to note that often foreign authors report more satis-
tactory results following stellate ganelion block E|'u-!';lp_\ than do American
physicians. Could it be that the awareness of the usefulness of stellate ganglion
blocks by foreign physicians has resulted in a greater proficiency of execution
of the block? In general, th majority of American 1h]|_\'.\i: ians are unaware of
the manv diseases in which stellate ganglion block mayv be of value. Therefore,
they have not been interested in mastering its technique. Furthermore, the
complications of stellate ganglion block are often stressed in the American litera
ture to such a derree that the average ]1]|\ sician hesitates to perforin it. As with
any other technical procedure, the more a physician performs stellate ganglion
block the less ’I'L'l-]_\' are L'n||'|1)|il'.if|'|+||\.

It is the purpose of this book to stimulate the interest of physicians in the
nsefulness of stellate zanglion blocks in various disease entities and to encourage
them to learn one of the techniques for performing it. While the autho preters
the anterior l]\‘;n';lt]';t:'|||‘i1]i i!:'ll'll'lliiill. complications associated with any ap-
proach may be kept to a minimum if the technique is carefully followed. If
complications do occur, they may be treated adequately provided the relatively
inexpensive equipment and the drugs necessary for resuscitation are available.

It is hoped that by stimulating interest in stellate ganglion block our knowl-
edege of the diseases in which it 1s indicated and those in which it is contra-
indicated may be advanced.
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Fundamentals

DEFINITIONS

(ervico-thoracic Portion of the Sympa-
thetic Nervous System.—The expression
ervico-thoracic sympathetic nercous system”
efers to the sympathetic nervous system of the
head, neck, upper extremities, and chest. This
stem receives its preganglionic fibers pri-
arily via the first through the fourth or fifth
thoracic sympathetic ganglia. The stellate gan-

ion is part of the cervico-thoracie ITIJI'l‘iHH ol

the svmpathetic nervous system and is the
structure formed by the complete or partial
usion of the inferior cervical ganglion and
the first thoracic sympathetic ganglion.
Stellate Ganglion Block.—The term “stellate
ganglion block™ refers to chemical paralysis
f the stellate ganglion by a local anesthetic
agent deposited in the vicinitv of the gan-
glion. Actually, when 10 cc. ta 15 ce. of a block

went is injected correctly, the middle cervi-
al ganglion, the intermediate canglion (when
present), the stellate ganglion and the second,
the third and usually the fourth thoracie gan-
Ha are also directly paralyzed. This can be
emonstrated by

injecting a 35% Diodrast
dopyracet) solution containing the block-
z agent, preferably the crystals of a local
snesthetic drug, and then taking both an
ero-posterior and a lateral roentgenogram

he region (see Chapter 9, page 76). Fur-
mnore, the superior cervical canelion is also
wked as the fibers which form it pass

rough the above ganglia. In other words, a
tellate ganglion block correctly and carefully

uted is essentially a block of the cervico-
thoracic portion of the sympathetic nervous
svstem

The terms “stellate ganglion block,” “block
of the stellate ganglion” or “cervico-thoracic
sympathetic bloek™ are synonymous when used
in this book, and thev denote a block of the
superior cervical ganglion, the middle cervical
the ganglion {(when
present ), the stellate ganglion and the second,
third and fourth thoracic ganglia unless other-
wise noted.

Thoraciec Sympathetic Ganglia and Thora-
ciec Sympathetic Trunk.—The terms “thoracic
sympathetic ganglia” or “thoracic sympathetic
trunk” as hereinafter used will arbitrarily refer
only to the upper four or five thoracic sympa-

cangzlion, intermediate

thetic ganglia and their rami communicantes
and adjacent main trunks. These ganglia sup-
ply sympathetic fibers to the thoracie viscera
and are, of course, the source of the fbers to
the cervical sympathetic trunk. The remaining
more inferior thoracic sympathetic ganglia and
main trunks give origin to the greater and les-
ser splanchnic nerves. While these latter arise
from the thoracic trunk, they are primarily
destined for the supply of the abdominal vis-
cera. Therefore, in this text these structures
are arbitrarily not included in the expression
“thoracic portion of the sympathetic nervous
svstem,”

[5]



THE RESPONSIBILITY OF THE
PHYSICIAN LEARNING TO
PERFORM STELLATE
GANGLION BLOCK

The Use of Short and Long-acting Blocking
Agents.—Under no circomstances should long
wcting blocking agents be used by physicians
learning to perform a stellate eanglion block.
Mastery of stellate ganglion block u ith
short-aeting blocking agents is an ABSU-
LUTE PREREQUISITE before using steh
agents as phenol or alcohol. Complications
from these two drugs are permanent or al least
pmh:nu‘:'t] and may lead to medico-legal difh-
culties. On the other hand, complications
from short-acting blocking agents are in most
instances reversible within a few hours and,
while such complications may be embarrass
ing, they are seldom permanent proy ided the
means to treat them are readily available. In
most instances. blocking with agents of long
duration should be delegated to the regional
block specialist whose reputation can act as &
buffer to compensate tor complications anid

poor results,

PRE-BLOCK CONSIDERATIONS

General —The patient may be blocked in
either the office or hospital, but regardless of
where the procedure is done, equipment for
treating its complications must be available
immediately,

All patients should have a complete history.
physical examination, pertinent x-rays and
laboratory work. A definite diagnosis must be
made before executing a block. Treatment
should be applied after diagnostic study and
should be based on logic rather than empir-
icism.

Regulation of Oral Intake.—It is imprac-
tical to restrict the diet prior to this block be-
(1) Most of these patients can be

cause:
treated as outpatients free to go about their
daily routines. (2} Changes in routine eating
habits tend to make some patients unneces-
sarily apprehensive at the prospect of the
If the recurrent laryngeal nerve is

h]-‘n-L. [ 3)

STELLATE GANGLION

BLOCK

paralyzed temporarily, swallowing may be
difficult and, if fluids and food are restricted
before the block., the patient may subse-
quently become hungry and dehydrated. (4)
While the complication of nausea and vomit-
ing with aspiration is a distinet possibility
when any blocking agent is injected into the
body, its occurrence during or after stellate
block is practically negligible. Therefore, if
resuscitation equipment (which should be
routinely available to every physician per-
forming block procedures) is on hand, the
problem may be easily solved.

Explanation of the Procedure to the Pa-
tient.—The physician should always take time
to explain ta his patient all phases of the block
with emphasis on its side effects, i.e, laryngeal
paralysis, stuffy nostrils, Horner’s syndrome
and brachial plexus invelvement, to forestall
apprehension. Likewise, he should tell the
patient how long these side effects may per-
sist. Tt is usnally wise also to explain each step
as it is about to occur. Only if long-acting
blocking agents ( phenol or alcohol) are being
employed is it necessary to explain possible
permanency of the above complications prior
to doing the block. The patient should be as-
sured that little or no pain will be felt during
the procedure and that his cooperation is very
important.

Position of the Patient for the Block.—The
patient should be blocked in the supine po-
sition on an operating table, cart, or examimng
table. Under no cirenmstances should the pa-
tient be blocked while sitting in a chair. [f a
sitting position is absolutely necessary (a th-
matics, ete.) and facilitates the block, the pa-
tient should sit on the edge of a table. Then,
if a reaction occurs. the patient can be 'EﬂHt'PL]
supine immediately.

Premedication—For a highly nervous pi-
tient or one who is to recerve an aleohol or
phenol injection, medication with barbitu-
rates, opiates and belladonna derivatives may
be indicated. However, in most cases no pre-
medication need be given because: (1) The
anterior approach  to the stellate ganglion
which the author favors is not painful. Other
approaches in which periosteum is repeatedly




allowing may be
food are restricted
itient may subse-
1 dehydrated. (4)
nausea and vomit-
distinet possibility
s injected into the
o or after stellate
ible. Therefore, if
which should be
ry physician per-
is on hand, the
l'€|.
cedure to the Pa-
d always take time
phases of the block
fects, i.e., laryngeal
Homer's syndrome
ement. to forestall
he should tell the
le effects may per-
o explain each step
l||h if long-acting
aleohol ) are |)l'1|l_1.£
to explain possible
complications prior
tient should be as-
will be felt during
cooperation is very

or the Block.—The

in the supine po-
, cart, or examining
nees should the pa-
ing in a chair. If a
lv necessary (a th-
s the block, the pa-
e of a table, Then,

tient can be placed

highlv nervous pa-
reive an aleohol o
tion with barbitu-
ma derivatives may

most cases no pre-

because: (1) The

stellate zanglion

not painful, Other

steum 1s I'L-]‘lr;'.ill':”}

FUNDAMENTALS T

stimulats = 3

he brachial plexus is struck
b« e p inful, but the degree of pain
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POINTS TO REMEMBER DURING
BLOCK PROCEDURE

Opening of Tray.—Sterility shou
ed when the block tray is opens th
vng graduate and medicine cups sl

mndled with sterile forceps. The steril
ntrol should be examined routineh
Solutions should be arranced so the o

ides will never be passed over the anesthetic
lution, If any alcohol is dropped unnoticed

to the anesthetic solution. a slough of the

mssue or a lll'lll'rJJu:_'iL“.L| r.'l:l|':'[J|i| ation may

nsue.

{ Procaini Tron

macvertently

Asepsis.—The same sterile precautions
should be taken as for any surgical operation,
It is debatable whether a sterile hand-serub

necessary. The block field should be draped

refully with sterile towels to assure Asepsis,
However, the |]!'LL|=L'H should not conceal the
ndmarks or the perspective. For the illustra-
ns in this book the patients were intention-
left undraped so that landmarks and po-
tions could be demonstrated for illustrative
rposes. The doctor should wear sterile
gloves for at least two reasons: (1) They are
nore a hindrance to a doctor performing

block than to a surgeon performing a deli-

iperation, and in addition they do insure

(2) When a doctor executes a large

1515

1
|

er of regional procedures, it is advisable
nis oWwWn g'nlntq'{tiun to wear ‘_',ln\'x'\. as ou-

s sensitivity to local anesthetic agents

i uncommon ( Figure 1, page 7). Lane
and Luikart! believe that local anesthetic
agents are an occupational hazard and point
out that a recent survey of dentists showed a

“rather high proportion” had become “sensi-

use of the drug without gloves and in
ched,
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tized” to the local anesthetic drags which they Edare whet

emploved in their practice. it i e
The patient’s skin should be prepared with ®mpe 5 asp

one of the routine surgical preparations
(ie. tincture of Merthiolate or tincture ol
Zephiran). If the patient is to leave the office

;& = two,

or hospital following the block and cosmetic SENE-B
appearance is a factor, either 5% iodine solu- Car= of th
tion washed off with alcohol, or aqueous solu- i h B obs
tions of Merthiolate or Zephiran may be used. e the i1
Landmarks.—Superficial landmarks may be — | S - : E Soes do
felt or seen and consist of bones, cartilage. a0 this
muscles. tendons and blood wvessels. Deep A e
landmarks cannot be seen or palpated and B aa in th
may be felt only with the point ol the needle. | - === foll
They are usually bone, periosteum, fascial mmrooiton
planes, tendons or blood vessels. The accuracy e Soaid
in identifying these landmarks depends for g aepit.
the most part on the educated touch of the s 2 looc-
physician’s fingers. ' fowed. |

Checking of Needles.—All needles should
be checked for patency and weakness before

e

é*.._._.,‘} s I
&

©CCHT, |

Ul patient ¢

Figure 3. Needle point bent on hone by too rapid = e ?h}_-s"
or forceful insertion of the needle when seeking o bony Exstruction
landhimark h_ '-_:-_-_f. mir

| He proce

. : asenr Ot

usertion. Most needles break at the junction S ref
of the shaft and hub. If a needle shaft breaks ' g telep

off, surgery may be required to remove it.
This problem is serious and may be avoided
if security bead needles are employed. If a
needle is broken in the tissues, every effort
mncluding surgery should be made to recover
it. The needle point should also be checked for
sharpness and, of course, all burred points
must be eliminated.

Handling of Needles.—When changing the
direction of a needle, the point should be
brought back to the subcutaneous tissue and
aimed again rather than attempting to change
its direction by bending (Figure 2, page 8).
Bony landmarks should be approached slowly
<0 as not to burr the point of the needle which
would then tear the tissue on withdrawal
(Figure 3, page 8). If a short-beveled point

'« used. there is less chance of bending or
breaking the point on a bone.
Aspiration Tests—In any nerve hlock pro-

Figure 2. Correct method of changing direction of a
needle: (1) Needle deep in tissue. (2) Needle with-

drawn to subcutaneous tissue. (3) Direction of

needle changed. (4) Needle reinserted,




on bone by too rapid

¢ when seeking a bony

reak at the junction
1 needle shaft breaks
uired to remove it
md may be avoided
are emploved., If a
tissues, every effort
be made to recover
d also be checked for
e, all burred points

“When changing the
he point should be
cutaneous tissue and
ittempting to change
{ Figure 2, page 8).
e approached slowly
t of the needle which
ssue on withdrawal
. short-beveled point

wance of bending or

hone.

my nerve block pro-

FUNDAMENTALS 9

somme whether a large or a small amount of
SSemDoE B eIn] o, it is imperative to at-
E=met & ssperate for blood or spinal Huid in

s preferably four, planes.

BUST SLOCK CONSIDERATIONS

e af 88 Patient.—The patient must be
ey - erved for af least 30 minutes fol
ns ck to be sure that major cor
St not occur. If the physician can-
s himself, a nurse should be

Generally, the patient need not

FEEER3T 1IN T!Lr_' office for any l"“ﬁ"l'l!]":i Pe riod

® time following the block, but sl
lication arise, some tvpe of accommoda-

i ie|

@ should be available. Patients rarely re-
guire hospitalization following this block un
s a ]-I1|f..:—alL'tilLu ]I][J['i{[llﬂ agent has been
smploved. However, when major complica
Bons occur, it may be necessary to hospitalize
patient overnight for the patient’s as well

= the physician’s protection.

Instructions to the Patient.—As noted be
fore, the minor complications and side effects
of the procedure should be explained to the
satient. Otherwise, he will often become
; . refuse another block, and make re-
i h‘[l'phrllu' calls to the ;‘1]1}'\'i(‘iil1|. He

should be told that on arising he may feel

dizzv and have a h':l:]t‘ltt'_‘.‘ to veer to the

blocked side when walking. For these reasons
it is best to have the patient escorted from the
1S

office to his home. However, since this may

impractical at times, the patient, cognizant
of the problem, usually copes with it satis-
factorily.

HEMORRHACE FOLLOWING
STELLATE GANGLION
BLOCK

Anticoagulant Therapy or Blood Dys-
crasia.—If a stellate eanglion block is used
when the bleeding time is increased or the
clotting time decreased, the risk of profuse
hemorrhage into the tissues from a punctured
blood vessel is always present. The use of a
22-gauge or smaller zauge needle lessens this
complication but even with a small gauge
needle the block should be undertaken onlv
after careful evaluation (see ( ‘hapter 13, page
127).

REFERENCE
1. Laxe, €. G, and Lumkanr, R.: Dermatitis from
Local Anesthetics, with a Review of One Hun-

dred and Seven Cases from the Literature,
LAM.A., 146:7T17-720, 1951.



CHAPTER 2

Anatomy of the Cervical and l.l)l}tl' Thoracic Portions of

the H}'mlmlhtli(' Nervous System

‘R.ui-:x TGENOLOGICALLY-CONTROLLED stellate
ganglion block studies have proven conclu-
sively that in a correctly executed stellate

ganglion block the solution bathes the upper

three or four thoracic sympathetic ganglia anl
their rami and the cervical sympathetic chain
as high as the level of the fifth cervical ver-
tebra (see Chapter 9, page 77). Since the
cervical sympathetic trunk above the level of
the first thoracic vertebra has been shown to
lack any direct conmection with the spinal
cord by way of the rami communicantes, it can
he assumed that the fibers to the entire cervi-
cal sympathetic trunk are paralyzed as they
ascend through the areas bathed by the block-
ing solution.

It should be constantly borne in mind that
all of the sympathetic pathways deseribed, not
only carry the expected visceral efferent fibers
that are secretory to glandular structures and
motor to both smooth and cardiac muscle,
but that each branch or trunk of the sympa-
thetic system also may carry visceral afferent
fibers which are important not only in excit-
ing visceral reflexes but also in the mediation
of visceral sensibility including pain. The stel-
Jate ganglion, the upper thoracic sympathetic
trunk and the cervical sympathetic trunk may
be considered an anatomic funnel through
which all sympathetic fibers must flow on their
way to the head, neck and thorax. Specific
emphasis must be placed on the anatomical
relationships in the region of the stellate gan-
glion because it is there that the attempts to
block the cervico-thoracic portion of the sym-

pathetic nervous system are most frequently
made,

The classical descriptions of these regions as
found in well known anatomy books in com-
mon use are summarized below, = %1
Variations from the classical deseription as
well as comments on additional individual
studies will follow this standard textbook de-
seription.

THE COMPONENTS AND DISTRIBU-
TION OF THE THORACIC POR-
TION OF THE SYMPATHETIC

NERVOUS SYSTEM

The thoracic portion of the sympathetic
nervous system is derived from the thoracic
cord segments one to four via their anterior
roots and the respective upper four thoracic
sympathetic trunk ganglia (Figure 7. page
14). The exact number of ganglia involved
mMay  Viry because of the coalescence of two
sanelia, The ganglia rest against the heads of
the ribs and are covered by the costal pleura
(Figure 4, page 11). This relationship to the
plenra is constant except in the region of the
first thoracic vertebra where the cupula of
the lung separates from the neck of the first rib
and the body of the vertebra (Figure 5, page
121, This close relationship of the pleura
must be kept in mind when the posterior
thoracic approach to the stellate ganglion is
used. It is this relationship which may cause
the physicion to have a relatively high inci-
dence of pneumothorax with the posterior ap-
proach.

[10]
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Figure 4. Cross section al the level of the lower prasrt of the hody of th third thoracic v rtebra.

1. Svmpathetic ganglion,
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6. Second rib. 7. Third rib. 8. Fourth

3 Lung. 3. Third thoracic vertebra, 4. Vagus nerve, 5, Fifth rib.
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Prlaern et

Figure 5. Anterior view of the relationship of the lung to the

cervico-thoracie portion of the h}llll'lill:ll'”( nervous system, taken

from an anatomical dissection (life size). 1. Stellate ganglion.

2, Intermediate ganglion. 3, Middle cervical ganglion. 4. Brachial
plexus
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Sigure 6. Anterior view of the cervico-thoracie portion of the svmpathetic nervous system taken from
Superior cervical ganglion. 2, Vagus nerve. 3. Middle cervieal

& esdaver dissection (life size). L

@mstion. 4. Intermediate ganglion. 5. Stellate ganglion. 6, Recurrent larvngeal nerve, 7. Seventh cer-

sesd vertebra. 8. Vertebral artery, 9. Inferior thyroid artery, 10, Subelavian artery. 11. Ansa sub-
clavia. 12, Second intercostal nerve. 13, First rib, 14, Part of the brachial plexus
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The thoracic sympathetic ganglia are small
and grayish-white. The first thoracic sympa-
thetic ganglion and the inferior cervical gan-
glion may unite to form the stellate ganglion.
When this fusion takes place, the resulting
ganglion usually measures 2.5 cm. x 1 em. x 0.5
em.. and it is larger than the individual thor-
acic sympathetic ganglia and the middle cer-
vical sympathetic ganglion, but smaller than
the superior cervical sympathetic ganglion
(Figure 6, page 13). The visceral nerves,
from the upper four or five thoracic ganglia,
supply filaments to the plexus on the thoracic
aorta and other branches terminate in the car-
diac plexus (Figure 7, page 14). These are
the direct thoracic cardiac nerves and carry
not only cardiac accelerator fibers but also
pain fibers from the heart. Filaments from the
second, third and fourth ganglia enter the pul-
monary plexus and are responsible for carry-
ing the afferent impulses from the lung as well
as “broncho-regulatory” fibers. Each thoracic
sympathetic ganglion is connected to its spinal
nerve by a white ramus communicans and a
gray ramus communicans and thus contrib-
utes sympathetic fibers to the upper chest
wall (Figure 8, page 15). Twigs from the
second and third thoracie sympathetic gan-
glia often go directly to the upper extremity,
by-passing the stellate ganglion (Figure 10,
page 21, and Figure 11, page 23). These
aberrant twigs are sometimes known as the
“nerve of Kuntz”” The thoracic sympathetic
trunk is continued cephalad into the neck as
the cervical sympathetic trunk,

THE COMPONENTS AND DISTRIBU-
TION OF THE CERVICAL POR-
TION OF THE SYMPATHETIC
NERVOUS SYSTEM

This portion of the sympathetic nervous
system is a direct continuation cephalad of the
thoracic portion of the sympathetic nervous
system. It is the consensus of anatomists,
neurosurgeons and other scientific investiga-
tors doing clinical and experimental research,
that no connection between the
sympathetic trunk and the spinal cord exists

cervical

STELLATE GANGLION BLOCK

except through the thoracic portion of the
sympathetic nervous system.” #

The cervical portion of the sympathetic
nervous system consists of the inferior cervical
ganglion which, fused with the first thoracic
ganglion, is known as the stellate ganglion, the
intermediate ganglion (not always present),
the middle cervical ganglion, the superior
cervical ganglion, the branches from the gan-
glia and the main trunk connecting the ganglia
(Figure 6, page 13).

Inferior Cervical Ganglion and/or Stellate
Ganglion.—The inferior cervical ganglion lies
at the inferior border of the base of the trans-
verse process of the seventh cervical vertebra
(Figure 6, page 13). In more than 50% of the
cases it is fused with the first thoracic sympa-
thetic ganglion to form the stellate ganglion.
The stellate ganglion may extend from the in-
ferior edge of the base of the transverse
process of the seventh cervical vertebra to the
level of the cephalad portion of the base of
the transverse process of the second thoracic
vertebra,

The inferior cervical ganglion and/or stel-
late ganglion gives off the following branches
( Figure 6, page 13; and Figure 7. page 14):
(1) Gray rami communicantes to the brachial
plexus via the seventh and eighth cervical and
the first thoracic nerves. (2) The inferior car-
diac nerve to the cardiac plexus, (3) Branches
to the vertebral artery which presumably fol-
low the artery, thus reaching the cranial
cavity (although there is some experimental
ground for denying this concept)." (4) Other
peripheral branches are contributed to the in-
ferior thyroid plexus, the subclavian plexus
and occasionally there is a twig to the phrenic
nerve.

The intermediate ganglion has been vari-
ously interpreted by different authors being
most commonly regarded as either an individ-
ual and independent ganglion of the cervical
trunk or as a low tvpe of middle cervical gan-
glion (Figure 6, page 13). Its close proximity
to the inferior cervical ganglion renders it
difficult to distinguish from the latter in some
instances. When it is absent, its cell bodies will
reside in either the middle or inferior cervical

will = those |
Spectree Zangl
The Middl
e fire- cervi
miE—or or
e main
b Bes anl
smxth cer
. The inferi
SER=mDr Or pos
Mt trunk an
muddle canglior
. pere 13
‘m_‘"dlel

i bean
1 h_r:-ai.
3 5= way
i = These ©
et to the |
| Smpeeteis | musc
e neTve,

,h serves and

B spper fo
i B Ees in
e looous C
§ carotid
I i conn

= by a s

h—.}_-':ches
aee (Figu
I e nTIC
s (2)

pliarsngea
e znd th
| c=xotid
exotid



¢ portion of the
1,8, 5

the sympathetic
e inferior cervical
the first thoracic
late ganglion, the
always present ).
jon. the superior
hes from the gan-
secting the ganglia

on and/or Stellate
cvical canglion lies
e hase of the trans-
h cervical vertebra
ore than 50% of the
rst thoracic sympa-
e stellate ganglion.
extend from the in-
of the transverse
vical vertebra to the
tion of the base of
the second thoracic

anglion and/or stel-
. following branches
Figure 7, page 14):
antes to the brachial
1 eighth cervical and
2y The inferior car-
plu-\nt. (3) Branches
hich presumably fol-
eaching the cranial
s some experimental
concept ).’ (4) Other
contributed to the in-
he subclavian plexus
a twig to the phrenic

wolion has been vari-
Herent authors being
d as either an individ-
melion of the cervical
f middle cervical gan-
3). Its close proximity
] ganglion renders it
rom the latter in some
sent. its cell bodies will

1dle or inferior cervical

ANATOMY OF SYMPATHETIC NERVOUS SYSTEM 17

Smpathetie mamelia and hence its branches
mill &= Sese Estances. spring from these re-
Swrtve Canets
The Middle Cervical

maidle cervacsl canglion
e Spre comvs! - in and is connected to
B il or to the intermediate ganglion
e e =

Ganglion.—The

is the smallest

trunk (Figure 6, page 13 It
=] es anterior to the transverse process
B = axth cervical vertebra (Figure 6, pags
B8 . The inferior thyroid artery may lie either
mterior or posterior to the cervical sympa-

Betic trunk and is usually quite close to the
middle ganglion as it passes medialward ( Fig-
me B, page 13).

—

he middle cervical ganglion gives off the
following branches (Figure 7, page 1

1) Gray rami communicantes to the brachial
_."--"'-i-G by way of the fifth and sixth cervical
erves. These nerves carry sympathetic com-
ments to the blood vessels, sweat glands and
s .;:c.rﬁL~|r|] muscles of the arm. (2) The middle
cardiac nerve. This is the largest of the car-
fiac nerves and courses down the neck to the
.__-:p part of the cardiac plexus. (3] Twigs to

e thyroid gland by way of the inferior thy-
roid artery.

Superior Cervical Ganglion.—This is the
largest of the cervieal ganglia and is located
opposite the second and third cervical verte-
brae (Figure 6, page 13). It varies in shape
but it is thought to be formed by the fusion
f the upper four cervical sympathetic gan-
glia. It lies in front of the transverse process
and the longus capitus muscle and behind the
nternal carotid artery and internal jugular
vein. It is connected to the middle cervical
zanglion by a single trunk (Figure 6, page

! 55 3

The branches of the superior cervical gan-
glion are (Figure 7, page 14):—(1) Gray
rami communicantes to the upper four cervi-
ral nerves, (2) Twigs to the ganglion no-
losum of the vagus, petrous ganglion of the
glossopharyngeal nerve, jugular ganglion of

the vagus, and the hypoglossal nerve. (3) The

mternal carotid nerve. This passes with the
mternal carotid artery into the skull forming

the internal carotid plexus and the cavernous
plexus. (4) The left and right superior car-
diac nerves. These go to the superficial part
of the cardiac plexus and the deep part of the
wrdiac plexus, respectively. (5) Filaments to
the carotid sinus and carotid body. (6) Com-
""" nicating branches to the glossopharyngeal,
exte rrml laryngeal and vagus nerves for the
pharyngeal plexus. (7) Branches to the ex-
ternal carotid artery. These form the external
arotid plexus.

From the internal and external carotid
s, the sympathetic fibers reach the struc-
tures '!i the head via the blood vessels. The
nternal carotid plexus, situated on the lateral
ide of the artery, sends branches to the ab-
ens nerve, the tvmpanic branch of the
lossopharyngeal nerve, the lacrimal gland

i so- and oropharynx by way of the
-l-]n-rup.’.nli:u. ganglion, and the semilunar
ganglion (Figure 7, page 14)

That portion of the internal carotid plexus
sitnated along the carotid artery as it lies
within the cavernous sinus sends branches to
the three nerves of the ophthalmic division
of the trigeminal nerve, to the dilator pupillae
by way of the nasociliary nerve and ciliary
ganglion, to the vessels of the pituitary body,
to the orbit by way of the ophthalmic artery,
and to the eveball, the conjunctiva and the

nose, via the communicating branches of the
cavernous plexus (Figure 7, page 14).

The external carotid plexus supplies fibers
to the vessels, cutaneous muscles and sweat
glands of the face, to the submaxillary gland
via the facial artery, and to the parotid gland
via the plexus along the external carotid itself
{ Figure 7, page 14).

THE BOUNDARIES OF THE FASCIAL
COMPARTMENT IN WHICH THE
THORACIC SYMPATHETIC AND

CERVICAL SYMPATHETIC
NERVOUS SYSTEMS
ARE FOUND
This is of great importance if the diffusion

pattern of an injected blocking solution in the
region between the fourth thoracic and the
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Gfth cervical vertebra is to be clearly under-
Hovelacque ® described the stellate
lving in a fascial plane which is
inferiorlv by the posterior aspect of

stood
ganglion as
limited
the cupula of the pleura, medially by the
portion of the vertebral column covered by
the longus colli muscle, laterally by the sca-
lenus anticus muscle mass, anteriorly by the
cubclavian and vertebral arteries and pos-
teriorly by the anterior surface of the trans-
verse process of the seventh cervical vertebra,
the anterior surface of the neck of the first rib
and the interspace between these two struc-
tures. The stellate ganglion lies in soft adipose
and areolar tissue and can be easily dissected
out.
ing the fascia in the lower part of the neck.
that there exists a prevertebral fascia and a

[ikewise. Hovelacque stated, concern-

deep or visceral fascia. The prevertebral fascia
covers the prevertebral muscles. The deep, or
visceral. fascia envelopes the viscera and the
vessels before it is applied to the prevertebral
fascia. This relationship exists to the level of
the inferior thyroid artery; below that there is
no definite enclosure. The cellular tissue 1s
loose in front of the prevertebral fascia in
the whole inferior region of the neck. Hovel-
acque’s description of the anatomy in the
region of the stellate ganglion explains why
solutions injected in this area diffuse rapidly.
Also. it elucidates the reason for the pattern
which is seen when Diodrast solutions are em-
ployed in stellate ganglion blocks (see page
i I's

de Sousa Periera® in his technique for in-
jecting the stellate ganglion places the patient
in the sitting position so that the solution will
gravitate from the region of the injection via
the above described space to the region of the
stellate ganglion. From roentgenologic studies
it is highly doubtful that gravity has much to
do with this spread (see Chapter 9, page 65).
If the needle point is placed in the correct
fascial plane and 10 cc. to 15 cc. of solution
injected, the pressure created by this amount
of injected fluid accounts for most of the
spread. The use of Diodrast (iodopyracet)
and x-ray substantiates this (see Chapter 9,
page 77).

RELATIONSHIP OF THE CERVICO-
THORACIC SYMPATHETIC TRUNK
TO OTHER ANATOMICAL STRUC-
TURES AT THE LEVEL OF THE
SEVENTH CERVICAL AND
FIRST THORACIC
VERTEBRAE

Anatomical relations in this area are de-
ceribed because most of the approaches used
are directed at placing the needle in the region
of the stellate ganglion located at this level.
It is a well-chosen spot for the injection be-
cause it is approximately midway between
the fifth cervical and fourth thoracic vertebra,
and it is known from roentgen studies that the
solution diffuses both superiorly and inferiorly
to these levels (see Chapter 9, page 76).

Relationship of the Stellate Ganglion to the
Somatic Nerves.—The stellate ganglion usu-
ally lies in front of the eighth cervical nerve
and the first thoracic nerve (Figure 6, page

3). Therefore, when using the posterior ap-
proach these nerves are more often stimulated,
resulting in sensations along the inner aspect
of the forearm. Stimulating these nerves with
the needle. though quite painful to the pa-
tient. is in no way detrimental to the results
of the block nor should the block be discon-
tinued because of pain. The paresthesias from
these somatic nerves signal to the physician
that the needle point is too far posterior when
the lateral. antero-lateral or anterior approach
is being employed. These paresthesias indi-
cate that the needle point is not far enough
anterior if the posterior approach is being at-
tempted. The patient should be forewarned
about paresthesias and reassured that no harm
can result from them.

Relationship of the Stellate Ganglion to the
Blood Vessels.—The carotid artery lies over
the svmpathetic chain and must be drawn
laterally to expose it when the anterior (par-

atracheal) approach is used (Figure 9, page
19).

The subclavian artery as it arches over the
dome of the pleura lies in front of the stellate
ganglion (Figure 6, page 13). The subclavian
artery gives off the vertebral artery, the inter-
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Figure 9. Cross section at the level of the seventh cervical vertebra (life size). 1. Stellate

_.:-Ull.!“l-‘h. 2, Vertebral artery, 3. E.‘!CI[:I'I;ILEH‘. 4, Trachea. 5. 'J-]])n]hl gland. 6 F,pi”..”_‘ process

of Ci. 7. Seventh cervical vertebra, 8, Vagus nerve and carotid vessels
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the cost scervical trunk and the
thyroid artery
and the

nal mammary,
thy cocervical trunk. The inferior
arising from the l.hj.'l'ntm'\'ia.il trunk
superior intercostal artery arising from the
costocervical trunk are seldom, if ever, punc-
tured during the placement of the needles.
e other hand is quite

The vertebral artery on th
culnerable as it ofien lies within or close to
the mass 0] tissue comprising the
stellate ganglion . When
the stellate ganglion is divided into & first

an inferior ceTv-

nervous
Figure 6, page 13}
thoracic ganglion proper and
ical ganglion, the cord connecting the two lies
hehi When the inter-
mediate ganglion is present, it usnally lies
directly in front of the vertebral artery and is
connected below with the stellate ganglion or
the inferior cervical ganglion by a divided
main trunk which twines about the vertebral
It is also connected to

wd the vertebral artery.

artery as it descends.
the stellate ansa subclavia.
The vertebral artery the
medulla oblongata, and an injection of a large
amount of the blocking
agents into it may result in a rapid catastro-

ganglion by the
is a direct path to

{5 or more Ccc )

characterized by immediate loss
and low or

phic reaction
of consciousness, thready pulse,
undetectable blood pressure.
Relationship of the Stellate Ganglion to the
Lungs.—The cupula of the lung lies in front
of the sympathetic chain ( Figure 5, page 12).
The superior part of it reaches the level of the
clavicle anteriorly and the level of the first
thoracic vertebra posteriorly on the right side.
On the left side lung is
lower by % inch (1 cm.) to % inch (
that it is less likely to be punctured. The
cupula of the lung in the
sion of the average healthy patient
to the vertebral column as it does
level of the inferior edge of the first
thoracic vertebra. This is demonstrable in
x-ray films where Diodrast
block solutions have been injected (Figure
74 and Figure 38, page 77). In the
demons-

the superior edge of the
2 ¢m. ) SO

supra-clavicular re-
does not
lie as close
at the

{iodopyracet)

33, page
embalmed cadaver this may not be
trable. While a pneumothorax may occur dur-
any approach to the stellate ganglion, de-
on the skill of the

ing

pending physician in the
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placing of the needle, it is less likely to occur
with the anterior H):n'utrau'!u-ulj approach be-
cause of this lateral curve of the cupula aw)
from the vertebrae.

Relationship of the Stellate Ganglion to the
Trachea and Esop'lmgus.-—'l"hv trachea and es-
midline medially and an-
and left 5}'lnpnlh:"lic
trunks (Figure 9, page 197. The esophagus,
however, may curve slightly to the left. This
curve in the esophagus 15 of little significance
except in the anterior approach to the stellate
Its deviation may be straightened
patient

ophagus lie in the
teriorly to the right

ganglion.
to a midline position by having the
«tend his neck.

the Stellate Ganglion to the
chain, at

maximally ¢

Relationship of
Vertebral Column.—The sympathetic
the level of the seventh cervical vertebra, lies
at the base of its transverse process at its
junction to the body (Figure 6, page 13 and
Figure 9, page 19). The chain lies & little
closer to the vertebral bodies in hoth the up-
per cervical and upper thoracic regions than it
does at the level of the seventh cery ical verte-
The stellate ganglion itself usually ex-

lower border of the

bra.
tends from the
process of the seventh cervical vertebra to

transverse
the
transverse process of the
{ Figure 6. page 13).
lies between it and
the transverse processes ( Figure 9, page 19).

Relationship of the Stellate Ganglion to the
Vagus and Recurrent Laryngeal Nerves.— L he
vagus nerve lies in the carotid sheath almost
Jirectly anterior to the svmpathetic chain
( Figure 9, page 19). The recurrent \-.nryw_rvul
nerve lies medial to the sympathetic chain and
slightly anterior to it and may become in-
volved during @ block because o diffusion
of the solution (Figure 6, page 13). The pa-
tient then may become hoarse. He may also
have difficulty in swallowing fluid and food
of the laryngeal

inferior edge of the
first thoracic vertebra
The longus colli muscle

because of the pnon-closure

aditus.

The Relationship of the Stellate Ganglion to Kus
the Thyroid Gland (Figure 9, page 19).—The Q- Ansa S
thyroid gland lies anterior and medial to the e - I

L =

sympathetic chain, and at times the gland

covers it. This relationship is pnimportant

1N3
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when any approach but the anterior is em-
ploved. When using the anterior approach the
gland must at times be punctured, but no
sequelae have been noted in our series of
cases.

ADDITIONAL INDIVIDUAL STUDIES
OF THE CERVICO-THORACIC
PORTION OF THE SYMPATHETIC
NERVOUS SYSTEMS WITH
VARIATIONS FROM THE
CLASSICAL DESCRIPTION

Perlow and Vehe.'"—They found the fol-
lowing in their dissections: (1) That the size
of the stellate ganglion varied from 1 to 3 cm.
in length and from 3 to 10 mm. in width. The
dimensions of the stellate ganglia were bilat-
erally identical in 18 of the 24 cadavers. (2)
Forty of the 48 dissections had inferior cervi-
cal ganglia which were continuous with the
first thoracic ganglia. In the remaining eight
dissections, they were separated but con-
nected by a short cord. (3) In three instances
there were two definite cords between the
inferior cervical and the first thoracie ganglia.
(4) The ganglion was found to lie anterior to
the vertebral arterv in 2 dissections, medial
in 23, posterior in 2, medial and posterior in
5, and medial and anterior in 16 instances.
(5) In all cases the cords connecting the stel-
late to the middle cervical ganglion were in
close approximation to the vertebral vessels.
(6) The eighth cervical and the first thoracic
spinal nerves received gray rami from the
stellate in all of the dissections. In three
instances, the first thoracic nerve received
additional gray rami direct from the second
thoracic sympathetic ganglion.

Kuntz.''—During dissection of the
pathetic rami to the brachial plexus in 438
cadavers, Kuntz found that variations in the
rami of the sympathetic nervous system to
the brachial plexus, as well as the rami from
the second intercostal nerve to the first inter-
costal nerve, are not infrequent (Figure 10,
A. B, C, page 21. He stressed that sympa-
thetic rami to the brachial plexus may arise
as low as the second thoracic vertebra (Fig-

svIm-

BLOCK

ure 10, A, B, C, page 21). Therefore, he drew
the following conclusions: (1) Stellectomy or
section of the gray rami connecting this gan-
glion with the brachial plexus is inadequate to
insure complete sympathetic denervation of
the blood vessels of the upper extremity. (2)
Complete sympathetic denervation of the up-
per extremity requires removal of the stellate
ganglion and of the upper portion of the
thoracic sympathetic trunk to the level below
the communicating rami of the second thor-
acic nerve. From this study, one would con-
clude that to effectively paralyze the svmpa-
thetic nerves to the upper extremity the block-
ing solution must diffuse as low as the second
thoracic vertebra. X-ray studies show that
this does occur (see Chapter 9, page 77).

Kirgis and Kuntz.'*—Following Kuntz’s !
previous study, Kirgis and Kuntz ™ in re-
viewing anatomical data pointed out that not
all the svmpathetic fibers which join the nerves
of the brachial plexus traverse the gray com-
municating rami arising from the cervico-
thoracic and middle cervical ganglia. They
believed that intrathoracic rami from the sec-
ond and third thoracic nerves which join the
first and second thoracic nerves respectively,
in all probability, carry sympathetic fibers
(Figure 11, page 23). Thus, they conclude
that to completely denervate the upper ex-
tremity, extirpation of the cervico-thoracic and
lower sympathetic trunk ganglia, including
the second and third thoracic, must be per-
formed in a relativelv high number of cases.
This would mean that for a stellate ganglion
block to paralyze all the sympathetic nerves to
the upper extremity, the injected solution
must diffuse caudad to at least the third thor-
acic vertebra. Roentgenologically, studies
have shown that in a correctly executed stel-
late ganglion block this does occur (see Chap-
ter 9, page 77).

Johnson and Moore.—The dissections of
the cadavers in this series were performed by
Dr. Robert ]. Johnson of the University of
Washington Medical School. Drawings of all
dissections were made by Joy Polis, medical
illustrator, and checked by the dissector to
insure accuracy. Both the dissections and the
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drawings were studied by the author.

[lustrations 12 through 23 which appear
herein were selected as representative of the
anatomy of the cervico-thoracic portion of the
sympathetic nervous system and its related
structures as found in these dissections. For
clarity, numbers rather than labels were
chosen to identify the important anatomical
structures in illustrations 12-23. The num-
bers used and the structures they signify are
as follows:

1. Superior cervical ganglion.
2, Middle cervical ganglion.

3. Intermediate (or vertebral) ganglion.
4. Stellate ganglion.

5. Inferior thyroid artery,

6. Vertebral artery.

7. Inferior cervical ganglion.

8. First thoracic sympathetic ganglion,
9, Nervus vertebralis.

10. Kuntz's nerve.

11. Ansa subclavia.

12. Subclavian artery.

13. Second, third or fourth thoracic sym-
pathetic ganglia. In illustrations 12-23, num-
ber 13 may be found on any of these three
ganglia. 1t merely identifies the approximate
position of the ganglia in the cervico-thoracic
portion of the sympathetic chain. To accur-
ately identify them, they should be compared
with their respective thoracic vertebrae as well
as the spinal nerves to which they supply gray
rami communicantes.

When a number signifying a specific gan-
glion does not appear on these illustrations, it
indicates that the ganglion assigned that par-
ticular number was absent in that cadaver.
For example, in Figure 12, page 24, 2 is ah-
sent and this indicates the middle cervical
ganglion could not be identified as a specific
entity in the cadaver. It should be emphasized
that the identification of the various ganglia
was done on the cadaver rather than on the
drawings.

The system used to identify the compo-
nents of the cervico-thoracic portion of the
sympathetic nervous system was not applied
to the arteries depicted. In most instances, the

vessels were included or identified only when
they had a direct relationship to the cervico-
thoracic svmpathetic trunk. However, omis-
sion from an illustration does not mean that
they were absent on the cadaver. For exam-
ple, in Figure 12, page 24, the inferior thyroid
artery on the right side, while present in the
cadaver, was not depicted since its course was
identical to the left inferior thyroid artery.
Therefore, its depiction would serve no pur-
pose except to clutter up the drawing. It is
emphasized that the main purpose of this
study was to find the variations that occurred
in the cervico-thoracic portion of the sympa-
thetic nervous system—not those oceurring in
the other anatomical structures.

The following brief description of the
cervical and upper thoracic sympathetic trunk
and of the findings in 37 body sides was writ-
ten by Robert ]. Johnson, M.D.. Associate
Professor of Human Anatomy at the Univer-
sity of Washington Medical School and con-
tributed to the author for publication here.
It is a portion of a more detailed study which
is to be published by Dr. Johnson at a later
date,

“The Cervical Sympathetic Trunk enters the
neck from the superior thoracic aperture and
ascends in front of the transverse processes of
the cervical vertebrae to nearly reach the base
of the skull, It terminates above in a gan-
alionic enlargement (superior cervical gan-
alion) lving anterior to the lateral mass of the
first cervical vertebra and anterior to the
transverse processes of the second and third
cervical vertebrae (Figures 12-23). The cer-
vical sympathetic trunk is usually described
as possessing three ganglia distributed along
its course. However, it would be more ac-
curate to mention four ganglia as being pres-
ent frequently enough to justify special names
for them, and to ascribe a relatively typical
locus for each of them. These ganglia are
named, in sequence from above downwards,
the superior cervical ganglion, the middle
corvical ganglion. the intermediate cervical
ganglion (the vertebral ganglion) and the
inferior cervieal ganglion (Figure 13, page
25, Right side). The interior cervical gan-
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Figure 15. .'\rldil.‘lll_\ af the vervice-thoracic partion of the -.)ln;r.athl-ljt nervons system { life size), (1) Su-
perior eervical ganglion, (2) Middle cervical ganglion. (4) Stellate ganglion. (3) Inferior thyroid artery. - .
(f) Vertebral artery. (71 Inferior cervical sanglion, (8) First thoravic ‘;.‘"'ll‘ﬂ”“-'“' ganglion. (9) Nervos b ?
vertebralis, (11) Ansa subclavia. (13) Sympathetic chain candad to Hrst thorcie sympathetic ganglion,
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Figure 17.
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s Besed with the first thoracie

g 2 single larger ganglion

late ganglion (Figure
and Figure 14, page

e sanolia usually lie in front
o e =% - first rib. These cervical

v give off gray rami com-
several cervical spinal

T ganglia do not, hm-.':-\'vr. receive
e wite rami communicantes, for all enter-
e seesanclionic fibers pain access to th
seveal sympathetic trunk by ascending up
B trenk from thoracic levels.

—.m

e named ganglia vary in size and
n from specimen to specimen and
wir skeletal and soft tissue relation-
not to be pictured too rigidly. This
in ganelionic size and location is
ained by the embrvogenesis of the
> trunk and the migration of the
glionic cell their ex-
accumulation as ganglionic
slesements. By advancing too far or not far
swmsh theyv produce unexpected ganglionic
Sese< in positions other than the typical.
Ml accessory ganglia may be large or small,
e when large they tend to replace the
Smected next adjacent ganglion by a process
fly draining away the supply of

badies toward

R

ped sites of

mzlionic cell bodies. Or the expected
n may he broken up into two or more
ESsEsions, no one of which warrants the
B orizinally used to designate the parent
eon. Thus, by a process of excessive sub-
Wen or excessive amalgamation in the
. the numbers of cervical ganglia may
B medified and this results in the great
gelity found in the form of each indi-
! svmpathetic trunk.

SBesmite this variability in the placement
== of

the ganglia, the gray rami com-
es will, nonetheless, leave their in-
ganglia and pass to their respective
il spinal nerves, and thus the gray rami
pe the best clue as to which ganglion a
Lr enlarcement on the sympathetic
sctually corresponds. Microscopic clus-
# postganglionic cells may occur at al-
@ site along the sympathetic trunk and
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over the course of the white and gray rami
and even in the anterior roots of the spinal
nerves, These aberrant cell clusters are also
called intermediate ganglia and hence some
confusion might oceur with the large inter-
the
sympathetic trunk between the middle and
inferior cervical sanglia 't

mediate ganglion (of Jonnesco) on
It is for this reason
that Jonnesco’s ganglion micht better he called
the vertebral ganglion because of its nearly
constant relationship to the anterior surface ol
the vertebral artery.

“The following data is based upon the dis-
section of 37 body sides. All but one sympa-
thetic trunk represent the paired trunks of 18
bodies. Since there was no significant contrast
between the right and left sides in this series
of specimens, no particnlar attempt is made
to correlate the findings with a particular
‘\l'\]l'.

“The Superior Cervical Ganglion is an
clongated, fusiform structure, rather Aattened
from anterior to posterior, and lyving in front
of the transverse process of the Znd and 3rd
cervical vertebrae and commonly extending
upward to lie in front of the lateral mass of
the atlas (Figures 12-23). Reduction in its
size will, of course, change these skeletal rela-
l{un.\'inilw ( Figure 15, page 28). Average di-
mensions of this ganelion are 30 mm. long by
7 mm. in transverse width. It was present in
each of the specimens studied and only occa-
sionally than vertebral
body up or down from the expanse mentioned

deviates more one
ahove. This ganglion is u:'Lulsi::!uL”} massive,
being of perhaps twice the usual size, and of
irregular contour (Figure 16, page 29). It
usually sends branches to the last four cranial
nerves and gray rami communicantes to the
first three or four cervical nerves. The larce
internal carotid nerve ascends from the su-
perior pole of the ganglion to accompany the
internal carotid arterv into the carotid canal
of the temporal bone, The other vascular

branches and the visceral branches arising
from the superior ganglion will not he men-
tioned. Nor will the several vascular and vis-
ceral branches of the other cervical ganglia

be discussed except to say that although thev
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Figure 18, Anatomy of the cervico-thoracic portion of the sympathetic nervous system (lite size), (1) Su-

perior cervical ganglion. (2) Middle cervical ganglion. (3) Intermediate (or vertebral ) ganglion. (4) Stel-

late ganglion, (B) Vertchral artery, (11) Ansa subclavia, (13) Sympathetic chain candad to first thoracic
syvimpathetic ganglion,
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Anatomy of the cervico-thoracic portion of the sympathetic nervous svstem {life size). (1) Su

ite life size). (1) Su- wical ganglion. (2) Middle cervical ganglion. (3) Intermediate (or vertebral) ganglion, (4) Stel-
stem | e S17¢ | ;i : ; ; :

hral) ganglion. (4) Stel- 6) Vertebral artery. (9) Nervus vertebralis, (10) Kuntz's nerve: (11) Ansa subelavia. (13)

n caudad to first thoracic Sympathetic chain caudad to first thoracic sympathetic ganglion.
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It usu-
rami communicantes to the

Ficures 12-23).

ervical nerves. It was present

B & smede discrete and readily recognizable
saringad the usually described position in
miw 16 trunks (43%) (Figure 17, page 30). It

s present as a doubled structure in four
trunks, thus giving a total frequency

st= | Figure 15, page 28, Left side; Figure 18
e 32 Left side; and Figure 19, page 33
git sidle). In these latter instances one gan-
ghom was present at the usnal level of
Eush transverse process while the extra

15 above this at the level of the th

E=os W ne I
Ssssverse process. In three instances the two
gamslia were scarcely more than a centimeter
gpast while in one they were 2.5 ¢m. apart
Fezure 18, page 32, Left side; and Figure 15,
33, Left side). This doubling oceurred
= the left side in each instance, but it is
Senbted if this has any significance when the
member of cadavers in this study is consid-
sl To include the higher of these two gan-
e under the title of ‘'middle sanglion” is, of

== an arbitrary choice based upon its
gemomity and infrequency and upon the at-

Setenents of its rami communicantes,

“This is usually the smallest of the ganglia
E
% 3 mm. wide. It varies in shape from fusi-
e o globular (Figure 20, page 34 and Fig-
= 16 page 29). In the 36 paired sides it
s found to be present on one side only in
= and to be bilaterally present in
weem bodies. When unilaterally present, it

s average dimensions are 7 mm, long

e found twice on the right side and four
= on the left (Figure 14, page 27, Right

e and Figure 21, page 36, Left side). Tt
*‘l i be
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added here that the instances of

was named the ‘ganglion in-

SYMPATHETIC
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ot

indicate its
position between the middle and the inferior

termediare’” by Jonnesco ' to
cervical ganglion ( Figures 12-23), The ninth
edition of Cunningham’s Texthook of Anat-
omy." speaks of a low position of the middle
cervical ganglion as being not infrequent, and
that in this circumstance the ganglion usually
lies upon the vertebral artery. This is, of
course, a confusion of the intermediate gan-
glion with the middle cervical ganglion, and
e reason for confusion probably rests upon
the unappreciated fact that the middle cer-

vical ganglion is very often absent while the

intermediate ganglion is very rarely absent.
The latter ganglion is usually deseribed as an
weasional finding and as being considered as
rtion of the middle ganglion that has been

wed downwards or as a portion of the

ior ganglion that has been displaced up-
its frequency it should not
be considered as either of these aberrant forms

wards. Because of

but as an independent ganglion deserving a
special title as fully as does the inferior gan-
glion and perhaps more so than the middle
ganglion.

“The intermediate ganglion lies directly in
front of or in front and slightly medial to the
vertebral artery just below the level of en-
trance of that artery into the foramen trans-
versarium of the sixth cervical vertebra (Fig-

ure 22, page 37

It usually sends gray rami
communicantes to the sixth and seventh cervi-
cal nerves. Its nearly constant topographic
relationship to the vertebral arterv justifies
its title of “vertebral ganglion’ as Mitchell 17
has suggested. This is especially advisable in
view of the widespread usage of the term
‘intermediate ganglion’ to indicate those aber-
rant postganglionic cell clusters so commonly
found along the anterior roots of the thoracic
spinal nerves and along the rami communi-
cantes.

“The vertebral ganglion was found 30 times
in the 37 svmpathetic trunks. Its usual form
is triangular with the apex above continuing
upwards as the sympathetic trunk, while from
the medial and lateral ang
trunks descend on either side of the verte-

es of its base, heavy

bral artery to gain attachment to the inferior
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Figure 21. Anatomy of the cervico-thoracie portion of the \'_\|||]\.|[]_\1jl_' nervous system (life size). (1) Su-
(3) Intermediate (or vertebral) ganglion. (4) Stel-

perior cervical ganglion, (2) Middle cervical ganglion,
Svinpathetic chain caudad 1o first thoraci

late sanglion. (6) Vertehral arterv. (11) Ansa subclavia, 113
svinpathetic ganglion.
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Anatomy of the cervico-thoracic portion ol the -.\'In[!.llhl-lal' nervois system {life size). (1) Su-
rvical ganglion. (2) Middle cervical ganglion, (3) Intermediate (or vertebral) ganglion. (6) Ver-
tery. (7) Inferior cervical ganglion. (8) First thoracic svmpathic ganglion. (9) Nervus vertebralis,
Subelavinn artery. (13) Svmpathetic chain caudad to first thoracie sympathetic ganglion.

em (life size), (1) Su-
ral ) ganglion. (4) Stel-
caudad o frst thoraeic
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Figure 23. Anatomy of the cervico-thoracie portion of the sympathetic nervous svstem ( life size),

Middle cervieal ganglion. (3) Intermediate (or vertebral) ganglion.
late ganglion. (5) Inferior thyroid artery. (8) Vertebral artery. (10) Kuntz's nerve. (11) Ansa subelavin,
(13) -\\ I||i1-||ll"|l'. I'IILl'in i .|11|[.l|l ko !]II-]'.|I [ _\:\‘.":],[”H'I’ll '-[-llli{l-l'i'fl.
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m [ life size). (1) Su-
) gunglion. (4) Stel-
{11) Ansa subclavia.

h.

Seeieall s o stellate) which usually
B Bl e Bl 2o behind the root of
B el s | Figure 13, page 25
trunk is doubled from
mferior cervical or stel-
B micht even he said to be
B ames subclavia descends from
' lon, sweeps around the
g%+ and recurves backward to
B e ferior cervical or stellate ganglion
Bl Bl paze 25). A twig arises from the
Besl sanclion and ascends along the ver-
srtery to enter into the plexus formed

S 2t vessel. The vertebral ganglion was
ot
S

& most instances to be 5 mm. long and
= transverse width.

BN Inferior Cervical Ganglion and the
e Fhorocic Ganglion are very commonly
B Seeether to form one large and multi-
gamelion that is called the Stellate Gang-
Fizure 23, page 38). If the two ganglia
fused together, there is no stellate
e (Figure 22, Notwith-
e this. it is common clinical parlance
# inferior cervical and first thoracic
e the stellate ganglion under all cir-
bewes. The inferior cervical ganglion

page 37).

g=av rami communicantes to the seventh
sehth cervical nerves in most specimens
#e first thoracic sends a gray ramus and
s 2 white ramus from the first thoracic
The stellate ganglion, therefore, has
smunicantes connecting it with the
R and eighth and the Hhrst
8¢ merves in the typical specimen. The
cervical ganglion (or the upper por-

cervical

W 2 stellate ganglion) lies in front of
ek of the first rib and mayv at times

woward toward the transverse process
sventh cervical vertebra (Figure 13,
S and Figure 23, page 38). It is then
: of the eighth cervical nerve, The first
g zanglion (or the lower portion of
Pt canglion) lies in the interspace
b the necks of the first and second ribs
of the first thoracic nerve. It may de-
mwards over the neck of the second
second thoracic ganglion lies between
s of the second and third ribs and is
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occasionally not clearly separable from the
stellate ganglion. The stellate ganglion is often
massive and varies considerably in shape
rancine from a fat oval to an elongated fusi-

form or lumpy spindle shape. It might be

deseribed as multipolar or star-shaped ( hence
the name stellate) because of the numerous
branches arising from its periphery, The in-
ferior cervical, or upper end of the stellate
ganglion, gives rise to a rather husky branch
the nervus vertebralis) which ascends with
the vertebral artery to enter the foramen trans-
versarium of the sixth cervical vertebra. It
enters into the formation of the
vertebral plexus to a minor degree, but chicfly
the nervus vertebralis utilizes the foramina
transversaria onlv as a route to reach the sixth
r seventh cervical nerve which it joins. Tt is

therefore,

1s primarily a gray ramus communicans fol-
lowing this unusual route to its spinal nerve
{ Siwe 18

“In this series of 37 svmpathetic trunks. the
inferior cervical ganglion existed as a discrete
page
All of the others were amalcamated

= =5 g
Figure 22, page 3

structure in six instances (Figure 22,
37 ).
with the first thoracic to form a stellate gan-
glion. It must be recognized that there is a
measure of arbitrary judgment in the decision
as to when a constriction between the upper
and lower parts of a stellate ganglion has
clearly separated them into their component
parts. The average dimensions of the stellate
ganglion are approximately 20 mm. in length
and 7 mm. in the transverse width. When the
inferior cervical ganglion was present, its usual
measurement was 68 mm. in length and 7 mm.
in transverse width.

“The Second, Third and Fourth Thoracic
Sympathetic Ganglia lay upon the necks of the
ribs or in the interval between the necks of
the ribs. In five of the 37 11:1[1) sides, a com-
existed first
second intercostal nerves just lateral to the

munication between  the and
rami communicantes (Figure 19, page 33,
Left side: and Figure 23, page 58, Right
side 1. This is the aberrant route described by
Kuntz '* which permits postganglionic fibers

from the second thoracic ganglion to reach
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the Brst thoracic nerve and vet bypass the first
thoracic or stellate ganglion.

“The relationship of the cervico-thoracic
sympathetic chain to the lung as well as the
fascial planes were the same as previously de-
scribed by Hovelacque (see pages 20 and 18,
respectively).”

The above discussion and dissections show
the close relationship of the vertebral artery
to the stellate ganglion (Figures 12-23). Yet
it is interesting to note that Patterson ' found
this artery did not furnish the blood supply to
that structure. He discovered that the main
blood supply to the ganglion came from the
superior intercostal artery. Also, he noted that
in most instances at least one accessory vessel
from either the costo-cervical trunk, the thyro-
cervical trunk, the deep cervical artery, or the
first intercostal artery participated in supply-

ing blood to the ganglion.

Conclusion.—Dissection and clinical studies

following stellate ganglion block in which
Diodrast solutions were injected and roentgen
films made, have shown that irrespective of
the approach to the stellate ganglion used, a
block of the entire cervico-thoracic portion
of the sympathetic nervous system results pro-
vided 12 to 15 ce. of the blocking agent is em-
ployed and the needle or needles correctly
placed (Chapter 9, page 72). From the
studies of Perlow and Vehe,'” Kuntz!' Kirgis
and Kuntz '? and Johnson and Moore, it can
be seen that while there are variations in the
cervico-thoracic portion of the sympathetic
nervous system, they occur in the area bathed
by the blocking solution (see Chapter 9, page
77). Therefore, while the variations which
oceur in the anatomy of the cervico-thoracic
sympathetic chain are of academic importance
and interest, a correctly performed stellate
ganglion block should produce a satisfactory
block even when variations are present.
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Tw mefionale for the use of stellate gangli
esweo-thoracic sympathetic) block for diag-
e e freatment of clinical entities of the
S exfremitics, head and neck and their
et )
e of the thoracic cage depends on the
Sesolosical function of the sympathetic
B system in these arcas. Therefore, a
Weeensh understanding of these functions is
o
e and Distribution of the Fibers of
e Cervico-thoracic Portion of the Sympa-
W Nervous System.—Langley,! Kuntz,® ?
s ' and Gaskell ¥ have shown that the
Bt fhers of the upper cervical sympa-
B cangclia pass through the stellate. They
B hown also that the fibers forming the
gl portion of the sympathetic nervous
= Bave their origin from the first through
Sswrth or fifth thoracie sympathetic gan-
sl that direct fibers from the spinal

* upper chest wall, and the con-

in the
! region do not exist. It is re-emphasized
n a stellate ganglion block is per-
i and the needle is correctly placed, a
lock of both the cervieal sympathe-

ind the upper thoracic svimpathetic

white rami communicantes)

& ETSIOS ]'I"_:'.i'l.'(”t'.‘i.‘\' llr tht' Jil'};‘ii'[!;l('h Il.‘il"{]
B

er 9, page 71). Therefore, when
nz the physiology one must think

e cervical sympathetic ganglia and the
Swracic sympathetic ganglia as a whole

e stellate ganglion individually.
pinvsiclogical effects are almost entirely

-

g2l Two r.'\L'e-[‘ltinlJ;:l cases of a contra-

H;_\:-inIn;‘}' of the (_:tl'\'iun-lllul‘ucic Portion of the

S}-‘ln[)a[htlic Nervous System

lateral effeet without any ipselateral effects
have been cited by Arnulf.® One instance
occurred following a block with a short-acting
agent and the other followed a stellectomy.
Both cases were characterized by a Horner’s
syndrome and an increase in temperature of
the hemi-face and upper extremity on the side
opposite the one on which the chemical and
surgical stellectomy were performed. Block-
ing of the upper thoracic ganglia and the cer-
vical sympathetic ganglia should not affect the
somatic nerves unless there has been an over-
How of the blocking solution or the needle
has been misplaced. Tactile, thermal, and
pressure  sensations Motor
function should not be impaired. However,

remain normal.
Leriche 7 has observed transient muscle weak-
ness of the shoulder and arm in the occasional
patient. This mayv be due to overflow to the
brachial plexus.

The Method of Transmission of Impulse in
the Sympathetic Nervous System.—This is
usually referred to as “chemical transmission
of nerve impulses,” or “neuro-humoralism.”
According to the generally held theory, nerve
impulses cause responses in muscles and
( by liberating chemical substances
which act as the definitive exciting agent.
Cannon,® Eccles,” and Bronk ' believe that
acetylcholine is liberated by the preganglionic
impulse and its acetvlated substance then
stimulates the post ganglionic neurons which

glands

in turn discharge impulses. Thus an electro-
chemical type of stimulation occurs.
Loewi,'- 1# established the first real proof

[41]



42 STELLATE GANGLION BLOCK

of the chemical mediation of peripheral nerve
impulses by the release of specific chemical
substances. He called this chemical substance
“vagus substance (parasympathin At a
later date acetylcholine was established as the
parasympathetic chemical-stimulating sub-
stance by Feldberg and Krayer.' Sympathin,
which consists of both an excitatory factor and
an inhibitory factor, has been established as
the sympathetic chemical sushtance by Can-
non and his associates.'* '* Tt should be noted
that, while sympathin closely resembles epi-
nephrine ( Adrenalin), it differs clinically and
experimentally. When epinephrine (Adrena-
lin) is injected both the inhibitory and the ex-
citatory factors act simultancously. With sym-
pathin either the excitatory or the inhibitory
portion acts separately depending on the tvpe
of response the stimulation elicits. Svmpathin
E (Excitatory) is liberated in structures that
are excited by sympathetic impulses, i.e., ear-
diae muscle, ete. Svmpathin I (Inhibitory ) is
liberated in structures that are inhibited by
sympathetic impulses, ie., coronary vessels,
etc.

The exceptions to this rule are the sweat
glands and certain vascular beds, particularly
those in the skin of the face. The nerves to
these structures anatomically belong to the
postzanglionic sympathetic system, but their
function is by parasympathetic
drugs. Dale and Feldberg '* have helped to

muodified

clarify this problem by showing that vaso-
dilatation and sweating are incited by nerve
impulses which rely on acetylcholine and that
these nerves are functionally analogous to
parasympathetic postganglionic nerves. They
are, therefore, cholinergic rather than adren-
ergic.

Functions of the Sympathetic Nervous Sys-
tem.—The three main physiological functions
of the svmpathetic nervous system mav be
classified as vasomotor control, gland control.
i.e.. sudoriferous, salivarv and mucous, and
pain conduction.

VASOMOTOR CONTROL

It is to alter control over vascular tone that
the thoraco-cervical portion of the sympathetic

svstem is most often blocked. The sympa-
thetic nervous svstem’s effect on the vascular
bed is usually one of vasoconstriction. There-
fore, when it is blocked (paralyzed) vaso-
dilatation occurs providing pathological
changes are not present in the vascular system,
in the surrounding tissues (tumors, ete. ) or in
the nerves themselves. Vasodilatation caused
by block of the thoraco-cervical trunk occurs
in the head and neck, upper extremity, upper
chest wall and viscera of the thoracic cage

Brain—Best and Taylor '* state that it is
now definitely established that vasoconstrictor
impulses are conveyed to the brain by the
svmpathetic nervous system. Forbes and
Wollf 1% observed the pial vessels in animals
through a trephine hole covered with a glass
plate, the space between the brain and the
glass being filled with Ringer’s solution. Stim-
ulation of the sympathetic nerves resulted in
ohservable constriction of the vessels while

sectioning of the sympathetic nerves resulted e
in dilatation.

Volpitto and Risteen '* observed the brain <y
before and after unilateral stellate ganglion
block in two human patients who had been
trephined under local anesthesia. They noted
the following: (1) Increase in the caliber
of the pial vessels is limited to the blocked
sidle. (2) Increase in the size of the vessels
is immediate, and neither time nor additional
injections of procaine causes further increase
in their size. (3) Increase in the size of the

—Woallar
and
e coronar

e exa

=5
wessels ¢
B o
T s aden

o 5

= 3 resu)

dural and scalp vessels likewise oceurs. (4) = An
The increase in size of the vessels is the same e = han
in all parts of the ipsolateral brain. e (1) Coror

Orbit.—The blood vessels of the sclera and
The 2
intraocular pressure usually parallels that of N
the cerebrospinal fluid and, upon infiltration
of the stellate ganglion, intraocular pressure
lowers, then in a few minutes it rises, thence
stabilizes, only to fall at the end of one-half
hour.! The latter effect is noted for the physio- :
lorical duration of the drug used, E

Face, Ears, Nose and Neck.—The facial skin
becomes fushed and warm — signs of vaso-
dilatation and increased circulation. Circula-
tion of the external and middle ear is in-

St vag:
that the:
influe
merers of
B8} Upon v:
5 dimi

= i the corc
e vazus, a
e sympat
s==ulation
e neTve i
h frn:‘n £
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conjunctiva increase markedly in size.
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e e by hvperthermia of the
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Membranes of the Pharynx.—
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and increase in size of
Blood vessels of the larvnx and

QT

ffect not known
T e E‘m‘fmlt}‘.—Tht' first siecns of am
S Block in the arms is usually dilatation
‘q:lﬂ" I veins. Within 15 to 30 minutes
Il the block, the arm shows a marked
e t@mperature If, during operations
B Bhe upper extremity
- or frauma, the artery into spasm
e & stellate block is performed to relieve it
B period of 15 to 30 minutes usually elapses
_“E the effects can be seen. This has been
Bsesved repeatedly by the
el procedures.
& Whe Heart.—Woollard.® ' has shown that
ssmpathetic and ]}ill':l}i:\'ll‘rpéllhl'ti{' fibers
But he feels
meents as to the exact action of each upon
eewonary vessels cannot be made with
According to Best and Tavlor '7 in
most evidence indicates that the
parasympathetic) is a vasoconstrictor
the svmpathetics vasodilatators.
! workers have reported an increased
gy flow as a result of stimulation of the
ganglion.!”™ Anrep and Segall ** and
s and Stacev ** have shown the following
@ mmmals: (1) Coronarv flow is increased
perably after vagal section, an observa-
mudicating that these nerves exert a tonic
mstrictor influence. (2} Adrenalin
% an increase of 85% in the coronary
3) Upon vagal stimulation coro-
gexculation is diminished., (4) Vasocon-

for vascular dis-

TOEs

anthor during

spany the coronary vessels.

are

Ebers to the coronary blood vessels are
e in the vagus, and vasodilatory fibers

send in the svimpathetic nerve. Wiggers=

g that stimulation of the peripheral end

o=t vagus nerve in an atropinized dog

peed the flow from a coronary vein.

St believes that stellate ganglion

SYMPATHETIC SYSTEM

block results in vasodilatation of the coro-
naries and supports his arguments with the
following points: (1) Stimulation of the stel-
late ganglion results in increased coronary
pressure and carotid pressure (Leriche and
Fontaine **). (2) The results of ligation of
some branches of the coronary arteries are less
severe after stellectomy (Cox, Lewiston and
Roberts #7). (3) Kyvmographic and histologic
examinations of the ventricular wall show a
dilatation of the
tomy ( Monteiro,

&

Pereira 2%),

capillaries following stellec-

Rodrigcues, Carvalho, and
(4) In man, the good results ob-
tained in angina pectoris with stellate hlock
do not appear consistent with vasoconstric-
tion. It should be noted that this last state-
ment may not be a valid deduction in view of
the fact that immediately after a block, angina
patients may die of a coranary occlusion with-
out pain. It may be that pain fibers accom-
panving the svmpathetics are blocked and this
l‘\]\]uill'- the good results in spite of vasocon-
striction. Flothow =" agrees with Leriche, and
in discussing clinical results in man states.
“Regardless of what physiologists may have
said in the past, the effect of interruption of
vaso-maotor fibers to the cardiac blood supply
is vasodilating rather than vasocconstricting,
at least in the presence of mvocardial disease.”

Feldberg and Kraver "
acetylcholing in the coronary blood of animals
during vagal stimulation. It might he ex-
pected that this substance would constriet the

* have demonstrated

coronary arteries, thus reducing the blood
flow. However, in mammals at least, acetyl-
choline dilates the coronaries.

Danielopolu %0 %1 32 helieves that sectioning
of the stellate ganglion causes a vasoconstric-
tion of the coronaries.
the use of stellectomy in angina pectoris. He
feels that stellectomy “hides” the pain by re-
moving the pain carrving fibers but does not
correct the underlving vascular insufficiency.

Katz and Jochim ** believe that: (1) The
vagi contain only cholinergic vasodilator fibers
to the coronaries. (2) The sympathetics carry
both dilator and constrictor fibers of the adren-
ergic type to the coronaries, (3) These fibers
carry impulses from the central nervous svs-

He cantioned against
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temn which exert a constant tonic effect regu-
lating the caliber of the coronary vessels,

Since there are good arguments both tor
and against the svmpathetic nervous system
causing vasoconstriction of the coronary ves-
sels. the statement of Best and Taylor * should
be remembered. They state, “Perhaps the
question of the sympathetic action upon the
coronaries is really of no great practical im-
portance since the response of the coronaries
in dogs after sympathetic denervation is just
as great as in normal dogs; nor is the dilator
effect following stimulation of the stellate gan-
glion pronounced.”

Lung.—The sympathetic nerves to the pul-
monary vessels furnish the lung with both
vasodilator and vasoconstrictor fibers. Brad-
ford and Dean ™ demonstrated the vasocon-
strictor fibers and Daly and Euler  the vaso-
dilatory fibers. Both worked with dogs. The
action of the svmpathetics on the vessels of
the lung is questionable, and Best and Tay-
lor ' make no definite statement concerning
their actions. Francois-Franck * on the other
hand believed that the sympathetics are vaso-
constrictors.

GLAND CONTROL

Sweat Glands.—The cervico-thoracic por-
tion of the sympathetic nervous system con-
trols the sweat glands of the upper chest,
upper limb, head and neck. Stimulation of
the sympathetics results in sweating while
blocking of the stellate ganglion results in
anhidrosis. Best and Taylor 7 point out that
while the sweat glands are under the control
of the sympathetic nervous system, they are
stimulated by pilocarpine and acetvicholine
and inhibited by atropine. This can be nicely
proved by executing a stellate block and then
administering pilocarpine 14 gr. (3 mg. ) sub-
cutaneously at 15-minute intervals until the
patient begins to sweat. It will he noted that
the side on which the block has been per-
formed remains dry while the contralateral
side sweats profusely.

Salivary Glands.—As with the sweat glands,
block of the sympathetics inhibits salivation
{ secretion ).

STELLATE GANGLION BLOCK

Bronchial Secretion.—Block of the stellate
ganglion was shown by Dos Ghali %7 to stop
cecretion of the bronchial mucous glands in
the same manner as it does with the sudori-

ferous glands.

PAIN CONDUCTION

cervical sympathetics and upper
to mediate vis-

The
thoracic sympathetics appear
ceral cardiac pain sensations. Peripheral pain
ensations are believed by some to he carried
by the sympathetic system, but others chal-
lenge this view.

Cardiac Pain.—According to the findings of
Gtohr * and Katz and Jochim* the afferent
pain pathways from the heart have their sen-
sory nerve endings in the adventitia of the
coronary arteries and perhaps in the epicar-
Jium. endocardium and myocardinm. Stimuli
from these receptors are carried to the superfi-
cial and deep cardiac plexuses. Then they
travel centripetally either through the direct
thoracic cardiac sympathetic nerves to the up-
per four or five thoracic sympathetic ganglia or
through the middle and superior cardiac sym-
pathetic nerves to the middle and superior cer-
vical sympathetic ganglia 0" 12,48, 4448 Aq
pointed out prt_-\‘iuusly. neither anatomists nor
neurosurgeons have been able to demonstrate
a direct connection from the spinal cord to the
sympathetic trunk in the cervical region.
Therefore, it may be assumed that impulses
carried by the middle and superior cardiac
nerves to the cervical portion of the sympa-
thetic nervous system must pass down the
sympathetic chain to the upper thoracic sym-
pathetic ganglia thence to the spinal cord by
the white rami communicantes.

It must be remembered that it is debatable
as to whether or not pain stimuli are carried
by the sympathetic nerves per s¢, of by vis-
coral afferent sensory merves that accompany
the sympathetic nerves. Irrespective of which
is the correct theory, cardiac pain travels cen-
trad via the cervico-thoracic portion of the
-:ynm:nthvtiu nervous systeni

Causalgic Pain in the Upper Extremity.
Foerster,*® Reichert,” and Fay*

Leriche,

He Br
= o

Beetic |
amd by
- the

¥ state:
vag
and

b N

MOTIS.



wk of the stellate

Ghali ¥7 to stop
mucous glands in
s with the sudori-

CTION

etics and
ar to mediate vis-
5. Peripheral pain
some to bhe carried
.. but others chal-

upper

 to the findings of
him,*® the afferent
art have their sen-
. adventitia of the
iaps in the epicar-
cocardinm. Stimuli
rried to the superfi-
exuses. Then they
through the direct
ic nerves to the up-
ipathetic ganglia or
perior cardiac sym-
le and superior cer-
an, 40, 41, 42, 48, 44, 45 ‘xg
ther anatomists nor
ihle to demonstrate
e spinal cord to the
e cervical region,
imed that impulses
il superior cardiac
tion of the sympa-
ust pass down the
ipper thoracie sym-
, the spinal cord by
antes.

that it is debatable
 stimuli are carried
s per se, or by vis-
ves that accompany
rrespective of which
inc pain travels cen-
acic portion of the
1.

Upper Extremity.—
ichert,*™ and Fay *

FERSIOLOCY OF THE
-?i the sensory fibers sup-
S parts of the body may
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s, However, Burget and
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B Bt pain impulses from blood
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Bmmed it is interesting to note that Gbers
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proportions.
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its action
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@ muscles, as is shown by

@ of asthma.” This would imply that
constriction of the

it should be pointed

pathetics cause
However,
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out that stellate ganglion blocks have precipi-
tated asthmatic attacks.™ This would support
the theory that the sympathetics to the lung
might be dilators.

Therefore, in conclusion, it must be pointed
out that clinical experience with stellate gan-
glion block can be used to support the view
that the sympathetics may be broncho-dilators
in some instances and broncho-constrictors in
-.Lﬁlt‘r\'_

Effect on Heart Rate.
are credited with being cardiac accelera-
tors.'”® Theoretically a block of the stellate
ganglion should cause some slowing in the
heart rate. However, in the normal, healthy
patient this is not noted clinically unless hoth
stellates are blocked at the same time,

The sympathetics

illllll

even then a change in rate may not occur.

White, Smithwick and Simeone * have shown

that block of the cervico-thoracic portion of
the svmpathetic nervous system as a diag-
nostic procedure mayv temporarily correct

paroxyvsmal auricular tachveardia and fibrilla-
tion. Numerous authors have reported sue-
cesses following interruption of the cervico-
thoracic sympathetics in cases with abnormal
rhythins.?8. 50, 87, 58

Trophic Changes.—These changes appear
to be due to a direct vascular deficiency of
the rerion involved. The chief characteristics
are a shiny skin and absence of the
skin configuration. Often, x-ravs will
osteoporosis of the underlyving bone.

normal
revedl
Such
trophic changes are probably not direetly due
loss of himetion of the stellate ganglion,
per se, but to the v often
associated with dysfunction of the sv mp.1tlwtw
nervous system.

rascular insufficiency

CONCLUSION

from the forecoing, the

phvsiological action of the ecervico-thoracic

As can be seen
portion of the sympathetic nervous system is
Because the experiences of my
associates and I have been entirely clinical,

controversial.

references supporting hoth sides of the gues-
tion have been cited without venturing an
opinion,

Our gained at the

clinical  impressions
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Mason Clinic will be cited in Part 111 entitled,

“Clinical Indications and Uses of Stellate
Ganglion Block,” page 119.
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TABLE 11

CONDITIONS IN WHICH BLOCK OF THE CERVICAL AND UPPER THORACIC
PORTIONS OF THE SYMPATHETIC NERVOUS SYSTEM MAY BE OF VALUE

CONDITIONS ASSOCIATED
WITH VASCULAR
DISTURBANCES

INCREASED GLANDULAR
SECRETIONS

BRONCHIOLAR SPASM
ASTHMA)

ABNORMAL CARDIAC
RHYTHM

UPPER EXTREMITY

-+ ANI R CHEST
WALL (T—T

BRAIN

HEART

LUNG

FACE-

[HYPERHIDROSIS

| BRONCHORRHEA

[121]

I'raumatic Vascular Occlusion
Thrombophlehiris

Pos

ative Edema

1d's Disease

ic Paralysis {Volkmann's, ct
r-hand Syndrome

athic Neuralgias

Causalgia

Bursitis

Herpes Zoster

Cervical Rib

Amputation Pain

Phantom Sensations

Frosthire

Osteoporosis

Noa-union of Fractures
X-ray Dermarit
Cerebral Acadents
apiasm from ‘.l'.,_u”'__rr;:].i.'.

Angina Pectoris
Myocardial Infarces

Frr Jre
3 F
:‘_ r

Facial (Bell's) Palsy
”c'l‘|‘|:'- .",ll'-",uT
Neuralgias

Oceulsion of Retinal Arters



CHAPTER 13

FFacts to Be Remembered When (luulcmplu[iug

Stellate (Lulgﬂiml Tllt‘l'ul'yjf

As NOTED 18 THE introduction, this block is
relatively new in the field of therapy. Many
of its uses have not been adequately explored,
and the material which can be presented on
many diseases is meager, On the other hand,
information on its uses in some diseases is
voluminous.
Often in diseases o

proven its value

when all other medical and surei therap
has been exhausted. Such neglect of a calu-
able measure is to be condemned. When pro
lems arise in which a stellate block or a series
of stellate blocks is known to be of value, this
procedure should be wsed immediately in con-
function with other acceptable medical and
surgical therapy—not as a “last resort.” The
results should not be evaluated from the bene-

fit derived from the first block. It is often

P r gy oy i
NECCEsSary £erjorn s€ries oF blocks, 1.e..
four fo seven, before dramatic improcvement
OCCHUTS.

Theory for the Clinical Uses of Stellate
Ganglion Block:—The block is believed to be
effective in the treatment of diseases and svn-
dromes discussed in this section because it
breaks the “vicious t'f}:'f('" of events which re-
sults in the pathogenesis of the problem in
gquestion. Liv

ingston's ' explanation of the
“vicious cycle” and the results obtained from

its interruption is excellent. Livingston ! states

in part: “An organic lesion at the ]‘u'r'ip]u-r_\'l
involving sensory nerve filaments, may become
1] I_-

llllilk

igure 65, page 123 imserted by author of this

[1

a source of chronic irritation ( Figure 65, page
123° ), Afferent impulses from this ‘trigger
point’ eventually create an abnormal state of
activity in the internuncial neuron centers of
the spinal cord gray matter (Figure 65, page
123° ). The internuncial disturbance in turn
is reflected in an abnormal motor response
from both the lateral and anterior horn neu-

ns of one or more segments of the cord

Figure 65, page 123°). The muscle spasm,
ASOINOLOT LEL.:!I‘.{!'\. .LIIL! =IT[1t']' i'”t'ﬁ-’l-\ “'hi'.'!l
this central perturbation of function bring
about in the peripheral tissues, may furnish
new sources for pain and new reflexes. A
vicious circle of activity is created. If the
trigger point is removed early, the process
may subside spontaneously. If the process is
permitted to continue, it spreads to involve
new areas, and tends to acquire a momentum
that is increasingly difficult to displace. Per-
haps in this stage, even a removal of the orig
inal irritant may not be sufficient to establisk
a cure. But if an important part of the circle
of reflexes can be interrupted, the process mas
subside, and a normal physiologic status is
again established. If again the pathologic pat
terns gain the ascendancy, the repeated break-
ing of the circle may result in a permanest
cure.

“When 1 speak of ‘breaking the vicious
circle' I do not have in mind a simple chais
which becomes functionless when one link &
broken., The process that underlies the cases
I have studied has a more dynamic charactes
than this. The cases are rarely ‘cured’ by the

29 1
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CHAPTER 36

Herpes Zoster (Shingles)

HI-ZHI']-'..'\ ZOSTER OF THE FACE and upper ex-
tremity is caused by an acute virus infection
of nerve structures and is usually considered
to be a ganglionitis.!- * % Neuralgic pain or
hyperesthesia in the region of distribution of
the nerve often precedes the lesions which
consist of vesicles resting on top of slightly
elevated I‘T"_\'Hli"llli;lfﬂlhﬁ |1E-¢u|.11-'-_\, The vesicles
are grouped in patches and lie along the

course of the nerve or nerves affected. Dur

ing the active stage of the disease vhile the
severity of the pain varies, it is usuallvy mor
severeé in the eld patient. It is often se

vere enough to disturb sleep and may be un-
relieved by ordinary sedation. Post-herpetic

neuralgia—pain after the lesions are healed—

may persist for many months and cause great
discomfort.

INDICATIONS FOR STELLATE
GANGLION BLOCK

P;illlDf.iEllt*Hi:-.—-l-||.' essential lesion accord-
ing to Head and l..:[i][j]lll;; 15 an acute in-
Hammatory process of the spinal or posterior
root ganglion, that is, a ganglionitis. Because
of the dramatic response to sympathetic nerve
blockade, Findlev and Patzer * concluded that
vasospasm is an important factor in producing
the signs and symptoms and they present the
i"“ti'\.'ml-ll'_'. tentative ]:_\ [‘n:l]lt'.\i:‘ as to the cause
of the wvasoconstriction: “Herpes zoster is
caused by a filtrable virus closely related to
that of chickenpox, although other agents
(leukemia, tumor, abscess) are occasionally
said to be responsible. In any event, the irrita-
tion process in the dorsal root ganglion leads

to vesicle formation, either by peripheral mi-
gration of the virus itself, as seems likely, or
by antidromie stimulation of the sensory
nerve. At the same time, the cells in the corre-
sponding intermediolateral cell column of the
spinal cord are receiving an excessive number
of normally directed impulses from the irri-
tated ganglion, a circumstance which results
in increased sympathetie vasoconstrictor tone
and segmental arteriolar Spasm Local axon
nay play a minor role, but the essen-

is that procaine infiltration of the
vmpathetic ganglion interrupts a vicious cycle
of nerve impulses. Since it is highly unlikely
that the results are due to simple blocking
of alferent sensorv impulses traversing the
sympathetic ganglion on their path to the
dorsal root, one must assume that the post-
injection hvperemia, however transient, re-
lieves pain by dilution of retained metabo-
lites, and enhances dermal healing.”
Clinical and Experimental Investigation.—
Many physicians report immediate and
marked relief of the acute symptoms of herpes
zoster following stellate ganglion block.® & %

' In referring to four cases of herpes zoster

treated by infiltration of the appropriate svm-
]}.L(hL-tiL' ganelion, Fiudlt}' and Patzer * state,
“In each instance, relief from pain was instan-
taneous and permanent, and the lesion healed
rapidly,” Rosenak 7 found that, following pro-
caine injections of the intervertebral ganglion
and prevertebral sympathetic cord in 22 pa-
tients suffering with herpes zoster, the pain
ceased and the vesicles dried in 24 to 48 hours
in all but two cases. In paralvsis of the radi-
cular type associated with pain following
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only normal sk texture, The distribution of the li

herpes zoster, stellate ganglion block “remark-
ablv” soothes the :.‘Ll.ih."

Stellate ganglion block, in the author’s opin
ion, should be tried as the first step in therapy
it acute ||I'T|)|-k zoster of the head, neck uppet
chest and upper extremity, 1T it does not com-
:_‘:‘I:-t:'[\ relieve the piin, then a somatic block
of the dermatome involved should be done.
[ have treated three cases of acute he rpes of
the upper extremity and chest. One was

treated as the red areas with vesicles started

appear and the results following the stel
late ganglion block alone were miraculous
Figure 50, page 213). In this patient, after
rour il|lu‘L*~ iven 1n f!ll' lﬁt'l'icld of a ‘-\l'l:']\'. no

vidence of the disease was apparent. In the

e upper bour thorcic sympathetic gan

other two cases the disease had been well
established and the vesicles had been present
for eight to ten davs before ||-:1.\§‘Ji'r;||;;.-.r‘:-||| In

these cases the first three stellate cangl

blocks gave only partial relief and had t

accompanied by brachial b

eliminate pain (Figure 81, page 214

these initial blocks, stellate

per se, was effective in controlling the
"

In seven cases of post-herpetic pain treats

it the Mason Clinic, sympathetic or peripher

blocks alleviated the pain
ing the time of the physiologic act
drug used. Intrathecal alcohol

or in cases of herpes of th

of the terminal branches of the tng
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nerve have been the effective definitive treat-
ment used by us in alleviating this neuralgia
{ Figure 82, page 215). Arnulf agrees that
post-herpetic neuralgia does not vield to mul-
tiple sympathetic blocks.

USES OF STELLATE GANGLION
BLOCK

Diagnostic.—None.

Therapeutic.—As stated previously, stellate
ganglion block is most effective during the
active phase of the disease and the earlier it
is instituted the better the results. Post-her-
petic neuralgias respond poorly to sympathetic
block

Stellate ganglion block should be done as
soon as herpes zoster of the head, neck, upper

chest wall or upper extremity is diagnosed.

While one injection may give immediate relief
lasting as longe as 48 hours, for q_'ui1|[1||'1(- re-
lief it usually is necessary to give one block

daily for four or five davs. 1f, after this time,
pain persists or recurs, the block can be re-
peated at intervals necessary to give relief. A
case of herpes zoster has been reported which
received partial relief only, after the sixth
block, and complete relief after the tenth
block.!! 1f the patient is receiving x-rav ther-
apy, sk llate blocks should he given at the
same time rather than be withheld for use
should roenteen |1;L-l'.l]l\ Fail.

If an effective stellate block woives partial
pain relief only, a somatic block of the correct
dermatome, i.e., a brachial block for the arm,
a block of one or more of the cervieal nerves
for the neck and back of the head, and a block
of one of the branches of the triceminal nerves
for the face and forehead will usually give
complete relief. We do the stellate ganglion
block ﬁtﬂ and let one hour 1'[11])&:' to evaluate
the pain relief before a somatic nerve block
is executed.

When stellate ganglion block is used in the
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acute stage of herpes zoster, other medical
therapy, i.e., analgesics, protamide, Aureo-
myein, Chloromyeetin, Terramyein, x-ray
therapy, and large doses of thiamin (B,
and ‘or Rubramin (B.) should not be
omitted,

L
i ’

Figure 52, Post-herpetic lesions and pain oy

tribution of the mandibular nerve. St ate g
block guve no relief. Reliel was obtained by an
alechol block of the mandibular nerve

G
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They point out that in most instances stellate
ganglion block will have a beneficial effect on
post-traumatic reflex spasm but has no effect
on chronic tetanus. Therefore, they use stel-
late ganglion block as a diagnostic procedure
They cite cases in which stellate ganglion
block gave no relief and were thus diagnosed
as tetanus. In these cases antitetanus therapy
in the form of perineural and intramuscular

injection of the serum brought about a cure

Therapeutic: When convulsive seizures of
the whole body oceur, the extremity in which
the tetanus bacilli are located may be ampu
tated to eliminate further exotoxins gaining
entrance to the body. However, the exotoxins
left in the body may produce convulsions
which may result in death if the patient re-
ceives extraneous stimuli.”™ Simon and Patey *
believe that painful stumps often are the site
of these stimuli which can bring on general
tetanic reaction after a limb has been ampu
tated. They believe the painful stump indi
rectly mav be the cause of death in some of
these cases because it is the trigger area
which sets off the spasms. Simon and Patey ™
cite cases with generalized seizures which
improved under medical therapy following
amputation of the locally infected part. How-
ever, it was not unusual for them to have re-
currences of the generalized tetanic seizures
if pain in the stump, particularly of the caus-
algic tvpe, developed. In these cases they
found that the generalized tetanic convulsive
seizure stopped without the resumption ol
serotherapy provided stellate ganglion block
therapy eliminated the stump pain. Therefore,
these authors felt that the pain from the stump
presented a definite danger to the life of the
patient and advocated stellate ganglion ther-
apv in any case in which it could relieve the
stump pain,

MIGRAINE HEADACHE

Indications for Stellate Ganglion Block.—
Pathogenesis: The visual and cortical disturb-
ances of migraine headaches have been shown
to be associated with vasomotor changes in

the cerebral vessels.*> ™ From recent reports,

the headache of migraine is caused by ex
essive pulsations and stretching of the walls

of the dural and temporal arteries.® 7. 74

aned .I".-.'t';h"F'E'JJul'u.'r.'!' Investization:

ports of relief from migraine following in-

ion of the upper cervical sympathetic
ganglion have been made by Orsoni.™ Love
i i Dandy.” and Craig,”™ have re-

of cases of severe hemicrania

ervical or cervico-thoracic SVInpa
thectomies. However, the author has per-
formed successful stellate ganglion blocks on
two patients during migraine attacks and
in no way improved their condition. White
Smithwick and Simeone® have studied pa-
tients with headaches from histamine, lumbar
punctures and pneumoencephalographies, who
have had unilateral denervations of the cervi-
co-thoracic svmpathetic nervous svstem '|=‘_l

'-:.:!"'EHJ"HIrl"IIZ!"‘ and stellate blocks, and

nd no evidence of the reduction of !hli‘.- on
the denervated side. Regarding migraine. the
write: “Tt can be stated the available evidence
suggests that the autonomic nervous svstem is
implicated in the abnormal pulsations of the
cranial branches of the carotid artery which
are so important in migrainous headache. But
there is little evidence that these impulses
ascend in the cervical sympathetic trunk nor
to show that afferent impulses traverse this
route.’

Uses of Stellate Ganglion Block.—Diaznos-
tic: If surgery of the sympathetic nervous
svstem is to be performed for migraine, a
diagnostic stellate ganglion block should be
executed,™

Therapeutic: There is very little if any evi-
dence at present that stellate ganglion block
is of any use in aborting or relieving mig

11T

headaches. However, if it is used to produce
maximum dilatation of the blood vessels of
the head and thereby reduces their ;'I';:.h-,tll.-'l'-
and stretching, it should be used at the onset
of the attack

EPILEPSY

The [Nr\'\iliiiﬂ_\ that stellate ga

mav be of some 'ru-'.p in




