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THROMBO-ANGIITIS OBLITERANS, WITH SPECIAL
KEFERENCE T0 THE ETIOLOGICAL, DIAGNOSTIC,
THERAPLUTIC AND PROGNOSTIC ASPECTS OF THE
SYMPATHETIC NERVOUS SYSTEM

INTRODUCTION

There has in recent years been an ever-increasing
interest in the diseaée now recognized as an entity and
termed after Buerger's suggestion, Thrombo-angiitis obli-
terans, or, as it is oftem termed in view of the excellence
of the large amount of work done by him on this condition,
Buerger's Disease. This increasing interest has been due
to severel factors. First, the disease is of rather recent
recognition, not being recognized as a definite entity un-
til the twentieth century, largely due to the efforts of
Leo Buerger. Second, the peculisr age and sex freguency,
the disease being almost 1imite& to young sdults to middle-~
aged individuals of the male sex, presents many interesting
guestions for study. The gnswer to these guestions has not
yet been obtained. Third, the peculiar racisl predilection
of this disease, if indeed such predilection dqgs exist, is
another question which is as yet unanswered. /}ourth, there
seems to be indicstions that the incidence of the disease
is incressing. The number of csses reported is rapidly in-

creasing. This may be due in large part to recognition of




many cases wnich in earlier years would have remained un-
diagnosed or have been incorrectly diagnosed. Whichever
the case may be, it is highly probable that there will be a

steadily increasing number of cases of Buerger's disease

which will come to the attention of the medical profession.

Finally, the increasing interest in thrombo-angiitis obli-
terans has already begun to pay dividends in the recognition
of the disease in its earlier phases when therapeutic pro-
cedures are more efficaceous, and also in the development

of valusble conservative messures, which, combined with ear-
1y recognition of the disesse is restoring an ever-increasing
number of sufferers to useful places in the world without

me jor amputations and without the nerve-wracking pain so
characteristic of this disease. Probably no truer concept
of the trends snd aims of the professicn today in regard to
this disease can be gained than by considerstion of Finney's
comnment that anyoune canﬁamputate an extremity, but that it
takes a good physician to save one. '

It is not the purbose of this paper to discuss this
disease fully in all its aspects. several excellent mono=
grapnslg’ 11 yave been written on this disease and any at-
tempt at & shorter discussion of Tnis sort woula nst be
fruitful. 1n this paper, the work done on etiology, path-
ology, symptoms, diagnosis, and genersal therapeutics of
tarombo-angiitis obliterans will be only briefly summarized,
specisl attention being directed to one of the newer and quite

promising approaches, namely the sympathnetic nervous system.
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AISTORY

The discussion of history will, for the sake of
convenience be divided into clinical and pathologicsl.

distory (clinical)ll

Early literasture regarding spontaneous gangrene of
the extremities was quite confusing.

Quesnay (1759) hinted that organic occlusion of
arteries might cause gangrene. This was definitcly stated
by Hebreard (1817) and enlarged upon by bupuytren & WM.
Roché who have been termed the fathers of the theory of
asrteritis. Allibert (1828) suggested that arteritis might
be the cause rather than the effect of thrombosis. Vir-
chow's description of embolus and thrombosis was the most
gignificant of much wriﬁing on the formation of blood clots
in situ and the effects of transmission of fhese clots in
the circulation. Behier (1861) formulsted the idea that
arterial obliteration caused dry gangrene end venous obli-
teration moist gangrene. &xaynend (18620 attempted to prove
that there is a disease of the arterial system which might
produce gangrene in which arterial obliteration is not present.

Although the condition now recognized &3 thrombo=-
angiitis obliterans had probably been known for many years,
the first report on the subject was that of von VWiniwarter
{1879) who used the term endarteritis and endophlebitis.

te gquoted Jaesche (1865), Lariviére (1866) and Friedlander



(1876) as having noted cases similar to his. bityl and

Lamy (1893) reporten & case in whicn Coarcot made a diag-
nosis of intermittent claudication. These auntnors described
the pain, cyanosis, cramps, and coldness waich were present
before gangrene occurred. There were further examples re-
ported by weiss (1895) and lanteuffel (1895)., Borchard (1897)
repdrted six cases. Wwedensky (1898) reported that arter-
itis obliterans of the lower extremities is e disease which

is particularly prevelent in distriets of Kussia where the
weather is severe. He believed it occurred almost exclus-~
ively in males between the ages of fifteen and sixty. 4He not-
ed typical symptoms and decided that complete cure had nev-
er been observed or was very rare. Buage (1901) reported
cages of arterial occlusion which were probably artero-scler-
otic disease. Buerger in 190812 studied the arteries and
veinsg in eleven amputated limbs and suggested the nemge throm-
bo-angiitis obliterans. Todyo (1912) reported five cases
with complete pathological studies. He 4id not believe the
lesions of the nerves were sufficient to explain the severe
pain. His pathological studies correlsted the observations
of von Winiwarter and Buerger. Gilbert end Coury (1922) re-
Eorted the “first case" in france.

HISTORY (Pathologigal)ll

All trestises refer first to the article of von Wini-

warter (1879) which is so complete that it forms the basis



of our knowledge of the pathology of this disease. He des-
ignated the process endarteritis obliterans. iHe noted the
very active intimal proliferation. He &lso noted the cel-
lular occluding mass in the lumins of the vessels, the pen-
etrating new vessels, and the thrombi in the vessels.

%idenman (1892) noted the intimal proliferation,
thrombosis, and lymphocytes and believed the thrombosis
was caused by the slowing of the blood stream due to imtimsl
thickening.

Weiss (1895) observed the thrombosis and believed
this and nnt the intimal proliferation to be responsible for .
the vascular occlusiorn. He 4id not believe that the cellular
thickening of the intime proceeded to complete closure of
the lumen. Kanteuffel later agreed with ¥#eiss as to path-
ogenesis.

dogallf98) investigated twelve cases and described
intimel thickening, mural =nd occluding thrombi, newly form-
ed elastic tissue in the intima, giasnt cells in the wall of
the vein, and patchy lymphoecytic infiltration of nerves.

Buerger‘s first paperlz, brought out & new concept
of pathogenesis. His book in 192419 is a most detailed
clinical and pathologzical study. He concluded that the di-
sease is an acute inflammation of the vessels, leading to

thrombosis, with subsequent orgsnization and recanalization.
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de described the second stage as a stage of hesling, char-
acterized by the disappearance of the miliary gient cell foci
and the inflammatory products, the organization and recan-
alization.of the thrombus and finally the fibrosis of the
adventitia and conversion of the vessel into a fibrous cord.
todyo (1912) compared materisl from thrombo-angiitis
obliterans with that from senile gangrene, thrombosis in
pneumonia, and one case of beriberi. e advanced progressive
mural thrombosis as & theory of pathogenicity and agreed

with certain of the views of both von Winiwarter and Buerger.



DEFINITION AND PATHOLOGY

Thrombo-sngiitis obliterans 1is a disease of the
blood vessels, arterial and venous, probably of a chronic
inflammetory etiology, charadterized pathologically by an
ocelusive thrombosis that subsequently gives way to a stage
of healing or organization, the final result being the com-
plete closure of arteries and veins over a large extent of
their course by vascularized and canslized connective tise-
sue. 1The disease 1is characterized clinicecally by pain in the
extremitiesyintermittent cleudication, coldness end numb-
ness in the extremities, pallor on elevation and rubor on
lowering of the extremity, and an absence of pulse in the
lower arteries. The condition may limit itself or go on to
& progressive gahgrene wuich msy repuire ampﬁtatioa.

the conee?t&of the pathology in thrombo-sngiitis
oblitersns is qguite definite and generally agreed upon.
his concept has changed very little since Buerger's ear-
liest work. In 190414, he states, with reference 10 involwe-
ment of the_veins, that the disease is often associeted withn
tnrombopnlebitis of the superfieiasl veins of the arms and
legs, and that this disease of the superficial veins may be
subsidiary or may dominate the clinical picture. there may
be & migrating thrombophlebitis which gives no sympltoms, the
signs referaeble to the deep véins being of the most importance.
There are many cases characterized by certain peculiar nodos-

itiesx of the skin.

7e
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Buerger in 192018 refers to the healed stage and to

the acute stage, calling attention to the fact that with

all the well-~known manifestations of the disease we may still
be dealing with arteries that are healed so far &s the disesse
thrombo~angiitis obliterans is coneerned. In the healed
stage the thrombotic occlusion of the vessels, both arteries
and veins, has given way to organization, canslization, and
connective tissue formation in the occluding clot, with con-
version of the arteries by an obliteration process into
hard cords. In the acute stage he finds definite evidences
of inflammation. He believes we are dealing here with phen-
omens which go hand in hand with an active inflammatory in-
vasion of arteries and veins--“phenomena that afford the true
clue to the investigator for researches on etiology." He
lists the lesions in their chronological order as follows;
first, an acute inflammatory lesion with occlusive thrombosis,
the formation of milisry giant cell foci; second, the stage
of organizetion or healing, with the disappearance of the
miliary giant cell foci, the orgenization end canslization
of the clot, and the dissppearance of the inflammatory pro-
duects; third, the development of fibrotic tissue which binds
together the artery, vein and nerves.

peria?? does not find the acute specific lesion des~
cribed by Buerger in the vessels of amputated extremities.

in his studies he found that the deep arteries and veins in




the affected limb show various stages in the process of
organization and recanslization of the thromﬁotic lesions.
Acute phlebitis was not uncommon. *+the cespillaries were
normal. Arteriosclerosis was sometimes associated. He
found that death may occur from thrombo-asngiitis obliterans
of the asorta and coronary vessels.

keleney and ¥il1er?0 gtate that the process appears
to be inflammatory, ettascking large and small arteries and
veins in an irregular menuner and causing thrombosis and ob-~
literation. 1t is not necessarily progressive from below
upward or from above downward. He believes that the severe
pain which is so often present may be at least in part ex-
plained by the frequent attack on the nutrient arteriss of
the nerves. He noted also that an extensive collateral
circulation develops which in some cases can keep pace with
the obliterative process and in other cases can not.

Brown, Allen and Mahornerll

in presenting the results
of their study of fifty amputated cases agree almost to the
finest detail with the views of Buerger. They emphasize

the idea that thrombo-angiitis obliterans is fundamentslly

a chronic inflammatory condition of the vessels accompanied
bybroliferation of the intima and resulting in thrombosis

with organization and canalizstion of the clot, fibrosis of

the adventitia and an attempt on the part of the vase vase-
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rum and other vascular channels to establish a collateral
circulation. At times acute inflaemmation is superimposed
on the chronic process. The nerves are invodved apparently
by virtue of their relationship to the vessels and by is-
chemia in the distal portion.

the disease usually affects the larger vessels of
the extremities, the lower more often than the upper. fThe
arteries chiefly involved are the Dorsslis pedis, Anterior
tibial, and Dorsalis hallicus. It does not as a rule resch
the level of the Poplitesal artery. Other vessels, however,
may be affected, and there is scarcely a region or organ
in the body which has not been the site of this disesase.
Meyer4l reports a casse of thrombo-angiitis obliterans of
the intestine in o men aged 47 who had sixteen years pre=-
viously both lower extremities amputated for Buerger's
disease. Clinically, the cese presented severe intermit-
tent and laﬁer continuous pain, associated with enormous
enlargement of the colon, severe constipation, occasional
vomiting, and visible peristalsis. &wxploratory operation
revenled pulceless mesenteric arteries. bpruntég presents
the dats from eighteen cases of thrombo-angiitis obliterans
with autopsy to show that it seems to be a widespread
arterial disease and not confined to the arteries of the
extremities. He states there is further indicstion that

patients with this disease usually die of some vascular



complication. waube®4 cells attention to the distribution
of the lesions other than of the extremities, tabulating
twenty~six cases from the literature, of lesions affecting
other blood vessels than those of the extremities and adds
to this list two cases df hig own, of intermittent claud-

ication of the mesenteric vessels.

11,



ETIOLOGY

In the study of the etiology of thrombo~angiitis
obliterans we encounter guite asn interesting situstion.
The early workers had very definite and it might even be
said, dogmatic idéas regarding the etiology of this disease,
especially regarding racial predilection and the role of
tobacco. As more work has beesn done and an ever-increasing
number of cases have come under observation, some of these
etiological factors have come to be seriously doubted and

many new factors suggested.

TOBACCO

Silbert®7,58,59 polieves smoking to be the immediate
causative factor. meyer45 believes patients afflicted with
similar clinical syndromes do not have thrombo—angiiﬁis
obliterans unless they smoke tobacco. He is of the opinion
that the disease i3 czused by the absorbed tobacco-smoke
poisons circulatige with the blood and in the lymph, and
states that "people 80 counstituted as these dHeorews should
not smoke.” ‘eber reported he had never seen a case in an
individual not an habitual smoker.

zrb believed smoking to be a significant contri-
buting csasuse. Buergerls believes it to be only & contri-
tutory factor. Grayzg states his belief that tobacco is

only & predisposing factor.

12.



Hmm

Brown, Allen, % Mahorner.

13.

On the other extreme we find those who hold that
tobaceco plays no part whatever in the etiology. In this
group we find ferla47, and several others. Keleney and
Milléréo, Jablénsgl, Koyano and others have reported cases
in individusls who Wer%not smokers, and meny workers have

found & large percentage of retients who were only moder-

ate smokers.

1f tobscco smoking is to be designsted the most
importent cause of this disesse, it leaves several peculiar
facts unexplained. why is there not a higher incidence of
the disease, in view of the universality of smoking% Why
sare such a large percentage of the moderste smokers afflicted
while the great ma jority of those who smoke far to excess
do not have the diseaser with the very high percentage of
women who are smoking in recent years, why is thrombo-
angiitis obliterans still almost unknown in the female sexv
Another important poinﬁ ot be kept in mend was suggested by

11 They observed that occasionally

.tobacco smoking is initisted and frequently accentuated after

the diseasse has prozressed to the point of csusing pain.

Thus, erroneous conclusions may easily be drawn from the

tobacco smoking status of patients With well advanced disease.
Another view which was advanced early was that the

tyvpe of tobacco was & factor. ihen this disease was first



widely studied elinieally, it was thought that a1l patients
smoked Russian tobacco, which might contsin ergot. This has
been disproved. Jones in a controlled study of one hundred
fifty cases found that the type of tobacco was not o factor,
although his comparison showed that the subjects with thrombo-
angiitis obliterans showed a higher incidence of smokers and
used larger amounts of tobacco.

.ﬂxperimental studies on the effect of nicotine on the
blood vessels of rabbits have not been very helpful. Langley35
showed that nicotine in larger doses than that received in
smoking produced vasoconstriction. 4Adler and densel! found
that the effects on the blood vessels of rabbits following
nicotine injection were of a degenerstive rather than of an
inflammatory nature.

Thug, in the present status of this etiological
factor, it is found that while the majority of workers find
smoking to be & significant contributory factor and a few
believe it to b e the primary cause, there are yet some who
find it of no influence whatever.

RACE AND BIRTHPLACE
15

43

Buerger*¥, lieyer ™, and Perla®’! have reported al-

most exelusive occurrence in Hehrews. Cases have been

reported in Swedes by Ochsner, in Chinese by ileleney and

40

Miller™ , in Japanese by Xoyano and lto, in Xoreans by

14.
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Ludlow, and in Turks by Wieting.

In a series of more thsn three hundred cases in
the Mayo Clinic from 1922 to 1927, Brown, Allen, and lahornerll
found slightly more than fifty percent occurred in Hebrews
which is many times the percentage of this race registering
at the eliniec. The belief of Eeyer45 that all patients with
Thrombo~angiitis obliterans had migrated from:ua narrow belt
from the Black Ses to the Baltie Sea was disproved by this
study. At the sayo clinic a decreasing frequency hsas been
observed among Hebrew patients and an increasing frequency
among Gentiles. It is quite generslly believed that the
almost execlusive occurrence in the Hebrew rsce reported by
the early observer was due to the fact that their patients
were resident in New York City where the Hebrew percentage
of the population is high. HMost studies in this country
have shown & higher incidence in iHebrews than in Gentiles.
SEX

Zxeclusive occurrence in mekes has been reported by
a1l authors except Buergerls, Koyano, leleney and ﬁilleréo,
and Telford and Stopford65. Melensy reported & case in &
woman of forty-eight with a five year history. The micros-
copic picture is charscteristic. LThe otherscases reported
are questionable because of lack of proof.

Evidence for explanation of the higher male inei-~

dence on the bagis of endocrine function seems rather in-

15.
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adequatell. Differences in occupation is suggestive but
has yielded nothing definite. Though smoking is predom-
inant in the male sex, the diseasse is extremely rare
emong women in spite of their increasing use of tobhacco.
1f the disease is infeetious in origin, the pros-
tate gland might serve to explain the overwhelming pre-
dominance in the msXe, the incidence of foei of infection
in other tissues common to both sexes seeming 1o be about

equal.

F0CI OF INFECTIOR

Brown, Allen % Mahorneril believe their series
provides evidence that is at least suggestive regarding
the significance of distant foci of infection. Seventy-
five percent of their patients showed significant periapi-
cal infection; eighty percent still had tonsils, most of
which contained fluid pus or plugs; fifty-two percent of
the patiehts in whom the prostate was examined by the
method of von Lackum, prostetitis graded 2 to 4 was found.
Animel inmoculation of cultures from vrostatic secretion
gave negative results. Only three patients were free of
demonstrable infection.

INFECTIOUS NATURE OF THE DISEASE

Most observers have been impressed with the in-

flammatory appearance of the lesions. Buerger has
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repeatedlyt®:16,17,18, stated his belief that the disease
ie the result of some specific infectious or toxic agent.
Rabinowitz48 isolsted an orgenism from the blood
of patients with which he produced characteristic lesions
in rabbits not only at the site of injection (the ear)
but slso on the plantar surfeces of the feet. Bacterio-
logical studies on segments of veins resected while clini-
cally scute were carried out by nosenow and Hickel. In
a small series spparently similar organisms have been iso-~
lated. In one instance an organism probably similar to that
lescribed by Xabinowitz was found, the culture of which
when injected into & rabbit produced an asuricular thrombus.
AGE
Various authors agree &s to the almost constant
oceurrence between the ages of twenty-five and fifty.
Frauenthal's report‘?'5 of a case of bilateral spountaneous
gangrene of the hands in a boy aged three years does not
present conclusive data. KXoyano described a case which
begen at 9 years of age.

11 of one

In Brown Allen, and Mahorner's series
hundred fifty cases, the youngest with pathologiecally
proven diagnosis was seventeen, the oldest sixty-four,

Une hundred forty~ four cases were in patients of age twen-

ty-six to fifty.
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MISCELLANEOUS

Lxposure to cold sesemingly has a deleterious effect
on thrombo-sngiitis-obliterans, often producing the first
symptoms. 4 warm climate in some cases causes symptomatic
improvements. |

The series of Brown, Allen and lahorner showed

eighty percent in active occupations and twenty percent in

sedentary occupations. The control group showed the same

percentage group of occupations.

zﬁeyer42

in»1918 reported defective corbohydrate
metabolism and suggested the name "Glycophilia.™®

Grayzg believed that thrombo-angiitis obliterans
is the end~result of an intestinal putrefection, with re-
sultent toxinx in the blood stream having a selective action
on the vascular intima.

felford sand ﬁtopfordé5 stete that "we are probably
on safe ground in regarding the disease &s spasm follewed
by thrombosis.”

Goodman ani Bernstein’believed that latent vyphus fe-
ver was an etiologic factor, but later work by Perla47, by
Meleney and Miller4o, and others hag failed to show any
causal relationship between this condition and Uyphus or
Kalaria.
SUMMARY

None of the etiological factors suggested fulfills

the requirements of a direct causal agent.
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The etiological relationships of the sympathetiec
nervous system have becn left until lster in the paper where
special reference will be made to the sympathetic hervous

system.

19.



DIAGNOSIS

The diagnosis of thrombo-angiitis obliterans in its
latest stages with the long history of intermittent claud-
ication, exercise pain, coldness and numbness of the exmtrem~
ities, later "rest pain,* and finally ulceration and gangrene,
along with the physical signs of pulseless arteries and
pallor on elevation and rubor on depression of the extremity,
has never presented any difficulties since the work of
Buerger, it was first recognized as an entity. The dif-
ferential diagnosis is not difficult. Two general types
of disease 0f the periphersl arteries of the extremities
are recognized, vasomotor or functional, and obliterative
or organic. The former are divided into vasospastic and
vasodiletor forms seen clinlically es Heynaund's disesse and
erythromelalgia,'respeetively. fh%organic diseases are
chiefly thrombo-sngiitis obliterans and arteriosclerosis.

The prime requisite in the cliniesl differentiation of
vescular disease of the extremities is the &efermination

of the vasomotor or orgenic nature of the process. This is
readily accomplished in most cases by palpation of the arterf
ies of the extremities and careful consideration of the
symptoms. Eerla47 states thaet absent pulsation of the
palpable arteries of the extremities comes on months or

vears before the onset of gangrene and is the most important

20.
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physical sign in thrombo-angiitis obliterans.

ihas we see that early diagnosis, which so many
writers, samuels®l, Eerlaév, éilbert59, Allen4r,and many
others have emphasized ag being so important in the orog-
nosis and theropeutic efficacy is not difficult. The early
signs and symptoms of arterial occlusion are not elusive or
equivocal, but constitute a syndrome as pathognomonic as
obtained in the occlusive lesiouns of the coronsary arteries.

camuels uses two diagnostic tests which he finds
quite valuable. One of these tests is based on the same
principle as intermittent claudication. Both feet are ele=
vated to ninety degrees. Pallor of the affected extremity
and pain in it upon rapid flexion and extension of the foot
at the ankle joint are the diagnostiec gsigns. The other sign
is the oseillometric inﬁexso which gives the amount of pulsa-
tions of the vessels and an idea as to the amount of occlusion'
present in vessels.

The discussion of some of the special diagnostic
signs of reference to the sympathetic nervous system will

be reserved for that portion of the discussion.
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TREATMERT

The past ten years has brought about a marked
change in the treatment of patients with thrombo-sngiitis
obliterans. Previous to this time medicsl trestment was
largely neglected and surgical treatment followed the
dictum of "high and esrly amputation.” This was justified
&t the time in the belief fhat small trophic ulcers progressed
eventually to gangrene and amputation, and that little
could be done to prevent these disastrous sequellse. AS
late as 1925, Meleney and milleréo recommend conserveative
operation (local amputation or debridement of gangrenous |
ares in casew in which there is general and local evidence
that the collateral circulation can keep vace with or out-
run the obliteration process, and rsdical amputation in
“ other casesf. He states that only in borderline casss
can conservative genersl treatment be expected to be of
much &id.

In the last ten years, however, severasl facts have
become epparent; (1) in selected cases amputation is suc-
cessful at a low level; (2) in many cases severe pain can
be relieved by medical measures; (3) in many cases without
trogic changes gangrene can be prevented; (4) smell trophic
ulcers can be hesled frequently and the total volume flow of

blood inecreaséd; (5) Lumbsr ganglionectomy is of value in



selected casés; snd (6) frequently patients go through the
entire course of the disesse without trophie changes or
gangrene and eventually reach a stage of adequate compen~
sation of volume floﬁ of blood to the extremities.

The changed concept of the treatment of thrombo-
angiitis obliterans has been brought about largely by the
view that the disease is self~limited and that &f the
treatment can be instituted early extensive gangrene can
often be prevented.

ihe most fundasmental principles of the conservative
line of treatment are (1) to prevent the ischemia from
doing harm and (2) to aid the collateral circulation to
keep pace with the obliterative process. 7The former pur-
pose is in part sccomplished by (1) rest, (2) postural
treatment and exercise (3) relief from @ain, and (4) pro-
phylaxis against infection.

If occlusion is shown to be the greatest causative
factor of the obstruction, by methods which will be discussed

in the next section on the Sympathetic Lervous System, not
a great deal csn be done about it except te aid the more
peripheral distribution of the small amount of blood available.

Many workers have attempted to asccomplish this by

attempts at reversal of the circulation, by methods varying

23.
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from venous ligation to snastomogis of the femoral artery
and vein as first suggested by Lilienthal . The results have
not been too gratifying slthough a few workers report good
results. Prearse of Hochester, u. Y. has found venous
ligation & veluable procedure, while others contend that
the good results of such prccedﬁres are solely those of
bed rest and genersl care during the post-operative period.
Buerger stated his objections to this form of treatment, and
ne believes thatiéxperimentally it is prsctically impos-
sible to convert veins into arteries and furthermore the
clinicel reports do not justify us in recommending such a

L

procedure.

52,55 advocates conservatism. tHe believss

cenuels
that the disease is self-limited, that the only indieation
for amputation in this disesse is total destruction of the foot,
so that a welght-bearing stump is unattainablep that sym-
pathectomy is unnecessary and unwarranted, and thst under
his treatment the condition will quiet down without the
necessity for amputation or other major opsration. He be-
lieves the obstruetion is due in large part to sn abnormally
high viscosity of the blood which éan in & measure be cor=
rected by repeated injections of large quantities of hyper-~
tonic saline solution intravenously. His treatment consists

of a careful coordination of rest in bed, prohibition of
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gmoking, intravenous injections of hypertonic saline solution.

He has had quite convineing results in a large series of

cases. This same line of treatment is followed by Silbert57'58'59.
He agrees with Samuels that thrombo-angiitis obliterans is

not a progressive disease if patients discontinue fhe:use

of tobscco. He reports that of the five hundred twenty-four
patients he has treated by this method in the past ten years,
eighty-three percent have obtained improvement as manifested

by cessation of pain, improvement in walking, increase of
oscillomefer readings, increased tempsrature of extremities,
healing of ulcersation, and reopening of an obliterated |
extremity. Of his series gix and seven-~tenths percent have
required amputetion of an extremity.

Stee1®® is of the opinion that & faetor in patho-
genicity of thrombo-asngiitis obliterans is & decreased

clotting time of the blood, and used intravenous injections

of sodium citrate solution, in conjunction with ten grains

of potassium iodide three times daily throughout the entire

course of treatment, slong with such other measures as rest,
hot air or elecetric light bath, daily leg massage and
gradually increasing exercise. He reports three years use
of this procedure with encouraging results.

Freuenthal?® states that by exposure of the disesased
extremity to white light he has saved about sixty-five per=~

cent of cases from amputation and had a number of cases that
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had remsined well for over seven years.

Lendis and Hitzrot©%»30 report "good" and "fair"
results in sixty-four percent of cases treated with slternate
suction and pressure theraphy. They obtained good results
when occlusion had progressed to the point at which arterial
flow was no longer helped by vasodilation. Symptoms snd signs
of ischemia were relieved when other conservetive measures
proved innefectunal.

The Schwartzmen's of Odessa and London have reported
good results from the use of the angiodilating drugs ace~
tyleholine and muscle extracts.

Allen and %yerdingﬁ group the SQrgical treatment
in forty-five cases as follows:

{1) 1Incision of toes or removel of toe nails-~
successful in one case out of fifteen

(2) Amputetion of toes-successful in four cases
out of six. '

(3) Amputation below the knee-successful in nine
cases out of twelve.

(4) Amputation above the knee-successful in six
cases out of seven.




SYMPATHETIC NERVOUS SYSTEM

RATIONALE OF BYMPATHETIC ATTACK

I+ was mentioned in the section on treatment that
it is of importance in determining the amount of obstruction
due to vasoconstriction in relation to the amount due to
occlusion. OUbviously, sn attack on the vasoconstrictor
supply of the arteries is of no use if the obstruction is
mainly due to orgenic occlusion. There are some workers,
notably Dgvis and Kanavel®4, and Samuels®® who are ovposed
to any‘attaek on the sympathetic nervous system.

Pgvis and Kansvel report lumber sympathectomy in
two cases of thrombo-angiitis obliterans, the first of which
was erroneously diagnosed as erythromelalgia. 1n this
case there was no relief. Amputation was done becsuse of
intense pain and advancing gengrene. Lxaminetion of the ves-
gels showed the organie changes of thrombo-angiitis obliter=
ans. In the secéond case s periarterial sympathectomy had
been performed elsewhere nine months previously. There
was no gengrene. Lumbar sympathectomy gave no relief.
Ihe Aiagnosis was verified by examination following ampu-
tation. They way "Recognition of the lesion and s thorough
understanding of the organic changes in the vessel wall are
sufficient contra-indications to an attact on the sympathetic

“innervation of an extremity. One cannot expect to dilate

e7.
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or constrict an arteriasl wall so altered by a2 pathological
process such as Buerger has so carefully described in this
disease.”

Semuels states that sympathectomy and ganglion-
ectomy have no place whatever in the treatment of any
phagse of thrombo-angiitis obliterans. The spastic element
in this disesse plays such & minor role as to be negligibkle
in the consideration of therapy. iiuch more can he accom-
plished by the employment of comparatively simple recognized
surgical principles. ‘the risk attacked to the overation of
lumbar sympathectomy is unwarranted in any case of thrombo-
engiitis obliterans.

The ma jority, however, ofh those authors, who refer
to sympathetic attack, believe that this approach, in one
form or another is of value.

Allen® states that thrombo-angiitis obliterens has
e tendency to be a self-linmiting disease; in a certain
number of cases it does not progress, apparently, beyond a
certain point, or the development of adeguate collatersal
circglation keeps pace with the disease. In the cases that he
fcuﬁ#to show a high vasomotor gradient,”"the operations on
the sympathetie nervous system &2 advocated by Adson certainly
constitute the best form of therapy.” E&taszg, Scott and Morton56
Apchibald? and Telford and Etopford55, see beneficial results

from the sympathectomy &s advocated by Adson. There are other



writers who advocate various of the other sympathetic at-
tacks. Archibald states his belief that no procedure has
vielded such uniformly favorable results &s the bilatersl
syﬁpatbectomy of Brown and Aason. felford and Btopford
believe ganglioneetomy not only is to be recommended, but
in those cagses in which the spasmodic element is clinically
Weli defined as evidenced by reaction to exercise ani by
the customary preliminary vasodilation tests is the only
proéedure which offers any hope of permanent cure.

56 give a very clear exposition

Scott and Morton
of their reasons for sympathectomy. They state that when
the vasoconstrictor pathway is interrupted in occlusive
arterial disease without spasm there is no inerease in the
deficient flow of blood. But if vasoconstrietor spasm
plays & part in the production of the circulatory impsir-
ment, the blood flow im improved is the anesthetic aresa.
1f the circulation resches the normal level under such
circumstandes, the circulstory impairment is dependent
entirely on spasm. If it does not, the amount by which it
fails to reach the normal level, as measured by the surface
temperature, represents the contribution of mechanical
ocelusion, In every case of periphersl arterial disease,

irrespective of the clinical diagnosis, it is essential to

~determine the relative proportions of these elements before

& rational basis for treatment can he established. Iin

different stages of the same disease, the proportion may

29.
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Ghange greatly. <Thus it is thelr exzperience that most cases

of thrombo-angiitis obliterens early in the disesase, the role

~of vesoconstriction is much greater than in the later

stages of the disease when the vascular lesions have passed
the early acute stage.

TEETS FOR VASODILATION

This leads us to a discussion of the special ﬁests
for determination of the role of vascular spasm in production
of the spasm, waich are essential to any useful attack on
the sympathetic nervous system.

The method of Adson and Brown®

in arriving at this
determination is to hospitaelize 8ll patients, &dminister
typhoid vaccine intravenously, and & regional or spinal
anesthetic, to determine the degree of vascspasm, and unless
an increase in skin temperature over the digis of at least
twice that obtained by the mouth tempersture during the
height of the fever, operetion is not doune. Kennedyzz
also emphasizes the importance of estimation of the amount
of vasodilation during fever.

scott and MOrton54’55, realizing the dlsgnostic and
prognostic importance of estimation by spinal anesthesisa
the amount of vasomotor spaesm in vascular lesions in the
extremities, sought to simplify the procedure so that it
could be applied with minimal discomfort to ambulatory

patients. 1t was slready well established that the motor

fibers to the vessels of the extremities, as will be dis-

30,
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cussed presently. They then undertook to determine what
proportion of the incress in periphersl circulation (in nors
mal individuals} seen after spinal snd general anesthesisa
would be obtained under periphersl nerve block. They were
chiefly concerned with the fooﬁ, which was easily ohtained
by infiltration sbout the posterior tibial nerve & little
below the internal mallgslus. '‘The nerve at this point can
almogt always be felt after it has passed under the posterior
tibial artery. Lf procaine hydrochloride is infiltrated
into this region, conduction block snesthesia of the
corresponding skin field involves most of the sole and the
plantar surfaces of the heel and of all the toes. IThey
found the vasodilator response to this nerve block quite
effective in determinstion of the vasomotor gradient.

DISTRIBUTION OF VASOMOTOR FIBEES T0 THE EXTREMITIES

Hamenn, writing in Piersal’s anatomy, mentions the
distribution of fibers to the subeclavian artery and its
branches from the znsa subeclavia, the distridbution of fil-
aments to the volar interosseous artery from the corres-
ponding nerve and to the ulnar artery in the forearm from
the palmar cutaneous branch of the ulnar nerve. Praterson
in vunningham's text-~book refers to the branch supplied by
the musculo~cutaneous nerve;ta'the brachial artery. in

Guain‘sg textbook Symington mentions those described by
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Patsrson in Cunningham's text-book refers to the branch
supplied by the musculo&cutasneous nerve to the brachial
artery. In Quasin's textbook Symington mentions those des~
cribed by Hamann and also that described by Paterson.
Soulies' description in Poirier's treatise mentions the dis-
tribution of filsments from the median nerve to the brachial
artery, to the volnar ulnar recurrent artery from the volar
interosseous nerve, to the ulnar srtery in the foresrm from
the p8lmar cutaneous branch of the ulnar nerve, snd to the
radial artery and vein from the volar terminal branch of
the musculo~cutaneous nerve; also the direct supply of fil-
aments fo the subelavian artery and its branches from the
inferior cerviesl ganglion.

Kramer made dissections on six upper limbs and found
that while there was considersble variation, the constant
generzl plan was as follows:

1. The sub~clavian artery receives its nerve supply
directly from the sympasthetic chain.

2, The more distal arteries are suppvlied by sym-
pathetic fibers which have travelled to their
distribution along special merve-~trunks and not
along main vessels.

22 cites signs of vasomotor paralysis

Dennis Crile
in the area supplied by the median nerve &s & dlasgnostie

sign of a median nerve lesion.
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METHODS OF SYNPATHETIC ATTACK
37,58

Leriche states that when you remove the

sheath of an artery, the primary reaction is the charscter~
istic physiological resction against excitation. After sever
hours, varying from three to fifteen there is & loczl tem-
perature elevation reaching two degrees or even three degrees
Centigrade, and an increasing amplitude of oscillation in

the pulsations of the artery.

In his cases in which he 4id his operation for
trophic troubles leasding to ulcers, twelve out of thirteen
were followed by rapid healing. However, he states that re-
lapse is possible if the cause of the trophic trouble is not
removed, and that the cause is not always removed by the sym-
pathectomy.

Cellander<® differs in certain fundamental prin-
ciples from Leriche, who seems to consider that the major-
ity if not all the vasomotor fibers to the extremities fol-
low the sheaths of and lie in the adventitis of the larger
arteries. Anatomists and physiologists concur in the belief
that these fibers accompany and are embodied in the spinal
nerves which ruan to these parts. Thig view is born out by
the faet that in Callender's cases he was able only in one
instance to demonstrate sny post-operative rise in blood

pressure, or increase in surface temperature.

33,
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LangleyZS found that after section of the sciastie ani
crurzl nerves, stimulstion of the lumbar sympathetie
causes no appreciable pallor of the foot. "Thus peri-
arterisl section in man, so far as it relieves peripheral
vascoconstriction, in &ll probablily does not 4o so by
severing nerve fibers running with the arteries to the
periphery.”

feir E‘ﬁ‘itchell44 carries out the experiﬁent of tem~
porarily interrupting impulses through & mixed nerve by
freezing his own ulnar nerve, and found an immediate
increase in circulation. Brown in 1903 emphasized the vas~-
omotor paralysis with hyperemis snd hyperthermia which
follows conduction anesthesia. ¥VWiedhopf in 1924 made an
extensive study of this hyperthermia, and advised its use
in determining the height necessary for amputation.

While Leriché reports good results from peri-
arterial sympathectomy, comparsatively few o0f these results
were on patients with thrombo-angiitis obliterans, an?

many workers, ineluding Ginsburggﬁ, Amlen5-4, scott and
45 20

. 56 :

Yorton , Miller~", Archlbaldé, gnd Ceallander™™, presgent

very discoursaging reports of the results of this operation.
3trauss mentions two cases of thrombo-angiitis

obliterans which he believes to have been benefitted by
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3 calls attention to

periarterial sympathectomy, but Allen
the fact that one of these patients lost a toe by gangrene
and the other required amputation of the leg. He remarks
that "the beneficial results in thrombo-angiitis oblitereans
are not sufficiently lasting to warrant the procedure in
this disease.”

luller4d reports seventeen casss in which peri-
arterial sympathectomy was done and states that "if per-
manent relief of pain and the maintenance of the integrity
of the limbs be accepted as créteria for cure,* he has had
only two successful csses. 1n most cases temporary relief
was obtained but relapse occurred aftér a few weeks or the
oncoming gangrene necessitated amputation.

uinsburg26 states that many cases of thrombo-sngiitis
obliterans have as a concomitant feature of the symptom-
complex pronounced vasomotor disturbances; but it is dif~
ficult to conceive how the advanced thrombus occlusion of
the blood vessels can be antagonized by section of the
vagomotor fibers surrounding the large blood vessels in
the thigh.

osmithwick and Whiteao report that pain in the lower
extremities secondary to vascular disease can be relieved
by alcohol injection of peripheral nerves and that this can
be sccomplished without paralysys of any importént muscles

of the leg or foot. Depending on the lengh of the nerve
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trunk injected, the anesthesia produced may last but a

few months or may be permanent. They state that the relief
of pain has been respensible for the saving of six out of
eleven legs otherwise doomed to amputation. It should never
be necissary to gsacrifice a leg bedauss of pain. After

an extremity has becsn desensitized by this method the foot
frequently becomes drier, warmer and previous color changes
are eliminsted. +whe surface temperature may rise five
degrees F. <this is probably due to elimination of sympathetic
stimulation both by relieving pain and by ianterrupting the
coarse of the nerve fibers to their peripheral destinations.
Ine majority of the sympathetic nerves course peripherally
with the sensory nerves. They report that after an extrem-
ity has been desensitized, ulcerations which previously
resisted all methods of treatment will frequently heal. In

61

1935, comparing the results of the first twenty~-five

,céses treated by this method with twenty-five preceding

cases by other methods, they find a marked increase in the
number of successful minor amputsations and a degrease in the
number of mejor amputations necessary in cases treated by
nerve block by alcohol injection or crushing of sensory
nerves of the lower leg. They found the operation very
efficaceous on the relief of pain. The circulation to the
part may be increased because the asnesthetic ares is also

deprived of vesoconstricter nerves. The general condition
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of the patient improves with the relief of the pain snd
makes other conservative measures more effective.

Royle in 1924 devised the surgical procedurse
known as lumbar sympathectomy. sdsong later adopted the
abdominel route. The experiences of Adson end Brown with
sympathetic ganglionectomy and trunk resection in the
treatment of Haynaud's disease led them to employ the same
procedure in thrombo-angiitis obliterans when vasomotor
spasm was a contributing faector in the production of gymotoms.
ihe real problem, that of selection of suitable cases for
operation, has glready been discussed. In a study of a
series of one hundred bilatersl éympathectomies four of
which required both cérvieo~thoracic and lumbsr operation,
they tabulate the results of eighty-none bilatersl lumbar
sympathetic ganglionectomies and trunk resections end
fifteen bilateral cervico-thoracic ganglionectomies with
resection of the upper bortion of the thorscic trunk.
@nefcfitbeiﬁﬁéharﬁa@ showing rbenefiejal redultas.of the *
operation, the comliéations encountered, and the number
of fatalities with the causes of death, is herewith

reproduced.




IThrombo-angiitis obliterans
treated by sympathectomy

Group 1, uncomplicated

Upper extremity

bisease in lower
extremity

Group 2, with ulcers .
Upper

Lower

Group 3, with gangrene

Upper

Lower

Opevations

N

19

43

10

27

104

Improved

39

10

17

817

of improvement o7

Avera -0 degree

e}
fa

76

90
78

82

- 78

80

- Usefu! extramity

'

16

33

13

Complications

Prneumonia 1

incomplete
Operation 1

weuritis, leg
amputation

Neuritis, chordotomy
death

Death, 1: pulmonary
embolism

deuritis, 1: chordo~-
tomy
seuritis, 2

Prneumonia, 1

lncomplete operations
3
Preumonia, 1

Deaths, 5; due to
Pneumonia, 2
Cardiac, 2

Anesthetic, 1

Heuritis, 1
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They found that following sympathectomy the incidence
of necessary,amputations was definitely lowered.,

Since the vasomotor fibers sre intermingled with
other postganglionic gray fibers supplying sebaceous and
sweat glands and pilomotor muscles, it is a necessity
that these two be divided during sympathectomyrné dryness
of the skin is thus produced. This dryness is notf serious
and serves as an excellent index in determining whether all
of the vasomotor fibers have been divided, for if they are
not all divided sweating will persist. Tumbar sjmpathectomy
includes postganglionie fibers to the hypogastfic plexus,
but since these fibers carry inhibition stimuli to the de-~
trusor muscle of the blsdder, the musculature of the rectum
and contraction stimuli to the internsal sphincters of the
bladder, complaints are not made by the patient. Lhis is
undoubtedly due to the fact that other fibers carrying sim-
ilar impulses remain uninterrupted in the pressacral nerve
and that voluntery control to the external sphincters is unot
disturbed. |

Cervicotunoracic ganglionectomy and ftrunk resection
produce Horner's syndrome, but when bilatersl the sppareant
enophthalmos, contracted pupils and the narrowing of the
palpebral fissure are not conspicuous nmor do they interfere

with vision.

39"




Telford and Stogford65 report a series of forty-
eight cases in which 1um5;r cord ganglionectomy was done,
forty-two cases being operated bilaterally. They found
the results very encouraging and believe it not only to
be recommended, but the only procedure which offers hope
0of permanent relief.

Hatas®? observes that while in a zood percentage of
case, ganglionectomy is certainly indicated, & lumbar gang-
lionectomy or radicotomy is & serious procedure which is
not appliceble to all patients even when physiologically
indicated. HNeither, he says is the repeated induction of
fever with typnoid veccines always a satisfactory mede of
treatment. Before resorting to the trasumatizing radicetomies
and genglionectomies, one should exhaust all the simple
and safer methods of physieal therapy. Lin line with these
suggestions he directs attention to the irradistion of the
lumbar region with x-rays as a vasodilator prodedure.

These irradistions, advocated by Langeron and Desplats,
Morin, Brunet, Zimmermen and others in ¥yance are directed
to the suprarenals end probebly act on the lumbar ganglia
as well.

crile®® reports thet the results of sympathectomy
and adrenalectony in three cases of endarteritis obliterans
were negligible. Other opinions regsrding lumbar ganglion-

ectomy in its relation to the treatment of thrombo-angiitis




oblitersns have been previously discussed.

Scott and Eorton56 very nicely summarize the various
branches of the sympsthetic nervous system attack. The
following is exerpted from that article.

This operation is the procedure of choice in the
young or middle~aged adult when the clinicsal evidence of
a ldcal circulatory deficiency and the functional importance
of vesoconstrictor spasm are clearly esteblished. The ons
important objection to this form of treatment is that it
requires & major operation. The peripheral vasodilatation
sccompenying the systemic reaction to the injection of
protein or inorganic chemicals has been advocated as a
method of treatment in the milder cases in place of surg=
ical intervention. The effect lasts from & few hours to
several days. That this method would be useful &s a sub~
stitute for operation in the older group of patients con-
cerning the condition of whose myocardium there may be some
doubt. it is exactly in these patients, however, that the
dangers of such resactions hecome grester. Consequently,
it does not help in the more difficult decision as to the

2

method of choice for overcoming spasm. ¥For these patisnts,
paravertebral injections of alconol have bsen advocated.
This prodecure probably does not give permesnent relief;

it 1is usually followed by rather severe neuritic pains, and

“41.




would make & later operstion, if necessary, more difficult.
Periarterial sympathectomy does not have sufficient merit

to warrant its use in such cases. Injection of alcohol

into the periphersl nerves below the main muscular branéhes
not only relieves pain, but may result in improvement in
local circulation when the latter is impaired by vasocon-
strietor spasm. The two objections tc this method of sccom~-
plishing the latter purpose are: First, anesthesia in the
peripheral ares accompanies the vasomotor paralysis. Second,
vagoconstrictor innervation is reestablished in & few months.
Thie method is helpful however in some difficult cases when
operation and fever-producing injedtions are absolutely
contraindicated by the patient’s condition. The one
procedure that permanently overcomes the detrimentsal effects
of sympathetic vasoconstriction in arterisl disease 1is
sypathetic ganglionectomy. ¥e hope some day to have =
simpler method of removing as satisfactorily &arterial spasm

in the extremities.

4z.
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SUMMARY

Although the condition now known as thrombo-
angiitis obliterans had probably been known for many
years, the first report on the subject was that of von
#iniwarter in 1879, who used the term endarteritis and
endophlebitis. In the next few years there was much confus—
ion in the literature on this subject, until suerger's
excellent work on tune pathology of the disease.

pusrger's classic description of the pathology of
thrombo-engiitis obliterans has not been improved upon.
There is first an scute inflammatory lesion with occlusive
thrombosis, and the formation of miliary giant cell foci.
Second is the stage of orgsnization or hesling, with the
disappearance of the miliary giant cell foci, the organi-
gation and cenalization of the clot, and the disapresrance
of the inflammatory products. winally, the development of
fibrotiec tissue which binds together the artery, vein and
nerves. |

rhé etiology of thrombo-angiitis obliterans is not
ag yet determined. Excessive tobacco smoking is quite
generally agreed to be & contributory etiological factor,
although some congsider it to be the direct causs of the
disease and others believe it has nothing to 4o with the
etiologly of this disease. There is serious doubt at the

present time as to the role of race as an etiologic factor.

LF .
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Birthplace has been nroven to have no etiologicsl importance.
Seﬁfis a definite etiologic factor. The disease is almost
unknown in females. The disease almost constantly occurs
between the ages of twenty~five and fifty. Other suggestions
that have been presented are focal infectionj; specific
infection, climate, occupation, defective carbohydrate
metabolism, intestinal putrefaction, vascular spasm, typhus
fever, malarias, increased viscosity of the blood, and
decreased clotting time of the blood. None of the etio-
logical factors suggested fulfills the reguirements of a
direct causal agent.
the diagnosis of thrombo~angiitis obliterans is not

difficult in any stage. There is & history of intermittent
cleudication, exercise pain, coldness and numbness of the
extremities, later rest pain, and finally ulceration and
gangrene. <Ithe physical signs are diminished or sbsent pulsa-
ticns in the arteries of the lower extremity and pallor on
elevation and rubor on depression of the extremity. &arly
diagnosis is of the ufmost importance. Determination of the
vasomotor gradient is of imvortance in determining the type
of treatment.

| There are two fundamental principles in treatment;
first, to prevent the isehémia from doing harm; and, second,
to aid the collsteral circulstion to keep pace with the

obliterative process. The first purpose is in part accom=




plished by rest, postursl treatment znd exercise, relief
from paip, and prophylexis against infection. ILf the
vasomotor gradient is low not much csn be done with the
second purpose except to sid the more peripheral distri-
bution of the small amount of blood available. To this
end, the best procedures are intravenous injections of
large guantities of sodium citrate.solution or hypertonic
saline solution. ~rrohibition of smoking is consiaered
importeant in treafmeﬁt. Alternate pressure and suction
therapy has glven z20o0d results in the hands of some workers.
neversal of circulation in the diseased extremity, exposure
of the extremity to white light, and the use of angiodilat-
ing drugs have also been suggested.

it is now quite generally agreed that in a fairly
large percentage of cases, vasomotor spasm is a factor in
the production‘oflthe obstruction and that vasomotor par-
alysis of the diseased extremity is of value in these cases.

This has been attempted by production of systeméc fever,

x=radiation of the lumbar region, and periarterial sym-

pathectomy. The best results have been obtained from lum-~
bar gsnglionectomy and trunk resection. Crushing or

alcohol injections of peripheral nerves is useful in caées
in which the more serious operetion is not permitted by the

general condition of the patient.
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