< THE GENERAL PRACTICE MANUAIS |~
Pl = .

FLutp BALANCE—Carl A, Moyer

AL T OF THE Arthar Hasley Parmelee

CuNicAL UNIPOLAR ELECTROCARDIOGRAPHY—Bernard S Lipman and Edward
Massre

MANUAL OF RHEUMATIC DISEASES—1W., Paul Holbrook and Donald P, Hill
MepicAL M. T OF G TESTINAL D Cheney

ARTERIAL HYPERTENSION (2D EDITION)—Iresne H. Page and Arthur Curtse
Corcoran

CORONARY ARTERY DISEASE—Ernst P Boas and Norman F, Boas
DrABETES MELLITUS IN GENERAL PRACTICE—Arthur R Colwell

ANESTHESIA IN GENERAL PRACTICE (3D EDITION)—Stxart C Cullen

Ryu Its RELATION 7O CONGENITAL HEMOLYTIC DiSEASE AND TO INTRA-
GROUP TRANSFUSION REACTIONS—Edith L Potter

DIfFERENTIAL DIAGNOSIS OF JAUNDICE—Leon Schiff
‘TREATMENT OF THE PATIENT PAsT FirTY (3D EDITION)—Ernst P Boss

ENDOCRINE THERAPY IN GENERAL PRACTICE (6T EDITION)—E/mer L Ser-
snghaus

OFFICE GYNECOLOGY (5TH EDITION)—]. P Greenbill
OBSTETRICS IN GENERAL PRACTICE (4TH EOITION)—], P, Greenbdl
UROLOGY IN GENERAL PRACTICE (20 EDITION)—Nelse F Ockerblad

DERMATOLOGIC THERAPY IN GENERAL PRACTICE (3D EbITioN)—AMarson B
Sulzberger and Jack Wolf

PicTORIAL HANDBOOK OF FRACTURE TREATMENT (2D EDMION)—Edward L
Compere and Sam W', Banks, assisted by Clinton L. Compere

OFFICE TREATMENT OF THE Nosg, THrOAT AND EAr (3p EpimioN)—A R
Hollender

HEADACHE (20 EDITION)—Louss G Aloench

VASCULAR Diseases IN GENERAL PRACTICE (2D EDITION)-=Irsing Sherwood
Wright

(OTHER TITLES IN PREPARATION)






~— THE GENERAL PRACTICE MANUALS | —
- )

FLUID BALANCE—Carl A Moyer
MANAGEMENT OF THE NEWBORN—Arthur Hawley Parmelee

CLINICAL UNIPOLAR ELECTROCARDIOGRAPHY—-Bernard S. Lipman and Edward
Massze

MANUAL OF RHEUMATIC DisEAsEs—W, Paul Holbrook and Donald F. Hill
MEDICAL MANAGEMENT OF GASTROINTESTINAL DISORDERS—Garnett Cheney

ARTERIAL HYFERTENSION (2D EDITION)—Irerne H Page and Arthur Curis
Coreoran

CORONARY ARTERY DISEASE—Ernst P Boas and Norman F. Boas
DIABETES MELLITUS IN GENERAL PRACTICE—Arthur R. Colwell
ANESTHESIA IN GENERAL PRACTICE (3D EDITION)}—Stwart C Cullen

Rit Ivs RecaTioN to CONGENITAL HEMOLYTIC DISEASE AND 7O INTRA-
GROUP TRANSFUSION REACTIONS—Edith L Potter

DIFFERENTIAL DIAGNOSIS OF JAUNDICE—Leon Schiff
TREATMENT OF THE PATIENT PasT FIFTY (3D EOITtoN)—Erng P, Boar

ENDOCRINE THERAPY IN GENERAL PRACTICE {6TH EDITION)—Elmer L Ser-
ringhaus

OFFICE GYNECOLOGY (STH EDITION)—] P Greenbill
OBSTETRICS IN GENERAL PRACTICE (4TH EDITION)—]. P, Greenbill
UROLOGY 1N GENERAL PRACTICE (2D EDITION)—Nelse F Ockerblad

DERMATOLOGIC THERAPY IN GENERAL PRACTICE (3D EDITION)—Maron B
Sulzberger and Jack Wolf

PICTORIAL HANDBOOK OF FRACTURE TREATMENT (2D EDITION)}-—Pdward L
Compere and Sam W, Banks, assisted by Clinton L. Compere

OFFIcE TREATMENT OF THE NoSE, THROAT aND Ear (3p EDITION)—A. R
Hollender

HEADACHE (2D EDITION)—Lowrs G Moench

VASCULAR Diseases IN GENERAL PRACTICE (20 EDITION)—Irving Sherwood
Wright

(OTHER TITLES IN PREPARATION)









VASCULAR DISEASES
IN

CLINICAL PRACTICE

IRVING SHERWOOD WRIGHT, M D.

Professor of Clinrcal Medscine, Cornell Unis ersity Medical College,
Atsending Phyucran, The New York Hospral

SECOND FDITION

THE YEAR BOOK PUBLISHERS . INC

200 EAST JLLINOIS STREET CHICAGO



COPYRIGHT 1948 AND 1952 BY THE YEAR BOOK PUBLISHERS, INC.

Second Ediion, 1952

PRINTED IN US.A



Preface to Second Edition

THE YEARS SINCE publication of the first edition of this book have
seen advances in knowledge of many of the peripheral vascular
diseases and their care, Every endeavor has been made to evaluate
and to cull the most important and wseful new matenal that has
become available in order to provide the reader with 2 manual of
greatest practical aid as he treats his patients from day to day. To
this end also, the entire volume has been carefully teviewed and,
wherever indicated, has been revised, Of particular mterest will be
the revised and expanded discussions of athétosclerosis and the
shoulder girdle syndromes, new material on ceyoglobulinemia and
cold agglutinins, the latest views on. mhcoagul:mt therapy and the
use of many new dmgs and the new thapter on the physician’s
responsibility to s Ppattents before and - afler amputation.

When the first edition appeared serius interest in peripheral
vascular diseases was still largely confined to a few centers A hope
was expressed that this situation wottld be corrected 1n the near
future. It 15 a pleasure to record that rapid strides have been made
in this direction. Many medical schools have now developed clin-
ical teaching and research faaities for the study and care of the
many peripheral vascular diseases It 1s becomng increasingly rec-
ogmized that any consideration of internal medicine or surgery
which pretends to a broad grasp of the field cannot 1gnore the need
for an understanding of the pertpheral vascular circulation Never-
theless, the field of vascular diseases remains a ploneenng area of
broad horizons and a chalienge to the young men of medicine,

ki



8 VASCULAR DISLASES

Mammals, including man, are almost constantly hemorshaging
and thrombosing. The delicate balance between these processes
permuts life to continue. Imbalance in either direction affects the
peripheral circulation. The tendency to clotting is often greatly
complicated by the presence of vascular disease; this has necessi-
tated emphasis on anticoagulant therapy. :

Current intensive studtes on cholesterol and lipid metabolism
may contribute to important climical advances. At this stage, hos-
ever, predictions in this regard would be tenuous and hazardous.

This book 15 dedicated to the student of medicine, be he young
or old, specialist or general practitioner, who feels the need 'fot
a compact reference on the diseases of the peripheral circulation.

The references to be found at the end of each chapter are not
intended to be allunclusive They have, however, been carefully
selected 5o that anyone wishing to explore a particulas problem
can begin his reading with significant works, Mention might also
be made of the fact that coloted slides have been prepated from
many of our most interesting cases and are now available for study
and teaching purposes to complement this text (Medichrome Se-
ries MM—Vascular Diseases, by 1. 5 Wright and W. T. Foley,
available from Clay-Adams Co, Inc.,, New York).

1 acknowledge my grattude to Dr. David P. Barr for hus help-
ful suggesttons regarding the presentation of the material on
atherosclerosss, Dr, Jeffrey H. Apton for his detailed review of the
first edition and his provocative comments which have been con-
sidered in preparing this edition, the many friends sho made con-
structive suggestions and Miss Jean Neubauer who helped in the
organizing and typing of much of the new material.

~I8W.



Preface to First Edition

UNTIL RECENT YEARS the field of peripheral vascular diseases had
been woefully neglected 1n the curricula of our medical colleges.
Indeed today in few schools 15 sufficient interest taken 1n acquamnt-
ing the student with these diseases and thexr clhinteal characteris-
tics As a result there are many physicians and surgeons whose
understanding of pertpheral vascular conditions 1s so hmited that
they are handicapped n evaluating essentral clinical problems and
1 advising patients concerning treatment and prevention of re-
currence It 1s hoped that this volume will be of practical value to
those who find themselves in ths situation and to others who may
wish to refresh their memory about clinical details and manage-
ment of some of the many vascular syndromes, It 15 also hoped
that medical students seeking technics for study and suggestions
regarding therapy may find it useful.

Among the most common errors 15 undue concentration on
local lesions without adequate evaluation of the condition of the
entire vascular system. Throughout this volume, therefore, the
importance of complete vascular surveys is empbasized In the past
the study of cardiology has been sharply separated from investi-
gation of the peripheral blood vessels and has usually been lim-
ited to considetation of the heatt and aorta. In the future, cousses
in medical schools should interpret cardiovascular disease m sts
broadest sense, and physicians who term themselves cardiovascular
specialists should be prepared to care for all diseases affecting the
heart and the blood vessels Thes book, therefore, should be re-

9



10 VASCULAR DISEASES

garded not s a treatise on a separate field of peripheral vz'scuhl
disease but as a supplement to existing volumes on heart disease.

Although exhaustive experimental studies are not pzcsented. in
detail, an effort has been made to relate their effects on clinica}
medicine, Conclusions drawn and the technics of study used }m.c
for the most part been directly evolved from the ph}'silﬂog‘(
or chemycal laboratory or other basic studics. These is an urgent
need for further basic investigations and for a close liaison be:
tween the workers in the fundamental aspects of citculation and
the clinicians who ae pioneering in the field. As yet, we knov
hittle or nothing about the fundamental processes in the produc
tion of arteriosclerosis which, in its broadest sense, 1s truly the
Great Killer of Man. We do nat understand in any true sense the
mechanism of Raynand'’s syndrome. In fact, the etiology of most
of the diseases described in this book is unkaown, There is, per-
haps, no field which offers a greater challenge to young men who
ate interested in combining physiologic and pathologic investigs:
tions with the study and care of patients.

The mere histing of the many individuals to whom the authof
is indebted for direct or indirect contributions to this volume
would fill pages. I am deeply obligated to many colleagues who,
over many years, by their investigations, discussions and questions
have helped to shape conceptions presented here, Especially note-
worthy among these have been Drs. George E. Brown, Edgar V.
Allen, Eugene Landis, Nelson Batker, Norman Freeman and Sam-
uel Silbert. 1 am also indebted to my co-workers during the past
15 years, some of whom have made specific contributions to this
volume, Chief among these are Dr. A. Wilbur Dutyee, Dr. Teres2
McGovern, especially for her contributions on pernio, Dr. Gerald
H, Pratt for his suggestions, coniributions and illustrations re-
lated to some of the surgical aspects and Dr. William T. Foley
for his help with the manuscript. Grateful appreciation is also ex-
pressed to my secretaries, the Misses Aileen and Maureen O'Ma-
honey, and to Miss Virginia Harris foc work on the material.
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cuarter 1. Classification of Diseases and
Abnormalities of Blood and Lympll

Vessels of the Extremities

NUMEROUS CLASSIFICATIONS of diseases of the blood and Iymph
vessels have been proposed. The nomenclature used 1 the first
edition has been only slightly modified to conform with the most
recent revisions of the Commuttee on Nomenclature and Crterra
for Dragnosis of Peripheral Vascular Disease This Commuttee 15
presently preparing a new section for the next edition of the
Standard Nomenclature of Diseases of the Heart and Blood
Vessels

To quote from the original report of the Committee on Nomen-
clature-* "It 15 recognized, however, with due humility that any
nomenclature of this nature must be continuously regarded as in 2
fluid state, subject to frequent revision, and that ths 1s 10 no way
constdered by the Commuttee to be a final listing * It will be noted
that the arrangement of this text does not follow the order of the
classificatron, for it seemed practical to present the most important
vascular conditions first, reserving discussion of conditsons of lesser
frequency or importance for the latter part of the book It 15 sug-
gested that each disease be classtfied according to seventy as 1, 2,
3 and 4. This usage ss strongly secommended as a means of stand-
ardizing the conception of the severty of the condition 1 teports,

and all p records

* of the Section on Circulation of the American Heart Association.
13
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CLASSIFICATION 15

3. Acrocyanosis
4. Cutis maemorata (early livedo reticularis)
5 Vasospasm secondaty to

4)
b)
<)

4)

Lesions of peripheral nerve, bran, spinal cord
Thrombophlebitis

Acute arterial occlusion

(1) Embolism

(2) Thrombosis

Post-traumatic reflex sympathetic dystrophy (Su-
deck's atrophy, post-traumatic osteoporosis)

B. Vasodilator
1 Enthermalgia (erythromelalgia) —prnmary
2 Erythermalgia (etythromelalgia}-—secondary to

a)
b)
‘)
4)

e)

Palycythermia vera

Artertosclerosis

‘Thromboangutis obliterans

Trauma (posttraumatic reflex Sympathetic dys-
trophy)

Miscellaneous—secondary to fever, hyperthyroidism,
alcoholism, neuroarculatory asthenia, menopause,
drabetes mellitus, gout, rheumatord arthrtss, neuro-
logic diseases, pasomng from thallum, arsenic,
metcury

11 Organsc (structural) conditions
A Ocdusive (organic)

-

w N

“ s

a)
8)
<)

. Generalized arteriosclerosis

Atherosclerosts obliterans
Medial (Monckeberg's) arteriosclerosis
Combined

. Thromboangutis obliterans
Essential polyangutis (essential periaterstis, polyarteri-

tis nodosa, perarteritis nodosa)

Cranial asteritis (temporal artentis)

Ergotism (early stages may be spastic)
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NOMENCLATURE

DISEASES AND ABNORMALITIES OF THE BLOOD AND LYMPH

VESSELS OF THE EXTREMITIES

DISEASES OF ARTERIES AND ARTERIOLES

I Fuanctional (vasomotor) conditions
A Vasoconstrictor
1. Raynaud's syndrome (pnmary or idiopathic) (late
stages secondaty organic changes in arteties, skio, and
subcutaneous bissues)
Raynaud’s syndrome (secondary)
a) Traumatic vasospastic syndrome—pneumatic ham-

N

mer disease, other types of repeated trauma

b) Neurovascular—cervical nb, scalenus anticus syn-

drome, costoclavicular syndrome, hyperabduction
syndrome, spondyhtis, neurstss

¢) Secondary to organic vascular disease—arterio-

sclerosts, thromboangutis  obliterans,  syphilitic
artentis

) Intoxications—nicotine, tobacco, atsenic, ergot

(early), lead?

¢) Muscellaneous conditions which sometimes produce

Raynaud’s syndrome

(1) Poor posture of neck and shoulder girdle

(2) Diffuse scleroderma (sometimes with calci-
nosis)

(3) Cryoglobulinemia

(4) Cold agglutinins

(5) Cold allergy

(6) Arthntis

(7) Lupus erythematosus

(8) Leukemia

(9) Other diseases under unusual conditions of




CLASSIFICATION 15
3. Acrocyanosis
4. Cutis matmorata (catly livedo reticularis)
5 Vasospasm secondary to
a) Lesions of peripheral nerve, braim, spmal cord
&) Thrombophlebitis
¢) Acute artetial occlusion
{1} Embolism
(2) Thrombosts
d) Post- reflex pathetic dystrophy (Su-
deck’s atrophy, post-traumatic osteoporosis)
B Vasodilator
1 Enthermalgia (erythromelalgia)—prmary
2. Erythermalgia (erythromelalgia)—secondary to
#) Polycythemia vera
b) Artenosclerosis
¢) Thromboangiiis obliterans
d) Trauma (post-traumatic reflex sympathetic dys-
trophy)
¢) Muscellaneous—secondary to fever, hyperthyrardism,
alcoholism, neuroairculatory asthenta, menopause,
diabetes mellitus, gout, rheumatord arthrtis, neuro-
logic diseases, powsorng from thallum, arsent,
mercury
II. Organsc (structural) conditions
A Occlusive (organic)
. Generalized arterioscleosis
a) Atherosclerosis obliterans
%) Medial (Monckeberg's) arteriosclerosis
¢) Combined
. Thromboangutis obliterans
Essential polyangntis (essential periatteritis, polyarteri-
t1s nodosa, periarteritts nodosa)
. Cranal artterstis (temporal arteritis)
Ergotism (eatly stages may be spastic)

-

[TIENY

[VIFS
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6 Arteritis and arteriolitis secondaty to

)
)
<)
)

o)

~

a)
4)
<)
)
€)
1)
&)
b}

?)

Infectious diseases

Local inflammatory processes (acute and chrontc)
Hypertensive vascular disease

Lupus etythematosus disseminatus (including Lib-
man-Sachs syndrome)

Idiopathuc

Simple arterial thromboss

Assocated with infectious diseases

Assocated with blood dyscrasias

Secondary to trauma or compression

Postsurgrcal

Wath parturition

Congestve heart failure

Slow blood stream from many other causes
Following excessive doses of x-ray, radmm and
radtoactive 1sotopes

Idiopathic

8 Abscess of the wall of artery (state organism)

v

Frostbite, trench foot

10 Pernio
11 Livedo reticulars
12 Artersal embolism

a)
)
<)
)

Blood thrombus e) Neoplastic
Fat f) Fungous
Air g) Inorganic sub-
Bactersal stances

13 Hypertensive ischemic ulcers
B Nonocclusive
1. Aneurysm

a) Congenttal e) ‘Traumatic
&) Syphilitc ) 1diopathic

¢) Arteriosclerotic &} Embolic
UTER Ve



CLASSIFICATION 17

I

Essential polyanguitis (penarteritis nodosa)
Arteriovenous fistula

a) Congenital

4) Traumatic

¢) Secondary to malignancy or other disease
d) Mycotic

Congenital anomalies—other than fistula
Trauma and external compression (scalenus anticus,
costoclavicular and hyperabduction syndromes)
6 Rupture

7. X-ray, radum, telangeectasia

w

woa

Norte Ulceration or gangrene, when present, should be noted

DISEASES OF VEINS

1. Vasomotor (functronal)
Spasm
Followng njury or disease of vemn or accompanying attery
ot nerve
I Organtc (structural)
A Obstructive
1. Thrombophlebitts and venous thrombosis (phlebo-
thrombosis)
@) Primary
(1) Thromboangutis obliterans
(2) Recurrent or migrating (without arterial
lestons)
(3) Essential or 1diopathic
b} Secondary to
(1) Mechanical 1njury (contusion, laceratton,
. surgery)
(2) Muscular effort or strain
(3) Chemucal mjury (sclerosmg agents, drugs,
solutions for diagnosis)
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4

=

Inflammatory or suppurative lesions—infec-

tious diseases

(a) Tuberculosis, syphilss, actinomycosis

(b) Other bacteria {to be specified)

(¢) Infectious diseases without local bacte-
rial 1nvolvement

(5) Severe 1schemia

(6) Chronic disease of vein wall (varices, phlebo-
sclerosts) (late complications—varicose or
postphlebitic ulcers)

(7) Blood dyscrasias (polycythemia vera, leuke-
mua, pernicious anemia, disturbance blood
clotting mechantsm)

(8) Cancer without direct invaston of the vein

(9) Epidermophytosis (?)

2. Neoplastic invasion of vein
3 Venous compression, with or without thrombosis of
thrombophlebitss, due to
a) Gravid uterus
5) Neoplasm
¢) Aneutysm
d) Scar ussue
e) Scalenus syndrome
) Costoclavicular syndrome
g) Hyperabduction syndrome
b) Fractures and dislocations
) Increased intra-abdominal pressure (ascites, etc.)
B. Nonobstructive
1. Varicose veins (aneurysm)
a) Primaty—congenitally incompetent valves
b} Secondary (to proximal obstructive lesions or
pressure) from such factors as
(1) Posture
(2) Occupation



CLASSIFICATION 19

(3) Tight clothing (girdles, garters, etc.)
(4) Thrombophlebitis
{5) Congenital occlusion ot lies of p 1
vens, espeaally the venae cavae
(6} Arteriovenous anastomoses
(7) Hemangtoma
¢) Secondary to phlebrtic destruction of valves
d) Compensatory dilatation of colfateral veins
. Artenovenous anastomosis {fistula}
a) Congenital
b) Traumatic
¢) Mycotic
d) Secondary to local disease
Aberrant position
Hypoplasia
Phlebectasia
Periphlebitis without thrombosis
Phlebosclerosis {not usually obstructive)
Rupture

N

® N aw

TUMORS OF BLOOD VESSELS

Hemangioma
Cavernous hemangioma
. Capillary hemangioma
. Plexiform hemangioma
Sclerosing hemangioma
. Syndromes with hemangiomas
a) Multiple hemangiomas and chondromas (Kast's
syndrome)
b) Hemangiomas of retina and central nervous system
sometimes associated with eysts of pancreas and
Lver (Hippel-Lindau disease)
Hypertrophic h g (Klippel-T: syn-
drome)

[V RV N
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VASCULAR. DISEASES

. Hemangioma—endothelioma

1. Berugn
2 Malignant (“angiosarcoma™)

. Sarcoma

1 Angosatcoma

2. Kaposi's sarcoma

3. Ewing’s sarcoma (held by many to be ant endothelioma)
Glomus tumor (hemangiopericytoma, angioneuromjoma)

. Telangiectasia

1. Hereditary hemorrhagic telangiectasia  {Osler-Rendu-
Weber disease)

2 Papillary varices (semle angioma)

3 Spider nevus (angioma)

. Granulomas (most granulomas invade blood vessels)

Common causes
a) Tuberculosts
b) Syphilis
¢) Cocadioidomycosis
d) Histoplasmosis
e) Leprosy
f) Blastomycosis
£) Actinomycosis
b} Foreign bodies
7)  Allergic states

. Aneutysms (see under Diseases of Artertes and Arterioles,

11,B,1)

TUMORS OF LYMPH VESSELS AND LYMPH TISSUES

. Lymphangioma

1. Sumplex

2. Cavernosum

3. Cysticumn {hygromas)

4 Secondary to incompetent valves



CLASSIFICATION 21

Endothelioma

. Lymphoma (benign)

Lymphocytoma

Leukemia

. Lymphosarcoma

Hodgkin's disease

Retrculum cell sarcoma

Sarcoma of sheath or capsule of lymph node

MIZOmmOUNn®

DISEASES OF PERIPHERAL LYMPH NODLS AND LYMPH VESSELS

1. Vasomotor (functional}; none established
II. Organic (structural)
A. Obstructive
«) Noninflammatory
(1) Primary lymphedema
(a) Simple
(b) Congenital
(c) Hereditary (Milroy's disease)
(d) Precox
Secondary Jymphedema due to
(a) Surgical removal of lymph nodes
(b} Neoplastic invasion of lymph nodes
{c) X-ray treatment
b) Inflammatory
(1) Primaty lymphangitis (cause unknown)
(2) Secondary lymphangitis due to
(a) Filarasis
(4) Lymphogranuloma venereum
(¢} Trichophytosis
(4) Local tissue injury or inflammation (lacera-
tions, bites, burns, furuncles, other local
infectrons, chemical, nonbacterial}
(3) Erysipelas

(2

~
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. Hemangioma-—endothelioma

1. Benign
2 Mahgnant (“angiosarcoma’)
Sarcoma
1 Angiosarcoma
2 Kapost's sarcoma
3. Ewing's sarcoma (held by many to be an endothelioma)
Glomus tumor (hemangiopericytoma, :mgmneummyomi)
Telangectasta
1. Hereditary hemorrhagic telangrectasia (Osler-Rendu-
Weber disease)
2 Papillary varices (senule angioma)
3, Spider nevus (angioma)
Granulomas (most granulomas invade blood vessels)
Common causes
) Tuberculosss
b) Syphilis
¢) Cocadiordomycosis
d) Hustoplasmosis
¢) Leprosy
f) Blastomycosis
g) Actinomycoss
4) Forergn bodies
i} Allergic states

Aneurysms (see under Diseases of Arterics and Arteriofes,
1, B,1)

TUMORS OF LYMPH VESSELS AND LYMPH TISSUES

. Lymphangioma

1. Simplex

2, Cavernosum

3. Cysticum (hygromas)

4. Secondary to incompetent valves
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B. Increased permeability

W=

EEEE

. Angioneurotic edema
. Urticaria
. Sensitivity to physical agents

a) Mechanical irritation

Class

b) Cold

¢) Heat

Loaal inflammation

Vasomotor collapse

Shocks

Burns

I ytic acroangiothrombosis  (thrombotic  throm-
bocytopenic purpura)

CLASSLS ACCORDING TO SCVERITY
1, Without symptoms
. With symptoms—swithout organic changes
With symptoms—with organic changes
With loss of substance, trophic changes, gangrene, ulces-
ation, etc.

ENEVIENY
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¢} Calafication and fibrosis
d) Chylous asates—secondary to obstruction of the tho-
racic duct (mention cause)
B Nonobstructive
a) Lymphatic fistula
4) Unclassified

DISEASES OF MINUTE VESSELS

. Increased fragility

—-

Infectious purpura
a) Pneumonia
b) Septicemias, espectally streptococcus
¢) Exanthems
d) Other infectious diseases
. Toxic purpura

N

a) Arsentc
b) Phosphorus
¢) Phenolphthalein
4} Coumarn compounds
¢) Numerous other drugs (individual susceptibilities)
f) Snake venom—insect venom
. Purpura due to avitaminosis C, K (P?)
Hematogenic purpura
«) Thrombocytopenia
b} Leukemia
¢) Aplastic anemia
Purpura secondary to mncreased venous pressure
Menstrual or menopausal purpura
Senile purpura
Idiopathic purpura
Henoch's purpura
Schoenlein’s purpura
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CLASSIFICATION 23
B. Increased permeability
1. Angoneutotic edema
2. Urticaria
Sensitivity to physical agents
a) Mechanical itrtation
5) Cold
¢) Heat
. Local inflammation
Vasomotor collapse
Shacks
7. Burns
C. Thrombocytic  acroangiothrombosis  (thrombotic  throm-
bocytopenic purpura)

w

ENORS

CLASSES ACCORDING TG SEVERITY

Class 1. Without symptoms

. With symptoms—without organic changes
With symptoms—with organic changes
With loss of substance, trophic changes, gangrene, ulcer-
ation, etc.

ENRURY
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¢} Calafication and fibrosts
d) Chylous asates—secondary to obstruction of the tho-
racic duct (mention cause)
B Nonobstructive
a) Lymphatic fistula
4) Unclassified

DISEASES OF MINUTE VESSELS

Increased fragility

Infectious purpura

) Pneumonia

b) Septicemuas, especially streptacoccus
¢) Exanthems

d) Other infectious diseases

-

[

Toxic purpura

a) Arsentc

b} Phosphorus

¢) Phenolphthalein

d) Coumarin compounds

¢) Numerous other drugs (individual susceptibilities)
{) Snake venom—insect venom

Purpura due to avitaminosis C, K (P?)
Hematogenic purpura

a) ‘Thrombocytopenia

5} Leukemia

¢) Aplastic anemia

Purpura secondary to increased venous pressure
Menstrual or menopausal purpura

Senile purpura

Idiopathic purpura

Henoch's purpura

Schoenlein’s purpura
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CLASSITICATION 23
B Increased permeability
. Angioncurotic edema

Urticaria

N

3. Sensitivity to physical agents
4} Mechanical irritation
b) Cold
¢} Heat
4. Local inflammation
5. Vasomotor collapse
6 Shocks
7. Burns
C Thrombocytic  acroangiothromboss  (thrombotic  throm-

bocytopenic purpura)

CLASSES ACCORDING TO SEVERITY
Class 1. Without symptoms
. With symptoms—without organic changes
. With symptoms—with organic changes
. With loss of substance, trophic changes, gangrne uleer
ation, etc,
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CHAPTER II: Met}xocls of Stu(ly of

the Patient

THE DISSEMINATION of knowledge regarding pertpheral vascular
diseases has lagged so far behind that of other fields of medicine
that today many physicians feel insecure 1 determining the diag-
nosss of these diseases. It is important to realize that 1 the vast
majornity of cases the diagnosts can be made without the use of elab-
orate lab y equip or hospitalization Workers 1n this field
have emphasized repeatedly that they are able to make most of thetr
diagnoses from the history and careful examination of the patient
That has been true 1n my experience also Elaborate studies serve
pumanly to clanfy or substantiate the diagnosis or to determine
quantrtatively the relative degree of crculatory damage and re-
sidual or collateral arculation. It is therefore possible for any
practitioner of medicine to achieve proficiency n diagnosing the
condition of a patrent who complains of circulatory disturbances
For this purpose methods of history-taking and physical examina-
tion ordinanly taught by the medical schools and used 1n general
hospitals are madequate It is necessaty to approach the patient’s
history from a somewhat different pomnt of view, and the physical
examination involves study of areas of the body not usually con-
centrated on during routine examination In this chapter an at-
tempt will be made to overcome these deficiencres

‘The establishment of the correct diagnosis is, of coutse, para-
mount to the determination of prognosis and proper therapy. We
shall assume that the physician has already conducted a routine,
though detailed, inquity into the histoty and examination,

"y
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HisTORY FROM POINT OF VIEW OF VASCULAR DISEASES

Certain points in the histoty should be re-mvestigated in detail,
The patient should be cncouraged to enlarge on his symptoms,
since minute details of the story may give a lead to the ultimate
diagnosis. There are many facets to such an snvestigation.

Perhaps the most frequent complaints ate those of pain and
discomfort in the legs. These, of course, are vague descriptive
terms and must be analyzed It 15 vital to know whether pain is
present at all times or 1s present only at night and whether st is
produced by exeraise and relieved by rest The exact location must
be determined One must discover whether the pain radiates down
the back of the leg, as a saatic type of pamn, or whether it follows
the course of the femoral vein, as 1s common n thrombophlebitis
It is smportant to know if st 15 lunited to the joints of the feet and
legs, as 1s tommon 1n diseases of the joints, or whether 1t 1s located
in the calves of the legs, as is most frequent with vascular involve-
ment; whether the pain is continuous and charactenistic of venous
thrombosis or of intermuttent claudication produced by artersal
occlusive disease such as arteniosclerosis obliterans, With or with-
out an ulcer or gangrene the pan may be localized 1n the tips of
the toes, and this must be brought out i the history.

The same type of approach should be used when complaints
concern the upper extremities It 1s wital to know whether the
pan is in the tips of the fingers, associated with ulceration of
gangrene, or whether it 1s sharply localized under the nail, as 1s
frequently the case with a glomus tumor In other instances pamn
is described 1n the area of the axillary vein, as in cases of axillary
thrombosts,

The physician should be prepared for complamts of vascular
lesions involving many other areas of the body, for example, a
to-and-fro murmur 10 the scalp, a theill or bruit behind the clav-
icle or large varicose vems of the lower abdomtnal wall. In each



CHAPTER II Metl'loc]s of Stutly of
tlle Patient

THE DISSEMINATION of knowledge regarding peripheral vascular
diseases has lagged so far behind that of other fields of medicine
that today many phystcrans feel insecure in determimng the diag-
nosts of these diseases. It ts tmportant to realize that in the vast
majority of cases the diagnosis can be made without the use of elab-
orate laboratoty equipment or hospitalization Workers in this field
have emphasized repeatedly that they are able to make most of their
diagnoses from the history and careful examination of the patient
That has been true 1n my expertence also Elaborate studies serve
prmanly to clarify or substantiate the diagnosss or to determine
quantitatively the relative degree of circulatory damage and re-
sidual or collateral arculation. It 1s therefore possible for any
practitioner of medscine to achieve profictency 1n diagnosing the
conditron of a patient who complains of arculatory disturbances
For this purpose methods of history-taking and physteal examma-
tion ordnanly taught by the medical schools and used 1n general
hospitals are inadequate It 15 necessary to approach the patient’s
history from a somew hat different point of view, and the physical
examination 1avolves study of areas of the body not usually con-
centrated on during routine examunation. In this chapter an at-
tempt will be made to overcome these deficiencies

The establishment of the correct diagnosts is, of cousse, para-
mount to the determination of prognosis and proper therapy We
shall assume that the physicran has already conducted a routine,
though detailed, inquiry into the history and examination
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HISTORY FROM POINT OF VIEW OF VASCULAR DISCASES

Certain points in the history should be re-investigated in detarl,
The patient should be encouraged to enlarge on his symptoms,
since minute details of the story may give a lead to the ultimate
diagnosis There are many facets to such an investigation

Perhaps the most frequent complamts are those of pamn and
discomfort in the legs These, of course, are vague descriptive
terms and must be anslyzed It 15 vital to hnow whether pamn is
present at all times or 15 present only at might and whether 1t 15
produced by exercise and relieved by rest The exact location must
be determined One must discover whether the pain radiates down
the back of the leg, as a saatic type of pamn, or whether 1t follows
the course of the femoral vein, as 1s common 1t thrombophlebitrs.
It is impottant to know 1f 1t 1s imuted to the joints of the feet and
legs, as 1s tommon 1n diseases of the joints, or whether 1t 1s located
in the calves of the legs, as is most frequent with vascular involve-
ment; whether the pain is continuous and characteristic of venous
thrombosis or of itermuttent claudication produced by arterial
occlusive disease such as artersosclerosts obliterans With or with-
out an ulcer or gangrene the pan may be localized 1n the tips of
the toes, and this must be brought out in the history.

The same type of approach should be used when complants
concern the upper extremities. It 15 vital to know whether the
pain is in the tips of the fingers, assocrated with ulceratron or
gangrene, or whether it 1s sharply localized under the nail, as 1s
frequently the case with a glomus tumor. In other instances pamn
15 described 1n the area of the axillaty vem, as i cases of axillary
thrombosis.

The physician should be prepared for complunts of vascular
lesions involving many other areas of the body, for example, a
to-and-fro murmur in the scalp, a thnll or brwt behind the clav-
icle or large varicose vetns of the lower abdomtnal wall In each



CHAPTER II: Metl'lotls of Stucly of

the Patient

THE DISSEMINATION of knowledge regardiag peripheral vascular
diseases has lagged so far behind that of other fields of medicine
that today many physicians feel 1nsecure in determinung the diag-
nosts of these diseases. It 1s important to realize that in the vast
majority of cases the diagnosis can be made without the use of elab-
orate laboratory equipment or hospitalization. Workets in this field
have emphasized tepeatedly that they are able to make most of thesr
diagnoses from the history and careful examination of the pattent.
That has been true i my experience also Elaborate studies serve
prmanly to clanfy or substantate the diagnosis or to determine
quantitatively the relative degree of arculatory damage and re-
stdual or collateral airculation It 15 therefore possible for any
practittoner of medicine to achieve proficiency in diagnosing the
condition of a patient who complans of arculatory disturbances
For this purpose methods of history-taking and physical examina-
tion ordinanly taught by the medical schools and used in general
hospitals are adequate It is necessary to approach the patient’s
Iustory from a somewhat different pomt of view, and the physical
examination involves study of areas of the body not usually con-
centrated on during routine examination In this chapter an at-
tempt will be made to overcome these deficiencies,

The establishment of the correct diagnosis is, of course, para-
mount to the deterrmination of prognosis and proper therapy, We
shall assume that the physicran has already conducted a routine,
though detailed, inquity into the history 20d examination
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bophlebitis below the knees suggest eacly thromboangutis oblit-
erans. The history of chronic ulcers around or above the ankle
with pigmentation and swelling of the leg suggests venous insuffi-
ciency of long standing.

The question of smokmg has particular s:gmﬁcance 1n patients
with symp suggesting thromt itr and arterio-
sclerosis obliterans, If the patient has never smoked, thromboan-
giitis obliteraqs 1s, for practical purposes, ruled out as 2 possibity.
The rare cases which have been reported 1n nonsmokers are consid-
ered by many workers to be of debatable authenticity The fact that
the patient does not smoke does not affect the probability of arterio-
sclerosis obliterans, and this pont may clanfy the differential
diagnosis of the two conditions.

The use of drugs 1s significant Ergot has been shown to have a
definite effect on the vascular system which 1s described in detail
in Chapter V. Many coal tat derivatives have caused increased
capillary fragility with vascular hemorrhage Repeated njections
of various types of serum and the use of sulfonamides have been
suspected of having an etiologic role in periartentis (polyarteritis}
obliterans.

Sometimes the patient knows definitely that a sensation of numb-
ness or lowening of temperature developed at a certan time, This
frequently indicates a marked reduction of the blood supply to the
involved extremity Contraniwise, a story of increase m tempera-
ture toward normal frequently indicates that the collateral circula-
tion has been established

Detailed « deration of the foregoing points 1s p d in
the discussion of the vartous diseases, but the importance of careful
general inquiry cannot be overemphasized.

PHYSICAL EXAMINATION OF THE VASCULAR SYSTEM

During the examination of a patient who is suspected of having
or is known to have vascular disease, it is essential that a complete
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instance it is imperative that inquiry be made regarding the entire
vascular system, Too often the doctor concentrates on the most
prominent leston or atea of discomfort, oblivious to the fact that
the patient has a generalized vascular disease and that other aspects
of this disease ate far more important than the condition most
promunently occupying the patient’s attention. A large proportion
of vascular diseases are generalized diseases. This must be kept
constantly 1n mind 1n the study of each patient.

The mode of onset 15 important, as related to acadent, surgery,
frostbite, wnfectious disease or preceding malignancy. The exact
tustory of trauma is of great importance, especially in the handling
of compensation or industrial cases. Patients frequently relate the
onset of their difficulties to the stubbing of a toe or the dropping
of a tool on a foot. Careful inquiry, however, may reveal that the
patient had difficulty in walking and pains at night on resting for
weeks or even months befote such an tnjury A thorough examina-
tion of the vascular system may reveal, 1n addrtion to an occlusion
of an artery of the mjured extremty, other evidence of advanced
vascular disease The exact time relationship between an njury
and the development of an ulcer of a toe should be determined
The quality of pamn, whether sharp and stinging or dull and
aching, 15 worthy of careful nquiry

The patient will frequently provide a clue to the diagnosis 3

asked for details regarding color changes 1 the hands and feet.
Blanching of the fingers on exposure to cold environment followed
by erythema on return to a warm environment establishes a likely
Jiagy of Raynaud’s synd The description of livid red
hands with burning pain suggests erythermalgia (erythromelal-
g12). A description of red streaks extending up the leg should
lead to speculatron regarding the possibility of thrombophlebitis
or lymphangitss.

The history of previous thrombophlebitis or thrombosss, with
or without pulmonary embolism, often provides an mportant lead
to the dragnosis. Repeated attacks in young males of throm-




Name:
Address:

Referred by:

RECORD FORM (Fic. 1)
Clirte No e .
Date. .... ......
THE NEW YORK HOSPITAL

Vascular Clinic

Sex: M 5.W.D. Age:
Race: Cecupation:
Birthplace

I. FRESENT COMPLAINTS (including duratlon, precipitat-
ing factors like temperature or injury; progression;
previous therapy):

Enter spproprsate descriptive word or phrase, do not use

check m

Fatigue or claudication. Color changes in extremities.
location— at cardiac leve:
severity— on elevation_
progression— on dependence—

produced by—
relieved by—
effect of heat
Rest pain:
duration—
location—
severity—
progression—
relieved by—

Phlebitis:
location—
duration—
recurrence—

Varicose veins:
location—
duration

effect of cold—
or cold— Segiﬁ‘_"“y to
heat—

Ulcers
dates—

general appearance—

locatlon—
duration—
previous healing—
previous therapy—

Skin and subcutaneous
changes (pigmentation,
elasticity, trophic or
fibrotic changes, coarse-
ness, sweating):

prevjous theraPY—

Lymphangxus H
location—
duration—
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sutvey of the vascular status be undertaken even though the path-
ology appears to be Iimited, such as gangrene of a single toe.
It 15 equally essential that all observations be systematically
recorded (Fig 1).

The patient should be completely undressed and should be ex-
amined 1n a room with good light Meticulous observation for
unusual color changes or other abnormalities may give a clue to
the primary condition, for example, the pulsations which may be
seen in areas of the back associated with coarctation of the aorta
The following case illustrates the need for this type of examination

A man, 44, worked as a bus drrver 1n New York City. One Thanks
grving Day there was a severe snow storm and he was exposed to
considerable cold and dampness Two days later he noticed pain in the
toes of hus left foot, and soon gangrene developed in three of them He
was admutted to a hospital where the diagnosis of arteriosclerosis oblit-
erans and frostbite was made Duning 14 weeks 1n the hospital numer-
ous attending physicians and members of the house staff saw him,
concentrating their attention on the gangrene of the toes At the request
of the Labor Comnussioner of the State of New York [ examined him

The patient was exposed completely. On observation alone 1t was
apparent that the entire left Jeg and foot were lifted upward from the
bed synck ly with each pul of the heart Without touching
the patient 1 suggested that the resident place hts hand uoder the
pophtcal space Great surprise was registered when a large pophtcﬂl
aneurysm was palpated. "I'he ‘right !ch also moved with rhythmic pulsa-

demonstrated that he did not have syphilis It was .\ssumed,' therefore,
that the aneurysms had developed on the basis of congenital weakness
of the walls or were mycotic aneurysms The gangrene was believed to
be due to an embolic phenomenon from a thrombus in the pophiteal
aneurysm rather than to frostbite. Soft tissue x-ray studies for vascular
changes showed no evidence of appreciable calcification of the arterses.
An obliteration operation was rec ded, but the patient refused
surgery. .

Approximately four months later the patient was again seen at ap.




VIITI GENERAL VASCULAR EXAMINATION.

ARTERY

Tertu~
osity
vis.
Puls,
Palp.
Puls.
Tension
on Puls
Nodula-
tion

Texzporal

Brachial

Radial

Ulnar

Femoral

Popliteal

Post.
tibial

Lo e R P Cak aE akfal

Dorsalis
ed

FUNDUS l;{‘
VEINS (Describe)
IX OSCILLOMETRY

Maximum
Readings

Right Lert

Foot
Above ankle

Below knee

Above knee
Hand *

Above wrast

Below_wrist

Above elbow
X. OTHER TESTS—Allen test—enter P for patent, O for
occluded

Right 1 Left

Radial

Ulnar |

XI SUMMARY AND CONCLUSIONS (Resume of history, phys-
1cal findings, special tests and laboratory pro-
cedures. Indicate provisional diagnosis, further
teste, erergency treatment and suggested course
of ther:

Record oscillometric md,m taken at the wrist 1n adduction and wath arm st 45°,
m.dm.m, 135 s 0 S ersiucton) o readings are dm mabed n these pon o
Be cure to reduce oscillometric cuff pressure i each position to obtain mavimal reading
Record ongy masimal Teadumg st each pamtion
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II, PERSONAL HISTORY.
Occupation, past and present
(possible industrial hazards):
se of —
a, Tobacco (age of onset of use, kind and amount)}:
b. Alcohol (duration, kind and amount
c. Others (arsenic, ergot, lead, eic. )
Exposure to unusual cald or dampness:
Exposure to chem:
Fawily history of vascular or other diseases:
Pediatric history
III. PAST HISTORY
Disesses_(vascular, cardiac, diabetes cr other
mgtabolxc dysfunctions, infections, allergies,
Operation:
Frostbite or chilblains:
Pregnancies*
Venereal disea:
Varjations in weight:
1IV. GENERAL SYMPTOMATOLOGY:
V. GENERAL PHYSICAL EXAMINATION: Weight:
B.P.: R—
VI. ORTHOPEDIC STATUS:
VII. EXAMINATION OF EXTREMITI!
Skin changes (temperature on palpation):
m —
°
. 0o
| 8%
P §18° oa
va | 88| 2| E8 a
Part SH | 348 | 8 62 o o 2
EolEs | S31281 8 8| ¢
Ho |68 | oa | BY S 5] 4
R arm
hand
L arm
hand
R leg
foot |
L leg -
foot
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- =Ase cervieal e

~In€ thyrolda

~- Thyrocarvieal erank

A\~ Subclaviania.
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Tt memmary <

Fic, 2 —Artentes of head and neck shown in relation to skeletal and body

cuthine. (From Jones, T., and Shepard, W. C. Manual of Surgical Anatomy
{1945]; reproduced by courtesy of W. B. Saundees Company }
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other hosprtal, at which time an obligatory amputation was performed
The aneurysm had become false, meaning that the sac had ruptured into
the pophiteal space Within the false sac was 2 latge accumulation of
clotted blood Careful pathologic examination failed to reveal the true
cause of this aneurysmal defect.

Regardless of the site of the lesion or lesions of which the
patient complamns, the following procedure should always be
adhered to i the examination (Figs. 2—4). The scalp should be
palpated and auscultated for thrills or bruits, since arterjovenous
anastomoses of the vessels of the scalp are not uncommon and
intracranial anastomoses are encountered often enough to warrant
this examunation, Usually the pattent is conscious of such a bruit,
but this is not always the case, especially when the lestons are very
small The temporal arteries should then be examuned for
tortuosity, plaques, tension, possible inflammatory reaction and
thrombosis. In other words, the examner seeks to determine
whether these arteries ate sclefotic and whether temporal arteritis
1s present The retinas should be examined for evidences of
sclerosis, hemorrhage and exudate The possibility of central vern
thrombosis must be constdered if there 15 any visual disturbance,

‘The mouth and throat should be examined next. Note should
be made of the degree of dilatation of the veins under the tongue;
considerable distention while the patient is sitting up may indicate
mcreased venous p The pr ptive diagnosis of coarcta-
tion of the aorta, later proved, was once made by the shrewd
observation by Dr. W. M. Ketcham that the arteries of the pos-
terior wall of the pharynx were pulsating with unusual violence
‘This is 2 sign that is rarely looked for. The vessels of the neck
should then be palpated. Because of the complicated vascular
structure in the upper areas of the neck, congenital arteriovenous
anastomoses are not uncommon in that area. Bruits and thells
should be listened and palpated for. The carotid sinus area antersor
to and high under the angles of the jaw bilaterally should pe pal-
pated cautiously and any unusual susceptibility, demonstrated by
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marked slowing or actual stopping of the heart cycle, noted. Total
absence of pulsation on palpation in the Jateral aspects of the pos-
terior pharyngeal wall may suggest 1nteenal carotid occlusion

Listen for A,V bruus
from anostomoses in
scalp or intracraniol vault

Look and listen o ths bock
Brugs aad pulsations may
mean cooretation of oorta

¢ )
Y v

Exomine for hemarrhoids
Moy meon venous ohstrut-
tion 0 the Portol system

Polpots for Pophteot A
{Poplieal aneurysms are
common ond frequently
bilateral)

=~

Deep ealf tenderness s
common finding 1n deep

Fee) for the Posterior Tibial ( ven thrombophiebuis

A qust behind the internal d
molleotys
(ocelusive orterial disease) /)

FIG. 4 —Posterior view, showing areas to be studied during examunation for
vascular diseases

Proceeding caudally, the examer should focus hus attention
on the clavicular area, where aneurysms of the inpominate and
closely assocsated arteries are rather common, espectally i elderly



Listen to the scalp for bruits,
AV, gnastomoses in the
sealp ond intracransally are

not extramely rore
Exormine and palpate the
Examune refing for o Temporal A for sclercsis,
vasculor changes "\, __ tortuosity, thrombosis
| ortens),
Examine bock of throat for xS (tomporal crtenn),
abnermal pulsations Palpate the vessels of the

{Sometimes present with

neck (A-V anastomosis
couretation of gorta.)

Corotid sinus syndrome)
Varicose veins of Caput
Medusoe (Portal ver
obstruction)

Examine for dilated veins
(axillary venous thromboss
of mediashinol obstruchion}

Look for varicose vewrs
which may mean cbstrue.
fion of the deep venous
channels from the legs with
cotlaters) compensanon

Palpate afong course of
Brachral artery for sclero-
sis or anevrysm, and
Basiar & Axdlary veins
for thrombosis,

Examine veins for vadve Exerune hand and fingers
prominence or thrombasis i

a texture of sk

© Uleers
d color thanges in
elovation and dependency
Polpate alony Hurifer's
canal for thrambosrs
1

ook carefully af vews of
legs (varicosities, throm-
boses, ulceratians)

Determine whether both’
Rodial & Ulnar arteries cre
functioning Use palpation
ond Allen test (ses descrip-
non}

Palpate for Femortl A V.
(sclerosts, thrombosis)

Feel for Dorsalis Pedis A
(May be located aberrantty

between th .
rliegh, Ghton missed ) ~{_Examins feet nd toes for
: & color chongey in eleva-
Veins in this crea ore m—/
quently sites of thrombo-
ehlabls

e dermatoghytosis

FiG 3 ~~Antenor view, showing ateas which should be studred during exam-
snation for vascular diseases, with meation of some, but 07 all, conditions which
may be encountered This and Figure 4 should be carefully studied,
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ARTERIES VEINS

Fi6. $,~~Semidiagrammatic projection of arterial and venous areulation of
upper extrenuty. Arteries® o, brachaal; 4, radisl; ¢, ulnar; 4, superficial volar
atch; ¢, deep volac arch  Veins 4, radial cutaneous; 4, cephalic, ¢, antenior ulnar
cutaneous; d, communicator to median; ¢, volar commumcation (After Jones
Quata, 1817.}
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people The presence of such aneurysms is cleasly indicated by
an unusual degree of pulsation, Determination of the exact ana-
tomic location of the vessel involved may be difficult without
exploration because the arrangement of the vessels in this atea
differs somewhat 1n different individuals.

The pectoral area should be examuned for dilatation of the veins.
Venous dilatation will be found in the presence of axillary venous
and superior vena cava thrombosis and in patients with Iesions of
the mediastinum which obstruct the venous return flow from the
arms by extninsic pressure. Passing caudally over the anterior
surface of the trunk, the examiner should look for varicose veins
of the upper area of the abdomen. The so-called caput medusa
often ndrcates portal vein obstruction, Consprcuous varicosities
in the suprapubic region and extending upward indicate obstruc-
tion of the deep venous channels returming from the leg, with
collateral compensation These usually follow thrombophlebitis
which has occluded the iliac veins or superior vena cava, When-
evet varicose veins of the abdommnal wall are found the direction
of the flow of blood should be studied, Details regarding this will
be found in the discussion of obstruction of the vena cava
Chapter XX.

Thorough examination of the upper extremities should now be
undertaken (Fig. 5). Any degree of swelling or discoloration
should be recorded. Note should be made of unusual dilatation
of the veins, which may be due to thrombosts of the deep venous
channels, obstruction to venous return flow in the mediastinum
or the presence of arteriovenous anastomoses. Palpation should
extend from the axillaty area down to the elbow along the inner
sutface of the arm. The brachial artery should be palpated for
pulsation, scletosis or aneurysm, and the axillary brachial vemn
for evidence of thrombosis Proceeding to the area of the wrist,
it is necessary to determine whether the radial and ulnar arteries
are functioning Frequently the pulsations of both are easily pal-
pated, but because in many individuals the pulsations of the ulnar



Fi6 6 —Semrdiagrammatic projectron of some principal variations in artesial
supply of the hands A-D- 1, radial actery, 2, ulnar antery A, 3, supesficial
interosseous branch of radul artery, (After Jones Quamn, 1847.)
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artery cannot be palpated, it is advisable to test for patency by the
following modification of the method described by Allen

The examiner stands beside the patient and faces mn the same direction
With one thumb placed over the patient’s radial artery and the other over
the ulnar artery, the followsng maneuver 1s carrred out The patient
elevates hus hand above his head and clenches his fist to force out 2s much
blood as posstble. The examiner presses his thumbs firmly to occlude the
patient’s radsal and ulnar arteries The patient’s hand 15 then lowered to
a dependent position and 1t 1s opened, but relaxed, not stretched into
hypoextension The hand remains pale. The thumb over the radtal artery
15 then released Normally, a flush will spread rapidly over the hand and
fingers from the radial side. If the radial astery 1s occluded, the hand will
remarn pale An rdentical test 1s then performed, but this ttme the thumb
over the ulnar artery 1s released to determine whether or not 1t 1s patent
Patches of residual pallor may indrcate obstructive lestons i the astestal
arch or smaller vessels of the hand or digits Both hands should be tested
1 this fashion

The Allen test ts of especial value when a leston of the ulnar
attery is suspected and when the leston of the radal or ulnar
artery is peripheral to the point at which the thumb 1s appled

The hands should next be carefully examined for evidence of
atrophy, change 1n color or texture of the skin and dermatophy-
tosis. Inadequate nail growth or thickened nails should be noted.
The nail beds should be examined for small slate-gray or blue
spots which may be glomus tumors This 13 especially important if
the patient complains of unexplained pan i the finger-tips.
Pressure with 2 fine ponted object such as a penal disectly over
the glomus tumor may elicit excruciating pain which may radate
up into the neck. This condition is frequently unrecognrzed, yet
may easily be diagnosed by careful observation.

The upper extremities should next be placed in the position of
hyperabduction with the patient seated or standing. Evidence of
undue unilateral or bilateral pallor should be noted Pulsations
of the radial and ulnar arteries should be tested in the position of
hypembducﬁon to determine the presence or absence of the hyper-



Fig, 6 —Semidiagrammatic projectron of some principal variations t asterial
supply of the hands. A-D 1, radial artery, 2, ulnar antery A, 3, supecicial
interosseous branch of radial artery, (After Jones Quan, 1847.)
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abduction syndrome (Wright). In this position the subclavian
axillaty artery may be pinched between the clavicle and the first
rib, and 1t 1s also subjected to stretching and torsion under the
coracoid process. This is described 1n detail elsewhere (pp. 285 ff.).
The hands should then be placed in the dependent position and
excessive fubor noted Changes in the pulsations with the arm
extended and with the head turned away from or toward the side
being examined should be noted. These may indicate the presence
of a cervical 1b or a scalenus anticus syndrome. The effect on the
pulse of backward and downward displacement of the shoulders
should be determuined. If this maneuver causes blocking of the
pulse 1t 15 probably due to the costoclavicular syndrome.

The patient’s back should then be examined (Fig. 4). Although
only exceptionally 1s first evidence of vascular disease found on
the back, careful observation has 1n a number of instances revealed
unusual pulsations indicating coarctation of the aorta or arterio-
venous anastomoses and, 1 one instance, a large vascular tumor
which had produced an arteriovenous anastomosts.

‘The anus should be catefully examined for external and internal
hemorrhoids. The genitalia are next examined. The labia and
vaginal walls may disclose marked varicosities following phlebitis
with occlusion of the 1liac and some of the pelvic veins, We have
seen four women with such severe scleroderma that constriction
of the vaginal opening prevented intercourse and 2 man n whom
scleroderma prevented proper penile erection because of tightness
of the foreskin Thrombophlebitis of the veins of the penis,
although uncommon, 1s occasionally seen, usuaily following defi-
nite sexual trauma.

The lower extremities should next be studied (Fig, 7). Hunter's
canal should be palpated carefully. It is important to note whether
the pulsatrons of the femoral arteries are strong or difficult to feel,
Demonstration of thrombosis of the femoral vein by palpation of
the canal is often difficult because of enlargement of the inguinal
and upper femoral Iymph nodes, which may extend 3-4 cm.



Fic 7~—Sem:diagtammatic projection of #itersal and venous circulation of
lower extremities Asteres 1, common thiac; 2, deep femoral; 3, extemal crcum-
flex; 4, popliteal, 5, peroneal, 6, anterior tibial; 7, posterior tibual, 8, dorsalis
pedis; 9, femoral. Vemns; I, common tlsac, 2 and 5, external sapbenous, 3, com-
muncating veuns, 4, femoral, 6, deep saphenous, 7, dorsal pedal. (After Jones
Quain, 1847 )
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along the femoral vessels. ‘The upper thigh should be examined
for varicose veins extending from the saphenous-femoral junction
in all directions, Such varicosities usnally indicate 2 former throm-
bophlebitis which destroyed the integrity of the saphenous valve.
The femoral canal should then be palpated down along its course
to the posterior surface of the knee. Evidence of thrombosis or
arteriosclerosis should be noted.

‘The popliteal area should be very carefully examined. Some-
times it is difficult to determine the pulsation of the popliteal
artery, but palpation should always be attempted. Frequently it
1s best done by having the patient lie in the supine position with
the knees slightly flexed Another procedure is to have the patient
lie prone with the knees slightly flexed while the examuner's
fingers press in the popliteal space, This examination should never
be neglected because popliteal aneurysms ate not rare, especially
in the older age group. The most common etiologic factor is
artertosclerosis, but they may occur in syphulis or follow trauma

The lower legs should be examned for varicosities of the super-
ficral verns, edema and evidence of thrombosis and of ulcerations,
which ate rather frequent over the tibra and in the region of the
ankle The posterior surface of each calf should be carefully but
deeply palpated for evidence of deep venous thrombosis. Forced
flexion of the foot (Homan’s technic) may produce deep pain
in the zone of the gastrocnemius muscle, suggesting the possibulity
of thrombophlebitis in that area. It is important that all ulcers be
carefully described and measured for companison, Tracing of the
outline of the ulcer on a sheet of cellophane applied over it 1s the
preferred method since 1t includes all the irregularities of contour.
A series of such tracings will indicate whether or niot the ulcer is
decreasing in size during treatment. Clinical impressions are fre-
quently fallacious in this regard The posterior tibial artery is then
sought where it passes just posterior to the internal malleolus, It
is important to determine whether this artery is pulsating or not.

The examiner then studies the patency of the dorsalis pedis ar-
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tery which passes down over the aaterior surface of the foot (Fig
8). It 1s most frequently felt somewhat to the medial side, 2-3 cm.
distal to the level of the malleolus, but 1t should be realized that
often ths astery 15 aberrant and may be found anywhere between

FRED HIRSCH 1947

F16. 8 —Semidiagrammatic projection showing some variations m course of
the dorsalis pedis artery These and other possible vamiations must be kept 10
mind when the vessel ts not palpable at ts usual site Left-hand cutline, gsual
location of dorsalis pedis; center outhine, artery curved laterally, right-hand
outline, artery curved ventsally, Jyng deep between the bones, and pulse 15
not palpable

the anterior surfaces of the two malleols Considerable time may
be required to Jocate the artery even when it 15 pulsating freely.
Pattents have been referred several hundreds of mules because the
physican failed to find the dorsalis pedis artery and concluded
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that the patient had serious vascular disease. In numerous cases,
careful palpation revealed that the vessel was aberrant, being
located, for example, over the anterior surface of the external
malleolus, The dorsalis pedis artery may be located deeply, so that
it cannot be palpated, yet oscillometric readings will reveal its
presence; this does not signify a circulatory disease, If the dorsalis
pedis cannot be felt in either foot of a young man with o other
evrdence of vascular disease, the possibility that the condition is
congenital must be considered.

One addstional factor should be mentioned at this point. Spasm
of the dorsalis pedis (1) m a cold examining room, (2) in the
presence of extreme nervousness or (3) in a vasospastic patent
may result i absence of pulsation without occlusive vascular
disease. A heated examining room, reflex heat, obtamned by the
use of a heating pad on the abdomen, and reassurance or relaxa-
tion by muld sedatton will 1n such instances restore the normal
pulse, 1/100 gr nitroglycerin sublingually often brings out a
strong pulse 1n arteries not organically occluded. Thus, absence of
a readuly palpable dorsalis pedis pulse may indicater (1) an aber-
rant location of the astery at its usual depth; (2) a deeply placed
attery; (3) spasm of the astery due to cold ot nervousness, with ot
without a vasospastic diathests, (4) organic occlustve vascular Jis-
ease, o (5) pressute on a major artery above the level of examina-
tion, One of three cases 1n which a truss occluded the femoral
artery follows.

A man, aged 77, complained of satermuttent claudication in the right
calf after walking a city block When first noted 12 years before, his
physician had recorded absence of the right dorsalis pedis artery and
oscillometric readings at O in the foot and 0,25 above the ankle He
received more than 200 injections of various types without effect, In
April, 1951, he was seen in the periphetal vascular clinic at the New
York Hospital. At that tume, 12 years after onset, no pulses could be
palpated in the right foot, Oscillometric readings were 01 1n the foot
20d 0 6 above the ankle, During a complete examination 1t was noted
e Tem womea a brues with Dads over both inpuinal areas but with orenser
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pressure over the femoral artery on the right On removal of the truss,
both pulses were easily palpated n the foot' Oscillometric readings sn-
creased immediately to 0 2 1 the foot and 1 5 above the ankle, He was
instructed to remove the pad on the night stde of the truss, since it turned
out that he had a hernia only on the left side and had added the pad on
the right side on hus own mitrative 12 years befote One week later he
reported total absence of all claudication symptoms He had walked
neatly 2 mile without pain.

The feet and toes should always be examined with great care
because they are the areas most frequently 1nvolved in pertpheral
vascular diseases The examiner should study them for color
changes on elevation and on dependency, for evidence of gangrene
and ulcers, however small, for atrophy of the sk, muscles and
nails and for evidence of impasred nail growth and dermatophy-
tosis. It is important to exarmune the medial surface of the foot,
since the veins passing upward from the sole are common sites of
thrombophlebitis

It will be noted that this entire examination may be conducted
without the use of any equipment whatever. An osallometer pro-
vides helpful confirmatory evtdence when properly used and when
its readings are not ove preted It 1s sec ded that the
examiner take blood pressure readings in both upper and both
lower extremities. Many cases of coarctation of the aorta have
been missed because of the omission of blood pressure or osallo-
metric readings of the lower extremuties. Even though cateful pal-
pation for attetes of the foot will, by absence of thesr pulsation,
disclose coarctatron 1n most cases, 1t 1s well to be doubly certain
Observations of color of the skin are 50 important 1 these diseases
that 1t seems appropriate to comment at this pomnt on the mechanism
of production of the color of the skin.

Mechanisms responsible for skin color—The most important
single factor 1n the color of the skin 1s the blood in the subpapillary
venous plexus The plexus 15 made up of fairly wide changels i
the deeper layers of the skin snto which the superficral capillaries
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and glomera drain, If the capillaries themselves ate widely dilated,
they may affect the skin color The quality of the blood which
flows through the subpapillary venous plexuses also influences the
skin color, for blood containtng a lagge amount of oxyhemoglobin
produces a bright red tint. The venous blood produces a darker
hue, depending 1n part on the oxygen content of blood which has
passed into the veins through glomera or congenital atteriovenous
anastomoses and partly on the oxygen or lack of it in blood which
has passed through capillaries. In general, the longer blood 15 in
capillaries, for example in profound venous stasis, the darker will
be its color and hence the color of the skin. With certain cardrac
and pulmonaty conditions which interfere with normal oxygena-
tion of the blood there is also a tendency to 2 cyanotic hue, The
skin depends also on the balance between the sympathetic and
parasympathetic nervous systems which control the lumens of the
blood vessels. This 1s especially true of the arterioles, which have
a strong muscular coat and act as valves to the peripheral ciraula-
tion. Strong stimuli such as fright, anger and cold may cause con-
traction of the arterioles, limiting sharply the amount of blood
supplying the skin and producing definite pallor, This is accentu-
ated to a pathologic degree in Raynaud's syndrome,

Occlusion of 2 major artery or spasm or organic blockage of
many arterioles will, as previously mentioned, produce pallor
an extremity, even when the subject ts supine, Thus 1s sumply
explained on the basis of inadequate attertal flow to the part,
so that the subpapillaty venous plexus 1s relatively empty. Eleva-
tion of the extremity greatly accentuates the phenomenon. Rubor
is occasionally seen in the tips of the fingers or toes of an elevated
extremity in the presence of organic arterial occlusion with infec-
tion. The explanation for this pt is not clear It is pos-
sible that in an endeavor to secure an adequate blood supply
minute vessels, including the glomera, are almost permanently
abnormally dilated. (The temperature changes of the feet are dis-
cussed later.) Rubor that persists even on elevation, with a definite
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increase in temperature, suggests a diagnosis of erythermalgia,

The patient may have mottling of the skin (discussed further
in Chapter XIV). In some individuals st 1s so mild that 1t is
probably normal, and 1n others 1t 15 so pronounced as to warrant
constderation of a vascular disease. It 1s most marked 1 the skin
of the arms and legs but sometumes mvolves other areas, notably
the palms, Other wdividuals have marked rubor of the thenar
and hypothenar eminences. The explanation is not clear, but the
condition is often seen with such diseases as theumatoid arthritts,
permicious anemix and liver disease

Throughout the examination thought should be given to evi-
dence of edema. Although the commonest stte of edema is the
lower extzemuttes below the knees, 1t may be found in any portion
of the body Edema of the face and trunk s usually associated with
generalized cardiac, nephntic or metabolic disturbances. Edema
of the upper extremities may be associated with Iymphedema or
primary axillary venous thrombosis Edema of the lower extrem-
sties may be associated with cardiac and nephritic diseases and
with protein deficiency From the vascular pomnt of view the
problem 1s primanly one of differentistion between blockage of
the venous and of the lymphatic system Frequently both systems
are involved It is important to note whether the edema 15 pitting
of nonpitting 10 type A common error 1n testing for this is to
apply the finger pressure too brrefly, Pressure should be firm and
prolonged for one to two minutes 1f necessaty. Priting edema can
frequently be reduced by elevation of the extremuties and other
measures, whereas nonpitting edema caused by the proliferation
of Iymphoblasts and other connective tissue elements frequently
can be reduced only by radcal surgery in the form of a Kondoleon
operation

It should be remembered that pitting edema of the extremities
can be produced by constricting pressute proximal to the site of
the edema This 1s commonly due to tight garments, espectally
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and glomera drain. If the capillaries themselves are widely dilated,
they may affect the skin color. The quality of the blood which
flows through the subpapillary venous plexuses also influences the
skn color, for blood containing a large amount of oxyhemoglobin
produces 2 bright red tint The venous blood produces 2 datker
hue, depending 1 part on the oxygen content of blood which has
passed into the veins through glomers or congenital arteriovenous
anastomoses and partly on the oxygen or lack of it in blood which
has passed through capillaties. In general, the longer blood 15 10
capillaries, for example in profound venous stasis, the datker will
be its color and hence the color of the skin. With certan cardiac
and pulmonary conditions which interfere with normal oxygena-
tion of the blood there is also a tendency to a cyanotic hue. The
skin depends also on the bafance between the sympathetic and
parasympathetic nervous systems which control the lumens of the
blood vessels Ths is especially true of the arterioles, which have
a strong muscular coat and act as valves to the peripheral circula-
tion. Strong stsmult such as fright, anger and cold may cause con
traction of the atterioles, limsting sharply the amount of blood
supplying the skin and producing definute pallor. This 15 accentu-
ated to a pathologic degree 1o Raynaud's syndrome.

Occlusion of 2 major artery or spasm or organic blockage of
many arterioles will, as previously mentioned, produce pallor 1
an extremity, even when the subject is supine This ss simply
explamed on the basis of inadequate artenal flow to the patt,
so that the subpapillary venous plexus 1s relatively empty. Eleva-
tion of the extremity greatly accentuates the phenomenon Ruber
is occasionally seen in the tips of the fingers or toes of an elevated
extremity 1n the presence of organic arterial occlusion with infec-
tion. The explanation for this ph 1s not clear. It is pos-
sible that 1 an endeavor to secure an adequate blood supply
minuate vessels, including the glomera, are almost permanently
abnormally dilated. (The temperature changes of the feet are dis-
cussed later.) Rubor that persists even on elevation, with a definite
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increase in temperature, suggests a diagnosis of erythermalgia.

The pattent may have motthing of the skin (dscussed further
in Chapter XIV) In some individuals it ts so muld that st is
probably normal, 2nd 1n others 1t is so pronounced as to warrant
consideration of a vascular disease. It is most martked in the skin
of the arms and legs but sometumes mvolves other areas, notably
the palms. Other 1ndwviduals have marked rubor of the thenar
and hypothenar eminences. The explanation is not clear, but the
condition is often seen with such drseases as theumatord arthaitss,
pernicious anemia and liver disease.

Throughout the examination thought should be given to evt-
dence of edema Although the commonest site of edema is the
lower extremities below the knees, it may be found o any portron
of the body Edema of the face and trunk 1s usually associated with
generalized carduic, nepheitic or metabolic distucbances Edema
of the upper extremuties may be associated with lymphedema or
primary axillary venous thrombosis, Edema of the lower extrem-
ities may be associated with cardiac and nephritic discases and
with protein deficiency. From the vascular point of view the
problem 15 primarily one of differentiation between blockage of
the venous and of the Iymphatic system Frequently both systems
are anvolved. It is important to note whether the edema 15 pitting
or nonpitting in type. A common error 1n testing for this is to
apply the finger pressure too briefly. Pressure should be firm and
prolonged for one to two minutes sf necessary, Pitting edema can
frequently be reduced by elevation of the extremities and other
measures, whereas nonpitting edema caused by the proliferation
of lymphoblasts and other connective tissue elements frequently
can be reduced only by radical surgery 1n the form of 2 Kondoleon
operation

It should be remembered that pitting edema of the extremuties
can be produced by constricting pressure proximal to the site of
the edema. Thrs is ly due to tight g , especially
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and glomera drain If the capillaries themselves are widely dilated,
they may affect the skin color. The quality of the blood which
flows through the subpapillary venous plexuses also influences the
skin color, for blood contatrng a large amount of oxyhemoglobin
produces 2 bright red tint. The venous blood produces a datker
hue, depending 1n part on the oxygen content of blood which has
passed into the veins through glomera or congenital arteriovenous
anastomoses and partly on the oxygen or lack of it in blood which
has passed through capillanies. In general, the longer blood is 1
capillaties, for example n profound venous stasis, the datker will
be 1ts color and hence the color of the skin With certain cardiac
and pulmonary conditions which interfere with normal oxygena-
tion of the blood there is also a tendency to a cyanotic hue. The
skin depends also on the balance between the sympathetic and
parasympathetic nervous systems which control the lumens of the
blood vessels. Ths 15 espectally true of the artetioles, which have
a strong muscular coat and act as valves to the peripheral circula-
tiont Strong stunuli such as fright, anger and cold may cause con-
traction of the arterioles, Limiting sharply the amount of blood
supplytag the skin and producing defitute pallor ‘This is accentu-
ated to a pathologic degree 1n Raynaud's syndrome.

Occlusion of a major astery ot spasm or organic blockage of
many arterioles will, as previously menttoned, produce pallor in
an extremity, even when the subject 1s supie. This 15 simply
explained on the basis of madequate arterial fow to the part,
so that the subpapillaty venous plexus is relatively empty. Eleva-
tion of the extremity greatly accentuates the phenomenon, Rubor
13 occasionally seen in the tips of the fingers or toes of an elevated
extremity in the presence of organic arterial occlusion with infec-
tion. The explanation for thrs phenomenon is not clear. 1t is pos-
sible that in an endeavor to secute an adequate blood supply
minute vessels, including the glomera, are almost permanently
abnormally dilated. (The temperature changes of the feet are dis-
cussed later.) Rubor that petsists even on elevation, with a definite
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increase in temperature, suggests a diagnosts of erythermalgia,

The patient may have mottling of the skin (discussed fusther
in Chapter XIV). In some individuals it is so muld that it 15
probably normal, and in others it 15 so pronounced as to warrant
consideration of a vascular disease. It 1s most marked 1 the skin
of the arms and legs but sometimes mvolves other areas, notably
the palms. Other indwviduals have marked rubor of the thenac
and hypothenar eminences. The explanation is not clear, but the
condition is often seen with such diseases as theumatotd arthritis,
pernicrous anemia and lver disease

Throughout the examination thought should be given to e
dence of edema, Although the commonest site of edema 1s the
lower extremities below the knees, 1t may be found 1n any portron
of the body. Edema of the face and trunk 1s usually associated with
generalized cardiac, nephritic or metabolic disturbances. Edema
of the upper extremities may be associated with lymphedema or
primary axillary venous thrombosis. Edema of the lower extrem-
ities may be associated with cardiac and nephritic diseases and
with protein deficiency. From the vascular pownt of view the
problem is primanly one of differentiation between blockage of
the venous and of the lymphatic system. Frequently both systems
are involved. It is important to note whether the edema 15 pitting
or nonpitting in type A common error in testing for this is to
apply the finger pressure too briefly. Pressure should be firm and
prolonged for one to two minutes 1f necessagy. Pitting edema can
frequently be reduced by elevation of the extremittes and other
measutes, whereas nonpitting edema caused by the proliferation
of lymphoblasts and other connective tissue elements frequently
can be reduced only by radical surgery in the form of 2 Kon‘doleon
operation 1

Tt should be remembered that pitting edema of the extreinities
can be produced by constricting pressure proximal to the site of
the edema. This 1s Iy due to tight , especially

"“3\
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girdles and garters, but we have also seen it as a result of tourni-
quets applied by individuals who have successfully used this methad
for malingering

SpPECIAL EXAMINATIONS AND TESTS OF STATUS OF
THE CIRCULATION

The purpose here is to outlme technics of study which will pro-
vide additional information regarding the status of the circulation
in 2 patt or m the whole body under examination, Certain tests
that can be performed with equipment readily available m every
doctor’s office are emphasized and described 1n detail. Other tests,
requining specialized equipment or traming, for the most patt
provide information of a research nature. Although information
guned from them has been of great value n establishing basic
concepts of the pathologic physiology of vascular diseases, they
are rarely essential to the correct diagnosis and treatment of the
pattent with a vascular disease The complex tests are presented
briefly o order to explam thesr function and methodology. For
further detasls the reader should refer to onginal communications
listed at the end of the chapter.

COLOR VARIATIONS ON POSTURAL CHANGES OF
THE EXTREMITIES

A most useful observation which 1s available to all physicians
and requites no apparatus 1s that of changes of color of the
foot or hand following elevation and following dependency. For
study of the foot the patient should be in the supine position with
the foot at body level. In the absence of vascular disease, local
infections or lesions or changes in the blood itself, the foot will
have normal color and the balls of the toes a pinkish red color
without pallor, marked rubor or cyanotic tints, Certain vascular
diseases may cause pallor, excessive rubor or cyanosis even in the
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supine position. Color changes are accentuated by the following
postural changes.

The legs are first elevated from the horizontal to a 45 degree angle
and observed for color changes, It is better for the examiner than for the
patient to support the feet, since tension of the muscles of the abdomen
and thighs may unduly fatigue the patient and cause muscular pressure
on the vessels, changmp the lumens of the potentral vascular channels
In the presence of occlusive artenal disease such as arteriosclerosts

bli and thromb is obl the toes and feet will blanch
unless most unusual collateral circulation has developed. In very early

or three minutes. Often 1t can be increased by having the patient move
the toes and feet actively This rapidly empties the area of blood and
pew blood 15 slow to flow in. The degree of pallor may be indrcated by
+ to +--f-. Pallor may occur even mn the presence of pulsating
dorsahs pedis and posterior tibial arterses, and usually indicates the
occlusion of artertes pertpheral to the points of palpation This point is
not generally appreciated by physicians, who often assume that all 1s
well of they can palpate these two farge artertes Marked palior of both
feet (-f--4 to 444+ ) usually indicates disease Pallor of one foot in
contrast to normal color of the other is to be regarded as highly pre-
sumptive evidence of definite ciculatory impatrment of the pale foot

‘The patient then lowers the feet to a position of dependency by hang-
ing them over the edge of the examining table or bed (preferably while
sittng up). Normal color should return within 10-15 seconds In the
presence of occlusive arterial disease the toes and feet will become 2
very bright red, this may take several minutes. The color usually changes
to a cyanotic hue, The change may be graded + to -+~ for the
record,

Although very shight changes 1 color may be considered to
be within normal limits, profound changes 1n color following
postural changes should be constdered among the most signuficant
evidence of the presence of occlusive arterial disease Another
example of the value of the test for color changes with changes of
posture 15 the marked dusky cyanosis of the feet on dependency
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which suggests venous pathology, probably occlusive, especially
when elevation produces blanching only to what might be termed
normal color. Color changes on dependency are also most notice-
able when umlateral, indicating definite impairment of the cit-
culation of only one extremmty.

It must be remembered that some systemic diseases may be
responsible for tubor, cyanosis or pallos of the skin of the ex-
tremities as well as elsewhere. These include polycythemia vera
and methemoglobinema, which may produce rabor, and casdiac
and pulmonary conditions which produce cyanotic states assoctated
with anoxia. Persons with a vasospastic diathesis, especially women
who have never been athletic, may have cyanosis of the feet on
dependency, as do patients with neurocirculatory asthenia. Pro-
found anemia may cause severe pallor Argyria may be confused
with cyanosts. In argytia one of the first places for the slate-blue
discoloration to appear 1s m the mail bed. Deposttion (sitver
sulfate?) begins as 2 small line like a crown around the distal
edge of the lunula and extends gradually to involve the entire
nail bed True cyanosts, on the other hand, involves the entite
nail bed about equally. Therefose the presence of a crown on the
lunula may ard in differentiation of eatly argyma from true
cyanosis. This observation was first made by the author in 1934.

TESTS FOR INTERMITTENT CLAUDICATION

Intermittent claudication 15 one of the most common persisting
symptoms of occlusive vascular disease. Characteristically, the
patient complains that after he walks a certain distance pain
develops 1n the muscles of his legs. That forces him to stop. After
a few minutes of rest he can proceed approximately the same dis-
tance agan. It is wise to establish a quantitative measure of this
phenomenon so that the course of the condition can be followed
with some accuracy. Batker and his co-workers at the Mayo Clintc
have used a test whereby the patient walks at the rate of 120 steps 2
minute with an attendant who uses a stop watch to regulate the
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speed. The time lapsing between the beginming of the test and the
beginning of pain is known as the “claudication time ** ‘This test
is sometimes inconvenient because of inclement weather and
other reasons. Various types of ergometers have been developed
to overcome this objection A simple one has been used in our
clinic for several years.

‘The patient stands erect with his foot on a pedal which he presses
down, thereby hifting a weight of 13.61b. (Fig 9) He does this at the
rate of 120 times per minute until the onset of pan (claudication time)
Those with serous occlusive vascular disease may only be able to carry
out this procedure for 10 or 15 seconds before sevete pain develops 10
the calf, whereas after successful therapy they may be able to continue
for five of more minutes A normal individual may continue for five
or even 10 minutes without evidence of severe fatigue

These attemnpts at quantitative evaluation are not beyond cniti-
cism but permit comparative analysis from 2 clinical pount of view

OSCILLOMETRIC STUDIES

The use of an oscffometer 15 not essential to the diagnosis of
most vascular conditions, but 1t is helpful at tumes 1n making
certain that the examiner's palpating finger is not betraymg him
I have seen patients whose physicians claimed that they felt the
dorsalis peds artery but 1n whom it was possible to demonstrate,
by means of an oscillometer, that thete were no pulsations in major
vessels below the knee. Such doctors, when asked to press their
finger-tips against an inanimate object, have discovered such strong
pulses mn their finger-tips that they were not relble as fine
palpating organs In other patients it has been impossible to find
the dorsalis pedss astery by palpation, yet oscillometric readings
clearly demonstrated a strong pulse and an obwiously major
artenial pulsation tn the foot

The level at which the major artenies are blocked can be deter-
mined by an oscillometer fairly accurately and more easily than
by an arteriogram, although in some instances the arterrogram
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which suggests venous pathology, probably occlusive, especially
when elevation produces blanching only to what might be tetmed
normal color. Color changes on dependency are also most notice-
able when unilateral, indicating definite impairment of the cir-
culation of only one extremity.

It must be remembered that some systemic diseases may be
responsible for rubor, cyanosis or pallor of the skin of the ex-
tremuties as well as elsewhere These include polycythemta vera
and methemoglobinemia, which may produce tubor, and cardiac
and pulmonary condstions which produce cyanotic states associated
with anoxia. Persons with a vasospastic diathesis, especially women
who have never been athletic, may have cyanosis of the feet on
dependency, as do patrents with neurocirculatory asthenra. Pro-
found anemia may cause severe pallor Argyria may be confused
with cyanosis. In argynia one of the first places for the slate-blue
discoloration to appear is 1 the mail bed Deposition (silver
sulfate?) begins as a small line like a crown around the distal
edge of the lunula and extends gradually to involve the entire
nail bed. True cyanosis, on the other hand, involves the entire
nail bed about equally. Therefore the presence of a crown on the
lunula may ad in differentiation of early argyra from true
cyanosis. This observation was first made by the author in 1934,

TESTS FOR INTERMITTENT CLAUDICATION

Intermittent claudication is one of the most common persisting
symptoms of occlusive vascular disease, Characteristically, the
patient complains that after he walks a certain distance pamn
develops in the muscles of his legs That forces him to stop. After
a few minutes of rest he can proceed approximately the same dis-
tance again. It is wise to establish a quantitative measure of this
phenomenon so that the course of the condition can be followed
with some acaracy. Barker and his co-wotkers at the Mayo Clinic
have used a test whereby the patient walks at the rate of 120 steps a
minute with an attendant who uses a stop watch to regulate the
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A number of types of oscillometers have been manufactured.
Our experience with all known varieties of oscillometers has
demonstrated the von Recklinghausen apparatus to be the most
sensitive and durable, It 15 made 1n Germany. The Pachon oscil-
lometer, made by the Boulitte Company of France, is satisfactory.
The oscillometer consists of a pneumatic cuff connected by
rubber tubing to a recorder with a sensittve diaphragm  Pulsa-
tions against the pneumatic cuff transmit pressure to the capsule
moving a needle across a dial which measures in units what is
termed the oscillometric index. Different machimes show consid-
erable variation in resp to a given pul It 15 1mp 3
therefore, that the examiner be familiar with his equipment in
order to evaluate propetly the relative pulsations noted 1n one
indwidual and to compate the readings for one indwvidual with
those for others. It should be und d that the osall
does not differentiate between organic occlusive disease and 2
vasospastic state which may be tempotary The following read-
ings are normal as measured by most oscillometers:

Lowrs Exmaexiry Ures Exrazurre
Midthigh 416 Upper arm 16
Upper third of Jeg 312 Elbow 312
Above ankle 1-8 Wrst 1-10
Foot 02-10 Hand 02-2

It is important that osaillometric readings be performed in 2
warm environment, preferably above 70 E., so that vasospasm of
the artertes caused by cold or chulling may not be a factor in the
readings. The patient should be exposed to this environment
for 30-60 minutes 1f he has just come from out of doors on a
winter day. When in doubt, we customanly surround the patient
with blankets and if necessaty use hot water bags and heating
pads to nullify the effect of chilling, mtroglycesin sublingually may
increase pulsation in a vessel constricted by vasospasm

Various technics for tecording the results have been utilized
It is now common practice to consider as the oscillometric index
of a given point, e.g, below the knee, the greatest swing of the
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gives more precise information. The level is discovered simply by
taking readings at various levels from the foot up over the ankle,
at the midcalf, upper calf, level of the knee and at various levels

Fi6 9- for claud, time. Patient stands with foot
of extremity to be tested on the treadle Pressing down, he lifts a 13 1b weight
Pressure at regulated speed of 120 tiumes per minute discloses the work necessafy
to produce claudication, and results can be compared with future performance.

of the thigh. An osallometer will not indicate whether there is
adequate collateral circulation, since collateral circulation is fre-

quently distributed through so many vessels that distinct pulsation
is not produced.
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A number of types of oscillometers have been manufactured
Our experience with all known varseties of oscillometers has
d d the von Recklingk pp to be the most
sensitive and durable. It 1s made 1n Germany. The Pachon osal-
lometer, made by the Boulitte Company of France, 1s satisfactory.
The oscillometer consists of a pneumatic cuff connected by
rubber tubing to a recorder with a sensitive draphragm. Pulsa-
tions against the pneumatic cuff transmut pressute to the capsule
moving 2 needle across a dial which measures in umts what 15
termed the oscillometric index Different machines show consid-
erable variation in resp to a given pulsation It is
therefore, that the examiner be famihar with his equipment 1n
order to evaluate properly the relative pulsations noted in one
individual and to compare the readings for one individual with
those for others It should be und d that the osall
does not differentiate between organic occlusive disease and a
vasospastic state which may be temporary. The following read-
ings are normal as measured by most oscillometers

Lowza Exrerairy Urrex Exteeurry
Mudthigh 416 Upper arm 416
Upper thurd of leg 312 Elbow 312
Above ankle 1-8 Wrist 1-10
Foot 02-10 Hand 02-2

1t is important that oscillometric readings be performed in 2
warm environment, preferably above 70 F, so that vasospasm of
the atteries caused by cold or chilling may not be a factor in the
readings The patient should be exposed to this environment
for 30-60 munutes if he has just come from out of doors on a
winter day. When 1n doubt, we customanly surround the patient
with blankets and if necessary use hot water bags and heating
pads to nullify the effect of chilling, nitroglycerin sublingually may
increase pulsation in 2 vessel constricted by vasospasm

Various technics for recording the results have been utitized
It is now common practice to consider as the oscillometric index
of a given pomnt, e g, below the knee, the greatest swing of the



52 VASCULAR DISCASLCS

gives more precise information. The level is discovered simply by
taking readings at various levels from the foot up over the ankle,
at the midealf, upper calf, level of the knee and at various levels

Fic 9 for claud, tune. Patient stands wath foot
of extremity to be tested on the treadle Pressing down, he lifts a 13 1b. weight.
Pressure at regulated speed of 120 times per munute discloses the work necessary
to produce claudication, and results can be compared with future performance

of the thigh An osallometer will not indicate whether there is
adequate collateral circulation, since collateral circulation is fre-

quently distributed through so many vessels that distinct pulsation
1s not produced,
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A number of types of escillometers hive been minufaciured.
Our expetience with all kncwn varieties of osdllorzeters hus
d ated the voa Reck apparatos to be the most
sensitive and durable. It is made in German sy, The Pachos osal-
lometer, made by the Boulitte Company of Frasce, is satisfactery.
The oscillometer consists of 2 pneumitic cof conmected by
rubber tubing to 2 tecorder with 2 seasitive dizphragm. Pulsa-
tions against the poeumatic cuff traasmit pressure to the capsule
moving a needle across a dial which messures in worts what 1s
termed the oxcillometric index. Different machines shon consid-
erable variation ia response to a given pulsation. It is emportane,
therefore, that the examiner be famdizr with his equpment
order to evaleate properly the relative pulsaticas poted in coe
individual and to compare the readings for oze indideal witk
those for others. It should be uad: d that the osallemets:
does not differentiste between organic occlusive disease 1ad 2
vasospastic state which may be temporary  The following read-
ings are normal as measured by most osallemeters.

Lowzs Extsrurr Trrox Exrasurrr
Midihigh 416 Upper2m +15
Urper thrd of leg 312 Elbew 12
Abcve aoile 1-8 Wese 1-19
Foet ©2-10 Hi=d 02-2

It is important that oscillometric readings be performed in 2
warm eaviroament, preferably above 70 F., so that vasospasm of
the arteries caused by cold or chilling my not be 2 factor i the
readings. The patient should be exposed to this eavironment
for 30-60 minutes if he has just come from out of doors on 2
winter d1y. When in doubt, we customrily surroead the patient
with blinkets and if necessary use bot water bags and heating
pads to nullify the effect of chilling: mitroglycerin sublingually may
increase pulsation in a vessel constricted by vasospasm

Various technics for recording the results have been ctilized.
It is now common practice to consider as the oscillometric index
of 2 given point, e.g_, below the knee, the greatest swing of the
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gives more precise tnformation. The level is discovered simply by
taking readings at various levels from the foot up over the ankle,
at the midealf, upper calf, level of the knee and at various levels

of the thigh. An oscillometer will not indicate whether there is
adequate collateral circulation, since collateral circulation is fre-
quently distributed through so many vessels that distinct pulsation
P S
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angitis and infections of various types also cause local increase in
heat which is determinable by this method.

For observations of the skin tempetature a small mercury ther-
mometer with a wide bulb has becn devised. However, a thor-
oughly satisfactory thermometer of this type has not been devel-
oped because vatying degtees of pressure against the bulb cause
a rise or fall of the mercury A more satisfactory apparatus is
the potentiometer,® which indicates the temperature of the skin
in degrees of fahtenheit or centigrade directly following applica-
tion of a thermocouple to the skin (Figs, 10 and 11) The istru-
ment known as Dermothermi has been used with satisfaction by
many workers There are several modifications of this type of
apparatus.

Variations in the surface temperature, bke osallometric read-
ings, must be interpreted with cauttion There 1s a wide range in
the surface temperature of the extremuties of normal persons. In
the accepted standard environment of about 25 C (72 F ) with
40 per cent humidity, the surface temperature varies from 24 to
35 C. (73-93 F.) even after the subject rests under controlled con-
ditions for a long time The forehead, thorax and upper portions
of the leg are, on the average, 7-10 degrees (C, 12-18 F)
warmer than the toes. The temp ¢ of the fingers )
hies in the range of 32-35 C. (88~93 F } The temperatures of the
skin of the toes and of the muscles of the calf are not closely
related.

It has been demonstrated that the surface temperature of the
extremties is greatly influenced by environmental temperature and
also by the basal metabolism. The temperatute s also affected by
the ingestion of food, smoking, emational stimul: and many other
factors, The humidity of the air within usual limits has relatively
Little influence on the skin temperature.

The temperature of the skin 1s not a measure of the total volume

® Leeds and Noithrup Company
+ Taylor Instrument Companies
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needle at that level at any pressure of the pneumatic cuff. The
greatest swing and the pressure level at which it is obtained are
recorded; for example’ foot—0.35 at 140. The normal readings
listed previously have been established on that basis. )
In summary, the oscillometer has been found to be a useful
adjuact to our diagnostic procedures Its imitations must be cleatly
understood in order to avoid overinterpretation of its function

SURFACE TEMPERATURE

The surface temperature may contribute important evidence for
the establishment of a diagnosis of peripheral vascular disease and
the type 1n the individual patient. Perhaps the most significant
observation, and one easily made, is that the temperature of one
extremuty 1s much lower than that of its counterpart, even though
both have been exposed to the same environmental conditsons.
One or two fingers or toes may be definitely cooler than the other
digits of the same extremmty. These are important observations
and indicate ofganic occlusive arterial disease or a vasospastic phe-
nomenon such as Raynaud’s

Clinscally, the exammation for surface temperature 1s relatyvely
simple It 1s best that the examner use the dorsal surfaces of his
fingers dustal to the first phalangeal joint. In most individuals this
atea is more sensitive to slight temperature changes than are the
palmar surfaces of the finger-tips The dorsal surfaces of the
fingers are slowly moved distally over the entire length of the
extrernity to the tips of the toes or fingers. In this way a zone of
sudden change of temperature 1s easily noted Differences of far
less than 1 degree (C) are determnable. If the temperature 15
much lower 1n one extremity than in the other this must be con-
sidered impottant evidence of 2 circulatory disturbance Compan-
son of the temperature of the soles should not be overlooked. If
the tempetatures of the feet or hands ate markedly elevated above
the anticipated levels one must consider erythermalgia, usually a
bilateral or quadrilateral pt ‘Thrombophlebitis, Iymph-
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angitis and infections of various types also cause local increase in
heat which is determinable by this method.

For obsetvations of the skin temperature 2 small mercury ther-
mometer with a2 wide bulb has been devised. However, a thor-
oughly satisfactory thermometer of this type has not been devel-
oped because vatying degrees of pressure against the bulb cause
a nise or fall of the mercury. A more satisfactory apparatus is
the potentiometer,® which mdrcates the temperature of the skin
in degrees of fahtenheit or centigrade directly following applica-
tion of a thermocouple to the skin (Figs. 10 and 11). The mstru-
ment known as Dermothermt has been used with satisfaction by
many workers, There are several modifications of this type of
apparatus,

Variations 1n the surface temperature, like osaillometric read-
mngs, must be interpreted with caution There 1s 2 wide range 10
the surface temperature of the extremities of normal persons In
the accepted standard envitronment of 2bout 25 C. (72 F.) with
40 per cent humidity, the surface temperature vanies from 24 to
35 C. (73-93 F ) even after the subject rests under controlled con-
ditions for a long time The forehead, thorax and upper portions
of the leg ate, on the average, 7-10 degrees (C., 12-18 F)
warmer than the toes. The temperature of the fingers ordinanily
Ies in the range of 32~35 C. (88-93 F )} The temperatures of the
skin of the toes and of the muscles of the calf are not closely
related.

It has been demonstrated that the surface temperature of the
extremities is greatly influenced by environmental temperature and
also by the basal metabofism The temperature is also affected by
the fon of food, k | stimuls and many other
factors. The humidity of the air withm usual limits has relatively
little influence on the skin temperatuse

The temperature of the skin is not a measure of the total volume

# Leeds and Northrup Company
1 Taylor Instrument Companies
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needle at that level at any pressure of the pneumatic cuff, The
greatest swing and the pressure level at which it is obtained are
recorded; for example foot—0.35 at 140. The normal readings
listed previously have been established on that basis. )
In summary, the oscillometer has been found to be a useful
adjunct to our diagnostic procedures. Its limitations must be cleatly
understood in order to avoid overinterpretation of its function

SURFACE TEMPERATURE

The surface temperature may contsibute important evidence fot
the establishment of a diagnosis of peripheral vascular disease and
the type 1 the indwidual pattent Pethaps the most sigaificant
observation, and one easily made, is that the temperature of one
extrermty is much lower than that of its counterpart, even though
both have been exposed to the same environmental conditions.
One or two fingers or toes may be definitely cooler than the other
digits of the same extremuty. These are mmportant cbsetvations
and 1ndicate organic occlusive artertal disease or 2 vasospastic phe-
nomenon such as Raynaud’s.

Clintcally, the examumation for surface temperature 15 relatovely
simple. It is best that the examiner use the dorsal surfaces of his
fingers distal to the first phalangeal jomnt. In most individuals this
atea js mose sensitive to slight temperature changes than are the
palmar surfaces of the finger-tips. The dorsal surfaces of the
fingers are slowly moved dustally over the entire length of the
extremity to the tips of the toes or fingers In this way a zone of
sudden change of temperature is easily noted. Differences of far
less than 1 degree (C.) are determinable, If the temperature is
much lower 1 one extremmty than in the other this must be con-
sidered important evidence of a circulatory disturbance, Compari-
son of the temperature of the soles should not be overlooked If
the temperatures of the feet or hands are markedly elevated above
the anticipated levels one must consider erythermaigia, usually 2
bilateral or quadrilateral phenomenon. Thrombophlebitis, lymph-
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of the blood flow to the extremities but only an index of the blood
flow to and through the skin and subcutaneous tissues. A single
casual reading or seties of readings of the skin temperature of the
extremmes probabl) pro\xdcs little significant information except

Lif es in two corresponding areas on opposite
sndes of the body. However, tests for reflex vasodilatation have
increased the value of surface temperature studies These studies
can be carried out easly if the physician has the proper tempera-
ture recording equipment. They depend on the prinaple that when
a normal individual places one extremuty in very warm water, the
opposite extremity will show a marked increase in temperature
The following detailed test may be carned out

The temperature of the room should be approximately 21 C (69.8
F.). After the patient has been stabilized in this environment for 30-60
minutes, one or two extremities are jmmersed in water at 42-44 C.
(107.6-112 F.). The p;m:nt is m\ered with blznk:ts to maintain the
heat. In normal individuals the ities will show a
marked rise in the temperature of the digits, to 2 mintmum of 34 C
(93 F.) within 35 minutes Un-immersed extremities with deficient
circulation will fail to respond with the normal rise.

A somewhat simpler test which 15 usually equally effective consists
of the application of a heating pad over the abdomen while the sutface
temperatures of the tips of the extremities are followed.

It must be realized that occasional individuals who do not have
occlustve arterial disease do not respond to these tests satssfactorndy In
such individuals it is necessary to use spmnal or, in some, general anes-
thesia before the true vasodilatation response can be obtained

The explanation for reflex vasodilatation appears to be some-
what as follows Warm blood retums from the warmed exttemity
to the general circulation, thereby affecting the heat centers 1 the
central nervous system, If the return is prevented by the use of 2
cuff proximal to the level of mmmession of the extremity, there
will be no teflex dilatation until the cuff is released Apparently
the warm blood is the afferent limb of a reflex arc and the sympa-
thetic system represents the efferent imb of the arc, producing



Fig 10 (sbose).—Body temperature potentiometer indicator,
Fie, 11 (below) —Thermocouple for determmnation of skin surface tea
ture, (Coustesy of Leeds and Northrup Co ) pera-

56



STUDY OF THE PATILNT 59

of the skin as a result of anesthetization ” The lower limit of this
level, for the surface temperature of the great toe, 1s constdered
to be 31.5 C. (88.5 F ) with room temperature 2t 20 C (68 F ).
The important observations are the maximal level to which the
skin temp e rises and the comg € temp es of the
skin of the suspected 2nd the normal limbs.

The procedures mvolving detaled study of the surface tempera-
ture under various conditions of anesthesta, while of interest and
sometimes of help, are generally not vital to the diagnosis of a
peripheral vascular disease.

Vasomotor index.—This ndex, descnibed by Brown and his
associates, 15 a figure which indicates the increase i cutaneous
temperature of the toes or fingers 25 compared with the increase
tn oral temperatute following the wmyection of typhord vaccne
It equals the increase 1 skin temperature minus the increase 1
mouth temperature divided by the increase 1n mouth temperature,
This gwves some indication of how circulation can be increased by
fever but contributes little more than can be obtuned by measur-
ing the maximal level to which the temperature of the finger digits
tises folfowing an 1njection of typhotd vaccine, The normal max-
imal nise should be over 31 5 C. (88.5 F.) if the oral temperature
indicates 2 or more degrees (C.) of fever.

Hustamine flare test~—Mention should be made of the histamine
flase test, which has enjoyed some popularity.

A 1:1,000 solution of histamine acid phosphate, with 05 per cent
Chloretone as presetvative, 1s used. The patient should be completely
relaxed. One drop of histamene solution is placed at each of the follow-
1ng levels* the dorsum of the foot, the outer leg 3 in, above the ankle,
the outer leg 3 in. below the knee, and the thigh 2 i above the patelfa.
Multiple 1noculations ate made over these spots by pricking the area
with 2 fine needle to penetrate the skin, with care to avord drawing
blood. Observations are made at 214 and 5 minute intervals The devel-
opment of a wheal and 2 flare zone of erythema is noted In normal
individuals the wheals appear 1n 21 minutes and are completed withmn
10 minutes
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striking reflex dilatation if the integrity of the vascular system
is intact.

ANESTHESIA AND DRUGS AS DIAGNOSTIC AIDS

Anesthesia—It is common knowledge that widespread vasodila-
tation of the skin follows general anesthesia. For example, nittous
oxide-oxygen anesthesta will within 1520 minutes produce
maximal vasodilatation, with a rise of temperature of the entire
sutface of the body to a high level (33 9-35.6 C;; 93-96 F.).
Sometimes 1t is necessary to produce profound anesthesia by ether
to secure maximal vasodilatation, If the arteries of an extremity
are sufficiently 1nvolved by an occlusive arterial disease, the tem-
perature of the affected area will not reach the high level achieved
in other portions of the body and other extremittes.

Probably the most commonly employed test using an anesthetic
agent 15 the injection of procatne, or a symilar substance, 10 the area
of the ganglions of sympathetic nerves supplying an extremity. This
should be carried out by one skilled in the procedure. Even then,
although 2 shatp rise sn the temperature of a limb signifies release
of spasm, when no temperature rise occurs it is difficult to be
certain whether this 1s due to the presence of occlusive arterial
disease or to failure to mnfiltrate the proper area,

A mote certain test for the lower extremtties alone s that by
means of spinal anesthesia. It is also possible to test for a local
circulatory fault in the foot by mnjecting 10 cc. of 1 per cent pro-
caine 1nto the posterior tibial nerve through the fascia through
which the nerve passes just below the internal malleolus behind
the posterior tibsal astery. In 10-15 minutes the vasoconstrictor
mechanism is relaxed and, normally, marked warmth is apparent.
This is limited to the anesthetized skin of the heels, toes or
plantar surfaces of the toes and the dorsum of the foot. For studies
regarding these phenomena in relation to anesthesia, we are
indebted to Morton and Scott, who stated that “the normal vaso-
dilatation level indicates the maximum value for the temperatures
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Another type of arteriography involves the use of a radiopaque
substance for intta-arterial injection. For this purpose Skiodan,
Diodrast and Thorotrast have been most used The injection of
Skiodan is so painful that st 1s not tecommended A 35 per cent
solution of Diodrast 1s more satisfactory and 1 most instances
can be injected directly into the artery without causing undue
pain of arteriospasm. 1t 1s faurly satisfactory as an opaque substance
Seventy per cent Diodrast has also been used.

Thorotrast, which 15 stabilized thorum dioxide solution, gives
the best visualization of the vascular tree, It 15 vittually pamless
unless injected by mustake into the surrounding tissues No
immediate generalized toxic effects have been reported Roent-
genologists have been slow to utihize this substance for fear of
the radroactsvity attributed to the thotium dioxide, but more than
10 years of experience with this substance has convinced me that
the risk has been greatly exaggerated, 1s actually minmal and has
failed to justify the fears expressed. A very few cases have been
reported in which there has been 2 suggested damage from radio-
actwity secondary to the use of this substance Some individuals
died, most of them of liver carcinoma or other serious disease
for which thorium dioxide had been admunistered as a dizgnostic
procedute We observed between 300 and 400 patients who
received njections of this substance mote than 12 years ago
without encountering a death which could be attributed to it
Patients have been reported to be in good health 15-17
years after receiving 75 cc, of Thorotrast for hepatic and splenic
pathology. Favorsble expenences have been reported by Yater,
Allen and others ‘The r1sk 15, 1n our experience, less than that with
Diodrast, from the mjection of which numerous deaths have been
reyoxred. ‘The number 1s small, however, n view of the many
patients who recerve Diodrast for renal and other roentgenology

Technie—The patient lies on the x-ray table, the film under the

outstretched extremity, Although local anesthes:a has been recom-
mended, it has not been found nevessary in our chme. It is dodbiiel
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Kramer believes a subnormal reaction to be evidence of impaired
circulation This test 15 claimed to be of some aid in evaluating the
arculation in patients thought to have had some re-establishment
of collateral circulation which is not measurable by oscillometric
studies. We have not found 1t to be of vital importance in the
study of patients with vascular diseases

A similar test using saline intradermally has been advocated,
but we have not adopted it because we did not feel that it gave
sufficiently accurate information.

ANGIOGRAPHY

Artertography—The simplest form of arteriography 1s the
taking of x-rays by the soft tissue technic to determine whether
the walls of the arteries ate calcfied to any degree. If an extremity
is to be studied it 15 recommended that the entire limb be subjected
to this searching type of examunation, for frequently the calcificar
tion 15 patchy and may be missed if only a small portion of the
artersal tree 15 x-rayed This 15 particularly true of the vessels of
the lower extremuties, n which pelvic arteries as well as the eatire
tree should be studied It 15 1mportant that the roemtgenologst
take lateral vrews of the flexed knees, because anteroposterror
views often fadl to show arteriosclerotic plagues directly bebind
the patella In diagnostic evaluation it 15 of interest to know
whether there 1s any calcification and, if so, the approximate
amount For example, it may aid in the differential diagnosis of
arteniosclerosis obl and thromboangiitis obli in inde
viduals in the fifth and sixth decades It should be understood,
however, that the amount of calcification is not an index of the
patency of vessels. I have seen patients with so-called “pipestem”
arteries extending the entire length of the legs and into the feet,
despite which the arteries were fully patent as demonstrated by
palpation and oscillometric readings. In other cases a small, rather
inconspicuous calcified plaque has been the site of 2 thrombus
which occluded the artety.
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1t was due to the fact that injection was made by error into the
veins and the material was carried proximally out of the extremty
instead of distally into the peripheral arteres.

The information sought with this method includes the following
main features (1} in the lumens of the arteries, evidence of
marked ircegularity, reduced caliber or complete occlusion, (2) the
degree of collateral circulation and its genetal distribution, (3)
congenital vanations, including changes mn location of vessels and
arteriovenous anastomoses; (4) the presence of aneurysms and
arteriovenous anastomoses due to disease or wjury, and (5) the
presence and general configuration of vascular tumors

Normally, the arteries show a smooth contour and gradual
diminution 1n size as they progress distally. In the hand the volar
arch is visualized rather clearly joining the radui to the ulnar
artery, and the branches may be seen extending to each of the
digits, Small arteries are frequently visualized as a fine com-
municating network. Spasm of the vessels usually results in rather
uniform, smooth diminution in caliber which may be marked
enough to cause complete obliteration, although it sometimes
produces what appeats to be an abrupt occlusion of an arterial
segment.

Occlusive arterial disease causes srregular or “moth-eaten”
patches of narrowing or rather Abmpt complcte occluston of the

lved vessels. In th b 1 it is dfficult to
predict where the patchy occlusion may occur, but most frequently
one first sees the typical moth-eaten appearance involving the
distal digital peripheral blood vessels This later extends proxi-
mally up the arteries. The venous channels also are frequently oblit-
erated 1n thromboangutis obliterans, in fact, venous damage may
appear first ‘This important point 15 not sufficiently appreciated.

In arteriosclerosis obliterans a primary occluston may occur at
any level and frequently involves a major vessel midway along its
course. For example, the popliteal and dorsalis pedis artenes are
common sites of blockage. The arteriogram clearly shows the
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that the discomfort of the anesthetic needle is much less than the dis-
comfort of the needle to be used for penetration into the artery. No
has it been found necessary, with one exception, to cut down on an
artery. The attery, for example the femoral, is carefully palpated, and
the second and third fingers of the left hand hold it in position while
the needle fixed to a 30 cc. syringe containing the opaque medium s
guided nto the lumen. An 18 gauge 2 . needle is best for this put-
pose. In most stances the injection of the femoral attery just distal to
Poupart’s ligament 1s a relatively simple procedure, injection of the
radial artery for visualizatron of the hand is more difficult.

It 15 important to make certain that the needle 1s in the vessel by
pulling outward on the plunger before starting the injection. It.li
equally important that the needle be in the artery and not in the vein.
This can be ascertained by noting that on entrance 1nto the lumen of
the artery bright red blood rushes back into the syringe with a pulsating
thythm, whereas on entrance mto the vein dark blood flows sluggishly
1ato the syringe Ordinanly 12.5-15 cc of Thorotrast is sufficient for 2
single injection The roentgenologist must be ready to take prctures at
the exact second during which the portion of the vascular teee under
study contains the Thorotrast. Thus, frequently the x-ray exposure should
be made duning the last two or three seconds of injection if one is study-
ing the arteries. Serial exposures may be taken dusing the next few
seconds to catch the Thorotrast as 1t proceeds distally to the digtts and
then returns through the venous channels

It 15 apparent that the technic of njection and the mterpretation
of the films are problems for specualists The following points
regarding interpretation may, however, be briefly reviewed. To
mterpret arterrographic studies properly, one must be familiar
(1) with the normal vascular structure, including the main vessels
and the most common branches; (2) with the unusual possibilities
from the pomt of view of spasm of the vessels and of aberrant
locations of the vessels, 20d (3) with the limitations of the
method, including the errors arnising from improper injection of
the material, incomplete filling of the vascular tree and improper
timing of the x-fay exposure. For example, the absence of
Thototrast in the atterial tree of a limb has been interpreted as dem-
onstrating the presence of serious vascular disease, whereas actually
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t was due to the fact that injection was made by error inte the
veins and the material was carned proximally out of the extremtty
instead of distally into the pertpheral arterses

The information sought with this method ncludes the following
main features: (1) m the Jumens of the artenes, evidence of
marked itregulacty, reduced caliber or complete occlusion, (2 the
degree of collateral airculation and sts genetal distribution, (3)
congenital varrations, including changes m Iocatron of vessefs and
atteriovenous anastomoses; (4} the presence of ameurysms and
arteriovenous anastomoses due to disease of injury, and {5) the
presence and general configuration of vascular tumars

Normally, the arteries show a smooth contour and gradual
dismnution 1 size as they progress distally In the hand the vofar
arch is visualized rathes clearly jorung the radual to the ulnar
artery, and the branches may be scen estending to each of the
digits, Small arteries are frequently wisushzed as a fine com-
munsating network Spasm of the vessels usually results i gather
uniform, smooth diminution m cahber whxch may be marked
enough to cause pl bt hough 1t
produces what appeats to be an abrupt occhmon of an astersal
segment,

Occlusne arterial disease causes wrregulas or “moth-eaten”
patches of natrowing or rather abrupt complete occluston of the
wvolved vessels In thromboangubis obliterans it 15 difficult to
predict where the patchy occlusion may occur, but most frequently
one first sees the typical moth-esten appearance involving the
distal digital pesiphesal blood vessels. This later extends proxs-
mally up the astesses The venous chanaels also aze frequently oblit-
erated in thromboangutis oblsterans, m fact, venous damage may
appear fitst. This smportaat pomt 15 not suflicently appreciated

In atteriosclerosss oblitetans & pumary occlusion may occur at
any leve and frequently mvolves a major vessel midway along its
course, For example, the popliteal and dorsalis pedis arteries are
common sites of blockage. The astemopram clearly shows the
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abrupt obstruction of the major vessel and, in many cases, the
collateral circulation of fine vessels branching from the proximal
portion and extending parallel to the onginal course of the artery.
The collateral vessels may terminate independently or by rejoining
the main vessel distally. In fact, the distal end of the main
artertal tree may be filled with radiopaque substance as a result
of effective collateral circulation, Collateral vessels may proceed
through tortuous routes, but their general function 1s to re-establish
the balance of circulation in the tissues, peripheral to the blockage.
In artetiosclerosis obliterans, occluston may not be complete, but
damage may be apparent from the vety wregular contour of the
vessel caused by cholesterol and calcium plaques. In cases of
artetiosclerosis evidence of aneutysms is not uncommon. In some
instances these ruptute, producing false aneurysms. This ts most
common n the popliteal space. An excellent example is shown in
Figure 74 (p 304).

The pictute of arteriovenous anastomosis 1s noteworthy for the
fact that the radiopaque substance, mstead of passing rapidly down
the limb 10 the main attery ot arterses, is diluted by passage
through shunts directly into the venous channels, and these are
noted to be returning the opaque substance seconds earlier than 1s
normal At the site of the anastomosss there are apt to be a number
of tortuous vessels. In large vascular tumors, as well as some types
of artesiovenous anastomosss, pooling of the opaque substance may
be striking In other cases the tumor may be clearly outlined by
innumerable branches which stand out because of the radiopaque
substance they contan Information obtained from arteriography
at times has real value to 2 surgeon, contemplating an exploratory
procedure. The following instance 1s an example.

A patient was referred with a diagnosts of probable osteogenic sar-
coma. A hard mass palpal"ed n the popliteal area was nonpulsating and
DA - eaa e lea s - b
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period of some months blood had dotted into a thick sheath covesing
the aneurysmal sac. It becatne more femly packed with each pulsation,
which forced the blood agamst thus sheath Operation confitmed this
interpretation and a farge mass of firm clot materal was removed A
repasatsve operatne procedure was carned out by suturng 2 sht 35w
jong in the popliteal attery and the feg was smed, mstead of bang
amputsted above the knee as had onginally been sntended

Venography—This may be carned out by two methods In the
first, the radiopaque substance 15 snjected wto the astenies sup-
plying the veins to be studied and the x-ray exposares are timed te
catch the matenal a5 flows back toward the venous channels
This method requites expert co-op by the roentgenalog
Tt may be conttolled to some degree by using 2 sphygmomanometer
cuff, inflating 1t sbove the systolic pressure and deflating st pesiod-
ically to the duastolic pressure for two to four heart beats at a
time This tequites expertence by trial and error to perfect the
technic for each team of operators. Frequently this method fasls
to be entirely satisfactory because the solution becomes too diluted
duting passage snto the venous channels,

‘The second techmic 18 to mject the radiopaque substance directly
innto the fumen of the vern under study An example 55 the sajection
of radiopaque substance mto the basthic vewn to determune the sie
oz presence of aa aullaty venons thrombosis, ¥ the axsllasy ver
13 blocked there are marked dslatation and tostuosity of collateral
veins extending over the deftowd and pectoral aseas X the axdiary
subclavian vein 15 open and functioning normally the radiopaque
substance passes raprdly and smoothly through the mam channels
and few branches ate noted The valves of the veins are frequently
distingmished by small saccular arrangements at wtervals along the
venous chaanels Venography has also become 2 popular ad to
the dwgnosss of acate thrombosis of the vems of the Jower
extremsties

Fot this purpose, 20 cc of 35 per cent Diodrast o5 125-25 cc of
Thorotrast 15 wyected 1nto 3 vem of the dorsum of the foot ot ankle
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An x-1ay exposure 15 made 20 seconds and again 30 seconds after com-
pletion of the injection. If possible one should use a long narrow film
measuring 7 X 17 in. for study of the foot, leg and knee and a plate
14 X 17 1n for the thigh

Bauer, and DeBakey and his associates consider it possible to
determine the presence of thrombosis of the deep veins if there
1s an indication of incomplete filling of the deep veins and
dilatation of the superficial vemns They feel that this method of
venography is of great value in establishing the diagnosis. Other
workers do not unanimously concur with this opinion. In my
expertence the picture frequently 1s confusing, There are instances
n which thrombosts has been proved to exist and venography
failed to indscate 1t Thromboses large enough to produce clinically
recognizable pulmonary embolt may come from branches rather
than from the mamn vens, they may come from verns elsewhere
in the body, and they may have been present in the veins of the
legs and have broken loose in their entirety. Venography is a0
optional procedure which may have some value 1n certamn cases,
may be confusing 1 others and is not essential to the establishment
of the diagnosis of thrombophlebitis of the veins of the legs in 2
l;\.(gﬁ P[OPD(([O(\ of cases.

Visualization of the great vessels of the heart.—Extensive work
has been carnied out to perfect methods for visualizing the
great vessels and the vartous chambers of the heart by means of
radiopaque substances In this country Robb and Steinberg have
made outstanding contributions. The following structures have
been visuahized: the superior vena cava and 1ts tributaries; the
four chambers of the heart and its walls; the ventricular septum,
the pulmonic and aottic valves and their respective sinuses; the
entire pulmonary circulation; the thoracic aota, its walt and many
branches, and the abdominal aorta (Figs. 12-16). It is frequently
of great value 10 the study of congenital malformations of the
heart and great vessels

Twenty-five to 40 cc of 70 per cent Diodrast 15 injected rapidly



F16 12—Normal heart, frontal view, 214 seconds after beginnung of njec-
tion of Diodrast Medium 1s entering left subclavian and innominate veins, supe
rior vena cava 1s filled Right auricle and ventricle and mam stem of pulmonary
artery are opactfied (This and Figs 13-16 reproduced by courtesy of Dr 1
Steinberg )
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An x-ray exposure 15 made 20 seconds and agan 30 seconds after com-
pletion of the injection, If posstble one should use a long narrow film

measuning 7 X 17 10, for study of the foot, leg and knee and a plate
14 X 17 n for the thigh,

Bauer, and DeBakey and his associates consider it possible to
determune the presence of thrombosis of the deep veins if there
15 an mdication of ncomplete filling of the deep veins and
dilatation of the superficial veins. They fecl that this method of
venography 1s of great value in establishing the diagnosis Other
workers do not unanumously concur with this option. In my
experience the picture frequently 1s confusing. There are instances
in which thrombosis has been proved to exist and venography
failed to mdicate st. Thromboses large enough to produce chnically
recognizable pulmonary emboli may come from branches rather
than from the mam vetns; they may come from veins elsewhere
wn the body, and they may have been present in the veins of the
legs and have broken loose in their entirety. Venography is an
optional procedure which may have some value in certain cases,
may be confustng in others and 15 not essential to the establishment
of the diagnosis of thrombophlebitis of the veins of the legs in 2
large proportion of cases.

Visnaltzation of the great vessels of the heart —Extensive work
has been carried out to perfect methods for visualizing the
great vessels and the various chambers of the heart by means of
radiopaque substances In this country Robb and Steinberg have
made outstanding contributions. The following structures have
been visualtzed: the superior vena cava and its tributaries, the
four chambers of the heart and sts walls; the ventricular septum;
the pulmonic and sortic valves and their respective sinuses; the
entire pulmonary circulation; the thoracic zorta, its wall and many
branches, and the abdominal aorta (Figs. 12-16). It is frequently
of great value in the study of congenital malformations of the
heart and great vessels.

Twenty-five to 40 cc. of 70 per cent Diodrast 15 njected rapidly



Fic 14 —Normal heart, frontal view, seven seconds after beginntng of myec-
tion Left ventricle, aorta and sts branches 1n the neck are opacified Note thickness
of left ventaeulat wall.



Fi¢ 13.~Normal heart, frontal view, three seconds after beginmng of injec-
tion. Right auricle 15 empiy; fight ventrcle, pulmonary artery, right and Jeft
branches and their subdivisions are filled with Diodrast



F16 16 —Subclinical coarctation, left oblique view, i woman aged 35 Left
venuicle and enture thoracic aorta are opacified Note marked narrowing of lowes
thoracic artery and dilated proximal portion containing calerum sn wall



» 0 woman aged 37, Left
noominate and left common

F1c, 15 —Coarctation of aorta, left oblique view.
ventacle, thoracic aorta and particularly the dilated o
carotid astenes are opacified Note point of coarctation and dilated descending

aorta.
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PLETHYSMOKYMOGRAPHY

The plethysmograph or plethysmokymograph has 2 limited
place in the clinical study of sdividuals with peripheral vascular
diseases. Its chief value is in the study of physiologic and patho-
logicophysiologic processes in the laboratory. The usual apparatus
consists of a leakproof rigid contarner which is arranged to enclose
a portion of an extremity and 15 connected to a recording device
activated by changes of pressure within the plethysmograph The
changes of pressure are produced by changes in volume of the
enclosed portion of the ity. Various exf have
demonstrated changes 11 the volume of the extremttes on exposure
to cold and to heat, on administration of drugs, etc

The recorder may wiite on 2 smoke drum or reflect a recording
beam of light on photogtaphic paper The increase of volume per
unit of time is assumed to be an indication of actual blood flow,
called the flow curve ‘The publications of Abramson, Lampson,
Freeman, Burch and many others give details of the procedure

Plethysmography of single digits of the hands or feet has been
used Although the results ate of interest, and may be of value, it
should not be forgotten that each test shows only the response for
the single digit being tested and that generalizations regarding the
penipheral arculation—even as they may apply to the whole hand
or foot—are franght with serious risk of ertor.

OXYGEN CONTENT OF PERIPHERAL BLOOD

The saturation of oxygen m the arterial blood is normally be-
tween 93 and 98 per cent. The saturation of venous blood,
however, varies considerably. Pease found that the saturation of
the venous blood of the arm under basal condittons 1s 68.2 per
cent with 2 range of 25-85 per cent. Thirty per cent of the
observations fell outside the range of 60-85, which is frequently
considered to be within normal limits, Reports on whether there
is an increase or a decrease in the oxygen content of the returning
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through a suitable vein at the elbow. Timing for x-12y exposure must
be carefully planned in order to catch the contrast medium at the struc-
tures which 1t is destred to study, For example, the superior vena cava
and 1ts tributartes in the nght atrum may be photographed approxi-
mately 115 second after the injection is begun, the nght ventricle and
pulmonary tree 1 3 seconds, the pulmonary veins and left atrium 10
6-8 seconds and the left ventricle and thoracic aorta in 8-10 seconds

There have been severe reactions following the use of Diodrast,
Some pattents experience dizziness, weakness, nausea and occasion-
ally severe vomiting, sweating, patlor and hypotension for two or
three minutes These reactons are treated with epmepheme. Nu-
merous deaths have been reported and we have seen several patients
n whom thrombosis developed after having an arteriogram.

This technic requires experience, great care and excellent team-
work by the physician 2nd the roentgenologist Its use 15 not recom-
mended except under the most favorable conditions. The reader is
referred to the monograph of Dotter and Stenberg and the reports
of others for exact details of the technic.

INFRA-RED PHOTOGRAPHY

The value of nfta-red photography 1n the study of peripheral
vascular diseases can be sumply stated It provides a permanent
record for the pattent’s file or a means for the production of
lantern slides or illustrations of the venous pattern of the veins
just beneath the skin, Only rarely will st portray any veins which
cannot be seen by the naked eye It 15 often used for the permanent
tecording of the collateral airculation of the deltoid and pecmral
region 1n cases of axillary venous thrombosis and of venous
obstruction due to meduastinal tumors. It is also used to record
the collateral venous circulation of the abdomen when the jnferiof
vena cava or the portal system is obstructed, and of the legs when
there is obstruction due to thrombophlebitis. Infra-req photog-
raphy is a good means of recording the status of livedo reticularis
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of view both of the constituents of the blood and of capiffary
fragility per se.

Various tests from the time of Biet in 1909 to the present have
been devised to provide some indication of mcreased fragility of
the capiltaries. These tests can be divided roughly into those based
on the principle of positive pessute, mduced by a tourniquet, and
those based on the puacple of negative pressure, nduced, for

Fi6 17 ~Standardized techme for posiisve pressure test of capullary fragiliy
{Wnight-Lulsenfeld modification of Rumpel-Leede test )
example, by a small cup in which negative pressure or suction 15
produced over an area of the skin The Rumpel-Leede method,
based on the principle of positive pressure, or the tourniquet pro-
cedure, has been modified by Hess and Fish, Gothlin, Weight and
Lilienfeld and others A sumple test which requires no special
2pparatus, but can be performed with 2 sphygmomanometer, and
gives 1n 3 general way 2 qu was described
by Wright and Lilienfeld

Two csscles 2.5 cm, tn diameter, the uppermost edge of whitch 15 4
cm, below the crease of the elbow, ase drawn on the inner aspect of
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venous blood in cases of arteriosclerosis obliterans and thrombo-
anguitts obliterans are confusing. These readings are, therefore,
probably not really of chnical importance.

The determunation of the oxygen content of the venous blood is,
however, of value in some cases of arteriovenous anastomosis.
It is not always necessaty to subject the blood to a chemical test to
determmne the oxygen saturation, it being sufficient to compare
blood from the veins of both arms or legs if one is thought to
contamn an asteovenous anastomosis In numerous instances the
blood from the vein of one arm has been bright red, wheteas
blood from the vein of the other arm was normal venous colof,
many shades darker. In other words, by rapid passage of arterial
blood 1nto the venous channels without exposute to the demands
of the tissues, the oxygen content was kept high, and this blood
mixed with the returning venous blood produced 2 red color
abnormally bright for venous blood. The diagnosis can fre-
quently be established by this means The physician merely
withdzaws 10 cc. of blood from each arm or leg, puts the samples
in separate test tubes and examines the tubes in a good light.
If chemical studies are to be made, blood should be taken 1 such
a way that the oxygen is not lost before the examination 1s com-
plete Usually the blood 15 taken and kept under ol until tested

Verification of the diagnosis of arteriovenous anastomoses, €5
pecially 1 the presence of numerous small fistulas which do not
produce a2 brunt, constitutes the man value of the oxygen studies

CAPILLARY RESISTANCE AND FRAGILITY

In the coutse of examination of a patient with vascular diseases
or, indeed, of patients generally, numerous petechial spots of
other evidences of purputic manifestations are frequently noted
The most common site of multiple petechiae is the distal half of
the legs Curiously, the evidence of capillary hemorrhage is fre-
quently overlooked Any manifestations of Ppurpura or petechial
bleeding constitute an indtcation for further study, from the point
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In this method a smalf glass cup with 2 diameter of 1 cm. and with
the edge turned at 2 night angle for 8 mm. is connected by a rubber tube
to 3 manometer and syninge, The cup is applied to the outer sectton of
the arm or any other portion of the body surface, and suction of any
amount is made by means of the syringe The least negative pressure
which, applied for one minute, will produce mucroscopic petechie
ndicates the resistance of the capillattes.

Daldorff reposted great vatiations in 251 subjects who were not
suffering from any disease known to produce a hemorthagic di-
athesis, petechiae being produced by 10 cm to as much as 50 em
Hg negative pressure This Daldorff himself described as a
serious limitation to the use of the test He found the average in
healthy adults to be in the range of —20 to —35 cm Hg Values
of less than —20 ecm were considered to be abnormal

‘There has been some crttasm of the use of capillary fragility
tests One critrcism has been based on a lack of understanding of
their function They give a2 definite answer to one question,
namely, Are the capillaries more fragile (less resistant) than
normal? This information is vety important. It may be the first
step toward the dragnosis in many cases and 1s frequently missed
when a fragility test 1s not undertaken Such a test does 7o tell
the physician why the capillaries are abnormally fragie any more
than the finding of high blood pressure in a patient indicates why
the pressure 1s high. The physician must search further for the
underlying factors These may be vitamin C deficiency, strepto-
coccus infections ranging from scarlet fever to subacute bacterial
endocarduts, blood dyscrasias, malignant hypestenston, arsenical
poisoning, among many conditions. Another criticism has been
based on the fact that the difference of  small number of petechial
hemorrhages is not significant; small variations are unimportant
in most biologic tests Serious consideration need not be given to
the difference between 40 and 50 petechial spots per circle when
the test 15 performed according to the first technic described here.
But the difference between 10 and 50 or 100, as is frequently
noted, is certanly significant.
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the forear (Fig 17). Ay skin blemishes within these citcles which
could possibly he confused with petechiae are marked with ink. The
cuff of a blood pressure manometer is then applied as usual around the
arm and inflated to a pressure midway between the patient’s systolic
and diastolic blood pressute The pressute 1s maintamed for 15 munutes
and then seleased Five munutes after the cuff is released the number
of petechial spots within the circles 1s counted with the naked eye and
the average count sn the two circles 15 taken as the result of the test
The spots are more easily counted if each is covered by ink from a pen-
point as it 15 noted,

Large clinical experience with thes test for 12 years wdicates
that patients with normal capillaty fragility will have 10 or fewer
petechial spots There 15 a marginal value between 10 and 20
Twenty spots or more definitely mndicate an ak 1 condition.
Counts of the capillaty loops duffer constderably in different areas
of the skin The use of the area at the elbow crease, as advocated by
Gothlin and Guffith, 15 1n our experience subject to considersble
errot, because there 15 a great vatuation in the number of capillaries
along the elbow creases 1n different individeals Also, some have
one and some three elbow creases, Because the variation is reduced
as one proceeds distally for about 4 cm, that area 1s suggested
for the test

In some individuals 1n whom the fragility 1s markedly increased,
countless petechial hemorshages will be produced within 7%5 o
even five mnutes In such nstances the test can be discontinued
and subsequent tests performed on the same time basts untd, fol*
lowing therapy or in some cases spontaneously, the number of
hemorrhages is reduced to a point where the 15 minute test be-
comes feasible, Tests may be performed every four days on alter-
pate arms to allow eight days for healing. This is a sumple test
which, when positive, definitely indicates a pathologic state,
although the underlying condition responsible for the capillary
fragility is not always clear. This will be discussed [ater,

In 1933 Daldorff described a method for determining capillaty
fragility based on negative pressure,
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In this method 2 small glass cup with a diameter of 1 cm and with
the edge turned at 2 nght angle for 8 mm is connected by 2 rubber tube
to 2 manometer and syringe. The cup is applied to the outer sectron of
the arm or any othes portion of the body susface, and suction of any
amount is made by means of the syringe. The least negative pressure
which, applied for one minute, will produce microscoptc petechiae
indrcates the resistance of the capillanses.

Daldotff reported great vatiations in 251 subjects who wese not
suffering from any disease known to produce a hemorrhagic di-
athesis, petechize being produced by 10 em to as much as 50 cm.
Hg negative pressure. This Daldorff himself described as a
serious limitation to the use of the test He found the average in
healthy adults to be in the range of —~20 to —35 cm Hg Values
of less than —20 em. were considered to be abnormal

There has been some criticasm of the use of capiilary fragihity
tests. One criticism has been based on a lack of understanding of
their function. They gwve a definite answer to one question,
namely, Are the capillaries more fragile (less resistint) than
normal? This information is very smportant It may be the first
step toward the diagnosis in many cases and is frequently missed
when a fragility test is not undertaken. Such a test does ros tell
the physictan why the capillaries are abnormally fragile any more
than the finding of high blood pressure in a patient indcates why
the pressure 1s high. The physician must search further for the
underlymng factors. These may be vitamin C deficrency. strepto-
coccus mfections ranging from scarlet fever to subacute bacterial
endocarditis, blood dyscrasias, malignant hypertension, arsenical
poisoning, among many conditions, Another criticism has been
based on the fact that the difference of a small number of petechsal
hemorrhages is not significant; small variations are unimportant
in most biologic tests Serious consideration need not be given to
the difference between 40 and 50 petechial spots per circle when
the test is performed according to the fitst technic described here.
But the difference between 10 and 50 or 100, as is frequently
aoted, is certainly significant.
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In most cases in which fragility is due to vitamin C deficiency,
the response to large amounts of vitamin C administered orally,
o in some cases by necessity intravenously, is frequently astound-
ing and constitutes one of the most satisfactory therapeutic e
sponses in medicine (Fig 18). The early reports of striking reduc-
tion in capillary fragility following the use of rutin in doses of
20-40 mg. two or three times a day have not been confitmed
Studies using doses up to 600 mg. three or four times a day are
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Fic 18 —Response to vitamun C therapy of capullary fragiity due to vitamue
C deficiency.
under way in our laboratory, but the data do not yet justify final
conclusions.

The indications for a positive pressure test should constantly be
borne mn mind during 2 physical examnation. Because no spectal
equipment s needed, this simple test is readily available to every
physician.

The negative pressure method has the advantages that the
equpment, though special, is simple and that the test can be done
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at frequent intervals because the cup can be applied over many
areas of the body surface, Warning should, however, be given o
this connection. The counts of capillaries of the skin in different
portions of the body surfaces vary appreciably, Ths affects the
number of potential petechial spots which can be produced 1
the respective areas. In order that the results of several tests may
be compared, it 15 necessary to use comparable aseas of the body
sutface for study, This point has been too frequently sgaored by
those using the method.

CAPILLARY MICROSCOPY
The arculation of the capillarses has long challenged the imagr-
nation of investigators Malpighs and Leeuwenhoek as eatly as

i}

4

arterole

Fic 19~Landis' posnts for fesding capilary pressure

1686 studred the capiilary circulation in the meseatetics and blad-
ders of frogs, the tails of fish and the wings of bats From that ime
forth many workers studied the capillaries of varous lower am-
mals. In the Jast quaster of the wneteeath century numerous
attempts were made to study human capillacies, with rather meager
tesulfs, At the turn of the century, with the improvement 1 the
technic of microscopy, these studtes became more feassble Prog-
tess in the field s due to the labors of many workers, among whom
were Spalteholtz, Heunberger, Lombard, Weiss and Muller, Boas,
and Brown Krogh greatly stimulated work in this field by the
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In most cases in which fraglity is due to vitamin C deficiengy,
the response to large amounts of vitamin C adminsstered orally,
of 1 some cases by necessity intravenously, is frequently astound-
g and constitutes one of the most satisfactory therapeutic e-
sponses in medicine (Fig. 18). The eatly reports of striking reduc-
tion 1n capillary fragility following the use of rutin in doses of
2040 mg, two or three times 2 day have not been confirmed.
Studies using doses up to 600 mg. three or four times a day ate
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c df:ai,;iy —,»Rgspcnse to vitamua C therapy of capillary fragility due to vitamse
under way 1 our laboratory, but the data do not yet justify final
conclusions

The indications for 2 positive pressure test should constantly be
borne in mind during 2 physical examination. Because no special
equipment is needed, this simple test js readily available to every
physician.

The negative pressure method has the advantages that the
cquipment, though special, is simple and that the test can be done
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associated with the pulsation of blood through the finger. For this
feason we use a plastic matenal for embedding the finger firmly
and the type of microscope which can be moved across the field
with a ratchet and pinion system. A drop of cedar, muneral or
castor oil is apphed to the skin at the basc of the finger-nail, and
a beam of bright hght projected from an arc light through a

arteriole -
venule - -
A B
Fig 21 ——Dhfferent types of asteriole capullary-venule patterns

water bath and green glass filter 1s focused on the skin to tliumi-
nate the capillary Joops propetly The use of the method and its
interpretation are, for the most part, reserved for workers making
speaial studies in this field, A few comments may, however, be
made regarding the significance and interpretations made avail-
able by the use of this technic.

Ordmartly, 1n the normal aduit the whole field has a pinkish
background m which the bright red capillary loops emerge in a
form resembling haurpins which may be twisted or bent back on
themselves (Fig. 21). In the background are seen the darker
venous channels into which the venous Limbs of the capillaries
drain Focusing on a single capillaty will show the blood moving
through the capillary loop. The blood proceeds through the
arterial limb dustally and returns through the venous limb and
venules The flow is rarely steady and uninterfupted. Celfs ad-
vance in groups, flowing for a few seconds and frequently stop-
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publication 1n 1922 of his monograph, The Anatomy and Physi-
ology of the Capilaries. Richards, Lewis, Danzer and Hooker,
Landss, Crawford and Rosenberger, Duryee and Wright, and
Brown and Allen published variations in procedure and described
their results. Landis made a significant contribution when he

Fi6. 20 —Inteacapillary anastomoses,

catheterized human capillaries and measured the pressure at vari-
ous points, thus demonstrating the downward gradient of pressure
within the capillary loops (Fig 19),

In our laboratory we have used the Leitz Ultropak system, by
which 1t is possible to photograph capillary loops of the nal
fold for a permanent record (Fig 20). It 1s difficult to draw con-
clusions regarding the significance of changes of capillary loops,
their appearance ot the rate of flow of the blood through them
The difficulty is accentuated by the tendency in the patient to
develop during the test either a fine muscular tremor or one
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which the flow is stopped in a given curve 15 noted. The average
of 10 such counts in the most promunent capillanies which are
Fresent at all times 15 considerad the fow-test figure for that pars
ticular trisd. Under average normul conditions the blood of n
individual ceases to flow for a total of 1020 seconds ot of two
minutes, However, in the presence of vasqular spasm the fow
may be interrupted for the entire tno minutes or longer. Such an
cbservation is regarded as sigmficant and requires further studs
to determine the cause.

Flow may be influenced by many factors. Fever and increased
temperature may accelerate the flow, wheress spasm due to cold or
excitement may tetard the flow. My co-workers and I have stedied
the capillaries 10 many diseases and have summanzed the opinions
of others regarding what one may antiapate 10 the presence of
certain underlying conditions. With marked carduc decompensa-
tion the rate of flow is frequently found to be slower thin normal
and to have longer mtervals of cessation of flon  Changes had
been reported 1n the presence of acute nephntis, although we
could not substantiate morphologic changes in this condition It
the blood pressure was mcreased, there was frequently an increase
in rate and constancy of flow. In hypertension, regacdless of the
cause, there appears to be an increased rate of flon Most workers
agree on this point. Using the two minute flow test, we found that
the flow rarely stopped for longer thin four or five seconds
the presence of definite hypertension. We did not note any un-
usuad degree of tortuosity tn the presence of arteriosclerosis. In
polycythernu vera the limbs of the loops appear to be stright
but filled and bulging with cells which move rather stuggishly
through the lumen. In contrast, in a patient with relative polyoy
themia secondary to a congenital heart condition (8,340,000 red
blood cells and a hemoglobin content of 111 per cent) markedly
tortuous capillatics were observed.

‘The capillaties in Raynaud's syndrome have been described by
many worhers. Charactensticatly the arteriolar limb 15 modseately
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ping, to proceed again as the pressure increases behind them. The
walls of the capillaries in the human nail bed are more diffcult
to visualize than those in the mesentery of the frog, where trans-
illumination can be used. What the observer actually sees is the
column of cells. At times they proceed so rapidly that individual
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Fi6 22.—Common morphologic vartatons 1n capillaries of human nail fold.

Lowest line the capillary in and a apil-
Jary with breaks 1a the column of cells which are flled with serum

cells cannot be distinguished. There is 2 great variztion in the
drameter and degree of tortuosity of the capillaries in 2 sigle
individual and indeed in 2 single nail bed. In general the arterial
limb is slightly narrower than the venous limb.

To Provid: a roughly quantitative measurement we suggested
some years ago the so-called "two minute flow test”” A capillary
is observed for two minutes, and the number of seconds during
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which the flow is stopped in a given curve ss noted. The average
of 10 such counts in the most propunent capillaries which ate
present at all times 1s considered the flow-test figure for that par-
ticular trial, Under average normal conditions the blood of an
individual ceases to fow for a total of 10~20 seconds out of two
minutes. However, 1n the presence of vascular spasm the flow
may be interrupted for the entize two minutes or longer. Such an
obsetvation is regarded as significant and requrres further study
to determine the cause.

Flow may be influenced by many factors Fever and increased
temperature may accelerate the flow, whereas spasm due to cold or
excitement may retard the flov My co-workers and I have studied
the capillaries 1n many diseases and have summarized the opinions
of others regarding what one may anticipate m the presence of
certain underlying conditions, With marked cardiac decompensa-
tion the rate of flow s frequently found to be slower than normal
and to have longer stervals of cessation of flow Changes had
been tepolted 1n the presence of acute nephntis, although we
could not substantiate morphologic changes in this condition If
the blood pressure was tncreased, there was frequently an increase
m rate and constancy of flow. In hypertension, regardless of the
cause, there appears to be an increased rate of flow Most workers
agree on this poiat Using the two minute flow test, we found that
the flow rately stopped for longer than four or five seconds mn
the presence of definite hypertension We did not note any un-
usual degree of tortuosity 1 the presence of artersosclerosss In
polycythemua vera the Limbs of the loops appear to be straight
but filled and bulging with cells which move rather sluggishly
through the lumen. In contrast, in a pattent with relative polycy-
themia secondary to a congenital heart condition (8,340,000 red
blood cells and a hemoglobn content of 111 per cent) markedly
tottuous capillanes were observed

The capillaries m Raynaud's syndrome have been described by
many workers, Charactersstically the artenotar hmb 15 moderately
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dilated, but the venous limb may be markedly enlarged, frequently
being many times normal size. At room temperature and with
freedom from nervous teasion the patent arterioles ate not in
spasm The flow is nevertheless sluggish and there are often pro-
longed periods of stasts, Extravasations of blood 1nto the surround-
ing tissues are frequently seen As the phase of spasm appears
the artertoles apparently contract, reducing the blood flow. This
results 1n loss of red blood cells from many capillaties as they
drain into the venules, and hence the capillaries become mvisible,
Movement of the blood can then not be seen, the pallor of the
skin becomes pronounced and an incision of the skin at that time
may produce little or no bleeding. The phase of cyanosis 1s entered
upon; mtermittently clumps of cells are admitted, but their color
appears to be darker than the average normal. With the release
of arteriolar spasm, when the phase of hyperemia supervenes, the
captllaries become engorged, the blood flow is suddenly and rap-
idly restored, and the color of the blood and the skin becomes
bright red The picture of Raynaud’s syndrome 1s pethaps the
most characterstic observed by capillary microscopy.

When scleroderma develops, with or without Raynaud's sys-
drome, visualization of the capillaries becomes very difficult
They appear to be obscuted by a film or cloud, probably due to
development of excess collagenous material in the skin When
the flow can be seen 1t 15 usually slow and the blood frequently
cyanotic.

The long-recognized tendency of blood cells to clump together,
forming in some instances 2 block in a small vessel or moving 1 2
rmass, has been labeled “sludging” This has been observed 1
many patients and a wide varrety of conditions, but 1ts significance
is not clear. This is especially interesting as 1t occurs n patients
with cryoglobulinemia when the p of a dustal part 15
Jowered below a cnitical point for the precipitation of the cryo-
globulin—usually 37 C. (986 F).
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Many other vascular conditions are associated with changes of
the capillary activity, but little additional 1nformation of clinical
value is to be gained by the microscopc study of the nad fold
capillaries. They represent only 2 mimute portion of the capillary
circulation and seldom provide nformation of key importance
::bout disease processes, Such studtes have helped to dlanfy certain

and rep 2 himuted but g form of study of
the circulation, They are not, however, essenml for the chntcal
diagnosis or treatment of the majotity of patients suffering from
peripheral vascular dusease.

CIRCULATION TIME

The circulation time may be defined as the time required for
the blood to flow from one point 1n 2 vein to certain other points
in the circulatory tree If the blood flow is retarded, the araulation
time is prolonged, and 1f the flow 1s accelerated the crculation time
is shortened,

Various methods and substances have been used 1n the study
of arculation time. The techmc most often used has measured
the time of blood flow between the median basilic vein and the
tongue or portions of the brain Substances used have included
compounds of potassium cyanide, certain radioactive substances,
calcium salts, magneswum sulfate, saccharin, ether, sodum cyantde,
histamine and dehydracholic aad For example, the injection of
a solution of sodium cyanide intravenously causes 2 sudden gasp
by action on the carotid stnuses It, however, is likely to produce
untoward reactions and therefore is not recommended. In 1936
workers in our laboratory introduced the use of a substance which
has proved of interest, first, because it gives a relatively clear end-
point 2nd, second, because 1t permuts the measutement of the time
of penipheral circulation to the tips of the extremities The solution
contains magnesium sulfate 42 Gm, calcum gluconate 16 Gm,
sodium chlotide 0.9 Gm, and copper sulfate 1 mg per 100 cc.
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dslated, but the venous limb may be markedly enlarged, frequently
being many times normal size. At room temperature and with
freedom from nervous temsion the patent arterioles are not in
spasm The flow is nevertheless sluggish and there ate often pro-
longed pettods of stasss. Extravasations of blood into the sutcound-
ing tissues are frequently seen As the phase of spasm appears
the arterioles apparently contract, feducing the blood flow. This
results 1 loss of red blood cells from many capillaries as they
drain nto the venules, and hence the capillaries become invisible.
Movement of the blood can then not be seen, the pallor of the
skin becomes pronounced and an incision of the skin at that time
may produce little ar na bleeding. The phase of cyanosis is entered
upon; itermuttently clumps of cells are admitted, but their colot
appears to be darker than the average normal. With the release
of atteriolar spasm, when the phase of hyperemia supervenes, the
capillanies become engorged, the blood flow is suddenly and rap-
idly restoted, and the color of the blood and the skin becomes
bright red The puctute of Raynaud's syndrome is pethaps the
mast characteustic observed by capillasy microscopy.

When scleroderma develops, with o without Raynaud’s syn-
drome, visualization of the capillaries becomes very diffialt
’E’hey) appear to be obscured by a film or cloud, probably due to

i3 of excess coll material in the skin, When
the ﬂo}v can be seen it is usually slow and the blood frequently
cyanotic.

The long-tecogaized tendency of blood cells to clump together,
forming m some instances a block in a smail vessel or moving in &
wmass, has been labeled “sludging.” This has heen observed in
many pattents and a wide variety of conditions
is not clear. This is especially interesting as 1t oceurs in patieats
with cryoglobulinemis when the temp of a distal part is
lowered belaw a critical point for the precipitation of the crye-
globulin—usually 37 C. (98.6 F.).

, but its significance
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the left ventricle to the permeum 1s estimated by subtracting the
arm-to-tongue from the aem-to-perineum time The trme from the
ventricle to the right foot 1s calculated by subtracting the arm-to-
tongue from the arm-to-foot time. Time to other areis 15 suntlacly
calaslated.

Kvale and Allen made exhaustive studies with this substance
and this technic, comparing its action with that of varwous other
substances, including sodtum cyanide. They concluded that there
was an error inherent in the sodium cyanide method and that the
values obtained by that method were 3 + 14 seconds greater than
they should be Using Macasol they found the following times
in normal subjects under control conditions* arm to tongue, mean
13.50 = 0.20, arm to perineum, 21,25 =+ 0 41; arm to night hand,
23,40 == 0.43; arm to left hand, 23.65 == 0.48; atm to nght foot,
34.70 : 085; arm to left foot, 34.35 = 085. With chronic
occlusive arterial disease the average time required for the blood
to flow to the feet was increased However, in many wdrvidual
cases circulatton tune has been found to f2ll withwa normal hmtts.
We therefore concur mn their optnion that tests for the speed of
arterial circulation cannot be considered conclusive for the dug-
nosis of chronic occlusive disease. Collateral circulation may ap-
parently have a rate of flow which distesbutes blood as rapidly as
do the normally functioning major vessels.

The rate of blood flow is definitely increased in patients with
hyperthyroidism. Tn patients with esseatial hypertension it aver-
ages about the same s 1n normal persons In patients with cardtac
decompensation or marked disturbances of the pulmonary arcula-
tion the circulation time frequently is definitely prolonged. Hitzig
devised 2 method for differentrating the right and left circuits on
a physiologic and dynamic basts, using ether as a volatile substance.
He measures the time necessaty for the characteristic odor to be
perceptible to the investigator or to the patient.

Fuve minims of etber and 5 mmums of normal saline solution are
drawn nto a 1 or 2 cc syringe to which & 20 gauge needle has been
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of distilled water * Two cubic centimeters of the solution is used
for each test The technic follows.

The pattent 15 supine with the arm at heart level, A tourniquet is
apphed to the arm, 2 cc. of solution 15 drawn into 2 2 or 3 cc. syringe
with a 20 gauge needle, and the needle is inserted in the vein The
toutniquet 15 semoved and after three to five seconds the solution is
injected as rapidly 2s possible. The solution produces the sensation of
extfeme warmth in the tongue or throat, perineum and feet as 1t reaches
these respective portions of the anatomy. The patient 1s istructed
regarding what to expect and 15 told to report immediately the appear-
ance of the sensation, saying “tongue,” “crotch,” “hands,” “feet.” If
1t reaches one hand first he sags “right hand” or “left hand,” as the case
may be, and the same with the feet When the test is being performed
the techaician doing the test says “go” and his assistant starts 2 stop
watch The circulation time is recorded as the patient designates the
vastous porats at which the sensation 1s perceived.

It is not cestain that the sensation of warmth in the hands or
feet mndicates that the solution has actually arnved concurtently
at those points, but it appears that this reasonung s cotrect, It is,
therefore, possible to indicate the lime elapsing between the be-
ginning of the injection and the appearance of a sensation of
warmth throughout the portions of the body mentioned, for -
stance, arm to tongue, arm to right hand, arm to left foot, arm
to crotch. Rarely a patient is apparently unable to perceive the
sensation, and in such cases the term “blank™ is used. Frequently
on sepetition of the test the patient is able to name clearly the
times at which he perceives the sensation.

This study does not permit exact determination of velocity of
flow of the blood 1n the arteries, because there 15 no positive means
by which the time at which the solutton leaves the heart c2n
cliearly be determined. The time required for the blood to move
from the left ventricle to the tongue appears to be about one
second, Since it is relatively constant and relatively shost we there-
fore eliminate 1t from the calculations. The circulation time from

* This solution is known as Macasol.
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the left ventricle to the perineum is esimated by subtracting the
arm-to-tongue from the arm-to-perineum time. The tume from the
ventricle to the right foot is calculated by subtracting the arm-to-
tongue from the arm-to-foot time. Time to other areas is simularly
calculated.

Kvale and Allen made exhaustive studies with thts substance
and this technic, comparing its action with that of various other
substances, including sodium cyanide. They concluded that there
was an error inherent in the sodium cyamde method and that the
values obtained by that method were 3 =+ 14 seconds greater than
they should be. Using Macasol they found the following tumes
in normal subjects under control conditions: arm to tongue, mean
13.50 == 0 20, arm to perineum, 21.25 == 0 41; arm to right hand,
23,40 - 0.43; arm to left hand, 23 65 == 0 48; arm to nght foot,
34.70 = 0.85; arm to left foot, 34.35 = 085. With chronic
occlusive asterial disease the average time requited for the blood
to flow to the feet was increased However, 10 many individual
cases circulation time has been found to fall within normal Limuts.
We therefore concur in their opinion that tests for the speed of
arterial circalation cannot be considered conclustve for the diag-
nosis of chronic occlusive disease, Collateral circulation may ap-
parently have 2 rate of flow which distributes blood as rapidly as
do the normally functioning major vessels.

The rate of blood flow 1s definitely increased 1n patients with
hyperthyroidism. In patients with essential hypertension it aver-
ages about the same as i normal persons In patients with cardtac
decompensation or marked dxsmxba.nces of the pulmonary circula-
tion the circulation time frequently is 1 d. Hitzig
devised a method for dlﬁermmtmg the right and left circuits on
a phystologic and dynamic basis, using ether as a volatile substance
He measures the time necessary for the charactenstic odor to be
perceptible to the investigator or to the patient

Five minims of ether and 5 minims of normal saline solution are
drawn 10t0 2 1 or 2 cc. syringe to which a 20 gauge needle has been
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of distslled water.* Two cubic centimeters of the solution is used
for each test. The technic follows

The patient 1s supine with the arm at heart level. A tourniquet is
applied to the arm, 2 cc of solution is drawn into 2 2 or 3 cc. syringe
with 2 20 gauge needle, and the needle is inserted in the vein. The
tourmiquet is temoved and after three to five seconds the solution is
injected as rapdly as possible, The solution produces the sensation of
extreme warmth tn the tongue or throat, perineum and feet as it reaches
these tespective portions of the anatomy. The patient is instructed
regarding what to expect and is told to report immediately the appear-
ance of the sensation, saying “tongue,” “crotch,” “hands,” “feet.” I
1t reaches one hand first he says “right hand” or “left hand,” a5 the case
may be, and the same with the feet. When the test is being performed
the technician doing the test says “go™ and hus assistant starts a stop
watch. The circulation time is recorded as the patient designates the
various points at which the sensation is perceived.

1t is not certain that the sensation of warmth in the hands of
feet indicates that the solution has actually arrived concurrently
at those points, but it appears that this reasoning is correct, It is,
therefore, possible to indicate the time elapsing between the be-
ginmng of the injection and the appearance of a sensation of
warmth throughout the pottions of the body mentioned, for in-
stance, arm to tongue, arm to right hand, arm to [eft foot, arm
to crotch. Rarely a patient is appatently unable to percerve the
sensation, and in such cases the term “blank” is used. Frequently
on repetition of the test the patient is able to name clearly the
times at which he perceives the sensation.

This study does not permit exact detesmination of velocity of
flow of the blood in the arteries, because there is no positive means
by which the time at which the solution leaves the heart can
clearly be determined. The time required for the blood to move
from the left ventricle to the tongue appears to be about one
second, Since it is relatively constant and relatively short we there-
fore eliminate it from the calculations. The circulation time from

 This solution 1s known as Macasol
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the left ventricle to the perineum is estimated by subtracting the
arm-to-tongue from the arm-to-perineum time The time from the
veatricle to the right foot is calculated by subtracting the arm-to-
tongue from the arm-to-foot time. Time to other areas 15 simularly
calculated.

Kvale and Allen made exhaustive studies with this substance
and this technic, companng its action with that of various other
substances, including sodum cyanide. They concluded that there
was an error inherent in the sodium cyanide method and that the
values obtained by that method were 3 2= 14 seconds greater than
they should be. Using Macasol they found the following times
in normal subjects under control conditions: arm to tongue, mean
13.50 = 0 20, arm to penneum, 21.25 = 0 41, arm to night hand,
23.40 = 0.43; arm to left hand, 23 65 == 0 48; 2rm to right foot,
34.70 *: 0.85; arm to left foot, 34 35 = 085 With chronic
occlusive arterial disease the average time required for the blood
to flow to the feet was increased. However, 1n many individual
cases circulation tume has been found to fall within normal hmuts
We therefore concur in their opinion that tests for the speed of
arterial circulation cannot be constdered conclusive for the diag-
nosis of chronic occlusive disease. Collateral circulation may ap-
parently have a rate of flow which distributes blood as rapidly as
do the normally functioning mayor vessels

The rate of blood flow 1s definitely increased 1 patients with
hyperthyroidism In patients with essential hypertension it aver-
ages about the same 25 1n normal persons In patients with cardiac
decompensation or marked disturbances of the pulmonary arcula-
tion the circulation time frequently 15 definitely prolonged. Hatzig
devised a method for differentiating the night and left crcuits on
a physiologic and dynamic basis, using ether as a volatile substance
He measures the time necessary for the characteristic odor to be
Pperceptible to the investigator ot to the patient.

Five minums of ether and 5 minims of normal saline solution are
drawn 1nta 2 1 or 2 cc. syninge to which a 20 gauge needle has been
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attached The solution is injected into a large antecubital vein and the

ether circulation time is determined as the odor perception end-point.

The ether passes through the petipheral venous segments to the right

side of the heart and pulmonary arterses 1nto the pulmonary arterral

capillanies where it volatilizes into the pulmonary alveoli. It is then
exhaled with great rapidity through the air passages to the olfactory
organ A solutron contairing 25 Gm of sacchann in 3 cc of water®
is then injected in the same manger, and the time required for the
solution to pass from the antecubstal vein to the tongue is recorded as
the saccharin circulation tume By subtracting the ether time (the meas-
ure of the right heart ttme) from the saccharn time, the time required
for the blood to pass from the pulmonary capillaries to the tongue is
determned. This Hitzig calls the saccharin time-ether time difference.

According to Hitzig and others, the night and left heart times
are normal 1n pneumonia, empyema, bronchiectasis, lung abscess,
bronchitis, pneumoconiosis and tuberculosis, Mediastinal, pleural
and pulmonary malignant tumors, Pick’s syndrome, atelectasis,
bronchial asthma and numcrous other pulmonary conditions are
usually associated with normal circulation time, As failure of the
right heart develops the ethcr tume becomes prolonged, therefore
an ether time within the normal range (eight seconds) is evidence
against failure of the right side of the heart

When aqueous sodium fluorescetn 15 admimstered intravenously
according to the mcthod developed by Lange and Wollheim, the
interval between the mjection of the dye and the appearance of

a greenish-yellon glow mn the conjunctiva when the patient is

Y, .1 under an ultraviolet Iight 1n a dark room has been

tized as d'.)e arculation time Sicher and Sheard modified this

for use in the study of patients with vascular disease. Thetr
finic follows,

i :’3’:;;‘;1:: ’f::;i;ﬂ?trs .o’f 2 20 per cent aqueous solution of sodium
e whie Tring ;ﬂf‘;zr‘l}:]eb sclrrpest end-points. The patient 15
S of 3 ¢c of Buorseny in;‘o ground 1n a davxken.ed room The

o an antecubrtal ven is given under
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an nltraviolet light, A small water-cooled mercury vapor lamp fitted
with two thicknesses of Corning heat-tesistant red-purple-ultra no 587
glass filter is used as a light source The port to be obseried 15 then
tuminated and the time recorded when the end-pemt 15 reached The
end-point consists in the first definite appearance of a greenish-yellow
fiuorescent glow of the hitherto dark purple part Tuning s done by
means of 2 kymograph

This test, although it inducates that the afculation tume 15 pro-
fonged n cases of arteriosclerosts obliterans and thrombozngutis
cbhterans, requites special equipment and technic and wll not be
further elaborated here.

SECRETION OF SWEAT

At times it is of clinical interest to know whether cectain aseas
of the body are capable of sweating of ot Varous methads and
chemical compounds have been used for this purpose In 1935
Roth devised a practical technic based on the fact that 1n the pres-
ence of sweat cobaltous chlotide 1 a satarated alcokol soluton,
which is normally deep blue, turns to bright pink

With a small brush a hittle, ssturated alcohol solutton of cobaltous
chlotide is applied over the parts of the body in which the preseace or
absence of sweating is to be determined. The solution 1s ettber dotted
B A - .- an an the skin drses readdy

rinet Jarge enough
. . N sintng 2 senes of
incandescent light bulbs which maintain 2 temperature of 130-140 F
{54.4-60 C.} s placed over the patient. Wherevee sweating occucs the
dots and stripes of the solution tuea bright pink In places where vary-
ing degeees of sweating are observed the transition can be noted with
considerable accuracy by change 1n coloz of the cobalt Sufficient mow-
ture may be present in the air to change the color of the solution, but
never to the deep pink observed in the presence of sweat.

Vanous drags may be used to produce sweating Pdocarpue
hydrochloride has been admintstered subcutaneously for this pur-
pose, and Guttman has used Furmethide, a drug with a patasym-
pathomimetic action considered superror to pilocatpme and freer
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from side effects. Furmethide 15 admrnustered by subcutaneous in-
Jectton of 5 mg, which produces sweating on the face, upper
extremities, thorax and abdomen within two to five minutes
Sweating 15 1ncteased after the administration of nicotine in some
cases of hemiplegta, herpes zoster, tuberculosis and hyperpituitar-
1sm, in most cases of fever and practically 2ll cases of vasomotor
disturbances such as Raynaud's disease, It should be noted, how-
ever, that increased perspiration alone has little if any diagnostic
stgificance n these conditions, Many patients have conspicuous
increase 1 local sweating of the extremities without evidence of
pertpheral vascular disease Especially with neurocirculatory asthe-
nia and acrocyanosts, hyperhidrosis of the hands and feet may be
50 severe as to cause maceration of the skin Drops of sweat may

fall at frequent, regular intervals from the tips of the fingets.
Interruption of the sympathetic nervous system produces an-
hidrosis of the cutaneous area supplied by the severed nerve. It is
dramatically demonstrated following bilateral ventrorhizotomy for
essentsal hypertension. On this basis ganglionectomy is performed
for matked hyperhidrosis. Many of the patients with frostbite and
trench foot observed in army hospitals had as their most dis-
ble and p complaint copious sweating which rapidly
satutated their socks and the linings of their shoes. They frequently
also complained of marked paresthesias, Lumbar ganglionectomy
was performed on a number of these soldiers The patesthestas

were seldom relieved, but the sweating promptly ceased.

Psychogenic factors play an important part in the excretion of
sweat, They include anxuety, fear, joy, anger, pamn and gastroin-
f’estmal cramps. It is not unusual for sweating to accompany faint-
ing As .men!ioned previously, excessive palmar sweating is
common in neurocirculatory asthenia, A decrease in sweating may
occ'ur with fleuwlogic dsturbances, including multiple sclerosis,
syringomyelia, po'liomyclltis and tumors of the spinal cord, It has
e e oo s gt i, o
, Goodman and Kelley in soldiers
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in active mulitary training in the Californa desert. First they per-
spired profusely, following which anhid developed Return
to a cooler environment and rest led to speedy recovery.

The cobalt blue test is a useful simple procedure when the
examining physician wishes to determmne mn greater detail the
tendency to sweating in 2 given patient

VENOUS TESTS

It is frequently desirable to determine i detail the status of the
venous circulation. Some relatively simple tests to faalitate such
an examination will be described.

Venous pressure~—Vatious simple instruments have been used
to determine venous pressure since Hales 1n 1733 inserted 2 glass
tube in the jugular vein of 2 mare and measured the pressure by
determining the height of the column of blood which rose in the
tube. U-shaped manometers have been used with satisfaction  Of
equipment at present available, perhaps the simplest 1s that utilized
by Cohen. It consists of an upright glass manometer tube, a three-
way stopcock and Luer glass synnge with a needle

The patient should rest for at least 15 minutes 1n the supine position
to standardize the procedure The arm 1s placed so that the antecubstal
vein to be used is actually 5-6 cm below the fourth mnterspace at the
stenum, (This 1s hypothetically the point at which the superior and
the inferior venma cava enter the night auricle.) A local anesl'hthC, such
as procaine hydrochloride, may be tafiltrated beneath the skin over the
vein, although 1 have found it unnecessary .

Three per cent sodium citeate solution is nsed mn the syringe to pre-
vent coagulation of the blood, Venipuncture is made in one of the
promunent veins at the elbow and a small amount of blood s n:lrawn
back into the synnge. The stopcock is then turned and the fluid fn the
syninge is forced into the manometer tube to 4 point above the expected
venous pressuse Next the valve is turned and the fluid allowed to fun
from the manometer into the vein The point at which the flow stops is
taken as the venous pressure

‘The equipment 15 essentially the same as the spinal manometer,
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except that the manometer has a shightly larger bote. Spinal man-
ometers may be used for this purpose.

According to Rutledge the normal venous pressute using
Cohen's instrument varies between 3 and 20 cm. of water. He
found constderable vatiation 1 the course of the day, but it was
difficult to correlate the variation with a degree of activity, eating
or other factors of that order He also failed to find a cortelation
between levels of venous and artersal pressure of between venous
pressure, age, height and weight of the subject. Differences in
venous pressutes of the arms and legs were noted, but it was
impossible to predict which would be higher.

In the presence of cardrac fatlure the venous pressute markedly
sncreases, but 1n hypertension without cardiac failure an increase
15 not necessantly present In general the height of the venous
pressute parallels the degree of right congestive failute, and the
pressure falls as the congestive farluse 1s relieved There is no in-
crease 1n venous pressure with polycythemia vera, primary varicose
veins or occlusive artersal vascular disease. There 1s a marked 1n-
crease 10 venous pressure in a lumb in the presence of one or more
arteriovenous fistulas

Following thrombosss of major veins, the venous pressure is
apt to be increased peripherally from the pomt of thrombosis.
Careful observation for an ncrease in size or noticeable engorge-
ment of the veins in the neck and arm may give the observer
information regarding increased venous pressure, The following
simple test is often helpful in making 2 rough estrmate

The patient lies in the supine posttion. The veins of the hands ate
usually either very stightly distended or not distended at all If they
show marked distertion f{ ts often of interest to elevate the hands slowly
from the honizontal position. The height at which the veins drain out
and become flat 1s r.loted. This should not ordnarily be more than 10
em, above the anterior sutface of the heatt. Distention above that level

probably indscates increased venous pressure Distention of

i th
veins and also the veins of the under surface of the tongue 15 e jugular

suggestive,
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but not conclusive, evidence of increased venous pressure. These obser-
vations must be made with the patient supine,

Venous filling tine.—Thus observation has been used as 2 rough
gauge of atterial insufficiency of the vessels supplying the feet and
legs

The test is performed by having the patient, who 1s supine, elevate
the feet and then place them in a dependent position, The length of
time necessaty for the vens of the dorsum of the foot to fill to normal
disteation is measured. In the average notmal individual ths takes 10
seconds or Jess Frequently in persons with attenal occlusive disease 35
or 40 seconds 15 required. The assumption ts that this 1s the tine re-
quited for the blood to come through from the artenal stde 1n sufficient
quantity to distend the veins It 1s necessary, however, to be certain
that the blood does not return from above downward through varicose
veins which may leak backward, Careful observatton will disclose
whether or not the blood 15 coming from the distal portion of the foot

It should be tremembered that a vasospastic state, present 1n some
hyper-reactive individuals or produced by marked chilling, may be
responsible for a delayed or wncomplete venous filling time The test
should therefore be made only when the patient 15 completely relaxed
and after he has been in a warm environment for 30 munutes or more

TESTS FOR COMPETLNCE OF SAPHENOUS AND COMMUNICATING
VEINS AND OCCLUSION OF DELP VEINS

Numerous tests have been described for determiming the com-
petence of the valves 1 the saphenous and communicating veins
and the presence of an important occlusion of the deep venous
circulation. A few of the most useful ones will be described

Brodie-Trendelenburg test ~This test, first described by Brodse
in 1846, is one of the best known

The superficial veins of the leg are drained of blood and collapsed
by having the patient assume the supine position and elevate the leg
With the fingers, sufficient pressure 1s made over the upper portion of
the saphenous vein to keep its Jumen occluded. The patient then stands,
and the pressute 1 released quickly. These maneuvers are repeated, ex-
cept that the pressure is maintatned for 35 seconds the second time
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except that the manometer has a slightly larger bore. Spinal man-
ometers may be used for this purpose.

According to Rutledge the normal venous pressure using
Cohen's instrument varies between 3 and 20 cm. of water. He
found considerable varation 1n the course of the day, but it was
difficult to correlate the varation with a degree of activity, eating
or other factors of that order. He also failed to find a correlation
between levels of venous and arterial pressute or between venous
pressure, age, height and weight of the subject Differences in
venous pressures of the arms and legs were noted, but 1t was
impossible to predict which would be higher.

In the presence of catdiac failure the venous pressure matkedly
increases, but 1n hypertenston without cardiac failure an increase
1s not necessanly present In general the height of the venous
pressute parallels the degree of right congestive failure, and the
pressuse falls as the congestive failure 1s relieved. There is no in-
crease in venous pressure with polycythemua vera, primary varicose
vemns or occlusive arterial vascular disease There 1s a marked in-
crease in venous pressure in a lumb in the presence of one or more
arteriovenous fistulas,

Following thrombosis of major verns, the venous pressute is
apt to be increased peripherally from the pomnt of thrombosis.
Careful observation for an increase in size or noticeable engorge-
ment of the veins in the neck and arm may give the obsetver
information regarding increased venous pressure. The following
simple test 1s often helpful in making a rough estimate.

The patient lies in the supine position The veins of the hands arc
u'sualIY._e.l‘tAhejr ety Asl:ghtly dis}cndid or not distended at all, If they

e S A

t

am. above the anterior surface of the heart Distention above that level
probably indicates increased venous pressure. Distention of the jugulat
seins and also the vens of the under surface of the tongue 15 suggestive,
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In interpretation of the results, if vanices disappear rapdly
when the patient walks, the sap} vewns are wcompetent, but
the vajves of the c fcating veins are comp IF vasices do
not disappear on walkiag, the valces w bath the saphenaus and
the ¢ icating veins are p If varices become more
prominent on walking, especially if the patient experiences pam,
the deep veins are obstructed and the valves of the communicating
veins are incomp This lfast pt 15 based on the
fact that there is incomp e of the ¢ ating veins be-
tween the Jong and the short saphenous system

Ochsner and Mahorner devised a modification of the Perthes test
which is, in fact, thiee separate Pesthes tests (1) with the toutr-
quet around the upper part of the thigh; (2) with the tourniquet
atound the middie of the thigh, and (3) with the tourniquet just
below the kace. This procedute helps m determining the exict
location of incompetent communicating vewns betweea the super-
ficial and the decp system. For example, 1f with the toucniquet
apphed just above the knee varices below the knee disappear after
walking, this is interpreted to mean that the communicating veins
befow the point of the tourniquet have competent valves If with
the tourniquet around the middle or upper patt of the thigh the
varices in this area do not collapse after walking, the commum-
cating veins in this arez of the thigh are probably not competent

Pratt’s test,—Pratt described 2 test for incompetent communt-
cating branches which has proved very useful 1n our experience

With the patient lying down, the leg to be tested s elevated and
with light massage the veins are emptied. The tourniquet is placed high
enough on the thigh to close off the saphenous vein and an Ace bandage
is applied from the toes to the tousmquet. The patient then stands up
and the Ace bandage is slowly unwound from abave down. With the
tourniquet above preventing # reflux of femoral blood through the
saphenous valve and with the Ace bandage below compressing the 1e-
mainder of the saphenous vein, a bulge ot “blowout” ndicates an i~
competent communicating branch vein Such an acea 1s marked with an
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The results of the test are recorded as follows, {1) The result
1s termed “posttive” 1f the varices fill rapidly when the pressure
is released quickly with the patient standing and fill slowly when
the pressure is maintained and are not distended completely at the
end of 35 seconds (2) It 15 “negative” if the varices fill slowly
from below when the p is maintained and are completel
filled at the end of 35 seconds and fill no mote rapidly when
the pressuse is immediately released. (3) The result is called
“double posttive” 1f the varices fill rapudly after immedate
removal of the pressure of the fingers and also when the pressure
1s maintained (4) It is called "l if the varices fill only slowly
when the pressure of the fingers 1s removed quickly and also when
the pressuse 1s mantained. The following interpretations may be
made. “Positive” indicates ncompetence of the valves of the long
saphenous vetn but competence of the valves of the communicat-
ing veins “Negative” means competence of the valves of the long

ph vemn but mcomp e of the valves of the communi-
cating vens. “Double positive” may mean incompetence of the
valves of both the long saph and the ¢ icating veins

Frequently 1t means incompetence of the communicating veins
between the greater and the lesser saphenous system and mcom-
petence of both systems. This can be ascertained by performing
the test after occluding both the long and the short saphenous vein
at the proximal ends. "Nil" means functronal competence of the
valves of both the long saph and the icating veins.
In some cases of very early incomg ¢, nil may be ob ined

Perthes’ test.—This test is based on the fact that the flow in the
venous system of the leg depends in large part on muscular action,
since the flow is normally from the supesficial to the deep system
at numerous levels,

A tourniquet is applied to the thigh tightly enough to compress the
long saphenous vein and to prevent the flow of blood in the 55 ecficial
system past this constriction. The patient then walks briskl, End the
prominence of the varicose veins 1s noted Y
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In intespretation of the results, if varicos dwsappear apuih
when the patient walks, the saphenous vemns e incompetent, 1t
the valves of the communicating veins are competent 1f vasrees do
not disappear on walking, the valves 1n buth the siphenou and
the communicating veins are incompetent If varices become mor
prominent on walking, especially if the paticnt experincsy paa
the deep veins are obstructed and the valves ot the cnmunn ring
veins are inc P . This last pt 1 based o0 the
fact that there is incompetence of the communicating voir s b
fween the long and the short saphenous system

Ochsner and Mahorner devised 2 modification of the Perthes tort
whith 15, 11 fact, three separate Perthes tests (1) with the tourn)-
Quet around the upper part of the thigh, (2) with the tourntquet
acound the middle of the thigh, and (3) with the tourniquet just
below the knee, This procedure helps in determinng the exact
location of incompetent communicating verns between the super-
ficial and the deep system For example, 1f with the tourniquet
applied just above the knee varices below the knce disappear after
walking, this is interpreted to mean that the communicating vews
below the poiat of the tourniquet have competent valves If with
the tourniquet around the middle or upper part of the thigh the
varices in this area do not collapse after walking, the communs-
cating veins in this area of the thigh ate probably not competent

Pratt's test—Pratt described a test for 1ncompetent communi-
fating branches which has proved very useful in our expersesce

With the patient lying down, the leg to be tcsfcd 5 elevated ;}nd
with light massage the veins ace emptied. The tourniquet is placed high
eoough on the thigh to close off the s2phenous vern 20d an Ace bandage
s apphied fram the toes to the tourniquet. The patient then stands up
and the Ace bandage is slowly ugwound from above down. With the
tourniquet above preventing 2 teflux of femoral blood through the
s2phenous valve and with the Ace bandage below compressing the se-
mainder of the saphenous vein, a bulge or “blowout” indicates an in-
Competent communicating branch vein, Such an ares is marked with an
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indelible pencil as the pomnt where a secondary ligation will be required.
In an extremuty showng many such blowouts, 2 second Ace bandage 1s
applied from above down As the first Ace bandage is slowly removed,
a blowout appearing between the two bandages is a new one and must
be matked and resected

Pratt commented “While 1 most mstances, there are only one
or two such ‘blowouts,” one sometimes finds four or five. Failure
to remove such ‘blowouts’ results in recusrcnces, From a practical
standpoint, while doing this test one has also tested the patency
of the deep femoral veins because if there wete a thrombosis of
the deep vens, the tourniquet would prevent a return flow through
the saphenous tree, and there would be no venous return from the
limb with resultant severe pain and swelling of the calf.”

In reports of the status of the circulation as determined by the
fotegomng tests, 1t 15 1mportant that an exact description of the
vein and whether 1t 15 competent or not be entered Confuston in
the recording of the results of these tests 1s increased by the use
of such terms as “‘positive” or “negative”” alone One should state
whether the supesficial or deep systems are patent and whether
the valves are competent. One should also note whether the com-
municating veins are functioning and, if they are got functionng
satisfactonly, where blowouts are found and where communicat-

ing vens must be ligated 1 the event any surgical procedure 15
undertaken.
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tndelible pencil as the pomnt where a secondary ligation will be requircc.l.
In an extremuty showing many such blowouts, a second Ace bandage is
2pplied from sbove down. As the first Ace bandage 8 slowly semoved,
a blowout appearing between the two bandages 1s a new one and must
be matked and resected

Pratt commented “While 1n most instances, thee are only one
or two such ‘blowouts,” one sometimes finds four or five Failure
to remove such ‘blowouts’ results in recurrences. From a practical
standpoint, while doing this test one has also tested the patency
of the deep femoral vemns because if there were 2 thrombosis of
the deep vetns, the tourniquet would prevent a retarn flow through
the saphenous tree, and there would be no venous return from the
hmb with resultant severe pain and swelling of the calf

In reports of the status of the ctrculation as determined by the
foregoing tests, 1t 1s tmportant that an exact description of the
vein and whether 1t 15 competent or not be entered Confusion in
the recording of the tesults of these tests 15 increased by the use
of such terms as “posttive” or “negative” alone, One should state
whether the saperfictal or deep systems are patent and ‘whethes
the valves are competent One should also note whether the com-
municating vens are functioning and, if they are not functioning
satisfactonly, where blowouts are found and where communicat-
ing veins must be ligated in the event any surgical procedute 15
undertaken
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CHAPTER NI Arteriosclerosis Ol)literans——

Avtherosclerosis

THE IMPORTANCE of arteriosclerosis obliterans cannot be over-
estimated in terms of seriousaess to millions of individuals of in
the determination of world history The position may be taken
and rather well defended that most 1f not all evidences of senility
are secondary to the primary mechanism of arteriosclerosis; that
the resulting signs and symptoms are merely accidental, depending
on the portion of the arterial tree which is suffictently damaged to
prevent adequate blood supply, and certain organs thereby thrown
mnto 2 state of imbalance developing not only local manifestations
but far-reaching general reactions of great importance. Just as
Zinsser was able to present facts demonstrating the great smpot-
tance of infection in world history, one might well marshal strong
evidence to prove that nations have fallen and peace conferences
have failed because of the presence of cerebral arteriosclerosts in
the leaders. Countless examples might be cited of warped manage-
ment and inhibited progress 1n many institutions as a result of this
factor in more than one cortex around the directors’ table Arnual
examinations from this point of view might well be considered for
individuals holding mportant cwil, mulitary and industrial
positions.

Specific examples of general reactions which may occur in an
individual as a result of localized arteriosclerosis are the involve-
ment of the arteries of the pancreas with the development of dia-

- 100
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betes mellitus and all of its complicztions, and that of the arterual
disease, uremia, hypertension and many other related condition.

Local reactions may be cited in terms of asteriosclerosts of ves
trec of the Kidney with the development of <econdary hidnc,
sels of the extremitics. If a small artery supplying 1 group ol
muscle fibers becomes blocked, satermuttent claudicatton mas
develop, with pain sharply localized 1n a small mass of muscle
which becomes ischemic owing to the circulatory defiut devclop
ing with exercise. This syndrome may be of short duration 1f ol
Yateral vessels take over the bueden, or tt mzy become widespread
secondary to the propagation of a thrombus and blocking of
larger branches of the artenal tree, An example of local damage
is the gangrene frequently found in the tip of & digit caused by
blocking of an artery or arteries supplying that digit If one con
siders the possibilities for similar occurrences m any of the organs
and tissues of the body, the kajeidoscopic varations of pathologic
change secondary to arterjosclerosis obliterans become apparent
If one includes the coronaty, cerebral, mesenteric and other arterial
groups, it becomes clear that many deaths and diseases now classt-
fied under the organ involved should be classified as astetioscleross,
with the ofgan relegated to a secondacy posstron. This places
attetiosclerosis obliterans foremost, from the point of view both
of incidence of disease and 4s 2 cause of death.

Some conception of the incidence may be obtained from the
following figures. It has been estimated that there are at least
25,000,000 persons mote than 50 years of age 1n the United States.
Of these, 60 per cent, or 15,000,000, will die of some cardsovas-
cular-renal syndrome, in contrast to 9 per cent who will die of
cancer. A large but undetermined portion of the 60 per cent will
die as a result of degenerative changes of the arteries, with the
secondary changes already mentioned. Arteriosclerosis, therefore
~the number one disease problem 1n this country—deserves much
Mnra coctas mmasidecasian and ennre widanread investigation
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betes meltitus 20d ail of its complications, and that of the arteria)
disease, utemia, hyperteasion and many other related conditions

Loca! reactions may be cited sn teems of arteriosclerosts of ves-
tree of the kidocy with the development of <ccondary kidney
sels of the extremitics If a small artery supplying 2 group of
muscle fibers becomes blocked, intermuttent claudiation may
develop, with pam sharply localized 10 a small mass of muscle
which becomes ischemic owing to the asculatory defiat develop-
ing with excrcise. This syadrome may be of shost duration if col-
lateral vessels take over the burden, or it may become widespread
secbndary to the propagation of a thrombus and blocking of
larger branches of the arteraal tree. An example of local damage
is the gangrene frequently found in the tip of a digit caused by
blocking of an artery or arteties supplying that digit If one con-
siders the possibilitics for simular occursences in any of the organs
and tissues of the body, the kaleidoscopic varutions of pathologic
change secondary to arteriosclerosis obliterans breome apparent,
If one includes the caronaty, cegebral, mesenteric and other arteral
groups, it becomes clear that many deaths and diseases now classi-
fied under the organ involsed should be classified as asteriosclerosis,
with the organ relegated to a secondary postion This places
arteriosclerosis obliterans foremost, from the point of view beth
of incidence of disease and as a cause of death.

Some conception of the incidence may be obtaned from the
following figures. It has been estimated that there ate at least
25,000,000 persons more than 50 years of age in the United States.
Of these, 60 per cent, or 15,000,000, will die of some cardiovas-
cular-renal syndrome, 1n contrast to 9 per cent who will die of
cancer. A large but undetermined portion of the 60 per cent will
die as a result of degenerative changes of the arteries, with the
secondary changes already mentioned. Arteriosclerosis, therefore
—the number one drsease problem in this country—deserves much
more serious consideration and mote widespread investigation
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than 1t has hutherto recerved erther from the medical profession
or from the lay public

GENERAL CONSIDERATIONS AND NOMENCLATURE

The tesm acterioscletosis has come to have a broad meaning
which includes several conditions that differ in their pathogenesis
and their prognoss.

T Of these, the most important chnically is that now known as
atherosclerosts or atheyomatosss The typical lesions are patches of
chalesterol, cholesterol esters, phospholxgids, fatty acids and neu-
tral fats which form in the intimal layer of the arteries and
produce thickening, impingement into the lumen and finally nar-
rowing which encourages local blood clotting and occluston of the
vessels Most cases classified clinically as arteriosclerosis obliterans
are of this type It develops 1n the natural course of the fives of all
indwviduals but at vastly different rates.

1L The second type of lesion to be mcluded under the broad
term of arteriosclerosts 1s the medial calcification known as
AMinckeberg's sclerosss. The lesion is characterized by a diffuse dis-
tribution of calcum confined fargely to the medial layers of the
arteries It may be so widespread and severe as to produce the
so-called “pipestem” appearance on x-ray films, It may occur un-
der several conditions. (1) in the course of aging without other
known pathologic process, (2) idwopathically in the early years
of life; (3) associated with the osteitss fibrosa of Paget; (4) asso-
cisted with the excessive destruction of the bones in chronic
osteomyelitis; (5) as a result of excessive vitimin D administra-

tion; (6) with hypetparathyroidism,

'I-‘hxs i.s not to be confused with atherosclerosis, Tt rarely causes
obhtem.mn of vessels b).v direct impingement, Barr has suggested
that at times it may contribute to the development of atherosclerotic
plaques by interfering with nor.

mal absorption and transmission
of the lipids through the arterial wall; this concept, howevet, is
3 s
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hypothetical. The two conditions must nos be cotsidered distince
entitics.

HI. The third condition commonly clzssified under arterioscle-
fosis but diffeting from the types deeady discussed 1s arserrolo-
selerogis, It may occur comnardentally with the others, The leston of
the arterioles develops 1n the course of hypertensive and renal
diseases, and ctiology, natural history and prognosts differ from
cither atherosclerosis or Manckeberg's medial sclerosts

IV. Diabetes mellitus is notoriously assoctated with an inctease
in arteriaf lesions. Atheromatous plaques are more common than
normal and, in addition, the proliferatnve retimtis and intcreapi-
fary glomerulosclcrosis of Kymmelstiehl-Wilson ate scen. These
do not appear to be developed by 1dentical mechantsms

V Premature atherosclerosis does develop with the hypercho-
I ia of nephrosis, myxedema, homatosts and with fa-
mih':I hypcrcho]cstcmma

An attempt will be made to use the correct term throughout
this chapter, although 1t is recognized that there may be definite
coincidental overlapping of ptocesses 1n some patients.

For a mote comprehensive summaty of these and other 1m-
portant aspects of this problem, the reader ss referred to the work
of De. David Barr, who kindly permutted me to review his lecture
on The Pathogenesis of Atherosclerosis prior to publication *

PATHOGENESIS

Age —In man it is commonly observed that there is 2 roughly
parallel incidence of tncreasing atherosclerosis with increasing
2ge, This is to be expected since normally the nttma mcreases in
thickness 30 times from birth to age 50 and three times from
age 16 to 50. This 1s much more pronounced in the systemic
{major} circulation than in the pulmonasy (minos) circmt.
There are, however, many young persons below the age of

* Annual Lecture, Cleveland Academy of Medicine, May 18, 1951,
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40 with marked evidence of sclerotic changes and, in contrast,
many 1ndwviduals of 65 or 70 who, even at postmortem examina-
tion, reveal surpnisingly few signs of sclerosis. During World
War II 1t was demonstrated that 1t 15 not rare for atheroscletotic
changes to be responsible for death from cotonary thrombosis in
young men, 800 or more cases occutring in the armed forces of the
United States 1n men under 40. While acting as Consultant in
Medicine and moving from one Army hospital to another for sev-
eral years, I saw each month from one to four cases of coronary
thrombosts 1n men under 40.

It 15 not generally realized by the medical profession that such
atherosclerosis can be sesponsible for death 1 young children
Cases have been reported 1n children from 10 to 15 years of age.
The youngest case, however, with which we are familiar is one
cited by Stryker i which such a lesion of a coronary artery caused
the death of an infant 3 months old. The tllness had lasted only
three days and was thought to be mfluenzal pneumonta. At autopsy
one Coronary attery showed calcsfication of the media and fibro-
blastic proliferation of the intima with complete occlusion of the
lumen except for small foci of canalization Other coronaty arteries
showed less pronounced processes. Small areas of recent 1nfarction
were present in the myocardjum. Artertal changes simlar to those
in the coronaty arteries were found 1n pulmonary and splenic
arteries. In other infants aged 2 and 6 months focal calcification
of the media of the main coronary artery has been found, The
etiology in these cases is not understood, but the occurrence of the
phenomenoa in extremely young childsen 15 mentioned at this
point so that 1t may be kept in mind

It is noteworthy that, despite the inctdence of calcification in the
coronary ateries of young indwiduals, calcification is rarely en-
countered in the lower extremities as a disabling factor in individ-
uals under age 30. Soft tissue X-fays may reveal calcified arteties
© in young men without symptoms. These are usually of the

Monckeberg medial sclerosis type.
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Aside from the exceptions just ated, certain progressi e chrono-
logic arterial changes proceeding at varying rates may be antic-
pated in older individuals. Onc 1s the gradual diffuse distention
of the vessels due to progressive detenotation of the efastic tissue
in the walls. The stretching process occurs 1n the longitudinal as
well as the circular direction. I'rom catly youth the internal elastic
membrane tends to sphit, and this process becomes more marked
as the years pass. Arteries are under longitudinal tension early n
life. On the average, by age 40 stretclung has taken place to re-
lieve this tension, and from then on overstretching occurs, result-
ing in tortuosity. The deterioration of the elastic tissue with age
is similar to processes which take place 1n all collosdal substances.
This change is associated with the progeessive accumulation of
finely divided calcarcous matensal in the media that begins early
in life and becomes more marked with senescence. Wintermitz
and his co-workers have published studies which suggest that
vascularity of the walls of sclerotic arteries 1s frequently increased
and may be associated with minute hemorrhages from the vasa
vasorum. They beheve that frequently the hemorrhages become
calcified and by rupture through the mntima may pave the way
for the development of thrombosts The hemotrhages probably
are Jate manifestations and are not concerned with the onginal
development of arteriosclerotic lesions The absence of an exact
parallel between age and the development of sclerosis implies
that age per se is not the cause of these changes, but rather that
the changes are secondary to one or many factors affecting the life
of an individual through the years. The more significant of these
possibilities will be discussed,

Race and climate—Studies of the effects of race and chimate
on the development of arteriosclerosts have been unsatisfactory
and inconclusive. Various workers who have had an opportunity
to observe Oriental peoples have reported that mcidence of asteri-
osclerosis among the Chinese is lower than that among Occidentals
of comparable age groups The point is not definitely established.



104 VASCULAR DISEASES

40 with marked evidence of sclerotic changes and, in contrish
many individuals of 65 or 70 who, even at postmortem examinz
tion, reveal surprisingly few signs of sclerosis. Durning \"Ior{d
Woar 11 1t was demonstrated that st 1s not rare for atherosdcw!'lt
changes to be responsible for death from coronary thrombosts 10
young men, 800 or mote cases occurring i the armed forces of !f35
Untted States mn men under 40, While acting as Consuitant it
Medicne and moving from one Army hospital to another for sev-
eral years, I saw each month from one to four cases of coronty
thrombos:s in men under 40.

It 15 not generally realized by the medical profession that such
atherosclerosis can be responsible for death in young children
Cases have been reported 1n children from 10 to 15 years of age-
The youngest case, however, with which we afe familiar is on¢
cited by Stryker 1n which such a leston of a cosonaty artety cause
the deith of an infant 3 months old. The illness had Jasted only
thee days and was thought to be influenzal pneumonia. At autopsy
one coronaty artery showed calcification of the media and fibe-
blastic proliferation of the intima with complete occlusion of f'hc
lumen except for small foc{ of canalization. Other coronary :me{les
showed less pronounced processes. Small areas of recent infarction
wete present 1 the myocardium, Artenal changes similar to thost
in the coronary arteries were found in pulmonary and spl{m‘
arteties. In other mnfants aged 2 and 6 months focal calaification
of the media of the mamn coronary artery has been found The
etiology in these cases 1s not understood, but the occurrence of the
phenomenon in extremely young children is mentioned at ths
point so that it may be kept in mind

1t is noteworthy that, despite the incidence of calcification in the
coronary asteries of young indiwviduals, calafication is rarely €%
countered in the lower extremities as a disabling factor in individ:
uals under age 30. Soft tissue x-rays may reveal calcified acteri®s
in young men without symptoms These are usually of the
Ménckeberg medral sclerosis type
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Aside from the exceptions just cited, certain progressive tluox'\t{-
logic arterial changes proceeding at varying rates may bc antici-
pated in older indwiduals. One is the gradual diffuse dl?(ct}hbﬂ
of the vessels due to progressive deterioration of the elastic tissue
in the walls. The stretching process occuts in the longitudinal as
well as the circular direction. From early youth the internal elastic
membrane tends to split, and this process becomes more marked
25 the years pass Arteries are under longitudinal tension early in
life. On the average, by age 40 stretching has taken place to re-
lieve this tension, and from then on overstretching occurs, result-
mg in tottuosity, The deterioration of the elastic tissue with age
1s similar to processes which take place in aif colloidal substances.
This change is associated with the progressive accumulation of
finely divided calcareous material in the media that begins early
in life and becomes more marked with senescence. Winternitz
and his co-workers have published studies which suggest that
vasculatity of the walls of sclerotic arteries is frequently increased
and may be associated with minute hemorchages from the vasa
vasorum, They believe that frequently the hemorthages become
calafied and by rupture through the intima may pave the way
for the development of thrombosis. The hemorthages probably
ate late mamifestations and are not concetned with the oniginal
development of astersosclerotic lesions. The ahsence of an exact
parallel between age and the development of sclerosis 1mplies
that age per se is not the cause of these changes, but rather that
the changes are secondary to one of many factors affecting the life
of an individual thtough the yeats. The more significant of these
possibilities will be discussed.

Race and climate—Studies of the effects of race and climate
on the development of arteriosclerosis have been unsatisfactory
and inconclusive, Various workers who have had an oppottumty
to obsetve Otiental peoples have reported that incidence of arteri-
osclerosis among the Chinese 15 lower than that among Occidentals
of comparable age groups. The pomnt is not definitely established,
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William T. Foley, who has studied clinical and pathologtc mate-
rial 1n China, believes that hts experience confirms this general
impression Whether the difference in incidence 1s due to face,
chimate or diet remains to be established, but it appeats possible
that the low fat, Jow cholesterol diet may be an important fact?r.

Sex.—The selationship of sex and the development of atterio-
sclerosis has considerable snterest The general impression has
been that men develop artetiosclerosis and die of it at an earhier

TABLE 1 —INCIOENCE OF ARTERIAL IMPAIRMENT ACCORDING To SEX AND AG
(Physical Findiogs)

Mexn WonEr

4049 yr. 27% 855
5059 yr 55 26
60 yr and over 77 36

Total 46% 205

TABLE 2 —INCIDENCE OF CALCIFICATION ACCORDING T0 SEVERITY*
{X-Ray Evidence)

Mzn WomeN
“Total 231
No. with ealafication 135 (44%) 42 (18%)
No with 3 -t or 4 4 calafication 1 (309) 3 (1266 of thost
with caarfics
tion)

* According to seventy of involvement rated from 1+ to 4+.

age than do women It has been generally assumed that this is 10
patt due to the fact that women lead more sheltered lives than 40
men. Therefore, Lake, Pratt and I studied 536 men and women
who had been working at similar occupations—sitting, standing,
walking or climbing—in a large department store for a minimur®
of 10 years (average, 17 years). This study revealed 2 marked
discrepancy between the sexes in the tendency to the development
of arteriosclerosis. The subjects were studied for x-fay evidence
of calafication and by oscillometric teadings and other tests fof

arteriosclerosis. Tables 1 and 2 illustrate the difference betweef!
he emvee
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Animal experiments catried on duting the same peuod by Lud-
den, Bruger and Wright demonstrated that unprotected male and
female rabbits developed atherosclerosis as is usual after prolonged
administration of cholesterol. In female rabbits fed cholesterol,
the develop of hyperchol ia was inhibited and the
deposition of cholesterol in the aorta to produce atherosclecosis
was P d by the ad ion of t propionate or
estradiol dipropionate. In male rabbits fed cholesterol the same
steroids exerted little of no such protective action Thus this effect
of the steroids varies with the sexes, differing from the inhibiting
effects of jodine and other substances on cholesterol deposit in the
arteries. ‘The androgen and esttogen were equally effective, sug-
gesting that both steraids produce a common metabolic effect
through some action which takes place in the female but not in
the male ammal, Later wotk demonstrated that if the females
were castrated some factor of protection was lost so that the

dmini i 0( ks ot est diol d it

Prof PIOp
no longer protected against the development of cholesterol athero-

sclerosis 1n the aorta following the administration of the same doses
of cholesterol.

Although it 15 recognized that there is risk 1n making direct
comparisons between animal atherosclerosis and atherosclerosis
in man, the fact that both of these studies point to a similar
protective mechanism in the notmal female cestainly justifies much
mote work and thought on the possibility of 2 hormonal sub-
stance protecting the female against atherosclerosis

Hard work, exercise—Exercise and hard work have long been
thought to be assocuated with the development of astetiosclerosss,
based on the concept that long-continued trauma to the walls of
the vessels has an important etiologic role In an effort to clarify
the problem, Lake, Pratt and Wright divided the aforementioned
group of department store workers according to the physical de-
mands of their occupation—sitting, walking, standing and stair-
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climbing. It was found that sta-climbing tended to produce 8
significant ncidence of arteriosclerosts in young men approe
mately one decade eathter than did standing, sitting or walking
Above the age of 50 there were no significant differences 1 the
inaidence of arterral drsease in any of these classifications.

Nutrition —Diet 15 undoubtedly an important factor in ‘hf
maintenance of health and the achievement of longevity. It is
possible that nutrition influences the development of athero:
sclerosts by several means- (1) 2 quantitative deviation from the
optimal diet that represents a deficrent or excess intake of any of
the necessary constituents such as vitamias, proteins, fats or muner-
als, (2) changes 1n the relation of one foodstuff to another, and
(3) abnormal reactions to the optimal nutritional intake such a5
may occur with metabolic dyscrasias, gastrointestinal disease and
other pathologic conditions

There 1s no evidence, however, that chronic over- or under:
nutrition of a purely caloric nature has any influence on the devel
opment of atherosclerosts 1n aaimals Unbalanced drets fed to ant
mals have led to changes similar to atherosclerosis 1n man; for
example, in rabbits fed diets of meat, eggs and nulk ot cho!cf—
terol, atherosclerosis developed. Chickens develop atherosclerosts
under similar conditions, and atherosclerosis has been procluccd
in dogs fed a high cholesterol diet, but only when hypothymldnsm
has been nduced

There are definite data on a relation of excess vitamin D intake
and development of atherosclerosis. There does not appear to have
been a difference 1n ncrdence in mdividuals who suffered severe
malnutsition during World War I and individuals who were obes¢
during the cotresponding years Although there is a general im-
pression that the obese are more susceptible to atherosclerosss,
insufficient ‘evidence is available for proof. Nevertheless, evidence
has been advanced that mortality from arculatory diseases de-
creased in Norway duting the Nazi occupation in World War Il
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The tate tose rapidly on resumption of the normal diet. This
should be studied furthes. i

Beeause of the frequent observation that hypertension and ar-
teriosclerosis are 1are in Ching, where protein-low ot protein-free
diets are the rule, some warkers have held that an abnormal pottion
of igh protein foods may increase the incidence of arterioscletosis,
but the fact that Eskimos living on an animal tissue diet do not
show an incteased incidence of cardiovasculat-renal diseases throws
doubt on this hypothesis. Mote accurate, statistically valid studies
on the incidence of arteriosclerasis in the Omnent should be pre-
pated.

“There is some cvidence that 1 dwstuthance of lipid metabolism
may be an important factor in the development of atherosclerosis
1 human beings Atheromas do contain a considerable quantity
of lipoid material. In human beings, disturbances of lipid metab-
olism manifested by lipemia are frequently complicated by severe
atherosclerosis. It is not uncommon for patients with xanthoma
tuberosum with severe lipemia to have pronounced atherosclerosis.
Severe lipemia of plained etiology is frequently complicated
by premature arterioscletosis oblitetans or coronaty sclerosts, In
myxedema, lipernia is common and the incidence of premature
atherosclerasis is high The same developments were observed in
diabetics befote the insulin era, when they were apt to be on a
Tugh fat diet, to which the prematute atherosclerosis was attributed.
Recently, however, premature atherosclerosis has been recognized
in diabetics on the insulin high carbohydsate régime, 5o the prob-
lem requites further cansideration

Barker showed that the mean values for plasma cholesterol and
chofesterol esters, phospholipids, fatty acids and total lipids were
definitely higher in 73 patients with arteriosclerosis obliterans than
in 200 normal induviduals. This was patticularly true in patients
between 40 and 60 and in those with premature arteriosclerosis

blit There is i ing intesest S
Iipids in the production of atherosclerosis.

g the role of the
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Goffman and his co-workers have compiled evidence which sug:
gests that there 1s 4 relation between 2 marked increase of the large
cholesterol molecules of the order of S 1020 in the blood 20d
the development of atherosclerosss in man .

It has been found that phospholipids act as a stabilizing influ-
ence on the lipids 1n the serum. The ratio of cholesterol to phos-
pholipids may be very important, The higher the value for chf)'
lesterol, the greater the tendency to precipitate lipid substances it
the arterral wall

Nerther cholesterol nor phospholipids exist in a free state 11 the
plasma. They are combined with protemns and are in P:oportl?ﬂs
of 25 per cent alpha-lipoproteins and 75 per cent beta-lipoproteis
Barr and his co-workers have observed that in most patrents “'.I!h
coronaty infarction and atheroscleross obliterans of the legs with
occlusion the alpha-lipoptoten value is low while that for bet
lipoprotein is elevated. This suggests 2 high cholesterol-phospht”
lipid ratio and may help set the stage for the development of
atherosclerotic deposits. It is very possible that Goffman’s Jarge
molecules of cholesterol are in reality a fraction of beta-lipopo”
teins. There now seems to be little doubt that patients in whont
atherosclerosis develops are Likely to exhibit abnormalities in the
distribution of lipoprotemns.

The ingestion of alcohol was formerly considered a factol
However, Ruffer performed autopsies on over 800 Mohammedat
pilgrims and found atherosclerosis to be as common as in Euto:
peans—significant because these pilgnms never admit taking
alcohol. Physiologic studies also show no increased incidence 10
alcoholics as against nonalcoholics. In fact, some workers believe
that alcohol may retard the development of atherosclerosis be-
cause it is a cholesterol solvent and hence tends to prevent prt’aPi'
tation of cholesterol. The studies of Lake, Pratt and Wright, pre-
viously referred fo, did not disclose any effect whatever from the
use of alcohol (Table 3).
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TABLE 3.—INCIDENCE OF ARTEMOSCLEROSIS IN PATIENTS Wilo Ussp
AtcoHoL aND THOSE Who Dm Not

Mex Womex
Alrgbol  No Aleohol Alcobst Mo Aleohal

% with pathologic changes 463 457 19% 201
% without pathologic changes 33,7 343 803 99

The same cbservations have been made regatding the use of
tobacco, The figutes are not dissumilar to those cited for alcohol
(Table 3) and show no statistical evidence that the use of tobacco
is telated to the development of atherosclerosis, Tt will be pointed
out later, however, that tobacco is interdicted when atherosclerosis
obliterans is assoctated with occlusion impaiting the circulation.
“This is because 1t has 2 vasoconstrictor effect on the small collateral
vessels which must be encouraged by all means available to dilate
1n arder to take over the work of the latger occluded vessels.

Infections, acute and chronic.—In spite of exhaustive sutveys
and experimental work there is little evidence that infection plays
an imp part in the pathog of atherosclerosis, Follow-
ing typhotd fever, deposits of lipid in streaks and patches are
occasionally found MacCallum observed no special tendency to
the development of atherosclerosis.in tuberculosts, theumatism,
arthritis, Streptococcus viridans infection and glomerulonephritis.

Diabetes—\With the passage of time sthetosclerosis develops
tn most diabetics to a greater degree than it does in normal indi-
viduals. Few juvenile duabetics have survived 25 years without evi-
dence of such vascular changes, "This does not appear to be telated
directly to the degree of control of the sugar values, since vety
mild diabetics may show striking changes whereas notariously
severe diabetics who “steal” extra food and sweets have in several
instances escaped vascular damage to a remarkable degree, This
does not indicate that the physician should not attempt to achieve
20 essentially normal chemistry. Tt may indicate that the lipid
TekabelisTh 1 Thote Tnportant, Signs of vasculat damage include
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x-ray evidence of calcsfication of the vessels, .\Ithoug’h t shoutd be
tecogmrzed that this does not 1ndicate the degree of mtu.nal ch:mg;
ot nacrowing of the vascular lumen Changes n the refmal vesstl
with increased light reflexes and exudates are characteristic bfxt not
speaific for diabetes mellitus The development of alb.umm\mla
with or without hypertenston must suggest the Klmmelsuehl-W!ll'
son syndrome or capihlary glomeruiosclerosis which frequently
occurs i myld diabetics

Heredt/y.—~Although evidence has been advanced to show 2
marked influence of heredity 1n the production of hypertension
and thercfore, by inference, of atherosclerosis, the direct evidence
applicable to sclerosts 15 inconclusive 1t does appear, ho\\e\zrf.
that i certan families the symptoms and pathologic changes ©
pertpheral atherosclerosis appear earlier than in others. In apply”
ing such observations one must consider, however, the extreme
difficulty of comparing the total environment—type of woﬂci
worty and strain of life, dietary habits and other factors—as wel
as age of such family groups with those of controls in ordet o
make a just evaluation of the role of heredity .

Lead and manganese are beleved capable of producing artesio-
sclerosis, but the type and therr role 1s unsettied.

PAaTHOLOGY

In the study of the pathology of arteriosclerosss, lestons in
various stages of devcloPment are found in the same process
The athecomatous type of plaque sienilar to that seeq in the walls
of the aott1 may be found in other larger arteries developing 35
small, round, grayssh or bluish spots which begin to projet
mto the jumen through the intima. These gradually fuse into
uregular large plaques projecting farther into the lumen (Fig
23). The development of fibrous tissue makes many of the
plaques milky white, while fatty parts break down to become
mushy. At this point, either of two processes may take place. The
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Jesion is sealed by the formation of a calcareous plate, or the soften-
1ng material breaks down to produce a ragged ul'ccming dcf‘ect at
the bottom of which necrotic material may remain Thrombi may
then form and cover the ulcer.

Atterics to different organs show variations in the mmncr.of
development of atherosclerosis. Our interest in this discussion
will be focused in the vessels of the extremities. The aforeren-

e paladeipha k. A Davis Company, 19401 )

tioned splitting of the intima is excessive, in advanced stages re-
sulting in marked thickening of the layer because of secondary
development of fibrous tissue and the accumulation of cholestesol
and lipds The thickening is irregular and leads to eccentric loca-
tion of the Jumen. The degeneration and necrosis involve the in-
tima and media with the deposit of cholesterol crystals. The
fibrosis involves the media and adventitia The atteries then become
calcified by the development of a arcular solid deposit of calcareous
tmatersal at the more o less obliterated dividing line between the
wtima and media (Fig. 24). The occlusion—the final stage—is
usually due to thrombosis ‘The process in dubetic cases is essen-
tially sumilar to that described here



PG

RS

ot T

gt

S e

L8v%

EEEN]

R

3

H

F3

g

2

g

g 1.

g7y

EF
=

P!

of intima and almost complete obliteration of lumen, due to prolt

tissue of

and
afication have taken place in ntermediary and musculans fayers,

crescent. Elastic Jaminae arc not clearly seen

Fie. 24

fothel.

114



Fi6 25 —Arnenosclerosis obliterans Penpheral artery showing some intimal
thickenung, though not as much as tn Figure 24 Elastic lamnae ace clearly seen,
being obliterated only where degeneration of a large area has taken place De-
generative and calafic changes ate most prosounced an the media, suggesting
Monckeberg s sclerosis
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of intima and almost complete oblieration of lumen, due to proliferation of
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afication have tahen place in intermediary and musculans layers, forming *
crescent Elastic Jaminae are not clearly scen
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Fic 24 —Anteri obliterans phetal artery showing thickend!
of intuma and almost complete obliteration of lumen, due to proliferauod

dothelium and bssue of i diary layer, and ©
aficahon have taken place in intermediary and museulans layers, formiog
crescent, Elastic Isminae are not clearly seen
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Tn the adteries of the extremities the distinctise type of artesio-
sclerotic process described by Monckeberg (1903) is sometimes
seen. In this se find necrosis and calcification of the media which
e nat necessarily associated with an jntimal Jesion, and the proc-
ess differs thus from atheroma. In advanced cases the asteries
may be converted into solid tubes. The deposits may be platelike,
citcular ot tubular o may coalesce to form a tube. This type of
sclerosis s relatively common in the extremuties Such extremities
in which the major vessels show tubular calcification from the
\tiac vessels down to and including the dorsalis pedis astery may
not be gangrenous, the atteries being patent and pulsatile through-
out. 1 have followed a number of individuals who 10-15 years
ago showed striking x-ray evidence of this type of sclerosis and
who have had no occlusion (Fig 27).

Although it has been generally assumed that these so-called pipe-
stetn atteries show a higher incidence of occluston and at an eatlier
age than do arteries without pipestemming, in the light of long.
term observations it is possible that our previous concepts are in
etror. The follawing case is an example.

A sutgeon about 12 years ago was found to have pronounced calarfica-
tion of the vessels of the lower extremities, demonstrated by x-rays, At
that time he was carrying without difficulty a heavy surgical schedule 1a
a large hospital The armed services at fisst rejected him when he
volunteered duning the recent war, but later accepted him. Throughout
the war he carned exceedingly heavy surgscal duties which required
standing for many hours each day, again without difficulty, He refurned
to avilian hfe with no evidence whatever of symptoms related to vas-

calat insufficiency, We no longer give a poos prognosis on the basis of
stmufar x-ray findings

The work of Wintermitz on the effect of hemorrhages in the
vasa vasorurs has been briefly discussed As mentioned, hemor-
th:ng may occur and eventually result in arteriosclerotic plagues,
but it js probabfe that these are rather late effects, The rtiolog;r
of these hemorrhages deserves discussion. Tt is possible in some



ets have

Fio. 26 —Anerioxclerosts obliterans Intima and intecmediaty oy
been destroyed and replaced by calaificzion Musculans is relatively intact
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instances that they are duc to duetary deficiency, espectally of vita-
min C, to hemorrhagic diatheses of vatious types or to increased
capillaty fragifity due to such couses a3 chemical poisoning "‘f‘d
paasitic invasion. They may also be secondary to infectious toxins
and to other little understood factors.

The final step 1n the production of occlusion of an atheromatous
vessel is usually a thrombus, It js not understood why thrombi
otcut at some sites where there is 3 minimal lesion and do not
occut at other sites where the lesion is much more extensive. Many
factors, such as an excess of thrombokinase® at the particular
pomt or a change from fibrinogen into sticky insoluble fibrin,
may play a role, The organization of a thrombus within the
vessel is charactetized by dssintegration and digestion of the blood
elements, accompamed by growth into the clot of capillaries,
fibroblasts and many mononuclear phagocytes The process ex-
tends until dilated sinusoids connected with tenuous branches
canalize the dlot which in tutn calafies in other areas Thas may
result in a bizarre formation of vascular channels incorporated in
the main lumen of the involved vessel. These channels are often
prmarily extensions of the vasa vasorum of the vessel wall.

Thrombus formation may be intiated at times by exudative
processes Leary has advanced what 1s known as the foam cell
theory. According to this, phagocytic cells of the lver (Kupffer
cells) and the adrenals engulf esterified cholesterols, thus becom-
ing foam cells which send migrants through the vascular system
finally to ynvade the intima of some artery. This invasion starts
the process of atherosclerosis according to Leary

It now appears likely that there is 2 constant absorption of
cholesterol and other lipids through the sntima of the arteries and

that under certain conditions these substances are laid down to
form atheromatous plaques

* Thromboplastin

«Fis 27—4, stnlung x-ray evidence of calofication of vessels of lower o
tremuties, with osullometric values that are normal or bettes, especially on the
fight B, much less calaification than 1n A, with reduced oscillometric valaes
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instances that they are due to dietary defiaency, especially of vita~
mn €, to hemorthagie diatheses of various types et to increased
apiilary fragility due to such causes as chermcal posomng and
pasasttic avasion. They may also be secoadaty to infecttous toxins
and to other httle understood factors

The final step in the production of occlusion of 1n atheromatous
vessel 15 usually a thrombus. It 13 not understood why thrombt
occut at some sites whete there 15 2 mumal leston and do not
occur at other sites where the lesion 15 much mote extensne Many
factors, such as an excess of thrombokinise® at the partwular
powit or 2 change from fbrinogen wto sticky tnsoluble fibua,
way play 2 role. The organeation of a thrombus withi the
vessel is characterszed by disitegration and digestion of the blood
elements, accompanied by growth into the clot of capiliaties,
brobl and many tear phagocytes The process ex-
tends until dilated sinusods connected with tenuous branches
canalize the ot which in tumn caleifies 1 other areas. This may
sesult in & bizarre formatian of vascular chaanels incorporated
the man fumen of the invebied vessel These channels are often
pumatly extensions of the vasa vasorum of the vessel wall

Thrombus formation may be utiated at times by exudative
processes. Leaty has advanced what is knowa as the foam cell
theory. According to this, phagoqt cells of the Iner (Kupfier
cells) and the adrenals engulf esterified cholesterols, thus becom-
g foam cells which send migrants through the vascular system
fislly to mvade the intima of some astery. This nvasion starts
the process of atheroxlecosis accarding to Leary.

It now appears likely that there 55 2 constant absorption of
cholesterol and other hiptds through the mtima of the anterses and

that under certam conditions these substances are faid down to
form atheromateus plagues.

* Thromboplastin.

PG, 27—d, wxilang 112y endence of alaficaton of sessels of lower ox-
temities, with gsallometnc walues that are aormal ot bester, sspecially on the
right. B, eanch less olafication than i A with seduced osellomemne valoes
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instances that they ate due to dietary deficiency, especially of vita-
min C, to hemorthagic diatheses of various types or to increased
capillary fragility due to such causes as chemical poisoning :14nd
patasitic invasion. They may also be secondary to infectious toxins
and to other little understood factors.

The final step 1n the production of occlusion of an atheromatous
vessel is usually a thrombus. It is not understood why thrombi
occur at some sites where there is a minimal lesion and do not
occur at other sites where the leston is much more extensive. Many
factors, such as an excess of thrombokinase® at the particular
powt or 2 change from fibrinogen 1nto sticky insoluble fibrin,
may play 2 role. The organization of a thrombus within the
vessel is characterized by disintegration and digestion of the blood
clements, accompanied by growth into the clot of cpillaties,
fibroblasts and many lear phagocytes. The process ex
tends untl dilated sinusoids connected with tenuous branches
canalze the clot which 1n tumn calcifies in other areas. This may
result in 2 bizarre formation of vascular channels incorporated in
the main lumen of the involved vessel These channels are often
pomarily extensions of the vasa vasorum of the vessel wall.

Thrombus formation may be initiated at times by exudative
processes. Leary has advanced what is known as the foam cell
theory. According to this, phagocytic cells of the liser (Kupffer
cells) and the adremals engulf esterified cholesterols, thus becom-
mng foam cells which send migrants through the vascular system
finally to invade the intima of some artery, This invasion stacts
the process of atherosclerosis according to Leary,

It now appears likely that there is a constant absorption of
cholesterol and other Iipids through the intima of the arteries and

that under certamn condittons these substances are laid down to
form atheromatous plaques.

* Thromboplastin

<TG 27~A, stuking x tay evdence of exlafication of vessels of lower ex-
tremauties, with osallometric values that are normal o better, especially on the
night B, much less calrficstion than 1n A, with reduced oscillomersic values.
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The dominant picture in arteriolar changes 1s mtimal hyalin{za'
tion. This 15 1ncreasingly widesptead and severe with advancing
hypertension and nephritts Medual hypertrophy and degeneration

e p Y
e v = A pr—————— 1

Fic 28 —A, true arterosclesotic aneurysm of popliteal artery Aneurysmsl
separr was advised, but refused Six months later amputation was necessary
B, lasge ruptured aneurysm and mass of clot from same pauent,

resemble changes following distention of any hollow musculas
structure. Medial degeneration may be primary in some instances,
but medral hypertrophy is probably secondary to stress and straif

e e frenanently in hunertencivee than in O
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yp s Intumal prohferation n the form of endothelial
bypetplasia with mncrease 1 clastic tussue and secondary degener-
atwve changes may be classtfied 25 endartenitis oblitesans sather
than arteriolosclerosts obliterans.

Free and false anenrysms of the peripheral attenes are ex-
tremely common fate effects of artenosclerosts and are discussed
n Chapter XI In asteriosclesosts they occur as defating saccular
ar dissecting aneurysmms, Many fupture to produce false aneurysms,
which may occur anywhere, but especrally where stress and stran
are preatest The pophiteal space 15 3 common site {Fig. 28)

SIGNS AND SYMPTOMS IN THE EXTREMITIES

Atteriosclesosts should be considered a generalized discase po~
tentially accurning m any ot alt of the atteties of the body simulta-
neously Actually, the process 15 more Iikely to be advanced n
some segments of the atterial tree than in others Thus discussion 15
confined largely to the effects of the process n the artenses of the
extremitses, although it should be clearly undesstood that occlu-
sion of any artery of the body nterferes with the nutrition of the
tissues supplted by that attery 20d w so downg ntiates signs and
symptoms which vaty according to the type of tissue which be-
comes sschemic Physscians have been wont to think in terms of the
organ affected mnstead of the fundamentat condition which has
wnterfered with the acculatson and hence the functrons of the
organ For example, as previously mentioned, 1n older people
duabetes mellitus 15 often secondaty to artenosclerosis obliterans
of the artenies of the pancreas Not infrequently artersoclerosts of
the vessels of the kidneys 15 sesponssble for the develop of
renal syep togy The corcect d 18 such cases should
be arterosclerosis with secondary diabetes mellitus or nephro-
sclerosts ‘There are many simular examples

In the extremuties, cestain s1gns and symptoms are important,

1 Pam This ss the sympton which most frequenny bring the
patent with artersosclerons oblterans of the fower extremities to
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the doctor. The types of pain vary widely, the two most common
being the pain of intermittent claudication and pain at rest.

a) The syndrome of intermuttent claudication 15 typified by ex:
treme fatigue, tightness or cramplike pains in the calves of the
legs or the muscles of the thighs which develop when the patient
walks 2 limted distance and which often force him to 2 desd
stop After a few munutes’ test the patient can proceed for 1b0.u!
the same distance before similar symptoms once mose force bim
to stop. Rarely 1n laborers se have seen this phenomenon in the
muscles of the arms The severity of claudication is sometimes
mncreased by cold weather It 1s also made more severe by walking
rapidly, or up hill, even the most modest grade accentuating the
symptoms,

As the disease progresses with blockage of the larger vessels
the areas of claudication pain ascend the leg until u!ﬁmﬂ!.f))‘
the thigh 1s mvolved and the vessels of that area are nonpulsating
and occluded. It should be remembered, however, that some
patients the major vascular trunks may be patent down to a'ﬂd
including the dorsalts pedis artery, while some branches supp‘)’mg
important groups of muscles in the thighs or calves are occlud ¢
As a result, intermittent claudication may occur from ischeml‘i
m a geoup of muscles high in the leg while the dossalis peds
1s patent and pulsating.

The pamn of intermuttent claudication must be dxﬂerenmtcd
from rheumattc or arthuitic pains In addition to tests for vasculat
or joint damage we have found it helpful to determine whether the
patient has to sit down to obtain relief. The patient withs joint dis
tutbances usually has to take the weight off the affected joints:
whereas pain due to 1schemia (true claudication) can be refieved
merely by intetrupting active exercise of the muscles. The fogicsl
explanation for this, in the light of our present understanding ©
the cause of claudication pain, seems to be that some chemical sub-
stance accumulates in the muscles during work when the plood
supply is deficient. When no further work is demanded of the
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muscles the dummished blood sapply proves sdequate to remione
the metsbole products and supply sufficient putrition. ‘The syn-
drame 15 readsly reproduced by the application of 2 1
bound tightly around an extremity to occlude the arterral blood
supply, following which exercse 18 taken

Roth has shown that the lactic acid of the venous blood of an
extremmty 1nvolved by occlusive vasculas disease incraases sharply
after exercise, but this 15 not consstentfy paratiel to the mntensity
of pamn,

&} Rest patn Pain that develops dunng sest occurs charactee-
wstically when the patient 5s lying in bed The pain 15 typically
cramplke  Thete 1 some debate about the cause, although I
beheve 1t 15 assocrated with Jocal sschenma which results from
stagnatson of the hload, with sccondary utdwation of oxygen and
the accumulation of toxic waste products 1 the tissues An
occasonal pattent bas severe gest pains 1 the feet with ne demon-
strable lestons aside from atrophy of the skin and muscles. 1 have
see 2 few cases s which pain was so severe that despite all
present-day methods of trestment amputation was requited, In
geoeral, hovever, the pua of artertasch 15 3pt to be suk
of rather 2 dull aching nature shich frequently accompanies the
development of ulcers.

The patsent’s bed nwst be considered carefully Many beds sag
1a the middie so that the feet, or &t least the toas, are highes than
the pebas oc even the heart tevel Since the blood must then fow
up hull thraugh defective pipelines, thus may greatly aggravate the
rschermia over a pensod of houars

2, Temperature and ather sensory chages A common com.
plant of patients with arteniosclerosis obliterans is that thewr hands
of feet ate cofd and that st 15 difficult to get them sufficiently wamm
ta be comfortable Studies of the surface temperature demonstrate
s coolness even sn the many patients who do not seem conscious
of cold Lowared almost ably accom-
pames artenal occlusion unless the collateral vessels have taken
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over the full burden of the circulation. Normal skin temperatuze
1n 2 room of average temperature (20-25 C; 68-74 F.) averages
295-33.9 C (85-93 F.), but many extremities with advanced
astersosclerosis persistently maintain temperatures as low a3 the
toom temperature Cold feet or hands, however, may be due to
vasospasm without occlusive disease. .

Occasionally formication is associated with the sensation of
coolness, numbness and pins and needles. It may accompany
teduction tn vibratory perception. The feeling of general fatigee
and weakness throughout the himbs js a common symptom nder
pendent of mtermuttent claudication,

3 Nutrition of the part in artersosclerosis obliterans. Observd:
tion of the nutrition of the skin, nadls and muscles 15 impostant
Atrophy of the skin and nails and poor growth and brittlepess of
the natls are often eatly signs of tmpaired citculation. Frequenty
they are overlooked or incorrectly interpreted When noted:
especally in patients past 40, they indicate the need for 2 vasculat
examination of the extremity. Atrophy of the skin is frequentlf
accompanied by absence of sweating and, in some cases, wier
ference with hatr growth, Conversely, as the circulation, 1mproves
under treatment, evidence of narl and hair growth 1s 2 fxvoﬂlfk
sign. Atrophy of the muscles, with marked reduction in the ar
cumference of the extremity and m the Ppatient’s weight, ©
commonly seen (Fig, 29} )

4. Changes of color with postural changes. Relatively eatly 7
the presence of arterjal deficiency of an extremity there develops
the combination of pallor on elevation, and rubor followed bY
cyanosis on dependency of the extremity. Pallor may be found
without rubor and vice versa, st 15 refatively rare to have 07¢
present without at Jeast slight sigas of the other, Rubor on d¢-
pendency without infection s presumptive evidence of vasculat
impairment, In the presence of infection at least some of the
rubor is very apt to persist on elevation of the foot, It should
be re-emphasized that palpation of a pulsating dorsalis pedis of
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postenor tibial artery does not disprove occlusion of & vessel in the
foot perspheral to the point of palpation

As explaned previously, the color depends on the blood <on-
tawmed s the mmute vessels of the sk and the subcutmcoxfs
vessels When the cwculation 15 smpared and the extremsty is

Fre 29 -—Marked atrophy of the legs secondary to aterosclerosts obhterans
an 2 woman, 60, with twhular narrowtaig of the artenes of the lags {From Medie
chrome Senes MM—Vascuter Diseasts, by | § Wight and W T Foley

elevated, the blood drains out quickly into the deep veras and s
not seplaced rapudly enough to maintan the normal coloe In
severe cases pallor wcreases to the point where the extrerity is
pale yellow, On dependency the blood stagnates 1o the vessels,
not moving o because of lack of attersal pulse pressure and other
factors At fisst this regults 1 mbor which becomes cysnosts as the
oxygen wn the blood is utdized, although 1f the temperature of the
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mb 15 as low as 10 C, (50 F.), the blood will not part with its
oxygen. Mnute vessels are damaged by the cold and dxla!e,'aad
the skin becomes bright red even when the blood flow 1s slight.
Increase of heat, on the other hand, tends to increase the gyanosts
if the blood flow to a limb is arrested.

3. Venous filling time, At the time that obsetvations for rabot
on dependency are made, the venous filling time should be noted
in the following way,

After elevation of the feet above the heart Jevel for a sufficiently !ons
pettod to cause collapse of the superfical veins, the feet are ‘l“‘ﬁ{
lowered to the dependent position. The length of time necessary for s
veins of the feet to fl] and become prominent is noted. Normally d:“l
18 10 seconds or less. Longes periods indicate impairment of the atterid
or capallary creculation roughly propottionate to the delay.

A word of warning 1a regard to this test is indicated. The
obsetver must be most careful to be certain that the filling takes
place from below upward (from the distal portion ceatrally) 0ot
from above downward, because the latter may be the result of
incompetence of venous valves which normally prevent back flov
We have seen numerous patients with false normal filling tumes
o this basis, but with severe occlusive arterial disease.

6 Edema Edema rarely, 1f ever, occurs as a result of arte:
riosclerosts aloge Thus is logical, The flurd is not dammed back
and the venous pressure tends to be decreased rather thi
increased  Edema in the presence of arteriosclerosis obliterans
requires careful seatch for heart disease, kidney disease, thyrod
deficiency, venous impairment and nutritional defictencies, a0y
ofte 6r combination of which may explain its presence.

7. Condition of arteries A[] accessible arteries should be €¢
amined for tortuosity, nodules and compressibility, Frequently the
arteries are hard, esther uniformly or 1n scattered areas, whete
caldification has taken place. This does not necessarily indicat
occlusion, but it is frequently assocrated wath jt,

8. Ulcers. The ulcers of arteriosclerosis tend to occur on the
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toes, heels ot antenar bibial surfsce. They are usually dry r.ather
than most unjess secondantly infected with ether bacteria or
some fungus growth Secondasy infection is very commion. :I'bc
alcers tend to extend rather stowly, are frequently undermined
at the edges and may develop 2 bladk eschat type of hase. The
degree of pain w hich they cuse vaties greatly Large trophc ul.ccrs
may cause celatsvely Ltle pam, whereas 2 smafl ulcer, cspcgally
+f infected, ot even 2 preulcerous 2rea, may produce excruciatmg

Fig 30

disbetes methitus 10 2 man aged &4 (From Medichrome Seties MMw-Vascular
Duseases, by I S Wight a0d W T ¥oley )

ulcers due to J

obhterags associated with

pyn Many of these leswons have as thewr preapitating factoss
trauma, such as occurs when o heavy object 15 deopped on the
£oot or the 208 15 stubbed, of too close panng of coras or nas.
Each ulcer should be consdered actually to sep the first
stage of gangrene, since they are produced or perpetusted by
madequate blood supply to the ares (Fig. 30).

9 G The of

to 2 small area or may be massive, involving 2 large portion of a
limb U5 extent depends on the size of the occdluded vessel and

1

may be hmited
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other factors, especially infection. Closure of mzjor vessels, 25 of
the femoral arteries, may, however, take place without develop-
ment of gangrene if the coliateral vessels supply the tissues ades
quately The chief factor in this situation 15 whether the occlusiod
has taken place slowly enough to permit the development of
adequate collateral crculation

Gangrene may develop as a smail bluish spot, commonly o
one toe, and gradually spread to involve the entite toe, foot o leg
At other times an entire toe may be mvolved at once owing t0
occlusion of a digital artery. With occlusion of a major 2ty
an entire imb may turn bluish black at one time. GanE’e"“fﬁ
areas may be painless or extremely painful. Exactly why this 15,
we do not know. If the process is dry and uninfected the mvohved
pottion of the extrerty may become mumpnified and tead 0 self-
amputation. Frequently, surgery is necessary to complete the
sevenng process It 15 necessary to watch the patient’s genetd
condition as the gangrenous areas spread, If serious evidence of
generalized infection or toxicity develops and does not readilf
yield to sulfonamdes or penucillin, amputation well above the
level of occlusion should be carried out promptly. This is P&
caally smportant in patients with diabetes mellitus and gangrer®

‘There may be scleratic plaques along the vessel walls for matf
years without much interference with the vascular function. Sud
denly, however, a thrombus may form around a protruding portio?
of a plaque, followed by occlusion withw a shost time. It is frer
quently difficult to make a differentizl diagnosis between his
process and a true embolic episode, especially 1n the presence o
auticular fibrllation This may to some degree be an academi¢
question with reference to an extremuty, since consevative teeats
ment for both conditions is the same. If an embolus has vccurtedy
however, anticoagufant therapy should be used to prevent subser
quent development of emboli from the same site. If emboltc €%
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15100 18 under consideratton 1t 1s, of course, vital to be certain that
in embolus 5s the mate Iikely probabihity, .

When an aneurysm occurs as a result of asteniosclerosis oblit:
erans, function may be satisfactory for a long time. As 1t increases,
it may cause pan by pressmg on the nerves, For' example, the
popliteal netve s frequently stretched over a popliteal aneusysm
and may be badly damaged as a sesult of the stress over a proteacted
period If the ancurysm in a key position such as the popliteal
space continues to enbarge, surgery is necessaty to avord such
comphicatiens gs the formation of a large thrombus, portions of
which may break off to produce embolic phenomena at the dustal
portion of the extremsty It ts usually possible to obliterate the
aneutysm wiathout loss of the extremity because wath growth of
the aneurysm the collateral cusculation usually develops to a
remarkable degree In other cases the surgeon may attempt venous
transplant to eplace the pottion of attery mvolved by the
aneurysm This procedure has been successful 1 3 number of cases.
The transplant 5s made from a segment of the saphenous ven

Frvomves ay Mrans oF Seraar EXAMINATIONS

Cestan tests are very helpful in evaluating the degree to which
the arculation has been smparred The technics for these special
examnations are discussed 1n detart an Chapter 11

Osedllometyre veadimys —These ase useful 1 determinwng the
patency of the major vessels and the leve] of thess occlusion, There
has been 2 tendency in some quartets to overmterpret and to draw
unwartanted conclusions from osatlometnic studies One canact
detesmanc the type of sclerosts, but the osciflometer will frequently
demonstrate good pubsations in the vessels of the foot when palpa-
ton has faded to focate the vessels or to disclose 2 definste
pulsation Qscillometnic teadings have some significance when the
two extremuties show a matked difference 1n the readings, For
example, the readings oa page 130 were obtamed n one patienst
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Ricur Lert
Over arch of foot 025 deg. 0 deg
Above ankle 2 [i3]
Below knee 3 1
Above knee 5 2

Inasmuch as both legs were exposed equally to a warm eavinon
ment, there could be little doubt that there was a defintte diﬁerfnfe
1 the patency of the major vessels of the two extremitees. Oscillo-
metric readings do not, however, give much information about the
collateral cireulation, Frequently collatetal circulation is adequate
despite an abrormally fow oscillomettic reading, resulting from
natcowing or occlusion of the major vessels In other wosds, the
oscillometer may be a valuable aid in the hands of one who un'd“‘
stands the evaluation and iaterpretation of the readings 0“{“‘}
metric readings must always be made in 2 room where the patient
is warm, since chilling may produce spasm of the vessels end
dimnished pulsation,

Swurface temperature studies.—1t is seldom necessary to use 3
thermocouple to determine whether the skin temperature Of. o
extremuty 1s lower than that of its mate. Under similar conditions
2 difference usually indicates impairment of the cnrcuhkion. 4
difference of even a fraction of 1 degree can be readily recognize!
by the dorsal surfaces of the examiner’s fingess. If one wishes &
record the exact difference, temperatures should be taken by meats
of a thermocouple and potentiometer or a radjant heat measuning
uait, To be of value, the teadings should be made in a room with
constant temperature under carefully controlled conditions. g

Reflex: vasodl, #est.—Ta determine the patential vasodils:
tation it is wise to use some form of reflex vasodilatation of 3
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the pattent 1n blankets and hot water bottles. Application of 2
heating pad to the abdomen or wrapping of the arms in a heating
pad 15 frequently satisfactory. Sometimes, however, spasm is ©

; — 3 .
. Fic. 344 —Marked calafication of postersor bibial and dorsalis pedis 8€0%
visualized by soft tissue x-ray technic.

intense that it is not released by these measures, In such cases Spi“ﬂ
anesthesia, lumbar ganglionic block, general anesthesia of ch@inc
block of properly selected nerves, for example, the posterior tibial
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osve, will refease the spasm and produce mathed elevation of the
in tempetatute of the supphied atea. .
x~mypsctudm;~So§t tissue x-tay studhes to determine the pres-

¥i6, 348 —Calcifation of nterdigual antenes of feet, visualized by soft
ssue x 1y techaie.

ence of characteristic pipestern cakibeation ot ssolated plaques,
aad therefore af arteriosclerasis, ate recommended. They will not
grve wformation regasding patency of the vessels {Figs, 31-34).
Atherosclerosis which has nat yet calcified may not show m x-ray
flms.

Artsriography~We have not found artenography necessary
for the clinicaf care of acteriosclecosis, However, when 2 true or
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may be justified to

false aneurysm 15 suspected, arteriography
formation before

determine its location and to gain additional in
surgical intervention (Fag. 33).

Fic 35—A bl. A showng obliterattoft of

femoral artery m midibgh, with collateral branches carrying blood arouad
obstruction and back into the artery just above the pophteal space

Histamne flare tests~In general, histamine flare tests are D"){
necessary for making the dragnosis or for selecting the thetapeatic
protcdures best suited for the particular patient.
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Meatured work tests —By having the patient chmb stars ot
walk a cestain distance at a fixed pace (for example, 120 paces per
msmute) and observing the onset of cladication pains and the
pownt beyond shuch he cagnot proceed, valuable tnformation is
obtaned for companson with future studies after trestment,
Symalat, perhaps more accurate, observations can be ganed by
ustag one of the various ergometers {p. 31 and Fig 9} or by
forcing tontraction of the muscles by faradic stimulation (Landis
et al } untsh the muscle can no longer function.

When evaluating the results of treatment with reference to
wtermittent claudication one should be certain that a patient who
clums to be able ta walk fasther 15 not actually dowag this at a
matkedly teduced pace. In other words, 3 mas who formerly
walked rapidly may learn to walk sfowly to adjust to hus curculatory
deficrency and hence report to his doctor that he 15 now able to
watk six blocks instead of two. Such 2 finding would be very
unportant f he walked a¢ the same rate as he did ongnally Thus
pownt must be kept in wmind 1n the evaluation of therapy and
pastifies the wse of sn ergometer, which forces the patient to
exesase at a specific sate to disclose any actual change.

TREATMENT

The attude of hopel and disc which stidl
prevatls among some members of the medical profession with re-
gard to astenosclerosis obliterans 1s certamn to be reflected m the
reathon of the pavent to his disease In the contse of experience
with 2 facge rumber of patients with circulatory impatement of att
degrees, we have found that except in the most extreme cases the
prognosss i terms of dusation of hfe and comfort 1s far better
than was forwmerly believed. Metiulous case by the doctor and the
patient, combimed wath the procedures to be discussed, has resulted
w a reduction 1n the number of amputations aad frequently a
matked increase i the chandication distance over a period of
manths and even, indeed, yeaes. Some Patients svho have follawed
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a careful régime are able to walk farther and have better osallo-
metric readings today than was the case 10 yeats of more 280

Rest.—Exttemities with arteriosclerotic ulceration of hupcx.xdmg
or actual gangrene should be relieved of any stress o strain. A
foot, for example, should not be used for standing ot “'{Wg
When sclerosts is present without trophic changes, ulceration &f
gangrene, the extremity should be exercised frequently !O‘the poist
of pain 1 order to encourage collateral circulation by stimulitio3
the demand for blood supply. It 1s inadvisable to force thf put
beyond the point of pain since this will probably result in the
accumulation of toxic products and encoursge the onset of 2 B
grenous process Patients without an ulcer or gangfene are W
structed to walk to the point of pain a number of times °3‘h (hi

Position.~1In the presence of impaired arterial circulation it 5
important, as mentioned earlier, that the limb be placed in &
a position that it is not higher than the level of the heart. B¢
which ate theoretically level frequently sag in the middle undit
the weight of the trunk; the toes are actually above the heart levd
and are therefore subject to prolonged ischemia duting sleep.
This must be avoided. It is thetefore routine to advise that the b
of the bed be elevated 10-12 in Ths is best done by putting the
posts of the head of the bed on wooden blocks maintaining *
feet approximately 6 in, below the heart level, the optimal position
for any prolonged rest period.

Exercise—1It 1s important that prolonged complete jrmactivity ¢
avoided because of the tendency to stagnation of the blood and
increased tendency to thrombosis, especially in the veins of theleg-
Additional 1l effects include inadequate nutrition and fﬂq“"“t
cramplike muscle pains. For this reason, carefully controlled ex¢*
cises have been used to encourage the collateral circulation to ke
over the burden of the supplying tissues. Perhaps the best know?
are those described by Buerger. They consist in prindPIe o
having the patient lie in bed and put the legs through 2 cyele @
elevation, dependency and rest. Instead of setting arbitrary time
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periods for alt patients e have suggested the follewing routine
a5 a therapeutic guide

The physicag should obsenie how long it takes fot the patient’s feet
to become pale on elevation The exact leagth of time necessary fot the
drclopment of palior should be the time presenbed for elevation of the
feet during the Buerger exerases The fest should then be placed in 2
positton of dependency and the length of time noted for the develop-
ment of marked rubar This should be the tune prescribed for depend-
ency  the Buesger exescises. In other words, mnstead of arbutrary tumes,
the prescoption should be based on physiologic functson of the vascular
tree of the extremsty A complete cycle might be as follows- elevation,
3 mumutes, dependenty, 2 minutes, fest, 1 minute This eycle should be
tepeated seven times, a5 many times 2 day as the patient 15 able to carry
out the cycle without undae fatigue or claudication putt When one feg
1s mote severely affected than the ether, the timing of the cycte should
conform with the needs of the more cutically iovolied leg

Arthur Allen has descibed a helpful series of exerceses i which
the legs are hung over the edge of the bed and the feet are
exercised by fexing and extending the ankles, turamng the feet
mward and outward, then spreading and closing the toes These
probably should net be dene 1 the presence of gangrene. They
wall produce a marked increase sn arculation of adequate marn and
collateral vessels are functioning

Tobaceo —It 1s now generally recogrized that the use of tobacce
wn the presence of impated citout is madwisable Silbert and
others noted that mn thrembozaguis oblterans smoking was a
marked aggravating, sf not indeed the commonest, etiologic factor.
Most vascular chinics subscribe to thus theoty, at feast with reference
to aggravation Experimcntal studies by Meddock and Coller,
Batker, Wright and Moffat, and Lampson have established the fact
that smoking usually causes a diminution of the hlond supply to
an exteemity, normal et otherwise, by constricting the penpherat
artenses 2s determuned by thermocouple readings, capillay mucros-
copy and plethysmographuc studses, Whether or not thete 15 an
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allergic phenomenon has been discussed, but the evidence dots
not seem conclusive. .,

So far the only established mechanism is the phystologic on¢
of constriction of the small arteries and aterioles, For the arteno
sclerotic patient with circulation already impaired, this is suﬁﬂfﬂ'
to interdict the use of tobacco. Although spasm of the m3jor
scletotic vessels 1s not considered as jmportant in asteriosclerosts
obliterans as in some other vascular conditions, one should reme
bet that the Life of the tissues in these cases depends on il
collateral vessels, that these ate usually not sclerotiC and that they
may be constricted by smoking. For example, if the citculatio? o
an extremity is already impaited to a fraction of its former
potential~let us say to where the life of the tissues is in dotbt=
the smoking of tobacco or exposure to any other factor such .”
cold which further reduces the circulation may well rcsulf."‘
gangrene This principle operates i all degrees and clearly 18
dicates that patients with definitely impaired circulation from
artetiosclerosts or any other cause should abstan from the us®
of tobacco

Alcobol —Alcobol has definite vasodilating effects o the
peripheral asteries, Experiments carried out in our hb"“.wry
showed, following the ingestion of 60-90 cc, (2-3 oz ) of WIS
a nise 1n temperature of the tips of the extremities as great 35 67
degrees (C., 9-12 F.), depending on the condition of the vessels
and the control level preceding the experiment. We feel, thcxcfo{ev
that the use of whisky or other spirituous liquors is indicated i0
the treatment of organic occlusive peripheral vascular diseasch
among the most important of which is arteriosclerosis. There &
widespread agreement regarding this,

The dosage depends on the severity of the condition and th¢
tolerance of the individual. With impending or actual gangren®
the patient should reccive enough alcohol, in any palatable for™
of the patient's choice, to keep the peripheral vessels as dulated 3
possible. On our service such a patient is often kept stightlf
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webtisted duung the cotical period This may requige _30-60 <.
(1-2 o2 } every four hours or more frequently This amount
should be tapered dons a5 the emergency subsides to 1-2 oz
rwsce a day, which 15 the dosage usually recommended in nonacute
cases Brown and Allen pomnted out that, in addition to vaso-
dilaung properties, shisky may conteol the pain in some cases of
perspheral vascular disease more satisfactonly than Morphine .

In dabetics, who compnise 2 faily good portion of our patieats
with extreme atheroscletosss, the alcohel consumption must be
calautated within the dizbetic diet, Peptic uicer and alcoholsm
are, of course, contemndications to its use,

Baths and soaks—The proper use of baths 1 an wmportant
element sn the treatment of aticrioscleross Four ypes of baths
are mast commonly used.

a} Modified sz bath, In the absence of an open lesion the
patient 15 wstructed to sit 1 2 bathtub contaming 12 1. of water
mamtaned at-a tempetature of 37.8 € (100 F.) for 20-30
smnutes at feast once a day. The hext extends hagh enough for
collateral vessels from the trunk and femoral arteries fo be
actsvated 1f water of this temperature seems to cause discomfort,
the temperature should be reduced to 344-367 C. {94.98 F.)

&) Contrast baths The populanty of contsast baths tas dumin
sshed m tecent yesrs There are several objections to thetr use
Fust, the best contamers can only resch to the knee {mast con-

minets do not come that hugh) aad the snenal blodge may be far
above knee Jevel Although contrast baths iaduce mportant meta-
bolic respanses, the ability to respond may not be realized at the
fevel of the stimutus Indeed, the increased metabolc demand 1
the absence of sbibity 1o respond may actuslly be harmét, Second,
vessels already damaged, when forced into sudden vasospasm by
the cold water, may remain closed with formation of 2 thrombus,
thereby complicating the picture consaderably Third, there 15 ex-
treme pain occasionally duning the cold phase. The modified stz
bath 15 consadered to be somewhat better therapy,
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One contaner holds water at 37.5-40 C. (100-105 F.) and tl'u:
other, water at 15-20 C, (60-70 E.). The legs ate placed firstin
one and then in the other, alternating at ntervals of one to ﬁ“‘;
minutes, repeated about seven times. The last immersion .shoulv!
always be m the warm water. The procedure should be cartied o
once of twice a day. N

] Whirlpool baths. Whirlpool baths may have some "3l“°mm
the presence of chronic low grade ulceration or ealy gangrent, ve
movement of the water helping to clear away crusts and lmPfUZ
drainage. The temperature of the water should be about 35
(95 F) .

4) Soxks Wet dressings have largely been abandoned on 0‘:
setvice because of thesr tendency to cool even under the most f::‘oes
able conditions Cooling produces vasoconstriction and th\fs ;w
more harm than good by defeating the chief aim of improving )
arculation to the dying cells In their stead, for ulcerated of 7
grenous extremuties for which sitz baths cannot be utilized, ne “;:
soaks of normal saline at 35-37.5 C. (95-100 F.) These 'm)’d‘
applied for 15-30 minutes two of three ttmes daily After ‘?ﬂc
soak the foot is removed catefully and placed under a warm e
with the temperature between 31 and 35 C. (88 and 94 F) t
avoud chilling, The object is to allow proper drainage by softeniag
and cleaning away crusts which lock in infection.

Once infection is under control, attempts should be made £
produce 3 dry Jesion rather than 2 wet macerated one, becius®
healing is more rapid and the danger of infection 15 reduced whe?
the lesion is dry. Evety second or third day it js advisable ¥
substitute for the saline soak 2 solution of potassium permangattt
1:5,000 at the same temperature. This is to combat fungss
infection which frequently hinders the healing process.

Heat—Heat, properly used, is of great importance in the trea®
ment of arteriosclerosis obliterans, Fop frequently it does far mor®
bhatm than good because of improper wse. The object js to rep”
duce normal temperature conditions. Normal surface temperatuf
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rarely exceeds 34-35 € (93-95 E). To achieve this and to
stimulate normal metabolic processes, the temp ¢ of the sut-

4 i should appro: that fevel, We there
fore use thermostatically controtied heat cradles (Fig 36) to keep
the temperatuse between 34 and 35.7 C. (92 30d 96 F.). Ocear
sionally the paa 2t these Jevels fessens at fow ec temperatuses, e.g,
84-58 F. By careful watching and the placing of a thermometer

¥i6. 36-~Thetmosaucally controlled cradle {Vaiverda type). Note auto-
aate heatiag unwt at foot of bed and thermometer to provide a douhle check.
Thesmometer (airow) should have been placed nearer the toes to determine
mote accurately the temperature of that ares

~quidistant from the heat source and the extremity 1t is possible
o use ordinary hight bulbs The risk of etror 15 great, and many
sases have been greatly aggravated by overheating As Starr has
posnited gut, increasing the metabolic demands beyond the capacity
of the supplying artenies to provide fresh blood mereases the fikelt
hood of gangtene.

Tempetatute-controlled heat within the himuts outhined is, in
our opion, the only sife form of local heat to wse in this
condition.  The local use of heat lamgps, diathesmy or shost wave
machines 1s to be condemned. 1 have seen more than 70 cases
w which severe ulcesation or gangrene had been precipitated by
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One contamer holds water at 37.5-40 C. (100-103 F.) and the
other, water at 15-20 C. (60~70 F.). The legs ate placed first
one and then in the other, alternating at intesvals of one to th;;;
minutes, repeated about seven times The last immersion sh:m
always be m the warm water. The procedure should be carrie
once ot twice a day A

¢) Whirlpool baths Whirlpool baths may have some wuethc
the presence of chronic low grade ulceration of eatly gangeens it
movement of the water helping to clear away crusts and lf“l’smC
drainage The temperature of the water should be about 3
(95 F.). N

d) Soaks Wet dressings have largely been abandoned 0;1 '001‘
service because of therr tendency to cool even under the most a:iocs
able conditions Cooling produces vasoconstriction and thus p
more harm than good by defeating the chicf aun of 1mproving "
arculation to the dying cells In their stead, for ulcerated of § .
grenous extremuttes for which sitz baths cannot be utdized, we “bc
sozks of normal saltne at 35-37.5 C. (95100 F.). These m4f "
applted for 15-30 minutes two of three times dady After m&h
soak the foot 15 removed carefully and placed under 2 warm € .
with the temperature between 31 and 35 C. (88 and 94 F)
avod chilling. ‘The object 1s to allow proper drainage by softenss
and cleaning away crusts which lock i infection. 0

Once infection 1s under control, attempts should be made .
produce a dry lesion rather than a wet macerated one, becaus
healing 15 more rapid and the danger of infection 1s reduced whe?
the leston 1s dry. Every second or thied day it is advisable 10
substitute for the saline soak a solution of potassium Pcrmmglm”
1:5,000 at the same temperature This 15 to combat fungss
infection which frequently hinders the healing process

Heat~Heat, properly used, is of great importance n the treal”
ment of arteriosclerosis obliterans. Too frequently st does far mof®
harm than good because of improper use. The object is to fP
duce normal temperature conditions. Normal surface kcmpmml‘
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5,000 units pes . have controlled snfection after other means
have faded Expenence with sulfonamide powders has not been
vety favorable because they tend to cust over the wound and act
as itntatiag bodtes tather than therapeutic agents. Mok snfsequently
fever and other ugas of taxic absorption from the snfectson 1 the
fower extremity develop, These can become serious and may
even be fatal, with ot without terrunal preumonia oc secogatzable
bactererma When fever develops, the use of sulf des and
peascsthin must be conssdered, We have used peasatlin 1 doses of
300,000-1,000,000 units a day 1n such cases with ery satisfactory
results. An omtment we use at present contamns 5,000-10,000
units of perciiim per 30 Gm (1 0z ) 1 a petrolatum base This
15 applied enly when it 15 Becessaty to soften calloused skun and
at the same fume have an antihiotic agent present Pemailfn shoutd
be apphied locally with caution 1n the presence of fungus infectson.
3t some times greatly aggravates such lesions
Pressare-sucton boot #reasmeris —The pressure-suction boot
providing n 1 pressure by hand pumps was
used 10 the treatment of unpawed curculation before 1500 Landss
and Gibbon, and Herrmann populanized the procedure and per-
fected mechanical appanatus to make the pressure changes auto-
matic The hypothesss 15 that the blood flow to an
be ncreased markedly by exposing the < 0
pressure from posthive to negative and back to postiwve, contining
such atternations for the duratioa of the trestment, whych may be
from cone hour to several days
The extrenuty 1s contained 1o 2 so-called boot of glass or metat
0 which pressute changes are produced by means of a connection
through ae 216 pump system The opening through which the leg
15 nserted 15 made atc-tight by means of 1 rubber cuff There has
been considerable dusagreement as to the type and tuping to be
wsed and the amount of suction and pressute desieable The cycle
;nost generally used 15 that sugpested by Herzmann Accepting the
se Line a3 atmospheric pressue {760 mm ), one complete cycle

extremty can
a
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measutes producing excessive heat, Seven patients lost their legs
and two died, not as a result of their arteriosclesosis, but rather
as a result of misapplied treatment, In contrast, reflex heat pio-
duced by applying heating pads or other forms of heat to the
abdomen or sacral area is helpful without being dangerous.
We frequently recommend the use of electric heating pads on the
abdomen for one hour three or four times daily. They should neves
be applied to extremties with 1mpaired cuculation. There stems
no evidence to justify keeping the extremities at f00m tempetd®
ture .

Anticoagnlants—The use of anticoagulants, mcluding heptt™
Dicumarol and Tromexan, for arteriosclerosis has largely been %
fined to patieats with sudden occluston on the basts of ‘thrombos»
or embolism. Their importance in the modern treatment of coronsty
thrombosis with myocardial infarction has been demonstrated
It is known that anticoagulants will interfere with the prop’
gation of a thrombus and will reduce the incidence of embol¢
phenomena It 1s also known that prolonged rest, which 1s necesssf
for some of the patients with gangrene with resultant stagnation
of the blood on the basis of arteriosclerosis oblitesans, encourss™
thrombosts in both the arterial and the venous tree. Anticoagulst
therapy 1s indicated when there js a tendency to P,Opagaﬁm\ °
thromb or repeated embolic episodes. (See Chap. XX for detarls)

Antibrotic and sulfonamide therapy—The frequeny wilh
which infections complicate arteriosclerosis obliterans is wel
known. Although the primary consideration is the impaiced
circulation, the tendency to infection must never be forgotten, an
partrcularly with diabetic gangrene. The cultures from the Tesion’
often produce a mixed growth, making it difficult to decide o8 the
drug to use to combat the organisms responsible for the infcctl'l{IL
Usually wet soaks, including potassium permanganate soaks, w
solve the problem of the infection. The use of strong antisepi®
is definitely contraindicated.

In some cases wet dressings with penicillin solutions of 500
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after sevesal days the skin becomes mottled and blistered. In these
groups the results of its use may be sexous

Intermutens venous byperemus~Lewis and Grant demonsteated
that, after occlusion of the atterial blood flaw by a tourniquet for
15-20 mnutes or more, release of the tourniquet nat only caused
the blood flow to return to normal but produced 2 hyperemia,
sometimes to as much as 600 per cent above notmal Lates studes,
however, showed that the excess merely made up the deficit
that had accumudated during the preceding peniod of tourniquet
constriction

On the hasts of Lows and Gran¥'s observations, Collens and
Wilensky devssed an apparatus to produce a state of venous stasis
and release 1n cycles of about two munutes by means of a blood
pressute type of cuff around the Jimb which 5 alternately inflated
and deflated by 2 motorized pump The degree of inflation can
be controled, 30-80 mm. Hg of pressure usmally being used. In
our opittan there 15 no dose parallel betneen the expenment
of Lewss and Grant and the apparatus of Collens and Wilensky
as it has been used The latter workers reported very favorable
sesults 0 the treatment of artenosclerotic clandication and gan-
grene and sn thromboxngatis obliterans, We have been unable to
duphicate the tesults, nor have others, mcluding Alfen and his
co-warkers at Mayo Chmc, and 1t appears that thas equipment
1s besng used much fess than formetly.

Oscllating bed —~A form of mechanized treatment which s
being used with ncreasing frequency 15 the motor bed described
by Sanders {Fig 37) By means of this so-cailed vasosalating
bed, the head and feet of the patsent are altetnately elevated and
lowered, a complete gpade taking 1-215 mumutes Movement 15
smooth The depree of tiung and the speed of the cycle can be
segulated within reasonable lunsts The most common satssfactory
cycle 15 one 1 which the foot of the bed rises 6 . above the
hogizontal and descends 1215 s

A new type of osallating bed, known s the Minnenberg bed,
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takes 15 seconds: the first three seconds are of positive pressute,
gradually reaching 20 mm. Hg; there is then a gradual reduction
of pressure, crossing the base line and proceeding to 3 negative
pessute of —80 mm. Hg; more rapid retura to the base lise
completes the cycle in 15 seconds. This is repeated continuausly
for the duration of treatment. For efficient operation of the boot
the cuff around the extremity must be air-tight. This produces
some constriction around the limb and hence wterferes with the
blood flow, especially that in the superficial vessels. Many e
of cuffs have been devised in attempts to overcome this objectio-

In general, when the atcnlation of an extremity 1S inereased:
there is an increase in its susface temperature, However, we 1o
others have noted that the temperature of an extremity was often
fower following the treatment than before. This may have beca
due to the constriction by the cuff ot 1n part to the continuons ¥
of air in and out of the boot. Therefore reflex heat, such as apph
tion of a heating pad to the abdomen, was used in an attempt 10
improve the circulation The degree of vasodilatation from refler
heat depends on the potential capacity of the vessels still apible
of functioning in a limb. ’

The first optimistic claims for this method included themptgm
value in arteriosclerosis, senescence diabetes, thmmbmﬂg“hs
obliterans, Raynaud's disease, acute embolus, frostbite and o5
forms of circulatory impairment. Experience, however, has gresdt
narrowed its indications. In fact, we no longer use it in the et
ment of vascular diseases and sts use has markedly decrezsed ®
the past several years,

Pressure-suction is definitely contraindicated in cases of acute of
subacute infectious processes, any form of acute of subacut?
throm?ophlebitis {present in a large percentage of cases of thro®
boangittis obliterans) or in the presence of any evidence of auto
ysis of the tissues such as that noted in cases of acute embofi™

and thrombosis, e.g., arteriosclerotic sudden occlusion in B
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after sevesal days the skin becomes rottled and blistered, o these
grovps the results of ity wse may be sexious.

Prerreiztent venas hyperemzz—Lewis ind Grant demeastrated
that, after occlusion of the arterial blood Baw by a toarniquet for
15-20 sminwtes o fnore, release of the toumiquet not valy Qused
the blood Eow to teturn to pormal bur produced 2 hyperemia,
sometimes to s wmoech as 600 per cent above porul. Later studies,
bowever, showed that the excess merely mude up the defidt
that had accumolated during the preceding period of tourniquat
constriction,

On the basis of Lenis and Grant's observations, Collens 10d

Witensky devised 3n apparatus to produce a state of venous stasis
14 release i cpcles of 2hoct o minutes by means af a blood
pressure type of cuff around the had which 15 alemnately inflated
and deflated by & motorizad pump. The degree of wfition cn
be contsalled, 30-80 mm. Hg of pressure uswally beag wsed. Ta
oug opinion there Is no dose paralie] between the expenment
of lewis and Graat and the apparatus of Collens and Wilendy
a3 it has been vsed. The latter workers reponied vesy favorable
results ia the treatment of arteriosderctic chaudication and gan-
grene and in thromboanguns obliterans. We have been vasble ta
duplicate the results, por have others, nduding Allen and bus
-wockers at Mayo Clinic, and it sppears thit this equipment
is being used much less than formenly.

Owcillzing ted~A form of mechinized trestment which is
being used with increxsing frequency 15 the totor bed descnbed
by Sanders (Fig 37). By weans of this so-called vasosallating
bed, the head and feet of the patient are alternately elevated and
lowered, 2 complete cyde taking 1-21% mioutes. Movement is
smooth. The degree of tilting and the speed of the ardde can be
regulated within rezsonable limits. The most coramon satisfactory

" opde is one in which the foot of the bed rises 6 in. above the
' herizontal and descends 1215 in.

A new fype of osdillatiog bed, known as the Mionenberg bed,
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takes 15 seconds. the first thiee seconds are of positive pressute,
gradually reaching 20 mm Hg; there is then a gradual reducton
of pressure, crossing the base line and proceeding to 2 negitiie
pressure of —80 mm. Hg; mote rapid return to the base lee
completes the cycle 1 15 seconds. This is repeated continuously
for the duation of treatment. For efficient operation of the boot
the cuff around the extremity must be aur-tight. This produces
some constrictton around the limb and hence iterferes with tie
blood flow, especially that in the superficial vessels Many §7¢
of cuffs have been devised in attempts to overcome this objecio®

In general, when the circulation of an extremity is incrensed:
there 15 an increase 1n its surface temperature. However, %¢ wd
others have noted that the temperature of an extremity w25 oftes
lower following the treatment than before. This may have been
due to the constriction by the cuff or in part to the continuous fow
of air in and out of the boot. Therefore reflex heat, such as 3ppe”
tion of a heating pad to the abdomen, was used in an attempt t0
improve the circulation. The degree of vasodilatation from tefies
heat depends on the potential capacity of the vessels stalt capable
of functioning in 2 limb.

"The first optimistic claims for this method included therapest
value in arteriosclerosis, semescence diabetes, thromboangi®s
obliterans, Raynaud's disease, acute embolus, frosthite and oth¢f
forms of circulatory impairment. Experience, however, his greadlf
narrowed its indications, In fact, we no longer use it in the Uf‘{"
ment of vascular diseases and its use has matkedly decreastd
the past several years.

Pressure-suction is definitely contraindicated in cases of acui o
subacute infectious processes, any form of acute or subsaft
thmm?ophlebitis (present in a large percentage of cases of th™
boangiitis obliterans) or in the presence of any evidence of aatok
ysis of the tissues such as that noted in cases of acute emboi™
and thrombosis, e g., atteriosclerotic sudden occlusion in *h¥
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takes 15 seconds: the first three seconds are of positive pressure,
gradually reaching 20 mm Hg; there is then a gradual reductron
of pressure, crossing the base line and proceeding to a negatie
pressure of —80 mm, Hg; more rapid return to the basc Lot
completes the cycle in 15 seconds. This is repeated continuously
for the duration of treatment, For efficient operation of the boot
the cuff around the extremity must be air-tight. This produces
some constriction around the limb and hence interferes with th
blood flow, especially that ja the superficial vessels Many tipts
of cuffs have been devised 1n attempts to overcome this objection

In general, when the circulation of an extremuty is incressed.
there 15 an increase in its surface temperature. However, we and
others have noted that the tempetature of an extremity was oftet
lower following the treatment than before, This may have beet
due to the constriction by the cuff or in part to the contiguous ﬂ.U“'
of air 1n and out of the boot Therefore reflex heat, such as applic:
tion of a heating Pad to the abdomen, was used in an attempt ©©
impsove the circulation. The degree of vasodilatation from refex
heat depends on the potential capacity of the vessels still capible
of functioning in a limb.

The first optimistic claims for this method included therapeot
value in arteriosclerosss, senescence diabetes, thromboangilts
obliterans, Raynaud's disease, acute embolus, frostbite and othef
forms of circulatory impairment, Experience, however, has grealf
rarrowed its indications, In fact, we no longer use it in the trest
ment of vascular diseases and its use has markedly decreased
the past several years,

Pressure-suction is definitely contraindicated in cases of acute &
subacute infections processes, any form of acute or subscult
thrombophiebitis (present in o large percentage of cases of thro™
boangiitis obliterans) or in the presence of any evidence of auto"
ysis of the tissues such as that noted in cases of acute embolis?
and thrombosis, e g., arteriosclerotic sudden occlusion in whid
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et temperatuge seeras to make the patient needfessly unc({mfomble.

“The patient soon becomes accustomed to the motfon, and 1
have had patseats swho have slept voluntarily on such 2 bed at nght
fot as long ss five years When first seen, most of these patients
sere n an exiremely serious condstson, with total occlusion of
the major antenies up (o the inguinl area. They wete bospitahzed
and placed on an osclfating bed for a month. They were then
permitted to return home, where they continued to use the osal-
tating bed and were gradually allowed preater activity.

A woman, who for ovar two years was unable to walk more than 100
ft, smproved to the pomnt where she could go dove shooting and walk
across fields for as much as half 2 mide. Trom being 2 semi-envalid she
umproved to the pomt of being an active petson with only moderate
cestrictions 2nd {ived for a number of years thereafter, to die fater of

3 af the esophagus, She d ductag the last yeats of hee
tsfe to sleep on the osaliating bed each mght, thus giving hesself vas
cular exerases for approxumately 8-10 hours out of each 24 With the
change of the seasons the bed was shapped from bet winter to ber
summer rendence

The process 15 gene, does not mvolve the use of constucting
bands and s physiologically sound, especially 1n the treatment
of arteriosclesosis both with and without gangrece It has the
2dditonal advantage of prevenung the stogmation of blood m
the vemns of the Jegs and thus reduces the tendency to phlebo-
theombosis o thrombophlebitis, Tt also tends to prevent the

decalarfication which occurs duning long peniads of statee sllness
Ulees have healed after complete fatlore of the pressure-suction
boot, the i

venous hyp pF and other
mechamsms "The total usefulness of the oscilfating bed is some-

what unpaired by the fact that 1t s expensive both to buy and to
rent and that the patient must be prepased 1o utidize 2t for & pro-
wracted period. Chinically 1t is standeag the test of expersence.
Saline and other 1olutions ntravenously —Following the use
of normat and hyp ic salwne sof for of theom-
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has had extensive trral. The fulcrum, instead of being 1 the
center, 1s at the head of the bed, the change in position being
produced by the raisng and lowering of the foot of the bed by 2

I G S .

Ftc 37 —Sanders vasoscillating bed (Coustesy of Amercan Hospital SupFl®
Corp ) A thermostatsc cradle (see Fig 34) 1s frequently used in conjunct:on %
ths type of bed

Iifting mechamsm. This equipment 1s standing the test of time
and we are using it at present with complete satisfaction.

The object is to exerase the arteries still able to function by
producing rubor and pallor (engorgement and ischemia) in3
manner similar to Buerger's exercises, continugusly and without
fatiguing the patient. We usually use a thermostatically controlle
cradle with the temperature at 35-37.5 C. (9396 F.) as adjunct
treatment. The temperature may be lowered to 33-34 C. if the high-
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as sympatholytic agents nullify sympathetic nerve transmission,

usual reference being to adrenergic pathways controfling blood

vessels and the usual site of iction at the end-organ. A sympa-

tholytic drug must be adrenolytic, but the reverse is not necessarily

true, for certzin drugs may be adrenolytic only. Other agents may

terrupt sympathetic nerve transmission by acting directly on
Tions without i pincphrine

Purscoline (Priscol) (2-benzyl-4-5-imidazoline hydrochloride),
Dibenamine hydrochlonde and Roniacol act as adrenolytic and
sympatholytre drugs. Tetraethylammonium chlonde  (Etamon
chloride) differs from these drugs in that it acts as a generalized
ganghonic blocking agent and is not adrenolytic. It also iter-
feres with the parasympathetic transmission Its effects are inter-
rupted by neostigmine All of these drugs have been used 1n the
treatment of peripheral vascular disease, including arteriosclerosis
obliterans, but Priscoline has been used most widely It may be

 orally or int Iy The usual dose 1s 25-50 mg.
three to six times a day It is given sn pertpheral vascular disease in
the hope of releasing vasoconstriction of the vessels able to dilate,
thus ncreasing blood flow in an affected limb.

Thete 15 some favorable evidence for this action but also same
question as to whether, when a drug producing generalized vasod:-
lation is used, the affected leg does receive any speaific increase in
blood flow, especially stice the test of the peripheral vessels are
able to respond in a more normal fashion The therapeutic effect
of all of these drugs in arteriosclerosts obliterans is far from clear.
Untoward effects from their use include excessive drops in blood
pressure, palpitation, “goose flesh,” itching of the scalp, other
peculiar sensations of the skin, nausea and activation of peptic ul-
cers Many patients canriot continue their use.

On the other hand, sume patients may take any of these drugs
without 2ny reaction whatever. Why this 1s 50 is not at all clear,
Occastonally a patient may not be able to take Priscoline but may
tolerate Roniacol without difficulty, The determination of therapeu-
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boangitis obliterans, some workers adopted this form of therapy
for arteriosclerosis obliterans ‘There are no satisfactory theoretscal
grounds for it and the therapeutic explanations do not, 1 out
opinion, wartant acceptance of this procedutc. .

Vasodidatmg drugs—Numerous drugs have been used in the
treatment of arteriosclerosts obliterans on the basis of their vasodic
{ating powers. Those most commonly used may be divided roughly
1nto the nitrates aad allied compounds, the theobromines, theocal”
cines and allted compounds, the choline compounds, and papive
ine. After years of chnical and expenimental study with all these
groups, it seems fair to state that their value singly or collf.ictl"d}’
in the treatment of artertosclerosis obliterans 1s very l'm"f
Briefly, the action of the nutrates is too fleeting and the dﬂ:{tatwﬂ
in the extremites is observed only with difficulty. The action of
theobromine and related compounds in the usual dosages is highly
unrelable and doubtful Certain choline compounds, while ol
established value 1n some duseases of the peripheral circulatton,
appear 1neffective 1n arteriosclerosis.

Papaverine has been recommended for the relief of sudden
occlusion because of its vasodilating propertes. In my experierfff,
1n the usual dose grven orally or mtravenously its vasodilating
effects are Inghly unreliable and not nearly as marked as thost
from simple reflex heat or whisky. Further studies with lar,'g"
doses are being carried on. In the treatment of sudden occlusion
the injection intra-arterially of 1 gr. (0.06 Gm ) in 5-10 CC-."f
distilled water has in some of our patients given more skrikl‘ﬂs
evidence of vasodilatation than that produced by lumbar gﬂﬂgl“’"
procane block. This deserves more study. The relaxing efferts
of this and other opiates are well recognized, and the relaxation
is undoubtedly valuable, The possibility of ultimate habituation
is a consideration in patients who have a long-standing chronic
disease.

Adrenolytic, sympatholytic and ganglionic blockmg drvgf=—
Adrenolytic agents nullify imp effects of epunephrine where”
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diet and metabolssm is accomplished early. (4) The very strict
dit of Kempnet has Jowered the serum cholesterol Tevels of some
patients {5} A stnet tow fat, fow chalesterol digt has in some

dwiduals decreased the jon or even caused the disap-
pearance of the Gofman large cholesterol molecules, (6} A reduc-
tion in the mortality rate frorm circalatory diseases did occur during
the starvation pesiod 1n Norway dunng the Nazi occupation. Un-
fortunately this evidence ss far from conclusive, and there 15 no
proof that m man the cholesterol 10 the duet plays a sigmficant
rale in the peventon ot production of atheroma.

Studies with tagged tlements have shown that cholesterol can
be synthesized in the frver, spleen, skin, wall of the small iates-
tine and most othes tissues except the ted blood cells The amount
thus produted daily 1s greater than would be mgested m a normal
dret The cholesterol levels in the blood appear to be fess influenced
by the cholestero! intake than by the metabolic processes within
the tssues. In diseases in which the blood cholesterol vatue 15
consistently hagh, reduction can sarely be brought abour by duetary
1estrctions without corzection of the fundamental metabolic fault

Aacel Keyes has shown that by the combined low chofesterol,
almost fat-free diet, a definite drop sn serum cholesterol can be
obtaised The fat inteke appeass to be at Jeast as impottant 2s the
sholesterol intake since 1t scems probable that the sources of the
synthesized cholesterol are largely from anumal and vegetable fats.

Basr found that moderate restrictions do not signsficantly alter
the fevels or dustub chol { ar the rel fups of

of

cholesterol to phospheliprds or protein

Thete 15, thesefore, madequate evidence that dietary resteiction
affects the coutse of human athetasclerosis Even the most opte
st view suggests that wete the dietary approach to be adopted
the sestriction of cholesterol and fats should be practically total
and should begin 1 early childhood tather than after the paneat
has a badly wwolved vascular system and several occlusions, Such
@ deprivation over 2 peniod of years mught s ell be myussous. This
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tic value s extremely difficult 20d final evaluation must await great-
er experfence

Histidine and ascorbic acid —These drugs in combination have
been enthusiastically advocated by Wistschafter and Widmaon
for the treatment of gangrene, Unfortunately, numesous othet
workers have failed to obtain sumilar results,

Mufson has used histamine intra-asterially and has reported
favorably regarding its effects It has been treed in our dlinic and
elsewhere, but we would withhold final judgment at this timf

Ether—R A. Katz has advocated the mtravenous administrs-
tion of ether. Except for temporary relief of pain, others have
failed to be impressed by the results. Cerebtal and pulmonary fat
emboli have been reported following this therapy.

Potassium sodide~—This has fong been used 1n the tmtfmﬂk
of arteriosclerosss, Steiking clinical results have not been obtained,
although animal work seems to demonstrate that it tends to pie
vent the Iaying down of cholesterol plaques, :

Cholime and inosstol —Choline and jnositol in varous combin:
tions have been proposed for the treatment of artcrioscl:ro.slsy
especially atherosclerosts Three years of study and observation
have led us to the conclusion that the clsims which were advancel
were unjustified and that these substances are worthless for ths
purpose. Similar conclusions have been drawn by other workess
also, based on studies in animals as well as man,

Diet.—The value of restrictive diets for the prevention or teest
ment of atherosclerosis is still highly debatable. The followig
evidence suggests that a low cholesterol, low fat diet might pre
vent the deposit of atheromatous plaques or even encourage lhe.ﬂ
reabsorption (1) Hypercholesteremia can produce atheroma B
previously healthy arteries, (2) Some atherosclerotic patients hase
hypercholesteremia or other lipid disturbance. (3) Kcndll! has
shown that in dogs in which he has produced atherosclerosis by
feeding cholesterol and inducing hypothyroidism with thiouracth
he has been able to reverse this process if the return to 2 normd
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o 2nd metaholism §s accomplished ey, (4) The very stoct
&zt of Remprr bus lowared the sonm cholesterol levels of sovse
pemenss, (5) A stot low fat, [ow cholesterol diet hus in some
mdmXels dacreised the covcestration or exen crused the disip-
peaszsce of the Gofoa kirge cholesterol cuoleculss. (6) A rodac-
ton ta the movialir rite from oradutory diseases did ocoer dunng
the savaton penod m Norsay dunsg the Nud ecopation. e
fotsentels thrs evidence is far from conclusive, and there is to
proof tat m oan the choleterol in the diet plis & signifcant
iz wtbep or prod of 2tk

Sodes wrh tagged clatents have shown that choleserol G
be srutbanzad i the bver, spleea. shun, wall of the small tuies-
e and rmost echer usees except the rad blood cedls. The amoent
thes produced dady b grealer than woald be wpesiad m 2 normal
e The cholaxeeral levels in the blood appear ta be less infueoced
v the cholesterol mtike thas by the metsholx proceswes within
the turoes. In doesses v whech the blood cholestero! vales &
ongseantly heah erducticn @n tazely be brooghs about by datary
restrichions withoet cortartin of the fendumental metabolic fanle

Azcel Keyes ks shown that by the cormbined low cholestero],
emost fabfres dit 2 definve doop m serwrn cholesteral can be
chezmad. The far ke apperss to be 2t keast a5 mmportany as the
cholesterol muake wnce 1t scems probeble that the soorces of the
sictheszad dilesterel ac2 lazgels from ankmal and wegstable fo2s.

Bazr feund that moderaty restrictions do oot sizmiScantly alter
the levels or distribetion of chol of the r=lisi “L of
cholesterol to phospholipeds or protsin,

There is, therefore, imadequate evidener that dietary rewriction
25ey the course of human atberosclernsiv. Even the most opti-
Cxsti veew seggests that nere the dietary approach to be adopted
the ruzsitica of dhotesterol and fats shoold be practically torad
224 shocld begin @ early childhood exther than after the patient
Bas 2 badly involved vascnlar system aad severst occlusions. Such
2 deprivation ower 2 peciod of yeans might well be injurious. This
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tic value is extremely difficult and final evaluation must await geeat:
er experience

Histdine and ascorbic acid~These drugs in combination have
been enthustastically advocated by Wirtschafter and Widmana
for the treatment of gangrene. Unfortunately, numerous other
workers have failed to obtamn similar results,

Mufson has nsed histamme mtra-arterially and has reported
favorably regarding its effects. It has been tried in ouf clinic and
elsewhere, but we would withhold final judgment at this tune

Ether —R. A. Katz bas advocated the intravenous admiaisttd
tion of ether. Except for temporaty relief of pain, others hase
farled to be mmpressed by the results Cerebra] and pulmonaty fat
emboli have been reported following this therapy.

Potassium rodide ~—This has long been used mn the treatment
of arteriosclerosss. Striking clinical results have not beert obtained,
although animal work seems to demonstrate that it tends to P&
vent the laying down of cholesterol plaques. i

Cholsne and inositol.—Choline and inositol in vatious combied
tions have been proposed for the treatment of ateriosderos
especially atherosclerosis. Three years of study and observation
have led us to the conclusion that the claims which were advanced
were unjustified and that these substances are worthless for this
purpose. Similar conclusions have been drawn by other workess
also, based on studies in animals as well as man.

Diet—The value of restrictive diets for the prevention of et
ment of atherosclerosis is still highly debatable. The following
evidence suggests that a low cholesterol, low fat diet might pr&
vent the deposit of atheromatous plaques or even encourage theit
reabsorption, (1) Hypercholesteremia can produce atheroma 1
previously healthy arteries. (2) Some atherosclesotic patieats hae
hypercholesteremia or other lipid disturbaace. (3) Kendall b3
shown that in dogs in which he has produced atherosclerosis &Y
feeding cholesterol and inducing hypothyroidism with thioursdh
he has been able to reverse this process if the return to 3 BOfM



ARTERIOSCLEROSIS; ATHIROSCLEROSIS 151

diet and metabolism is accomplished early (4) The very stuct
duet of Kempner has lowcted the serum cholestetol levels of some
panents {5) A strict low fat, low cholesteto! diet has in some
indsviduals decreased the concentratson ot even caused the disap-
pestance of the Gofman large cholesterol moleaules {6) A reduc-
tion m the mortality rate from circulatory diseases dad oceur dunng
the starvatson penod 10 Norway dusing the Nazi eccupation. Un-
fortunately this evidence 1 far from conclusne, and there is no
proof that m man the cholesterol mn the diet plays 2 sipnificant
tofe in the prevention or production of atheroma.

Studies with tagged elements have shown that cholesterol can
be synthesized m the hiver, spleen, skin, wall of the small intes-
tine and most other tissues except the red blood cells The amouvnt
thus produced dady 1s greater than would be mgested 1n & pormal
diet The cholesterof fevels m the blood appeat to be fess wfluenced
by the cholestesol intake than by the metabolic processes within
the tissues In diseases 1 which the blood cholesterol value 1s
consustently high, reduction <za razely be brought about by dietary
restnictions without correction of the fundamental metabolic fault.

Ancel Keyes bas showa that by the combned low cholesterof,
simost fat-free diet, 3 defimte drop 1n serum cholesterol can be
obtamed The fat sntake appears to be at east as wmportant as the
cholesterol smtake since 1t seerns probable that the sources of the
synthesized cholestero! ate fargely from anumal and vegetable fats

Batr found that modesate restrictions do not sigmiicantly alter
the levels or distnbution of cholesterol or the relationships of
cholesterol to phospholipids or protesn

Thete 15, therefore, inadequate evidence that dietary testriction
affects the course of human atherosclerosis, Even the most opti-
Mustic view suggests that wese the distaty approach to be adopted
the restuction of cholesterot and fats should be practically tota}
2nd should begn 1n eatly <hildhood tather than after the patient
has 2 badly involied vasaular system and several occlussons Such
2 deprivation over a period of years sight well be snpurious, This
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tic value is extremely difficult and final evaluation must await grest
er experience.

Histidine and ascorbic acsd —These drugs in combination have
been enthustastically advocated by Wistschafter and Widmaon
for the trestment of gangtene. Unfortunately, numerous other
wotkers have failed to obtain similar results.

Mufson has used histamne intea-atterially and has {9}?0’“&
favorably regacding 1its effects. It has been tried in our dlfllc and
elsewhere, but we would withhold final judgment at this time.

Ether~R A. Katz has advocated the intravenous administey
tion of ether Except for temporary relief of pain, others have
farled to be impressed by the results, Cerebral and pulmonaty fit
embolt have been reported following this therapy.

Potassuum 1odrde~This has long been used in the treah.l'ltﬂt
of arteriosclerosis Strtking clinical results have not been obtained,
although animal work seems to demonstrate that it tends to pre’
vent the laying down of cholesterol plaques. N

Cholme and inositol.~—Choline and inositol in various combint
tions have been proposed for the treatment of arterioscleros!s
especially atherosclerosts, Three years of study and observation
have led us to the conclusion that the claims which were advanc
were unjustified and that these substances are worthless for ths
purpose. Stmilar conclusions have been drawn by other workess
also, based on studies 10 animals as well as man.

Dret.~The value of restrictive diets for the prevention of m“"
ment of atherosclerosis is still highly debatable. The following
evidence suggests that a low cholesterol, low fat diet might pr&”
vent the deposit of atheromatous plaques or even encoufage ‘h{"
reabsorption. (1) Hypercholesteremia can produce atheroma 1
previously healthy arteries. (2) Some atheroscleratic patients have
hypercholesteremia or other lipid disturbance. (3) Kendall 9%
shown that in dogs in which he has produced stherosclerosis by
feeding cholesterol and inducing hypothyroidism with 1hiourﬂf‘l'
he has been able to teverse this process if the return to 4 norm
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diet snd metabolisms is accomplished eatly. (4) The very stact
diet of Kempner has Towered the secum chnlcs!cro} tevels ?f some
patients. (5} A strict low fat, low cholesterol diet has in some
wndniduals decreased the concentration or even caused the disap-
peatance of the Gofman large cholesterol molecutes {6) A reduc-
tion 1 the mottality tate from cireulatory diseases did ocour during
the starvation peniod in Norway duning the Nazi occupavion. Un-
fortunately this evidence is far from conclusive, and there 1s no
proof that 1 man the cholesterol 1 the diet plags a significant
tole in the prevention or production of atheroma

Siudies with tagged elements have shown that cholesteral can
be synthesized 1 the fiver, spleen, skin, wall of the small intes-
tine and most other tissues except the red blood cells The amount
thus produced datly 1 greates than would be ingested m a normal
diet The cholesterot levels sn the biood appear to be tess snfluenced
by the cholesterol sntake than by the metabolic processes within
the tissues %o diseases i which the blood cholesterol value is
consistently hugh, reduction can sasely be brought about by dietary
restrictions without correction of the fundamental metabolic fault

Ancel Keyes has shown that by the combined low cholesterol,
almost fat-free dset, 3 defintte drop in serum cholestero} tan be
obtaned The fat intake appeats to be at least as important as the
cholesterol mtake stnce st seems probable that the sources of the
syathesized cholesterol are largely from animal and vegetable fats.

Barr found that mederate restrichions do not significantly alter
the levels or distnbution of cholesterol o1 the selationships of
cholesterol to phospholipids or proten

Thete 15, therefore, madequate evidence that dictary restriction
affects the cousse of human atherosclerasis. Even the most optr-
mustic view suggests that were the dietary apptoach to be adopted
the testuction of cholesterol and fats should be practweally total
and should begin 10 early childhood rather than after the pataent
has a badly smvolved vascular system and several occlustons Such
3 deprivation oser a penod of years might well be mjunous, This
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aspect of the problem has been neglected and requires fusther
study. .

Advice therefore 1s difficult, We place all overwerght patients
or pattents with hypercholesterermia on low cholesterol, low fl\
dets and attempt to correct thewr metabolic abnoxmahties‘pcﬂdms
further studies i this dynamic field. We do not agree with those
who do not strve for adequate controt of diabetes melhtu's n
these patients, we strive by diet and insulin to obtain an approxim3:
tion to normal metabolism and physiology.

Quimune sulfate —In doses of 02 Gm. at bedtime and some
times also at suppertime, quinine may relieve night cramps it the
leg muscles of some patients.

SURGICAL ASPECTS

The technics of surgical procedures are not within the 5cop¢
of this book, Nevertheless certain established prnciples .shou.ld
be mentioned The use of wet dressings, hot soaks and antiseptics
has been discussed To re-emphasize: (1) Wet dressings should
not be used unless they are kept warm (34.4-37.8 C; 94-100 F)+
Chilling should be avorded and the tissues should not be per
mutted to become macerated and boggy. In general, unless infet
tion 1s present, gangrenous areas should be kept dry between sotks
(2) Warm soaks are usually preferable to wet dressings
temperature should be 34-38 C. and they should be used 08¢
or twice a day for 30-60 minutes. (3) Strong antiseptics 5}10‘1{d
not be used, since the life of the cells of the endothelial buds 18
the most important single factor in the healing process.

Gangls y and other op s destgoed to produce V357"

dilatation, are, in my experienct[t, of limited value in arterioscles®
cbliterans, We have studied the effects of ganglionectomy foc
arteriosclerosis obliterans for an additional five years sice the
first edition of this book and have come to the following condlu”
sions. (1) The optimistic claims of some exponents of this sucgely
are not justified (2) Its effects on intermittent claudication ase no
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better than those produced by suggestive therapy ot placebos A
patient who had no impl following a sympathectomy
was told four years later for the first time to stop smoking and his
claudication distance promptly lengthened. (3) The effects on
advanced arteriosclerosis obliterans with gangrene are usually nil.
(4) Ta very 1ase cases when a single toe becomes cyanotic due to
occlusion or spasm of a digital vessel, and in the presence of
patent major vessels down into the leg or foot, ganglionectomy
may produce a favorable response with return of normal color or
warmth to the toe. (5) It is unfortunate that many elderly pa-
tients have been subrmutted to operations of this type without ade-
quate study and duscrimi Periarterial
less and has been abandoned

Peripheral sympathectomy by crushing, alcohol injection ot
section of mixed nerves supplying the feet may relieve the pain
but produces paresthesias, a fact not to be overlooked. For the
technic for these procedures the reader is referred to the work of
Smithwick and White, and Laskey and Silbert These procedures
are rarely necessary and should not be used in the upper extrem-
1tres because the motor fibers are destroyed along with the sensory
fibers; whereas ths is not so vital in the small intrinsic muscles of
the foot, 1t 15 serious in the hands Also, unless the netves are
severed there is usually a regrowth of the nerve fibers in four to
six months, The operation should be performed with utmost cate
to a.void trauma to the tissues, leading to difficult healing because
of impaired circulation which may be a factor high above the
level of the gangrene. Exact knowledge of the location and possi-
ble variations of the nerve and of the tissues supplied by each
nerve 1s essential to success. Even then the presence of unpre-
dictable aberrant branches and nerve fibers may cause unsatisfac-
tory results, the pain being inadequately relieved.

Care of gangrene and ulcers—One of the most important
factors in management is meticulous care of the ulcers and gan-
grenous aseas by both the doctor and the patient. It is essential

hectomy is use-
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to Iift away crusts under which unsuspected pus may accumulate
For example, the nail was easily lifted away from the left first toe
ofa patient to reveal a mass of pus and a Jarge necrotic ares, Three
months [ater the ulcer was completely healed. The patieat had
been under the cate of a doctor for months and in 2 hospital foe
three weeks, yet the simplest procedure—the institution of dran
age without the need for incision—had been completely ﬂegl.m’d'
with great damage to this artetiosclerotic patient. If this s}mPk
principle is ignored the mfection may burrow deep into the tisues
and spread rapidly,

Sloughing tendons and sequestra from the bones sht:\xl(i.bc
carefully removed. This can be done without major surgical
techare but 1t must be done under full surgreal asepsis. X-1ay e
dence of so-called osteomyelitis does not necessarily mean thit
healing cannot be obtained over the area The apparent osteomye-
litis 15 often due enttzely to ischemia and with re-cstablishmest
of the blood supply is likely to heal, Frequently it gives fist 10
sequestra Grayish slough should be meticulously removed ot
poction at a time. The object is to obtain a base covercd by feesh
granulation tissue on which epithelium readily forms. Once 2d¢
quate arculation 1s available, this may be further encouraged b
the proper use of skin grafts,

Anputation ~—Proper selection of the site for amputation B
vital to successful healing, The day of amputating slightly above
the level of the gangrene, whether in toe or foot, just because th
skin looks good is past. Frequently the tissues under that jnnocest:
appeaniag skin ace sadly undernourished and the skin jtself is 100
poorly supplied with blood to allow healing. This practice jeads
to repeated amputations, increased mortality and profonged i™
validism. In general, ualess aecessitated by severe pain or serious
infection, amputation should be delayed until nature has done het
best to demarcate the agea involved, to localize the infection and
to attempt some self-amputation If self-amputation has pro”
gressed sufficiently in the toes, it is frequently possible to lift 2731
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the toes without surgical intervention. Sometimes moderate help
from the surgeon will complete the job and lead o earlier local
healing. )

If the infection fails to localize and gangrene continues to
spread, ot if there 15 a systemic reaction from septic nbsoqatiorf,
amputation is the only recoutse, but this should not be done until
thotough study has determined the level at which healing can
reasonably be expected. For this we use modem methods instead
of guesswork. The oscillometer will show where the major vessels
are occluded; lacking additional data, it is unsafe to operate below
that Jevel Arteriogtaphic studies with Thototrast or Diedrast may
give waformation on the level of blockage of the major vessels and
the degree of collateral circulation present. At times we are en-
couraged to operate below the level of major blockage if the
collateral aireulation 1s extensive. This is frequently the case at
the knee, where the major blockage may be just proximal to the
joint and amputation below the knee may be satisfactory.

1 the surgeon is experienced in this field it is probably wise to
allow him to use his judgment at the tume of the operation. For
example, an incision below the knee may reveal a very good blood
supply which will probably permit satisfactory healing; or practi-
cally no bleeding may occur, 1n which case it may be safer to
perform the amputation 2t 2 higher level, even above the knee

Refrigeration.—Our experience suggests that reftigeration is
ualikely to 2id in the preservation of 4 limb in which the circuta-
tion is badly impaited, It hardly seems logical to induce greater
vasoconstriction, incressing the ischemia of tissues alseady suffer-
1ng from fack of blood, in otder to save them, We, therefore, do
not advocate the use of refrigeration in an attempt to save a leg
However, if the leg 15 to be amputated and active infection is
present, or if the patient is aged or severely diabetic, reftigeration
anesthesia is very helpful and can be used with a minimum of
trauma to the patient.

By using the technics deseribed here one can effectively reduce
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the number of reamputations and thereby the mostality fmmf
amputations. This tepresents a sound approach to the problemc?1
amputation, which at best is an admission of defeat—an acknovl
edgment of our inability to save the extremuty for future use
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cnarren v, Thromboangiitis Obliterans

Emio1061Cc CONSIBERATIONS

IT 15 1MPOSSIBLE to state positively that there is a single ageat
responsible for the development of thromboangihis obliterans,
That tobacco and sex are among the most important factors has
been recognized chimcally for many years and secently sub-
stantiated.

Tobareo —E1b, Meyer, Buerger and many othess realized early
that tobacco was at Jeast an aggeavating factor. Of over a thoussnd
cases of thromboangutss ebliterans, Silbert has never seen a typical
case 1 a nonsmokes Our group and others have had stmilar
expesience The disease has been reported in nonsmokers, but most
of these seports were published over 15 years ago and would not
stand up under present critical analysis Among 150 patients with
the disease, Jones found approxsmately equal use of American and
mmposted tobaccos,

It 13, fusthermore, generally accepted that the course of the
disease in an indsvidual patient 15 significantly snfluenced by his
use of tobacco, Speaifically, the disease can be asrested 1n many
patients, espectally in the early stages, solely by abstnence from
tobacco In severe cases with gangtene or ulceration, after days or
weeks of satisfactory improvement the smoking of one or two
cigarets may suddenly wossen the coutse of the disease with the
appesrance of mflammation and breakdown of more tissue. Also,
patients whose ulcess have healed and whose condion has been
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arrested tend to mamtain the improvement indefinitely, unless
exposed to frostbite or other trauma, so long as they do not smoke
In numerous instances the smoking of onc to six cigarets b
caused & relapse and the loss of a digit before the disease could
again be arrested. Therefore the clinical evidence of a definite relt
tionship between smoking and thromboangiitts obliterans has beea
established. ,

Attempts to explamn the mechantsm by which tobacco exerts 1
harmful effects have been of three types.

1 That smoking causes a vasoconstriction of the PEliPh‘f’[
blood vessels of the extremitics was demonstrated by studies wilh
thermocouples and capullary mucroscopy. The temperature of _ﬂ"
skin of the finger-tips of most individuals drops with the smokia3
of one of two agarets, especially 1f they are inhaled (Fig. 38)- I
135 experiments conducted 1n our laboratory with the collabor
tion of Moffat, normal smokers used standard prands of cigarets
The drop averaged 5.3 degrees (F.; 4 C) and in some 'vfli
as much as 15 degrees (F; 8.5 C.). With so-called desscotinized
cigarets contamning about 40 per cent of the nicotine in standas
brands, the drop 1 temperature averaged 4 8 degrees (Ei3
(Fig 39). The effect of mentholated cigarets was the same
that of the standard brands (Fig. 40). Similar reductions cout
not be reproduced by using filter paper cigarets or cigafets 2
of chopped up cigaret papers. In some individuals the blood fo*
in the nail fold capillaries could be observed to slow down 30
stop following the first few halations The psyclwlogfc factors
wete eliminated as much as was possible throughout the expert
ments.

We observed, as others later did, that a slight drop in tempet’
ture and a slowing of capillary blood flow may occur aftes €
tremely deep inhalations of air alone, but we have not succee
in producing reductions comparable to those recorded on jnhalatio®
of cigarets. Maddock and Coller, Barkes, Roth and others have 1€
ported similar results,
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i 42,~Effect of iohahing one ogaret, measured by Lampson apparatus

Sofid kine, blood Bow i cc./oun /100 z¢ of hand, dotted Ine, penphecsl shin
temperatace

Westcott and 1 therefore selected 33 carefully studted patients
with typical thromboaagutis oblitesans 2nd, for controls, 35 per-
sons who had varwus other diseases or were normal. These wete
tested with tobacco extracts supplied by Dr. Harkavy and other
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mechanisms of action: (a) direct action of nicotine on the adrenal
glands; () action on brain centers either separately for two effecs
namely, vasoconstriction directly plus the adrenatin effect, or on
one area controlling the adrenal glands; (¢) sepasate action on
nerve endings producng constriction of vessels. There is no cob
clusive evidence regarding this mechanism.

3 Another approxch to the study of the relation of lobuf"’
and thromboangiitis obliterans has been on the basis of an alfergic

Warer
LLETHYSMOGRAW

Fic 41 —Appatatus for plethysmographic measure of blood flow (Lampson)

BLpop Pressurs
Core

response. Harkavy and his co-workers have reported that indwid-
uals with thromboangiitis obliterans have 2 high degree of hyper
sensttsvity to tobacco as determined by skin tests. They no!‘
reactions in 70 per cent or more Ppatients with thromboangits
and in 38 per cent or less of controls, Trasoff, Blumstein and
Marks reported duametrically opposite results, observing positi'®
reactions in 16 per cent of patients with thromboangitis obliterans
and in 34 per cent of their controls, Chobot reported 52.9 P
cent positive reactions to tobacco in asthmatic children, none of
whom smoked or had thromboangiitis obliterans,
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cate, however, that no specsfic refationship has »bcen blished
hetween thromboangfitis obliterans and sensitivity to tobacco on
an allergic basis. ) .

Sex —There seems Jittle doubt that sex is an important factor
i thrombeangustis obliterans, Even though smoking has been

TABLE 4-—Posmive Reacrions 10 Sxmv Trsts wim Tonacco iy NoRMALS
AND PATENTS WITH THROMBOANGUTIS OBLITERANS

TRIUITARGUTI| CARIQVAICURAR
OBLITIIAYy Disrases

Avrmors Coxnaoty
Ne *« Fas t o L Yos Re = Yau
Harkavy 2nd Romanof & 8% | 36 3%
staokers o0 3t
Sulzberger 13 w73 ”
smokers 93 36
aongrnokers ECIEE
Trasofl, Blamstan 31 16 {2 1
and Marks
noumal smokers 0 4
anrmal nonsmokers 2o
allergic smokers 17 A7)
allergic nonsmokers EXE 1
Chobot
asthmatic chsldren 53 89
Westcntt and Wright 33 4 33 46
smokess 33 45 b2 0
nonsmoless [ o 36
sliergicg 5 @ &7
nonallerme ) 40 6 39
% 9% xlse poative for other allctgens.

2 37" alea ponrtive far otber alietgens.
FI57 2150 osive for other abercens,
§ Kamdy of persocal hutsey

prevalent among women for a considerable number of years and
the recently reported cases of thromboangstis obliterans m women
have been in smokers, less than 60 cases n women were reported
up to 1946 There now appears to be a steady sncrease i women,

which may be related to the mcrease m smoking A typical case i
2 woman follows,

A Russian Jewess, z;,fcd 46, was first seen on Nov 27, 1934, One year
previously, after exposing her bare Feet to the floor of a cold foom, she
noticed a buraing sensation in the distal half of her Jeft foot, The con.
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tobacco extracts prepared 1 the allergy clinic of New Yok
Post-Graduate Medical School and Hospital. Cettain common
allergens were used as controls (Fig. 44). Patients tested by Har-
kavy were observed and the interpretation of reactions was &t
fully constdered In our seties the positive incidence of reactions
was almost 1dentcal 1n the two groups, being 43 per cent in the

o FORENTAD
e DORSUM, LEFT WAND
o IsINGER "

SMOKED AND INHALED
P ONE STANDARD
CIGARETTE 3 MINUTES | —mmecane

I
ROOM TEMPER

suww

|
ALATION K
KEADACHE, PLPTAT,

CAPILLARTES KO
SGNIFICANT CHAKGE
1 SIZE, SHAPE,
NUMBER, OR RATEDF
2} FLOw DURING TEST

20k 150

TEMPERATURE - DEGREES CENTIGRADE

&
BLOOD SUGARS,M&%

16720 30740 35 65 70 &6 85 i o 1o 10 o 50
MINUTES

Fic 43 —Blood sugar levels after smoking one agaret by man, 3% wih
generalized arteriosclerosis, recent coronary occlusion and penpheral scleres$
with intermttent clandication. Hands were exposed at room temperatare [0 oot
half hour before seadings were made Blood far sugar detegminations #4555
from s1ght antecubital vein, capillary studies were made on fingers of nght
Breakfast, of prunes and coffee, was eaten three hours before first blood spees™
was taken, ugatet was smoked two haurs before readings were begun

thromboangiitis obliterans cases and 48 per cent in the conteols
(Table 4). Hatkavy has accepted slight and slightly moderat?
reactions as posttive, which does not conform with the standart:
generally accepted interpretations This accounts for much of &%
discrepancy in results in thromboangiitis obliterans, although ¢
differences in the controls are still unexplained. The results indv
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The history was essentially negatwe, except that 1 1930 the ‘ﬁf(h
finger of her night hand had been amputated because of osteomyelitis 23-
sociated with what was thought to be an acute swfection She had
smoked from eight to 30 cigatets a day since she was 8 years ald. Rye
bread was mcluded w the daly diet, She demed viing alcohol

Physical examunation sevealed an obese, well developed female, 59
in tall, weighing 160 Ib Blood pressute was 130/90 ma. Hg General
exanunation gave essentially negative cesults

The extrermities revesled marked tubor of both fect on dependency,
most promssent over the toes and inner aspect of the left foot Pallor
was present on elevation The nad of the first toe of the left foot was

TABLE 5 —Oscriromernie Readmcs

) Tary { Rugnr
Darsats pedss (arch of foot) ) e
Prmal to ankle 3% 3t 100 mm Hg
pressuse
Distat to knee 175% at 100 mm. Hp | 2° at 100 mm Hg
pressure pressure
Prommal to wnst [ 85" 4t 100 ;m. Hg
presturé

preatly hypartrophied. Two small, mosst ulcers were present under the
toes of the left foot, the larger one at the base of the £ifth toe Both
feet were moderately cold Examimation fasted to reveal pulsations of
the dorsalis pedis artery of erther foot or of the posterior 1ibul or
poplsteal artenies of the left lep The nght postersor tibwal and popht-
teal attenies were palpable The radial and ulnar vessels of the left atm
“werte not palpable Both vessels could be felt in the night wnst Oscilto-
metoic readings aze shown in Table 5.

The routine complete blood count, tests for blood swgar, unmalysis,
and blood tests for syphuhis gave negative results The electrocardiogram
was negative except for a rapid rate of 101 per minute Roentgenograms
of the Jower extremities revealed no evidence of arteriosclerotic plaques,
No abnormal changes were noted on examination of the eyes A Lanchis
bot sater immersion test was not performed unted Jan 27, 1936 (Table
6) This 4 the establish of good coll § cureut. n
view of the oscillometric reacings, which had remawed the same as
on eashier study {Table 5)

Special typhosd vacane (100,000,000 per 1 cc 3 Kirk Brological Lab-
oratories) was gaven mtravenously, stutiag with a dose of 10,000,000
and increasing gradually to 70,000,000 The mjections caused a 23
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i Imi: ined of 2 constant
dition d, so that on she comp!. o
bummg p:m over the sole and medzal aspect of the foot. Modcr:t;rg
lief was afforded by heat, but the condition was greatly Jggr:;ia ; hnz
cold Durnng the four months before admussion, walking one bioc
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Fi¢ 44 ~Tracings of skin seactions to tobacco extracts and 10 ‘0“’;3:‘:;
allergens used as controls PG H, extracts supplied by Alteegy Clinic, New 20,
Post Graduate Hospital, AL, extracts supphied by Dr. J. Harkavy, Moudt
Hospital, New York, asterisk (*}, typical readings

caused an aching pain in the left foot and ankle that was relieved nn‘i
after a few minutes of rest. Two small ulcers beneath and between [
last two toes of the left foot had been present for four weeks. One wet!
before admission she had noted a dull pn in her left hand and foit

arm somewhat similar to that in the sole but less severe,
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burnan and she had seete rest patas (8) She also had claudication
a3 a tfs:éup.e\! symptorn after the ulcers Bealed. (9) The uleers were
deep, morst, located between the fast two toes of ber felt foot and ox-
cruciatingly teades (10) These % ese marked subor on dependency and
palor on elevation. (1) There was widespread wvolement of the
penphenal antenes, indscated by absence of pulsation af cestatn magor
artesses supplying both fect and the left hand. (12) There was prompt
response to abstinence from tobacco and stravenous typhoid thetapy,
with healng of the ulcers, even though the patient was ambulatory
{13) Her syndrome became tepeatedly aggeavated wpon the recumption
of smeking

Of the theones advanced to explam the ranty of this disease
n women, three seem worthy of note {1) differences in the
habuts and exposure of the tno sexes, (2) a sex-linked hereditary
factot, and {3) a biologw difference which provides women with
an wymumty. The fisst theory has been mentioned in the discus-
sion of tobatco and 1s discussed further under the headmng of
trauma To my knowledge no work of impettance has been pre-
seated regarding the second theory

With reference to the third theory, Fredlander, Laskey and
Sifbert studied the blood volume, cholesterol values, fibrinogen
content and visconty before and after bilateral cophetectonny in
women aad i female cats. They repotted a consistent postopera-
tive reduction w blood volume of about 25 per cent and a comes-
deatal 1ncrease n cholesterol and fbunogen content and viscosity
in both specses A cotresponding study of coatrols with actificial
and natutal menopause showed no changes w blood volume or
chemustey That cophoreciomy 15 not m stself enough to produce
the disease 15 readily established by the ranty of the disease in
women followsag such a procedure They were able to rasse the
blood volume to normal levels by treatment with estrogense sub-
stance i all patients whose mitial blood volume was low. The
same workers, by traperitoneal injectons of an extract from
60 per cent densotunzed tobacco, were able to produce gangrene
@ 33 of 48 male rats but m none of 12 female rats. McGrath
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o1 At Roth o

tion and rest pain returned. Tissue extract 568 (Shatp & anm;{.{
cc. three times a week, was given intramuscularly and after five ml‘:
tions the pattent contrnued to have claudication but o rest pus Ij“‘
mauscle exteact (specially prepared and supplied by Eli Lallp), F;
ntramuscularly, was then given three times a week, an’d after nine ¥

fectrons she was able to walk 15 blocks without developing d‘“d'aflm
Twenty-six more injections wete given, and she was dischagged from

TABLE 6 —Hor WaTeR ImpERsioN TesT*

x¥7_Fo0T Roe¥
Tour, Ricar Foor Tm-( T o
*M _ltstToe 34 Toe_ Sth Toe sumlm Toe 3dToe SthToe Sum_—
100 Admstted for temperature stabilization

200 320 326 325 333289 301 292 ) igf
229 311 320 313 323306 289 289 M3
Arms submerged 1n water at 45 C. 26
230 |sts 36 315 s29is 295 293 AGZ,
235 |30 314 07 menz 03 26 Al
250 {324 333 328 33314 03 292 3 5
305 |330 333 330 330is 305 293 320
® Temperature readings in centigrade Described by Landis

the clinic No conclustons are drawn regarding any spmﬁc effect o
the tissue extracts which were used experimentally.

For several years the patient remeined symptom-free, buf she Thg:‘!;
to smoke again and for the past eight years has rarely been ™ DD
symptoms or open lesions Thus far she has zscaped 2 major ampy "
tion. She still smokes intermittently despite warnings, threats and ﬂ)"b
ng. Meanwhile she has entered the age petiod 1a which arterioscler®
obliterans may begin to play a complicating part. 5

The following factors were considered 1n arnving at the d{%""“
of thromboangiitss obliterans (1) The patient js a Jewess; tus 13 P<he
ably not very important but 1s mentioned as a point of snterest. (2) >
was 45 ycars old when symptoms first appeared. (3) There was no !
dence of calcification in x-tay films of the affected extremities, t2he® for
spectal study 1n that regard (4) Diabetes mellitus was not prcsenl' (”’
She had smoked from eight to 30 cigarets a day for 37 years ©) m;
bread had been an important part of her dict since infancy and much ©
her ife was spent m eastern Eutope (where rye 15 often ccntammmt“f
ergot, slthough ergotism scemed unlikely here). (7) The pain %3¢ ¢
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gutis obliterans into five groups accordiag to occupation showed
23 men in sedentary occupations without exposure, 38 men doing
manual labor without exposure, 20 men dowg hight fabor with
occasional exposute to cold, 17 men domng haed Labor with occa-
sional exposure, and 11 men doing hard labor with constant
exposure to cold and wetness.

On the other hand, trauma often causes the onginal open lesior
and 5 2 £ factor N patients have
been seen 1n whom, aftes an imjury to a toe or a foot that failed
to heat aoeally, st was discoreted that extensive vascular disease
exssted and 1 some that 1t had exsted before the injury. In these
the available arcolation bad been adequate to mamtam the hfe
of the tissues under ordinary conditions but was niot sufficient to
promote healing following mjury or to combat nfection Among
the mnumerabie types of trauma likely to mstiate the process are
vawise chusopody, bumms, stabbing of the toes, chafing of the
feet, frostbite and, especially wn industry, the dropping of heavy
objects on the toes or feet The last has become an important
problem in compensation msurance cases, since once these patients
are incapacitated they may semain so over long pemods unless
especratly well treated It should be remembered that, because of
the markedly impaired curculation, frosthite can occut in mvolved

on exy to Ingher temp thas m normal
extremities

Fungus infections may be an aggravaking factor sice the ulcess
of throm} bl f 1y occur between the toes,

where moisturs makes for ease of ulcer production and difficulty
30 healing

Race —~Race should be mentioned largely to rectify the ouginal
misconception which arose because much of the early work was
done m mstitutions whose patients were predommntly Jewssh
The condition has since been seported 1n Swedes, Chinese, Japa-
nese, Koreans, Turks and Negroes In our chinic st bas been seen
i Insh, Germans, Itakuns, Negroes and people of many other
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mduced gangrene sunulating that of thromboangitis obliterass
in the tails of albimno rats by injecting ergotamine tartrate Female
rats could be protected against this lesion by means of estront,
whereas male rats could not, Futther studies of a similar mt'“ﬂ
may tell us why sex appears to be so important in thromboaagits
obliterans, .

Ergot —The possibility that ergot is an etiologic factor it
thromboangsitss obliterans has long been considered. A large oum
ber of the first cases to be recognized were in Jews from eastern
Europe, where ergot is an endemic parasite on tye. Black n¢
bread was part of their daidy diet. Epidemics of ergotism of 50
types, gangrenous and convulsive, had repeatedly been noted
The inference was obvious but not necessarily correct.

Repeated experiments have demonstrated that ergot can pr
duce 2 condttion in Is and birds that chniclly
or pathologically 1s not unlike that of thromboangittis obfitera®s
Gangrenous conditions have also followed the choical use o
ergotamine tartrate and other ergot preparations in man. ™
clinical course of gangrene caused by ergot is apt to be mort
acute than that of thromboangiitis obliterans. After withdrawd
of ergot, progress of the disease is usually halted and often 1%
provement is rather tapid. For further discussion see Chapter V.

Today only a smaif percentage of our patients eat apprecibl®
quantities of rye bread (practically none of which is made wil
ergot-contaminated rye), so we must conclude that, am“’",gh
ergat poisoning produces an occasional case of gangrene whi
at certain stages may resemble thmmbo;mgiitis obliterans, €58
is probably not a major etiologic factor 1 that disease.

Trasensa; cold —Study of occupation and exposure to cold and
water has failed to revesl a definste causal relationshp with thro
boangittis obliterans, Ratschow studied 2 large group of men s
women in the fishing industey, in which exposure to cold wd
water is excesstve, and found that there had ot been a singl®
case in four years. Division of alf of his patients with thrombot
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tine sk reactions to rickettsia. However, the sarity of typhus i.n
the hstory of patients in other chinics makes the sigraficance of his
findings questionsble Ty theory has been discarded. )

Otirer suggested ehologic factors and disease processes include
2 predisbetic condition, increased siscosty of the blood, glandulas
dysfanction, high salt diet, electssc shack, autrtionat distuchances
and polycythemia vers The meager evidence to support these
suggestions daes not watrant discusston here

Age—~Age does play a part 1 determuming the onset of the
disease By fac the greatest majonity of cases begin between the
ages of 21 and 45. Rare cases have been reported in persons under
15 and over 55, but ta the older group one must suspect confusion
with ferosis or a combination of the two conditions. It
shonld be cleasly understood that we are concerned here with the
age of oaset. Maay patients in whom thromboaagutss obliterans
begaa before they were 43 have Ined into the age geoup for
deselopment of asteriosclerosis and have had exacerbations as a
sesult of the combination of the conditions. It 15 possible that,
mstead of the female’s having protective endoctine secretions, as
has been generally accepted, the male dunng hus acuvely potent
years has a secsetion which renders ham susceptible to the condition
and wth the gaset of the male cimactenic the substance 5o fonger
1s formed, thus preventug the onset of the disease w later lfe

Pamnorocy

There ate tw0 1mp facts ding thromt obht-
erans that ace just aow besng accepted. Fiest, 152 disease invokving
the arteries, vems and nerves and 15 not confined to the artecies
atone Second, it 15 a generalzed disease involving, on accasion,
any ot alt of the vessels of the body, not necessansly bewng Imuted
to the extremuties. Buesger noted thas long ago, mentioning in his
the iovab of sp ic arteties and veins and

P
of the gastnie artery in a case of ulcet of the stomach. Since then
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national and racial groups. It is likely that in any racial group
studsed, especially if tobacco were widely used, the disease v.ould
be found. :

Infection—The inflammatory appearance of the fesions of
thromboangtitis obliterans has led many workers to seek a b
terial cause for the disease Although organisms which were net
considered contaminants have been repeatedly described, nont
have been established as causative agents. Syphtlis has been prc
tically eluminated as a possibility, notably because of the rasty O,P
posttive serologic evidence of syphilis 1o seres of t}n’ombﬂ_fﬂ.‘gl‘m
obliterans patients and the converse rarity of thromboangiitts 0‘3
Iiterans 1n sertes of syphulitic patients. The differential diagnos’s
may occasionally require thought.

A case of unusual interest in this regard is that of a ma0, aged 34
with a large moist ulcer involving the bases of the fourth and ffth toes
on the left foot. Another ulcer was present in the right gtoin. A 5“’5‘“(
a d thromboangitis obl and rec ded amputation ©
both legs However, examination revealed pulsatton of both Jorsalis &
dis and postersor tibral arteries, which would be rare in thromboangyts
obltterans with such advanced lesions. The Wassermann seaction %2
plus, the lesions were gummas and prompt healing followed the o
mumnistration of arsenic and mercury. The irontc ending to this m‘g
tests i the fact that for the next esght years the patient walked to 2%
from his business past the office of the doctor who had told b b
legs must be amputated. He finally died of a cerebral accident.

A most interesting case was that reported by Allen and Jauder
dale of accidental of thromb istis oblitesans fro?
a patient to the operating surgeon as a re;ult of the p"“‘wvﬂ
of the palmar flesh by 2 spicule of bone from an javalved €
So far as 1 can ascertain this 15 the only such instance on record ¥ g
have been unable to duplicate this condition by mmsplantins w
volved bone into cats and rabbits

Numerous other diseases have beea suspected but with i
sufficient proof to warrant serious consideration, One is fFP “5
fexer, as reported by Goodman, who noted a high incidence of PO
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trve skin reactions to rickettsia, However, the ranty of typhus in
the history of patsents in other clinics makes tfic sigaificance of his
findings questionable. This theory has been discarded

Other suggested etiologic factors and disease processes snclude
2 predubetic condstion, mcreased vascostty of the blood, glandulas
dysfunction, high salt diet, electric shock, nutntiona! disturbances
and polycythernta vera. The meager evidence to support these
suggestions does mot watrant discussion here.

Age —Age does play a part s determuning the onset of the
disease By far the greatest majortty of cases begumr between the
ages of 21 and 45 Rate cases hase been seported i persons under
15 and over 55, but in the older group one must suspect confusion
with arteriosclerosts of 2 combination of the two conditions. It
should be clearly undesstood that we are concetned here with the
age of anset, Many patients it whom thromboangtitts obliterans
began before they were 43 have Ised imte the age group for
development of artenosclerons and have had exacerbations as a
sesult of the combination of the condions It s posmble that,
snstead of the female’s having protective endocnine secretions,
has been generally accepted, the male duning hus actively potent
years has a secretion which renders um susceptible to the conditson
and with the onset of the male chmactenic the substance no longer
15 formed, thus preventing the onset of the disease in fater hife

Patnorocy

Thete are twa umpostant facts regarding thromboangnts obht-
erans that ate just now beag accepted First, it 15 a disease involving
the antenes, vewns and nerves and 15 not confined 4o the arteties
alone Sccond, 1t 15 & generalized disease mvolving, on occaston,
any or alf of the vessels of the body, not necessardy being humted
to the extremuties. Buerger noted thus long ago, mentioning in his

p 3 1 of sp
of the gastric artery s a case of wleer of

attesies and veins and
the stomach Since then
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numerous workers have reported pathologic evidence of mvohe-
ment of the aorta and the blood vessels of the braw, heart, kidags,
liver, spleen, stomach, lungs and intestines.

Vascular lestons found elsewhere than in the extremities 2
not always completely charactesistic of thromboangutis oblitessas,
but it appears that thromboangutis obliterans in the vascolar tret
1s assocuted with a predilection for vatious types of blood vessel
involvement such as thromboses, early sclerosis, etc. In B’;"’“"
the order of involvement appears to be from the extreme pﬂ‘Fhf'T
of the vessels centrally toward the larger trunks, with occluson
tending to progress in the same order, but exceptions are noted:

The appearance of the vessels depends on the stage of insolve
ment of the particular section of the vessel studred. The stteth
vem and nerve are apt to be bound together so tightly that at tos
they cannot be completely separated It has even been suggesed
that the disease should be called neuroxngutss obliterans becust
of the mvolvement of the sympathetic nerves, especially the fibers
1n the adventitia which degenerate as a result of the inflammstory
process and fibrosts. If 1n examunation of the vessel proceeding
distaily a soft red thrombus 15 first encountered, the disexse b
been recently progressive, Peripheral to thss is 2 geayish of brov#
ishryellow mass It can usually be differentiated from the “‘41100(
the vessel. Old thromb are frequently pierced by fine canals which
may exude small amounts of blood on squeezing. Unless the
process is active locally, the beight red thrombus js not presett
The vessels are not characterized by either the crescentic or s
lunar plaques or the brittleness typscal of arteriosclerosis, b
rather give the impression of inducation with fibrotic chang
The veins atc characteristically as Iiable to occlusion as the 2tent
and in some cases are even more extensively involved. THro?
bophlebitis commonly accompanies lbmmbodngiiti; oblierant and
often symptomaticall 'y precedes it,

Arteries —One of the earljest microscopic changes noted is the
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presence of lyraphocytes m and around the adventstia of small
vessels Comadentally, changes occur sn the intima of the vasa
vasorum The endothelsal cells begin to prohifesate, the suclel
become arger, and connective tissue density 1ncteases with fbrosis
between astery, vewn and nerve Polymorphonuclear cells are rate
m the adventitia even when present 1 the medw. Older Jesions
may show definte mcrease in the swe of the blood vessels of the
adventiia——evidently an attempt at collateral arcufstion. The
media may contan many polymorphonuclear cells as well as
fymphocytes Eatly in the process giant cell foci may develop which
contan gant and endothelioid cells 20d broken down feukocytes.
These foa are later replaced by connective tissue and disappear,
Small vessels, usually not noted except by special methods of study
such as those of Winternstz, become enlarged and dilated—
another endeavor to increase the collateral arculation The muscle
celfs in general show remarkable resistance to change, only late in
the disease showing marked intersittal fibrosis and ateophy. The
mierstitial tissue may be made up of mature connective tissue cells
or young fibroblasts The changes ace exudative and profiferative
for the most part, atrophy occursing from disuse after occluston
of the vessel

Most ebservers have descrbed active prolifesation of the intima
10 thromboangntis obhtesans mn both the vens and artenes It 15
greater than normal for the corresponding age (20-40) and 1s
tughly eettular The cells often have large oval prominent nucler
This prohifesation of the mtima probably does sot in wself progress
to the production of complete occlusion, sather i 15 probable that
the same stimulus which mitiates this process also precipitates the
thrombosis shich brings shout the final step 10 totad oeclusion of
the vessel Jager was able to demonstrate 2 general tatynaf reaction
extending far beyond the site of the active lestons which he
considered the fundamental utial ones. It consists of 4. cushiomng
of the wmtima with the development of nodular saised areas, with
exudative and prolsferanive guant celis. He stated that 1 the fasge
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arteries thromboangiitis obliterans resembles cheumatic 'fevcr,
1n the medum sized arteries, vegetative endocarditss, and in the
small artertes, periatteritis nodosa Lymphocytes, POl)’f‘j"‘P}‘U"“
clear cells and guant cell foct all commonly infiltrate the intumd In
the thickened mtima concentric layers of elastic tissue € found
frequently but not tnvariably The tissue is not spht and distorted
as 1 artertosclerosis, but 1s frequently increased. N

Although the 1nflammation involving the arteries 15 sometimes
acute, 1t 15 usually of chronic nature.

After the thrombus is well organized, cells of a fibroblisit
type grow 1n toward the center of the clot where they form 8
network of smusords Some autolysis takes place centrally, but
within the sinusords well preserved erythrocytes may be fm.m )
Absence of fibrin within the sinusoids suggests that the cells circd
late freely theren Mahotner has questioned whether the cells
which hine these spaces have grown from endothefum. Th‘?'
appear to penetrate the thrombus singly and have the ch;lrad.eﬂsm
of young fibroblasts but are capable of metamorphosis to line the
blood channels. This process 1s not completely understood.

The end-stage of the process is, however, quite well zgf“d
upon. There is a marked increase 1 connective tissue 2 the
adventitia and surrounding area. This perivasculze fibrosis 15 O
posed of closely packed mature cells binding the actery, vein 30
nerve closely together. The vasa vasorum are en]nrged, wilh
intimal hyperplasia Lymphocytes are still common, but it most
sections polymorphonuclear cells are also found throughout.

The media becomes infiltrated by conaective tissue and smal!
blood channels, but the muscle cells remain farrly well prescn'fa
The thrombotic mass occluding the lumen is canshized by blood
vessels with three coats 1t has become changed to 2 mass ©
fibroblasts and Iymphocytes,

Vems~The process in the veins is not vastly different from
that in the arteries. According to Lindenbaum and Kapitzz, in t°
first stage one finds a fresh thrombus with an infammatod
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rexction m the wall, petivascular edema and feukocytic cellulae

} Small granul nodules begin to appear in
which necrotic for develop. Organization then takes place.
Buerger powted out years ago that the foc of gunt cells which
develop sesemble those seen in tuberculosis. The thrombus is
wfiltrsted by Iymphocytes and Justiocytes. The process goes on
to obliteration of the lumen with or without canahization In sorne
veins no thrombus 1s found, enly a thidkenng of the mtima
encroaching on the lumen

Nerves —The changes m the nerves are anconstant and appear
to be due to pressure and ischemia secondary to the great over-
growth of consective tissue of the neurovasculae sheaths The
nerve changes do not precede changes m the accompanying blood
vessels; they are greatest at the potnts whete the vessels are most
mvolved and wherte schemua is most severe. In the most petipheral
nerves stoking degenerative changes are noted  Lymphocytic
wnfiteation, thickening of the permeunum, sbsorption of myelin
and an inctease 1 the number of nucler of the sheath of Schwans
are observed, but these changes ate probably the result of long-
sustasned 1schemua since they also occur 1n arteriosclerosts

SIGNS AND SYMPTOMS

Although the disease may be present for an indetermnate
period without sersous symptosms, most patients probably expe-
fience sunor Jotal sensations eatly 10 the cousse without recogniz-
g theis importance Detasled questioning of 2 number of patients
has confirmed thss belief, The early, frequcndy unicported
symptoms consist 1n the feelng of pins and needles, formication,
coldness or a burning discomfort i the arex 1 which the earliest
disturbances of arculation are occurning

PAIN

"Fhe ptesenting symptom 1s usually pa, which may be of one
or several types Goldsmith and Brown carefully analyzed the
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arteries thromboangiitis obliterans resembles sheumatic .fmr,
\a the medum sized atteries, vegetative endocarditis, and in the
small arteries, periatentis nodosa. Lymphocytes, P"l}"‘:’ur}’hm‘r
clear cells and guant cell foc all commonly infiltrate the intims. 11
the thickened mtima concentric layers of efastic tissue ate found
frequently but not tavanuably. The tissue is not split and distorted
25 1n arteriosclerosts, but is frequently increased. N

Although the inflammation involving the arteries s sometimes
acute, 1t is usually of chronic natute.

After the thrombus is well orgamzed, cells of 2 fibroblusht
type grow n toward the center of the clot where they form®
network of sinusoids Some autolysis takes place centrally, but
withta the stnusoids well preserved erythracytes may be founc
Absence of fibrin within the sinusoids suggests that the cells tl!ﬂ:'
late freely therein Mahorner has questioned whether the s
which line these spaces have grown from endothelum Thfi
appear to penetrate the thrombus singly and have the characterisies
of young fibroblasts but are capable of metamorphosis to hine the
blood channels This process is not completely understood.

The end-stage of the process is, however, quite well as“d
upon There is a marked increase in connective tissue in the
adventitia and surrounding area. This perivascular fibsosis 15 <O
posed of closely packed mature cells binding the artety; vein 39
nerve closely together. The vasa vasorum are enlarged, *
mtimal byperplasia. Lymphocytes are sl common, but in Mo
sections polymorphonuclear cells are also found throughout-

The media becomes infiltrated by connective tissue and sl
blood chanaels, but the muscle cells remain fairly well presery
The thrombotic mass occluding the lumen is canalized by bloo
vessels with three coats. It has become changed to 3 M35 o
fibroblasts and’Iymphocytes

Verns.—The process in the veins is not vastly different from
that in the arteries. According to Lindenbaum and Kapitza, in the
first stage one finds 2 fresh thrombus with an inflammatod
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reaction n the wall, perivascular edema and Teukocytic celtular

3 Small granulomatous nodules begin to sppear in
which necrotic foci develop. Organization then takes ploce.
Buerger poited ont years ago that the foa of gunt cells which
develop resemble those seen in tubercufosis The thrombus 15
whilteated by lymphocytes and histiocytes. The process goes on
to obhiteration of the lumen with of without canabization In some
vems no thrombus ss found, only a thickening of the intima
encroaching on the jumen

Nerves —The changes in the nerves ase mconstant and appear
to be due to pressure and tschemia secondary to the geeat over-
growth of connective tissue of the neurovascufar sheaths The
nierve changes do not precede changes 1 the accompanying blood
vessels, they are greatest at the pomnts whete the vessels are most
mvoived and where ischema 15 most severe. In the most perspheral
nenves strihung degenerative changes are noted  Lymphocytie
wfiltration, thickeming of the perineurium, absorption of myehn
and an sncrease sn the number of nucler of the sheath of Schwann
ate observed, but these changes ate probably the result of long:
sustained 1schemmua since they also occur sn artenoscleross

SIGNS AND SYMPTOMS

Although the disease may be present for an indeterminate
period without serious symptoms, most patsents probably expe-
wence nunor focad sensations eacly in the course wathout recogniz-
g thew importance Detarled questioning of a number of patients
has confirmed this behef The early, frequently unteported
symptoms consist in the fecting of pins and needtes, formication,
coldness ar 2 burning discomfort i the atex 1 which the eathiest
distusbances of arcalation are occurning

PAIN

The presenting symptom s usually pam, whick may be of one
or several types Goldsmith and Brown carefully analyzed the
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types of pain experienced by 100 consecutive patients with throm-
boangiitis obliterans. The pain may be the result of one ot mofe
of three factors: (1) that asing from the blood vessels them-
selves, (2) that due to sschemra of tissues, including nerves, and
(3) that attributable to secondary infection. Pain may also bc
classified as that related 10 exercise and that which ocous with
rest,

Intermittent clawdreation —This exemplifies the pain redated
to exercise. It is the symptom which most often brings the patiest
with thromboanguuis obliterans to the doctor, bewng the imh.al
complaint of about 75 per cent of patients. Typically it is 2 pain
the muscles of the extrerity after a given amount of exesds®
The patient usually can walk a certain number of blocks, then
pain forces lum to stop After a few minutes of rest he 1s able
to go on agamn and can usually watk an almost identical distance
before pam halts him. The pain most commonly occurs in the
muscles of the arches, calves or thighs and is characterized by 3
dull aching fatigue or a sense of cramplike copstriction in the
affected muscles. The seventy of the clwdication 15 frequently
wcreased by cold weather and 1s also made more sever® by
walking rapidly or uphill.

As the disease advances, with blockage of the lasger vessels
the areas of claudication pain ascend the leg unti the thigh 1
involved and the vessels of that area are found to be ocelud
It should be noted that the major trunks may be patent, whered$
some of the branches supplying important groups of muscles 137
be occluded. An example 1s the presence of intermittent claudics
tion of the muscles of the thigh or calf while the dorsalis pedis
and posterior tibial vessels are palpable and oscillometric readitg®
are within normal limits.

The pain must be differentiated at times from rheumatic and
arthritic pun.  In addition to testing for vascular or joint damig®
we have found it helpful to question the patient as to whethet
he must sit down to obtain relief. When the pathalogic proces®



THROMBOANGUTIS OBLITERANS 183

15 i the jomt, the patent wually has to take his weight off the
jotnt to obtain rchef, nhereas the pam due to true chudication
{1schemia) 15 rebieved merely by cessation of active exercise of the
muscles. This seerns Jogical 1n the Yight of cur present understand-
ing of the cause of claudication pain. It 15 apparently due to 2
chernical substance sccumulated duting museular conteaction when
blood supply 15 deficient The syndtome 1 readdy reproduced m
2 pormal himb when a tourmguet ts bound tightly enough around
it to ocelude the artersal bload supply and exercise 18 undectaken.
Roth has shown that the lactic acid m the veins of the affected
extrematy increases shacply after exertise by paticats vith occlusse
vascular disease, but the mesease 15 not consistently parallel with
the inteastty of the pamn

Claudication pains in the calves usually sndicate occlusion of the
popliteal artenies, but we have seen 2 number of patients with
typical claudication patn 10 the cabves 10 whom the major vessels
were upen down to 2nd ncuding the dorsalis pedss and postenor-
tibral artertes The mnpression that ths sndicates wvolbvernent of
branches supplytng groups of calf muscles has been venfied by
arterzographic stuches This pacticulas phenomenon has been noted
more commonly sn arteniosclesttic patients than in patients with
thromboangsis obliterans.

Rest pan (pasn ocourting duting rest) ~Pretrophuc pun may
occur before the appearance of ulceration or gangrene, but ane or
the other usually develops a¢ the site unless treatiment or spontane-
ous stuprovement 1 arculation checks the progress of the con-
diion. The pan 15 described 25 3 burning, grawing type, worse
at sught, or a3 an aching sensation associated witl Jocal tenderness,
probably due to sschemia of the tssues and nerves supplysng the
arex The patent not infrequently obtaing some rebef by watkaeg
around the room or by hanging the foot out from under the
bed covers

Pain with ulcers or gangrene —Formerly mote than 50 per cent
of the patients we saw with this disease had ulcers or gragrene with
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pan. Today, as a result of more widespread knowledge of the
disease, the condition is diagnosed 1 the early stages before there
Is any necrosts of tissue. In general, the more advanced the ulcet
o gangtene, the more severe the pain. This pain is characterzed
15 excrucnating, burning, stinging, lancinating, aching Tt is usafly
continuous but may be paroxysmal, It is often selieved by depend:
ency and is made worse by overheating—a problem discussed latet
1 this chapter under treatment. It is often worse at night vhen
metabolic processes and blood pressuse are Jowered and the »®
tient’s attention 15 pot diverted from the lesion Hyperparesthesia
2round the leston is common.

This pan usually develops with the opening of the ulcer of
gaogrene, which often occurs months or years after the onset of
the disease, although it may be encountered at the site of 3 futvte
aleer as the symptom for which the patrent first comes for medil
care Ordinanily it persists until the lesion 15 completely heafed
and sometimes continues for weeks thereafter.

Pam due 10 mflammation of blood vessels —Phlebitis is com
mon un thromboangutis obliterans, (It 15 discussed 1n greater detst
later 1 the chapter.) Thys complication is 2 true component o
the clinical and pathologic syndrome. The pain of phiebitis ¥
typical of all phiebstis—a dull, aching or burning type with Joat
tenderness over the vein, stiffness or soreness of neatby m“smf’
chanactersstically aggravated by exercise. The pain of the artentd
is only slightly more severe than that of the phlebtis. The arterits
statts as a tender nodular swelling and progresses along an artef:
which becomes enlarged and pulseless, A generalifed achiog
pain develops, with coldness peripheral to the involved arterii!
segment. Involvement of the nerve supply to the vessel wall
probably accounts for the parn

Pam of sudden occlusion.—The occurtence of sudden occlusion
in thromboangiitis obliterans has been emphasized by Buerger and
many other writers. The occlusion js recognized by the onset of
a sudden sharp pain in the foot or hand of the fmotond avbrermlts
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The pain is projected peripherally and is frequently accompanied
by cramping pain in the muscles. The extremity becomes c?ld,
clammy, numb and pale or cyanotic. The pain usually subsides

16. 45 —Scars of perve section 10 healed and arrested case of thromboangi-
ttss obliterans, Only partial selicf of pam was obtained by necve section.

gradually and practically disappears in 48-72 hours. Movement
or pressure may cause return or aggravation of the pam, which
15 probably due to ischemia of mixed nerves and to severe vaso-
spasm. I the condition 15 not progtessive the temperature of the
extremuty rises slowly, returning to normal as the pain recedes.
This is most Iikely due to the rapid merease of collateral circula-
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tion by release of spasm in the vessels Residual hypcreslhﬁ;.
numbness, tingling, paroxysms of pain and claudication may
resent for weeks 3
P This is the history in cases in which there is at least 2 fair f{fg’ii
of recovery, but 1t should be understood that this comphc:mun:m
most serious, Kvale and Allen reported that abm:lt 66 per :;
of hinbs so involved require amputation. This.hxgh pescen gﬂ
over that found with sudden occlusion not associated with v:ts;ﬂuS
lar discase, as by emboli, 15 readily explained by the Fm‘md
severe umparment of the arterial blood supply mn most msc:oml
the resulting inability of the tissues to survive an ad l;nm:
dimunution in blood supply. This event js apt to occur in the
rapidly progressive type of thromboanguitis obliterans "
Ischemse nenritis—This usually develops rather late 1 .
course of thromboangitis obliterans. The pain may be Sh“P]m
dull or shooting, pulling, tearing and agonuing. It mvﬁml:
extensive areas which do not necessarily carrespond to any d¢ e
distribution of nerves, It may be paroxysmal of constant- 455
parn may be so severe and protracted that nerve section (Fig e
or rarely amputation 15 requited It 1s due to ischemia of the nem
with degenerative changes or to actual inflammation from ©
tiguity of diseased vessels )
Vasospastic pam.~—Spasm of the asteries that responds to ““:
difators such as mitroglycerin usually produces blanching of q‘
nosis without true pain, but occasionally cramplike pan 1s przsel}u
Undclassified pam ~—Not infrequently it is difficult 0 ﬂﬂ*‘bo
the pain of which the pattent complains. Oftea several fYPtsh‘
pain are present that the patient cannot clearly separate. At 0
times the cause 1s deep 1n the muscles and results in vague discot®
fort which muy be attributable to any of several factors

TCMPERATURE CHANGES

The complaint of coldness in the extremity, especially the P&
ripheral third of the limb, seems paradoxical 1n view of the prese?®
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of “butning” pain. Yet both are sometimes found in the same
extremty and occasionally at the same time, Mare often, hawever,
the coldness is complained of when the affected patt is exposed
t0 roara temperature of to cold, whereas the butming pain is most
ptoncunced when the foot 15 warmed, as under the bedclothes
ot by artificial heat, and especially with overheating, Control of
this factor is discussed under treatment

COLQR CHANGLS

The patient usually notices the matked rubor which Jater be-
comes cyanoms when the extrematy 1 dependent, but does not
often discover the matked pallot which occuts on elevation This
syndtome 15 not specific for thromboangutis obliterans, occusting
whenever airculation 1 the major atteries of a tunb 15 defective
The striking tubot in the presence of deficent circulation is pro-
duced by several mechanisms, indinduatly or collectively (1) 1f
the sk 15 modetately cald (50 ¥ or thereabouts), the free ex-
change of oxygen is wterfered with and the blood temains bright
sed (2} The minute vessels are damaged and dilate, thus contain-
ng more than the usual amount of the bright ted blood (3) The
dilatation is compensatory, sesving a useful purpose 1n supplying
muamal amounts of blood to tissues m which the total blood
supply 15 low,

Not infrequently the rubor 15 gradually converted to cyanosis,
especially when the foot 15 dependent for some tme 3t may
devefop in slowly spreading patches The explanation for this
type of cyanosts seems to rest on the fact that the oxygen of the
blood 15 gradually taken up by the nssues during prolonged stasis.
The stasts may be due to arterial damage which prevents sufficient
propetling force to move the biood along 2ngd to venous damage
which may prevent proper drainage of the blood supply. Throm-
bosis of the attery supplying a digst may cause pale cyanosts of that

digtt; the cyanotic area may be more extensive if larger vessels are
wvolved,
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On elevation above the heart level the extremity becomes P‘!‘
as the blood drains out by gravity and new blood does not fiow in
at an equal rate. Ths observation has been used as a fest I:{t deep
vessel occlusion (Buerger). In a normal person lying supine the
normal color of the foot is maintained on elevation to 180 degrees;
shight reddening occurs on dependency of 60 degrees or less In
the presence of arterial obstruction abnormal palloc is present o8
elevation and abnormal rubor on dependency. The appedranCEAOf
patlor can be hastened by stroking the skin centrally of by by
the patient move the toes actively. Both the pallor and the !“W
may be patchy at fitst owing to differences in the rate at whidh
vattous areas are drained or supplied with blood from the damaged
atculatory tree, Rubor of this type can thus be dufferentiated from
that of infection, smce the latter does not disappear 00 elevation.

Typical rubor m the toes should be interpreted s significsnt o
circulatory impairment even when the major supplying astesy
(for example, the dorsalis pedis) is palpable. The damage ™Y
be petipheral to the pornt of palpation. When impased cigculaod
is complicated by infection, which is not uncommon, the local ate*
remains red during elevation while the rest of the surrounding
tissue pales vistbly After a few minutes of elevation small wrinkles
often appear n the skin as edema decreases.

EDEMA

Edema is very common in thromboangitts obliterans. 1t #s due
primanly to imbalance of the capilfary-tissue fluid saterchang®
rather than to lymphatic damage. The edema may be pased on 2
feast three different factors or may be due to 2 combination ©
influences. (1) Obstruction of the deep veins secondary ¥
phlebitis results in 2 damming back of the blood and marked
sncrease in intercapillary pressure, producing aa outpoun’ng ol
fluid into the surrounding tissues. (2) As a result of Tong-com
tinued inactivity and dependency of the extremity, gmduaﬂf
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accumulating sntercapiilary pressue hecomes a principal factor,
with toxic products probably inuring the capitlay walls aad
producing pesmeabshity. (3) The edema of inflammation, which
s secondary to toxc inyury to the capittaty walls, increases permea-
biley

PHLEMTIS

Phlebttss, exther superficaal ot deep, or both, ocouts 1n about 50
pet cent of cases of thromboangutis obliterans, Jt should not be
forgotten that st 1s frequently the p ting sy , often
masking the artenal involvement for 4 tume  Idiopathic recutring
phietatis in a young male 1s an ndication for thorough considera-
tion of the possibility of thromb bl This usually
accurs 1 the lower extremities, most ommonly below the knee.
Ewidence of inflammation 15 noted along the course of the nvolved
et in the form of tenderness, redness and swelling There may
be nodules along the vessel—tender, red, arcular areas which
sometimes cowncrde wath the localization of the valves, The process
10 any given area may bast six weeks or mote before subsiding,
only to appear at another site. This may be responsible for edema

TROPHIC CHANGES—FISSURES, ULCLRS

Profonged dsminution of blood supply esults in cutancous
changes. The skin becomes tense and shiny or dry, scaly and pig-
mented. The nails show trophic changes, with thickening, discol-
oration, ridging and failure to grow Somttumes no growth 1s ap-
parent for months Tissue in this state has extremely poot re-
sistance to any kind of mjury of infectson o that ulcets or fissures
develop with the slghtest trauma, Dropping an object on a foot.
kicking or stubbing the toe, pating a cotn or caltus too closely or 2
fmunor operation such as the trumming or removal of an ingrown
nad may precipitate setious ulceration tesulting wm loss of a toe
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or the whole foot (Fig. 46). The problem of trauma 1s.assummg
increasing importance in accident and compensni?t\ ‘miuﬂﬂf’
Infections, bacterial or fungus, are frequent pr:ciP\mmg causes
of deep fissures between the toes

‘The ulcers and fissures are characteristically rather deep, sharply

D

Fi_ 46 —Huge ulcer over moer malleolus following sjery 3t this st
a patient with thromboangutis obliterans.

defined, morst, purulent, inflamed, exquisitely tender and exc¥

ciatingly pamnful. They are extremely slow to heal unless active
propet treatment is instituted

GANGRENEL

The ulcers and fissuses just described may progress superﬁclﬂllf
ot undermine the digits until they ate completely gangrenous: %
process often spreads until all digits and even the hand of foot 1>
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wmvolved (Fig 47). With occluston of the major blood supply 10
the area more or less massive gangrene may occut. This foranstely
has become rare since proper precautions and treatment may asrest
the disease 10 1ts early stages. .
Massive gangreac is usually moist, and soft necrosis sets
The skin and subcutaneous tissues disappear, so that frequently the
tendons and bones are clearly seen. Spontaneous amputation £
occut, formerly more than one extremity, and sometimes al fout,
were sertally involved, but with modem treatment this is ot
unusual Simuitaneous acute ulceratron in all four extreputies
extremely rare, the only case reported up to 1946 having bt
from our clinic (Fig 48). The pain of this gangrene is exuu(}ﬂ'
ing—one of the severest types of pain known to medical padic

DiaGNOsSTIC PROCIDURES

One should never forget that !hromboangixlis oblim.an‘ s
potentially a disease involving any and all blood vessels in ¢
body. Electrocardtographic studies should be made in each &%
and one should constantly keep in mind the Fact that complai®t
referred to the abdomen, chest or head may be related t0
disease being treated in the toe I have seen patients with insol¥®
ment of the coronary, mesenteric, splenic and cerehral astesies, 47
this 1s the experience of many students of the discase Enumersio?
of sll of the possible symptoms would be impossible, but alertnest
on the part of the physician to the possbility of unusual Jocal?
tion is vital The symptoms naturally depend on the 018
involved

Search for pulsation—Absence of pulsation in Pﬂ'i}’h“Jl
vessels that normally ase pulsating is common s tl\tumboimt‘;.""'15
obliterans, During every physical examination which pxeteﬂds ©
be complete, the vessels Iisted below should be palpated routinelfs
since occlusion is always serious and early recogmition may avet
disaster The order of frequency of closure of palpable asteries B
thromboangiitis obliterans is:
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Lower exiremiies
1. Dorsalis pedus artery
2. Postensot tibmal artery
3 Popliteal artery
4 Femorl astery
Upper exiremities
1 Ulnyr dstery
2 Radial artery
3 Brachial actery
Head and neck
Temporal artety

when none are present. Vessels may be abetrant and so placed

Osesllometric yeadings —Qsall 1c readings are exceedingly
helpful i determimng the tevel of closuse of the major vessels
of 2n extremuty Physicians are constantly coming to erroneous
conclusions regarding the presence of patent vessels because
protnent pulsations of theit finger-tips suggest normal pulsations
that palpation is difficult of impossible, yet provide a perfectly ade-
quate blood supply Without an oscillometer it 1s impassible to
determine the location of an occluston between the ankle and the
knee or the knee and the grown unless artenographic study (2 much
more involved procedute) 1s undertaken Absence of pulsation s
highly signsficant and wasrants exhaustive study

Allen test~—For the determination of patency of the ulnar
artery, which frequently 1s not palpable, Allen’s test has consides-
able value (For details, see Chapter Il ) Ia sate instances the
ulnar attery is congenitally absent This condstian is frequently
bilateral, and ulnat function has been assumed by the radial or
intesosseous arteries

Anteriographac studies —These probably give the most complete
prcture obtamable of the state of the circulation of the major and
the coflateral vessels The procedute (pp. GO ff ) 15, however,
somewhat complicated and should be undettaken anly by expe-
rienced persons. Also, the most satisfactory radiopaque medmm,
‘Thorotrast, 1s slowly tadioactive, which makes 1ts use objectionable
10 some workess, Over 3,000 injections of which I have knowledge
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have nevertheless been given in eight years without prz?ved dd'e‘
terious effects Diodrast 1s more widely used by radrotogists but in
my expetience and knowledge reactsons to it are mote common
and more sertous than to Thorotrast. This includes death. Whick-
ever onc elects, its use should be reserved for situattons s »huch
the knowledge it supplies 1s essential to the care of the pme}nt

Reflex vasodiatation.—The degree of potential \'asodxhr:na:
has been determined 1 many of our cases by the method describe
by Landts and Gibbons

If the feet are being studied, the arms are immersed in hot mt::::
43 C (109 4 F.) for 45 minutes. Normally the temperature of the to i
fses to 325 C (905 F.) or above ta less than 20 munutes, but bﬁl.“fi
In some instances response 1s delayed, 45 munutes 1s a safer };:mse
When there 15 occlustve arterial disease the temperature does 0t “ﬂ
or does not teach the notmal level. The procedure is reversed if
desired to test the hands

The test can be modified by the application of blankets nﬂd’;‘]‘f:
water bottles to the body ar a heating pad to the abdornen. b
is not an infallible test and should be checked by use of 1“‘“1";
sympathetic block or spinal anesthesra if the results seem doubtfu

DIFFERENTIAL DiAGNOSIS

Raynaud’s disease.%—~The differentiation of thromboangitss
obliterans and Raynaud's disease rests on the following points

1 Ninety-eight per cent of cases of thromboangiitis obhterans
oceur in males, whereas 70 per cent of cases of Raynaud’s disest
are 1 females

2. Thromboangutis obliterans produces occlusion of the vessels
so that in most cases some of the normally palpable vessels are
pulseless. Osaillometric readings show absence or diminution of
puisation. In Raynaud's disease the formally palpable vessels are
occluded only in extremely advanced stages. At room temperatute

* See Chapter VI for discussion of the difference between Ragnaud § disesse
and the Raynaud syndrome.



Fte, 49 ~~Advanced thromboangstis obliterans, showing mvolvement of all
extremutics,
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or above, all vessels are pulsating, Oscillometric readings are
normal. In extreme cold there may be temporary spasm of the
vessels, but when the extremity 1s warmed pulsation returns to
normal. In certan cases of th \ it ynaud's
syndrome appears eatly in the coutse and, in the absence of organic
occlusion, may be difficult to differentiate, although 1t is frequently
asymmetrical and may involve only one or two digits In the
presence of occluded vessels the diagnosis remains thromboangiitis
obliterans unless, as previously mentioned, occluston occurs late
with a dominant Raynaud syndrome,

3. In thromboangutis obliterans evidence of occlusive vascular
disease 15 present, with rubor on dependency, pallor on elevation
and intermittent claudication or extreme fatigue on exercise, In
Raynaud's disease none of these manifestations are present. Pallor
(blanching) does occur on exposure to cold, or with emotional
exciternent, with marked rubor (erythema) on return to warmth or
emotional equilibriem,

4 'Thromb iitis obl 15 wsually rical as far as
the acute lesion 1s concerned Raynaud’s disease s usually bilateral
and often quadrilateral

5 The ulcers of thromboangitis obliterans are usually mosst,
deep and inflamed and tead to 1nvade the sursounding tissues
Massive gangrene 1s common in untreated cases The ulcers of
Raynaud’s disease ate usually superficial, involving the tips of the
digits, Massive gangrene 15 rare as the disease 15 encountered today
Ulcers of both diseases are excruciatigly tender.

6. Phlebitts and edema are very common 1 thromboangutis

obliterans, In Raynaud's disease their occutrence 1s entirely co-
1ncidental.

7. The skin in thromboangutis obliterans becomes atrophic,
thin and reddened, and the nails may cease growing for months
at 2 tume, The skin in Raynaud's disease often becomes sclero-
dermatous and there may be some atrophy of the subcutaneous .
tissues Natl growth may be retarded, but 1n my experience unless
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scleroderma 1s advanced this is not as pronounced as in thrombo-
angittis obliterans, .

8 In thrombonngiltis obliterans pain is 2 dominant fymp(om
on actiity or at rest, with or without ulcers. In Raynaud's drsesse
pain is seldom wmportant unless ulcets are present.

9. Asteriographic studies in cases of thromboangittis cbliterans
show definite blockage and moth-eaten appearance of the _artetlﬁv
especially toward the periphery. Arteriographic studies in Ry
naud's disease not jn spasm show normal findings. .

10. Capullary mictoscopy of the affected atea in throgr{bf;
angtis obliterans shows some decrease in the number of visible
capillaties, the rate of blood flow is slow and there is frequent
stoppage. The capillarses are slightly difated throughout. Some
cases show a striking vasoconsteictive phenomenon. When the ;!f:
s cool only a few capillarjes may be seen in each field and thes
ote constricted. When warmed a few more capillaries wll OP“:]
The blood flow is jetky, probably owing to the opening 20
closing of a precapillaty arteriole allowing small spurts of bl X
to pass through, The capilaries in Raynaud's disease shcv;
€normous dilatation of the venous limb and relative dilatation o
the arteriaf fimb. This change is not found in all of the capiflsncs
but involves a larger percentage of them as the disease 1?“""‘54
moare severe and of longer standing In the stage of blanchmg.ffl‘"
cells can be seen in the capillasies, They do not move apprecisblf
unttl the arteriolar spasm relaxes

Arterioseleroriv,—3, Thromboangiitis obliterans 15 a §ous8
man’s disease; arteriosclerosis js g disease of old persons of ethet
sex, Practically ait patients with thromboangistis obliterans havt
initial symptoms before the 2ge of 55 and most before 45. The
initial symptoms of senile arteriosclerosts sarely appear before 28°
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2 In thromboangits abl phiebitis and edema ate com-
mon. In asteniosclerosts netther is present except conadentally and
they result from other causes

3 Ulcers of thromboangiitis obliterans are moist, desp, -
famed and excruciatingly pamful and teader The ulcers of aterio-
scleross are dey, supetfinial and nat as tender or panful. Excep-
t1oms are the ulcers of diabetes or infocted ulcers, which are often
purulent and wlzmed. The ulcers of artenosclerosis ray be sur-
prismgly parnless 1o some cases. Massive gangrene may oxur
esther condition.

4 X-mys show no calafication in thromboangints obhterans
Calaification 15 seen 1 the wails of the artertes and sometimes also
of the vens 1 artenoscleross, Calafication does not necessanily
unply occlusion because vessels may be patent throughout despite
definute evidence of calaram deposits along the entice length of the
walls On the other hand, one strategially placed and shaped
plaque may produce thrombosts 2nd occlusion of a major vessel,
Cholestesol plaques may occlude vessels m artessoscieroses without
x-1ay evidence of caletfication

5 The retial funds are wsually normal tn thromboangutis
obliterans. ‘The vessels may show sitver witmg or other signs of
sclerosss 1 artenoscletatic patients

Embols and thrombr.~The commonest forms are embaols from
vegetations and mural thrombr e the heart lodging 1n a perpheral

artety, They ate diffucnlt to duff
occlussen 1n thromb b

frota sudden

g gl usually there 15
definste evidence of the type of cardiac damage likely to throw off
emboli, such as aunculae fhudt endocardst:

mutsal stenosts with ball thrombs and myocardial infarction with
mugal thrombi Embelt aad thrombs may occur with or following
surgery and severe infections such as peomonis, typhoid fever
and puerperal sepsis These usmally present no difficulties in

deagnosis. The same ts true of emboh or thromboses following
trauma.

Yh
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Cervical r16—This sometimes produces a confusing pictuse,
but the signs always occur in the upper extremities, the typied
tubor and gangrene of thromboangiitis obli are not present
and cervical nb can be ruled out by x-ray of the cervical portios
of the spie

Other shoulder girdle syndromes, ncluding the sealenss anties,
costoclavicular and hyperabduction syndromes, must sometimes be
considered. (See Chapter X.) .

Other diseases~—Periarteritis nodosa, rheumatic and S)Tfhﬂ‘““
artents, vascular anomalies, tumors of the blood vessels, dutﬁsﬁh
of the central nervous system and arthsitis may be conf.uscd wil
thromboangitts obliterans. A complete history and physical exi
1natton should easly eliminate most of them.

CoURSE

The rate of progression of thromboangistis obli aries
greatly from case to case In some the course is exceedingly 20Ut
with rapid spread to the various vessels, ulceration and gangree®
of one or more extremities. In others it progresses stownly. “ﬂ:
slowly progressive cases may extend mto the older age group %!
development of supetimposed arteriosclerosis. Occasionatly whet
thromboangtitis obliterans has become quiescent with e0%
residual crrculation for the continued life of the extremity, &%
development of critically placed arteriosclerotic plaques upsets e
equilibrium, leading to vascular crises even including the precipit®
tion of gangrene. Fortunately this type of episode is rare.

TREATMENT

A detailed discussion of ail of the forms of treatment “'h'c.h
have been proposed for thromboangiitis obliterans would fil! th®
volume and be largely vafueless. Our endeavor will be to discss®
the methods which have stood the test of time and which we 80%
use. Comments on other forms of therapy will be included Whe®
indicated In over 500 cases studied since 1931 the m3jof
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amputation® rate has been seduced from 70 o less than 3 pex cent

Numerous digits that were severely mvolved when first scen have
been Jost

MEDICAL MANAGEMENT

Rest —Whenever there s ulceration, Zangrene, cOnspruOus

dsscolosat ed and sudden locat coldness
ar severe fest pun the imoled extremity should be placed at test
The fevel selected for the mamntenance of the most satisfactory
arculation possible 1n the arcumstances has been shown by Red
10 be exceedingly important I the extremity 15 kept too long w
3 dependent posttion the verms become engorged and there are
mareased venous and capallary pressure and stagastion of blood
1f, on the other hand, the oxitemty 15 kept clevated 1t becomes
blanched and bloodless 1n appearance and the tissues berome
severely 1schemic since the force i the diseased arterses ss usually
wsuffictent to carsy fresh blood to the tips of the extrenuty. Such

elevation, when prolanged, (requently led to amputation in the
past

PIog

The most efficient level at whuch to obtam proper blood supply
s that 2t which the supeficial verns fill to the extent that they
project shightly above the fevel of the skan Thus o5 wsually 36 in.
below the paution of the beart. At this level gravity assists artenal
blood flow mto the lmb and the return 15 not tetarded by too
greatly mcreased venous back pressute

Rest should be continued until the leswon 1s healed or the acute
episode 15 completely past After this, activity should be under-
taken gustdedly and under observation untst 4 seturn of the critical
state 15 consrdered unhkely,

Care of the —Once the d of oeclusive vas-
oulas disease s5 made, meticulous cate must be taken of the hands

¥ By majgor amputation 15 meant the loss of a foot or hand or 3 greater pro
gorton of 20y extremuty
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and feet. They should be washed carefully at least duly with
wagm, not hot, water and rubbed thoroughly aftersard with olie
o1l or lanolin to keep the skin soft. Corns and calluses should be
catefully softened with salicylic acid ointment; paring except by
experts should be discouraged. The nails should be clesnsed 20d
pated with extreme care to avoid any minor surgical lesions
Trauma and frostbite must be avoided in all possible ways. Shoss
must be soft and fit well but of ample size Socks should be of
soft wool to cushion the feet and prevent abrasion.
Dermatophytosis must be treated with great thoroughness I8
my experience the most satisfactory method has been the use of
potasstum permanganate solution (1:10,000) soaks every other &7
for 30 minutes at 94 F. (344 C.). Whitfield’s omtment, half-
strength, applied daily is also helpful; it should not be used 0
an open ulcer. The use of any omntment must be undertaken with
caution and the area must be observed for any evidence of mﬂ“.”
tion. X-ray therapy 1s not recommended for pateents with occlusive
vascular disease, Sopronol (Wyeth) and Timofax (Burrollg}“
Wellcome) powders and omntments have proved effectrve.
Abstinence from tobacco —The evidence that the use of tobaccd
1s at least an aggravating, if not a truly etiologic, factorin thrombo
angtitis obliterans has alteady been presented. Its #5¢ must b
completely and permanently prohibited if satisfactory therapeut
response 1s to be obtained, Good results are to be expcded f‘f’m
the treatment outlined here provided the patient will stop smoking
entirely, )
Every patient who has suffesed a major amputation in 0%f series
of more than 500 patients since 1931 has continued to smokts
often sutreptitiously, even though warned many times of the &t
consequences. Pattents who steal an occasional smoke usually b7
ulcers which are slow to heal, continue to coze and look infls™
If an ulcer has been healing satisfactorily and suddenly becorse?
inflamed and enlarges, careful questioning will usually eliat u
admission of smoking, although at first denied Numerous Pmeﬂ”
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whose disease has been quiescent from six months to several years
hase retutned with 2 new ulcer and have admitted that they had
stooked, followed 1 a few days or weeks by seturn of pain and
ulcer, The rule must be “Absolutely no smoking, now and
forerer?

Alcgbol —1In beverage form alcohol, on the other hand, is a
good vasodilating substance and for this reason shoutd be used
freely. During acute crises of pan with ulceration ¥ give faitly
targe doses, rangung from 134 az. to the amount the patient can
taletate without undue exaternent, It often has 2 strilang sedative
effect and sometimes seems as effective as morphine, After the
acute stage has passed the pabient should have two cocktails or
highballs each evening to encourage vasodiatation of the remamn-
ng functioning vessels.

Papaverme —This has been used a5 2 vasodilator or for the
selease of smooth muscle spasm. Lxpenience and certamn expeti-
ments indicate that its action 15 less rehable than that of either
alcohol or reflex heat, but it tends to selieve pam  The average
dose of papavenne hydrochloride is ¥4 gr. (003 Gm.) orally or
ntravenously up to four tumes datly. The intra-arterial mjection
of the same dose of papaverme has recently been found to be
more effective 1n the emergencies of sudden occlusion. For ex-
ample, for occlusion of a poplitest artery, papaverme should be
infected into the femoral artery The dose 15 1 gr {006 Gm.) 1
5 cc of distilied water This may be repeated several tumes at sox
heur intervals,

Codeme phosphate-acetylsalicybic acrd, barbuurates, Demerol;
methadon; morphme —These all have some usefulness and should
be gven as indicated Morphme should not be used except m
extreme tes ot for Habl

p pain, swce
these patients seadsly become addicts because of the chrotuaty of
the disease,

. Typhosd vaceme intravenontly.~The value of nonspeafic for-
€ign proteln therapy, first suggested by Goodman and Gottesman
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1 1923 and used extensively by Brown, Allen and out group, has
been definitely established. Typhoid H antigen (Lilly) 3"? i
typhotd vaccine prepared especially for this purpose by the Kirk
Biological Laboratorses are widely used. :

The dilution of 100,000,000 typhoid baaili per cc. pesmits
accurdte measurement of the dose Severe reactions may be caused
by attempts to measure small doses of kyphoid vaccine from 2
fughly concentrated suspension. Suspensions tend to set.tlc and
vary in concentraton unless thoroughly shaken. The 1isk is mial
mized by using low concentrations and shaking well before use
The routine used for treatment follows.

The fitst dose 15 5,000,000 organisms. Injections are given every thiee
days provided the effect of the previous dose has completely wom ©
The object is to obtaus 2 2-3 degree (F.) rise in oral or rectal Nume
tute without a chull, Although there 15 usually a shght drop s Sufic
temperature preceding the rise, this is inconsequentsal if a0 chlt &
curs. The surface temperatute of the tips of normal extremities ti&:
4-6 degrees (F ) with this amount of fever; 1n a diseased extreniy !
therease of surface temperature is affected by the degree of occlusio?
Of the astertal supply to the limb, including the collateral vessels

When 5,000,000 otganisms fail to produce satisfactory fever, the
dose s increased to 8,000,000 or 10,000,000 organisms and kept st th¥
fevel 50 long 2> the response 15 satisfactory. Increases of 3000000
5,000,000 organisms are made whenever the effects of the Prmam{%
dose are inadequate. If the temperature pises above 103 F, of & &
ocaurs, the next dose 1s decteased by 3,000,000-5,000,000 organis™
Dases of 200,000,000 and more have been given, but with ‘most pahients
the peak seems to be 70,000,000-130,000,000, and this dosage 0
continued indefinitely. By ptoceeding carefully 1 this manner, in ¢
12,000 tnjections we have had no serious untoward effects defimtelf
attnibutable to the treatment. During acute nfections o othet scﬂmj‘
illness the injectrons have been suspended. This treatment is youally
continued for two or thtee months after complete healing of the wleet

The results of this procedure have been highly gratifying, “:kh
telief of pain in small ulcers after the second or third mjedio®
and with rapid healing The major ganprenous nrocesses natusally
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cespond mote slowly, and these bave been rare farlures, but the
results appear to be more satisfactory than after any other form of
travenous therapy. Typhoid vacane has not scemed to affect the
ynd of i clandscation appreciably.

Advenolyue, sympatbolytic end ganghontc blockmng drugs —-
These drugs and their actions are discussed 10 the chapter an
atteriosclesosis obliterans (p. 148) They have been tned exten-
svely 10 the treatment of thromboangutis obiterans  Although
therr chinical value is not conclustvely established, the evidence
appeats to wareant their further clieal tral

Priscoline, 25-50 mg, three to five times 2 day, is most com-
monly used today. When this dosage produces reactions that are too
distusbing the dose may be reduced or taken duning meals. Ront-
acol 1 simtdar doses 15 tolerated better by some patients

ACTH and contrsone ~Buief mention should be made of the
experimental use of ACTH sad cortisone i the trestment of
thrombozngutss obfiterans, The results 1n our expenence ace equiv-
ocal In a few pattents the claudication distance has increased and
the pamn has decreased These tesults may be due to what has been
termed the “anafgesic effects”” of these substances In a few patients
the ascilometesc readings have meteased but theat wnplicatsons alsa
ate uncertam Pending further observation oo final conclusions can
be drawn They may be of belp i some stubborn ¢ases The dose of
etther substance has been 25 mg four times 3 day for oae to two
weeks, followed by reduction to twice ot even once a day The
usual contrand to the ad ion of these sub
holds 1n thes dusease,

Controlled heat —Whether obtaned by means of cantious ap-
plication and careful observation o, prefesably, by o thermostats-
cally controlled foot cradle (pp 140 £ ), heat 1s sometimes valuable
10 reducing pasn and establishing rormal crculation, ‘The correct
temperature appears to be 31.1-35 € {88-93% B} Too much
heat sncreases the metabolie demands for a greater blood flow,
aapidly depleting the fable tissue h t, f

as
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(a 1923 and used extensively by Brown, Allen and our group, hx
been definitely established, Typhoid H antigen (Lilly) ’“‘i'
typhoid vaccine prepared especially for tlus purpose by the Kigk
Bological Labosatorses are widely used. .

The dilution of 100,000,000 typhoid bacilli per ¢ permits
accurate measurement of the dose. Severe reactions may be 3
by attempts to measure small doses of typhoid vaccine from 2
highly conceatrated suspension, Suspensions tend w_st?f.ﬂe ”‘d
vary 10 concentration unless thoroughly shaken. The tisk is o
muzed by using low concentrations and shaking well before B
The routine used for treatment follows.

The first dose 1s 5,000,000 organisms Injections are given eveq three
days provided the effect of the previous dose has completely %o ¢ .
“The object 15 to obtain a 2-3 degree (F.) fise in oral of sectal temp;f“
ture without 2 chill, Although there 15 usually 2 slight drop sa SUf ‘ )
temperature preceding the fise, thss is x'nconsequenml if no.(.h ks
curs. The surface temperature of the tips of normal extremitics ﬂ“:
4-6 degrees (F.) with this amount of fever, in 2 diseased extremy "
increase of surface temperature 15 affected by the degree of occhus®
of the asterial supply to the Irmb, cluding the collateral sessels: B

When 5,000,000 organisms fail to produce satisfactory fever, :
dose is increased to 8,000,000 or 10,000,000 organismas and kept ‘“‘:
tevel so long 2s the response 15 satisfactory. Increases of 3,000.00
5,000,000 ocganisms are made whenever the effects of the precrt
dose are inadequate If the temperatute rises above 103 F.or 3 o
occurs, the next dose 1s decreased by 3,000,000-5,000,000 organs
Doses of 200,000,000 and more have been given, but with most P‘“‘“ﬂ
the peak seems to be 70,000,000-130,000,000, and this dos2g¢ anb?
continued indefinutety, By proceeding carefully in this mannet. 1 or
12,000 injections we have had no serious untoward effects defoutel)
atteibutable to the treatment. During acute infections of othef serv
illness the njections have been suspended. This treatment i wsualy
continued for two or three months after complete healing of the slcet

The results of this procedure have been highly gratifying: wil
relief of pain in small ulcers after the second or third injecti®
and with rapid healing. The major gangtenous processes natoralt
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tespond moze slowly, and thete have been fare failures, but the
tesults appest to be mote satisfactory than aftes any other form of
intravenous therapy. ‘Typhoid vaccne has not scemed to affect the
syndrome of intertittent dlandication appreciably,

Adrenolyie, sympatbolytic and ganglhonie blockmng drugs —
These drugs and thesr actions ate discussed in the chapter ont
arteniosclerasis obliterans (p 148). They have been tried exten-
smely 10 the treatment of thromboangnus obltetans  Although
their clinscal value 15 not conclusively established, the evidence
appears to wareant thet further chincal trial.

Priscoline, 25-50 mg thtee to five tumes 3 day, 15 most com-
monly used today. When this dosage prodisces reactions that are too
distutbing the dose may be redated or taken durng meals Ront
acol m sumilar doses 15 toferated better by some pattents

ACTH and connone —Buef mention should be made of the
expenmental wse of ACTH 2nd cottsone m the treatment of
thromboangutis sblsterans The results in our expersence are equtyv-
ocal I a few patients the chudication distance has aceeased and
the pan has decreased These tesults may be due to what has been
termed the "analgesic effects” of these substances In a few patients
the oscitiometnic seadsngs have increased but theit unpfications also
ate uncertan Pending further observation no final conclusions can
be drawn They may be of help 1n some stubborn cases The dose of
aither substance has been 25 mag four tunes a day for one to twe

wecks, followed by seduction to twice or even once 2 day The
usual contrasnd to the ad

holds in this disease.
Controlled bear —\Whether obtained by means of cautious ap-
plication and careful obser 4 of, p bly, by a tt
cally controlled foot cradte (pp 140 £ ), heat 1s sometmes valuable
0 seducing pan and establishing normal arcatation The correct
temperature sppears to be 31135 C (88-95 ) ‘Too much
heat wncreases the metabolie demands for a greater blood flow,
apidly depleting the available tissue noushment, nasmuch as

wn of these substances
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the arteries are blocked above the involved area this demand can-
not be fulflled, the deficit and hence the jschemia are increased
and the tendency to gangrene is aggravated. Therefore the lod
nse of all types of high temperature beating equipment; mcdubmy
bot water bags, electric bulbs, infra-ved lamps and diatherm), 8
contramdicated m vascwlar disease. 1 have sech severe buras
produced 1n more than 70 patients by ill-advised use of sxb
equipment, four lost their Jegs as 2 result of the severe bums 2
bissues with very low resistance to infection and inability to diffe
the heat rapidly by adequate blood flow.

One patient died. An atea 6 cm. in diameter had been broiled thm“E'z
hus foot by the use of short wave with the clectrodes on the dorsd md
plantar surfaces The flesh ltegally necrosed, liquefied and dsappeiTh
feaving a hole through the foot bridged by the metatarsal bones ol
mixed but predominantly steptococcus 1nfection could not be conte®
and despite amputation the patient died. This was before modert
chemotherapy.

1f high temperatuse heat sources are to be used at all, applic”
tion should be made at a hugh level, prefenbly across the WP
to encourage dilation of the major aad collateral vessels from
above downward.

Refrigeratron—Reftigesation should not be used to 2% lunks
with occlusive vascular disease because 1t causes Spasm of the
smaller vessels on which the Iife of the tissues depends and thes
accentuates the local ischemia. Refrigesation should be seser’™
for special cases tn preparation for amputation; for this [’L"P"st
it 1s suitable for elderly, diabetic, arteriosclerotic patients £ "‘
than for thromboangutss obliterans patients in whom refrigerai®
may induce vascular spasm 1 other extremities involved by te
disease.

Wet dressings~Because cool wet dressings chill, wet dressiff®
should be used only when the temperature can be aintai®
between 33 and 35 C. {91.4 and 95 F.). This can be accomplishe’
only by the use of a temperature controlled cradle and Alm®



THROMBOANGIITIS OBLITERANS 205

constant attentson by a aurse. Only the mildest of solutions, pref-
erably normat saline or penicithn, 5,000 units per ¢, shoutd be
wsed Acetic aad in 1 per cent solution 15 valuable for Bacillus
pyocyaneus infectsons.

Warm foot sozks.~Fot open lesions, normal salie soaks for
one hour once or twice a day at 35-38 €. (95-1004 F.) hxe
proved most satisfactory Betwcen soaks the extremity should be
kept dry and warm under a cradle. This allows softening of the
crusts, thereby aiding free dranage of any nfected ateas.

Contrat baths.~These have long been recommended for in-
creasing the Jocal circulation Two large conttuners ase used, one
contaning water at sbout 38 C. (1004 ¥ ), and the other,
water at 1013 C {50-39 F). For the lower extremitics the
water shouid nearly reach the knees. The patient should place
tis legs {or arms) in the hot water for three minutes, then the
cold for one minute, and to alternate in this manner seven or nuste
times, ending wath the hot water. The object of this treatment 15
to encourage excraise of the vessels by producng alternateng vaso-
det and ¢ Wehaved
of warm foot scaks and siz baths,

Tub or modified suz baths —The tepeated production of the
vasoconstructive phase may be more snpunious than helpfal, 2nd to
encourage vasodilatabon of the cotlateral vessels from the hugher
levels we have practically abandoned the contrast bath in favor
of & modified stz bath, The patient 15 wstructed to sit 1n a tub
contasmung 12 e of water at 38 C {1004 F ) for 30 munutes
once or twice dady 1 the wnvolvement 15 extensive, a shightly
fower temperature of about 35 C. {95 ¥.) should be unsed
These baths aze mote satisfactory and less panful than contrast

baths. We tecommend this form of treatment when the problem
3 one of obviously impasred ¢ with th d

than actual aleesation or gangtene.

d their use in favor

rather

Antueptics —The use of strong antiseptics such as jodine,
phenol, suver salts and the mercurnls should be mentioned only
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the arteries are blacked above the involved area this demaad an
not be fulfilled, the deficit and hence the jschemia ate increased
and the tendency to gangrene is aggtavated. Therefore fhe Jocd
wuse of all types of bigh temperature beating equipment, ncludng
bot water bags, electric bulbs, infra-red lamps and diatherm}, ¥
contratndicated in vascular disease. 1 have seen severe bums
produced in more than 70 patients by ill-advised use of such
equipment, four lost their legs as a result of the severe burs 0
tissues with vety low resistance to infection and inability to difise
the heat rapudly by adequate blood flow.

One patient died. An atea 6 cm. in diameter had been broiled tthg:
his foot by the use of short wave with the electrodes on the dorssl &
plantar sutfaces The flesh literally necrosed, liquefied and dnszppufrf:«
leaving a hole through the foot bridged by the metatarsal bones Ilcj
mixed but predominantly steptococeus infection could not be cont
and despite amputation the patient died, This was before e
chemotherapy.

If high temperature heat sources are to be used at all, appl}f‘
tion should be made at a high level, preferably across the hiph
to encourage dilation of the major and collatesal vessels from
above downward

Refregeration —Refrigeration should not be used to save fisbs
with occlustve vascular disease because it causes spasm of ™€
smaller vessels on which the life of the tissues depends and this
accentuates the local ischemia, Refrigeration should be reser®
for special cases 1 preparation for amputation; for this purpo
it is suitable for elderly, diabetic, arteriosclerotic patients “ﬂ,m
than for thromboangittis obliterans patients 1n whom refngeratiot
may induce vascular spasm in other extremities involved by the
disease.

Wet dressings—Because cool wet dressings chill, wet dressiogf
should be used only when the temperature can be maintai®®
between 33 and 35 C. (91.4 and 95 F.), This can be accomplish
only by the use of a temperature controlled cradle and almost
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of a specually budlt incline or by pillass or the back of a chair inverted
2t 2n 2ngle of 43-60 degrees above the horizontal, The legs are (1) cle-
sated on thes sacline for 23 munutes, (2) lonered over the edge of the
bed for $-10 minutes, and {3) rested at bed terel ¢horizontal) for 5-10
munutes. The cycle 15 repeated five to ten times, tho to three times 2 day.

The color changes—blanching on elevation and rubor on de-
pendency—clearly mduate the movement of blood draining from
and flling the <ascular tree The physician should detecmune the
tming on the basis of the actual time sequired for blanching on
elevation and development of ruber on dependency For example,
on the basis of trals with a speaific patient one mught presceibe
elevation 135 munute, dependency 3 munutes and rest 3 minutes
{an arbstraty figure). Study of the patient 2 month later mught
wartant revision of these figures according to the umprovement of
retrogression that has taken place Recent criticisms of active exer-
ases are based on mconclusive data

(6} A W Allen's moddfication of this procedare s helpful «f
the feet are not too panful

Durnng the secand phase, when the legs are hanging over the edge of
the bed, the feet are further exercised. (1) The feet ate extended down-
ward (2) The feet are then tatsed by fexion at the aokle jouat {got by
rasmng the legs) (3) The toes are turned snward s far as possible.
{4} The toes are rorned outward as far as possible (5) With the fect
in nommal posstian the toss are spread open (6) The toes are closed
Thus 1s repested duning the dependent phase of each cycle

(¢} Osoillating bed Thus type of motorrzed hosptal bed winch
slowly rases the head (lonenng the feet) and then raises the feet
(lowenng the head ), provides continuous exercise of the Buerger
type up to 24 hours a day After years of experience with a farge
numbet of patients 1 believe this bed offers distingt advantages
over other forms of active and passive vasculat exerase A com-
plete discussion appears on page 145 Stnce response to typhod
vacane and the other methods outhned 15 so satisfactory, the
osallating bed 55 seldom needed in treatment of thromboangiitis.
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to be condemned. Although bactericidal, they all tend to injute the
tissue cells, and when the most delicate tissue cells—those of the
new fingers of epithelial growth—are trying to extend, such sub-
stances may retard and destroy them. The colored dyes such 23
gentian violet and scarlet red obscure the clinical pictute, which
15 evaluated largely by color changes, without producing com-
pensating results. Mild substances, such as boric acid solution,
saline and occastonally alcohol, are Pr:femblé. For Baallus pyoc?'-
ancus infections (characterized by bright green pus) acetic acid
in 1-2 per cent solution as 2 wet dressing is efficacious.

Antibiotics —Penucillin, 5,000 umits per cc., as a wet dressing
for lestons infected with staphylococei and streptococci has given
gratifying results It should also be given pa.rente:ally if there 1
evidence of systemic infection. We have given from 240,00(? to
1,500,000 unsts a day, depending on the severity of the infection.
The value of streptommycin for such lesions must be determined by
further study. .

Omtments and salves —The only safe type of cintment is pent-
cillin 10 cod Liver ol ointment, 5,000 units per Gm. Its use shoutd
be discontinued when infection has subsided. In general, T have
found other ointments and salves unsatisfactory. They appear f0
tetard healing and ptevent drying of the lesions, which 1s the
oppostte of the effect destred Ointments intended to alleviate
pamn have been especially disappornting, failing for the most part
to acheve their purpose and tending to retard healing by the
action of their chemical constituents on the delicate gmnulatian
and epithelal tissues

Vascular exercises—(a) Buerger's exercises. Various shght
modifications of the exercises described by Buerger have been
used widely to exercise the vascular tree, clear away stagoant blood
and stimulate the opemng of collateral vessels, The following
technic 1s recommended.

The patient rests on his back in bed Beginning at the patient’s hip
level, an elevation extending to the foot of the bed is achseved by means
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of 2 specsally but incline o by pillows or the back of 2 chaxe inverted
at an angle of 45-60 degrees above the horizontal The fegs are (1) cle-
sated on this sichine fot 2-3 mmutes, (23 lonered os er the edge of the
bed for 5-10 minutes, and (3) tested at bed Jevel (borizontal) for $-10
muautes The cyde is repeated fve to ten tunes, thate three times 2 dag.

The color changes—blanching on elevation and rubor on de-
pendency—cleatly indiate the mosement of blood draumng from
and filling the vascular teee, The physican should determine the
uming on the basts of the actual tine required for blanching on
elevation and development of rubor on dependency For example,
on the basis of tnals with a specific patient one might prescribe
elevation 114 minute, dependency 3 munutes and rest 3 meutes
{an arbutrary figure) Study of the patient a month later might
warrant reviston of these figures according to thre improvement of
setrogression that has taken place. Recent enticisis of active exer-
«ises are based on snconclusne data

(b) A W. Allen's modification of this procedure is helpful if
the feet are not 100 punful

Dunng the second phase, when the Jegs are hanpung over the edge of
the bed, the feet are further exeraised (1) The feet are extended down-
ward (2) The feet are then rassed by fiexion at the ankie jomt (not by
rasing the legs) (3) The toes ate tumed mward as far as possible
{4) The toes are turned outward as far as possible (5) With the feet
1 nommal position the toes aze spresd open. {6) The toes ase closed
This 15 sepeated dusning the dependent phase of each qycle

(¢} Oscallating bed. Thus type of motorzed hospital bed which
slowly rasses the head {fowering the feet) and then rmses the feet
{lowering the head), provides continuous exescise of the Buerger
fype up to 24 hours a day After years of experience with a large
nusmber of patients T believe this bed offers distinct advantages
over other forms of active and passive vascular exercise. A com-
plete discusston appears on page 145 Since response to typhod
victine and the other methods outlined is so satsfactory, the
oscillating hed 15 seldom needed s treatment of thromboangiitis.
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The foregoing procedures used judiciously have proved highly
satisfactory 1n the treatment of patients whose record of healed
ulcers and gangtenous areas would have been considered impos-
sible 15 years ago. Others have claimed satisfactory results with
various other methods which should be mentioned for the stke
of completeness and possible use in case of failure of the régime
already discussed. It should again be emphasized that all modere
workers insist fitst of all on total abstinence from tebacco.

Saline and other solutions intravenously—Since the observa
tions of Mayesima that the viscosity of the blood 15 1ncreased in
thromboangitis obliterans, various solutions have been used on
the theory that reduction of wiscosity would favorably affect the
course. Koga introduced intravenous therapy in thromboangiitis
obliterans, using phystologic sodium chloride in some cises ?ﬂd
Runger's solution in others. Willy Meyer was the first Amencan
to adopt this method, using the same solutions. Ginsberg fmd
Steel used sodium citrate. Various other solutions were then tr}cd‘
That most widely used today 1s hypertonic (3-5 per cent) sodiumn
chloride, introduced by Silbert The dosage is usually 300-400
cc. intravenously three to seven times a week. Favorable results
have been reported repeatedly by Silbert and by Samuels The
mechanism of action has not been clearly demonstrated, although
vanious explanations have been advanced, including reduced Vis'
cosity, increased pulse volume and vasodilatation,

The intravenous injection of large volumes of saline of atrate
has been abandoned by numerous workers 1 favor of the régime
already outlined. Typhoid vaccine gives more rapid response, more
prompt reltef of pain and satisfactory healing. Hypettontc salme,
espectally the 5 per cent solution, has caused venous thrombos!s,
chills and hepatitis.* Although not a treatment of first chorc®
when typhoid vaccine is contraindicated or response to vaccine 18
not satisfactory, it may be tried.

+ Peshaps due to homologous serum saundice teansmitted by use of the 330¢
equipment for many patients—a hazardous practice
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Sodmm citrate, Ringer's solution and snsufm for the treatment
of thromboangiitis abt have been abandoned sn most dinics.
Fusther discussion of them is not, therefore, indicated

Alternating prexsure and suction.—The use of alternating prcs-
sure and suction 1n the treatment of vascular dasease was given
mpetus by the work of Landis and Hersmana and their co-workers
(p 143) The fiest results reported 1n thromboangiitss obl
sere encouraging, but later expersence has bees disappointing
The fact that sts use 15 contsandicated s the presence of phicbits
and nfection rules out many <ases of thromboangutis obliterans.
In one series of 10 cases of which I have knowledge, acute phiebi-
tis developed 1a seven duning treatment, T discontinued it use in
thromboangutis obliterans very eatly because the results were not
encouraging Certainly when used alone this trestment was not
as satssfactory as typhosd vaccine therapy. There seems little justi-
fication for the use of elaborate and expensive equipment requiring
speaal supervision when an mexpenswve dose of vacane will
produce the same or better results

Intermittens venous occlusion ~~The use of wtermittent venous
occlusion n the treatment of vascular disease was favorably re-
potted on by Colleas and Wilensky (see p 145)  After neasly
4 year of conscientious study of the effects on numesous patsents
we abandoned the procedute because of 1nahility to attribute

definute responses to 1ts use Other wotkers have also gwen 1t up
after extensive toal

SURGERY

In the teestment of thromboangutts oblitetans there has been
a steady trend away from eatly amputation toward a consetvative
fegimen in which amputation of more than a digit is extrernely
fare ‘The results of this evolution have been as striking as those
following the discovery of rmsulin and the admunsstrition of liver
for permcious anemua, but have not recerved like tecognition be-
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cause success came from the efforts of many workets father than
from a single dramatic discovery of one man.

Surgical skl is requisite for the handling of ulcers and minot
amputations and for the occasional nerve section or crushing for
extreme pain In some clinics sympathetic sugety, including gao
ghionectomy, is still being done, but it is rarely necessary since the
disease can be controlled satisfactorily by the stmple procedures
already outtined Sympathetic surgery should be undertaken only
when (1) simpler measures have failed or act too slowly, (2)
good results are assured by evidence from 2 procaine ganghonic
block (recently this test has been shown to be unreliable in some
cases), and (3} the patient has definitely stopped smoking for one
month and gives postive evidence of being willing and able 1
continue thts abstinence—otherwise the operation will fail. \'VC
have seen numerous examples of massive gangrene {o]luﬂ:mg
ganglionectomies by highly skilled surgeons because the patient
continued to smoke or recommenced smoking.

The proper use of heat, wet dressings and antiseptics and wars-
mng agunst unwise paring of corns and calluses have beea pre
seated. To these remarks should be sdded waramngs gainst the
removal of firmly fixed nails and incision of toes. These proced-
ures have great potential danger when thromboangtitis obliterans
is present No operation on the feet or hands should be performed
until the status of the circulation has been determined I have €8
two patients within 18 months in whom procane, with eplﬂeph‘i"c
added, was injected around the base of a digit preparatory to the
opening of what was considered a minor infection. The digit 10
both instances promptly turned black and never regained normal
color Both were lost. After the digit was damaged beyond repait
the surgeon discovered that the major vessel leading to the are2 was
occluded and 2 diagnosis of thromboangiitis obliterans was made-
One minute devoted to pafpation prror to the anesthesiz would have
prevented the serious ¢ quences. In these patients epmephriﬂc
should never be mixed with procane for such a proceduf®
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for the Life of the tissues often depends on the superficial collateral
vessels which sometimes cannot react after violent constriction by
epinephrine.

In general, our policy is to allow a gangrenous part to demar-
ate and to permit spontancous amputation of the digit as far as
possible. Slight surgical aid 1s sometimes necessary to hasten the
termination of this process, but ragely is anesthesia aeeded. The
foot is placed in the best position to facilitate drainage, whether,
the patient is forced to lie on his back or on his abdomen. For
the surgical technics the reader 15 referred to the many textbooks
and articles on the subject and to Pratt’s excellent summary n his

h, Surgical M t of Vascular Diseases.
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TRGOTISAM 7

the eating of rye bread made of flous ground n the 1951 season
The exgot fungus grows best 1n wet neather and thus was one of
the wettest seasons in many years m that atea The fast previous
severe epudermic in the same general area was in Burguady and in
Lortacne 1 1816, although sporadic cases have cropped up since

Fauly recent descriptions of the eprdemic syndrome as it has
occurzed 1n Russta wndicate that the onset 15 often accompanied
by diarthes, nausea or vomitng and colic. The extremities then be-
come cold, ruboric or bluish and numb. The pulse 15 dinunushed
and necrosis, either moust or dry, commences, The nosls are usually
fost Gangrenous blebs may develop and spread rapidly to snclude
the whole extremity. It should be noted that other areas of skin .
may be mvoltved, 1actuding the nose and ears Buerger stated that
the malady might be latent untul 2 severe disease such as poeumonia
develops which may lead to massue festons such as gangrene of
the Jungs, intestines or female sex organs.

The first therapeutic use of ergot also dates far back w hustory,
beng mentioned as a recogmized proceduse m 1774 (Borger).
The relatonship of ergot therapy to the development of gangrene
has not long been accepted, yet gangrente does follow ergot therapy
aad with the increased vse of ergot preparations will probably
assume greater importance.

Yater and Cahull reported a case of bilateral gangreae of the
feet due to ergotamine tartsate admimustered for pruntus of jaun-
dice. The case 15 signuficant because the patient was under observa-
tion. throughont the sliness, and the duagnosis was established by
hustologic evidence typical of ergotism The walls of the asterses
wete thickened and the matima was concentricatly ot eccentrically
wfolded The lumens were ether occluded by folded mntima of
filted with thrombi in the less constricted segments. The walls of all
the vessels showed hyaline degeneration ravolving both medsa and
intima. The sternal and external elastic lammmnae were fately well
preserved but broken 1 2 few places. Just proximat to the Ban-
Brenous area some of the small arteries showed changes tughly
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ErcoTisn, especially in epidemic form, has been recognized g’f
centuries, although the ctiology was not established until iy
Rineteenth century. Tt was then associated with use of rye contsit
g the fongus ergot. Mezeray described epidemics in France ia
944 and 1090 A b. Two distinct forms of the condition have bffﬂ
tecognized the convulsive, and the gangrenous, In medseval "::
the gangrenous fPe was most prevalent in France, while con il
stve €rgotism occurred with greater frequency east of the Rh:g
Raver. No differences m the ergot could be detected, .and s
explanation for the $eographic variation in mam’(cshucﬂf
fAever been clear, The gangrenous type, known for centuries 35
St. Anthony’s disease, attacked the extremities, with extreme rubot
2nd burning pain, followed by dry, black mummification of the
limb. The convulsive type produced periodic distortions, with
twisting of the limbs and even the body. Epidemics have beea
desceibed in Russs, England, Algers, Sweden, Norway, Finland,
Hungary, Austria, Germany, France and elsewhere. 5
Although outbreaks of epidemic ecgotism have been rate since
the advent of modern agricultyrat methods the sk is still present
In August, 1951, 2 £eport came from Port-Saint Esprit near Avi
gnon in the Rhone Valley of the Most extensive outbreak in many
years. Four people died 2nd some 90 wete afflicted by the severe

felt as if they were sutrounded with flames others that they wete
being pursued; several attempted suicide. This epidemic arose from

216
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the circulation and so does not cause gangrene directly, The spasm
profoundly slows the blood stream and leads to the secondary
changes in the vessels described” (thrombi that ate due to stasis
from snjuty to the endothelmm and to the loss of plasma)

Fic 40 —Ergor porsoning, Nearly complete healing of supectic

g of supecfical gangreas
of tps of toes of left foot of pattent who had marked diuautran of gutsations
0 all enteemities and gangrene of the tots (From Medichrome Serics MM~
Vascolar Distases, by 1. S. Waight and % 7 Fatey )

The possible refationship of ergottsm and thromboangiitis
ablsterans is discussed 1n Chapter IV.

Kaunitz and McGrath have ph d the fact that epid
etgotism occurs predommantly in males, as does thromboangistis
oblitetans, and that there is 2 resemblance pathologically McGrath
demonsteated that whereas gangrene could be produced in the
tails of rats of both sexes, females could be protected by large
doses of theelin but males wese incompletely protected. Possibly
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suggestive of proliferation of the jntima, in some instances being
almost completely obliterated by cells. Within the gangrenous
area the walls of the small arteries and veins showed various de-
grees of secondary inflammatory reaction and a few small veins
contared thrombi.

Although not numerous, the reported cases of gangrene Of
threatened gangrene following ergot medication descrve attention
A number have been associated with the puerperium with of with"
out sepsis Gangrene, of course, occurs in patients with severe
puerperal infection who have not taken ergoty but the possible
relationship deserves serious consideration when any form of the
drug is prescribed. Gangrene of the extremities has been sepotted
following the adminsstration of ergotamine tartrate for exoph’
thalmic goiter. These cases have been, in gcneml, less severe
and most of them have ended 1n recovery. The onset and develop”
ment of the gangrene in these cases closely resemble the courst
of eptdemic ergotism described earlier. One patient had dimintshed
pulsations in alf extremities and gangrene of the tocs of the left
foot after imbibing 24 cc. of fluidextract of esgot within 36 hours
before hospitalization A left lumbar sympathectomy wis P
formed promptly, and with rest and admumustration of vasodilating
drugs recovery was slow but good, with all toes healed within ¢
month. (Fig 50).

Other symptoms that may develop following the use of et
are headache, dizziness, nausea, vomiting, diarrhea, weakness,
formication and itching, coldness of the skin, cyanosts, S
collapse, confusion, drowstness, depression, thirst, angmal pains:
increase-or decrease in heart rate and blood pressute, amblyopis.
cataract, twitching, muscular cramps, convulsions and hemiplegit
with sudden death.

Gangrene has repeatedly been produced i lower animals BY
means of ergot since von Recklnghausen studied the histotogy
of the cock’s comb On the basis of more recent work Lewis 0%
cluded that the “vascular spasm in ergot poisoning does not arrest
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1 both ergot poisoning and thromboangiitis obliterans the female
1s protected by 2 sex hormone, probably the estrogenic substance
of the ovary. It may be that the male, during the years of sexual
potency, has a mechanism possibly related to hormone me’tab.ohsm
which renders him susceptible, inasmuch as thromboangiitis ob-
literans does not have 1ts onset after the climacteric.

PREVENTION AND TREATMENT

Ergot-contaming substances should not be admunistesed to 20}
patient known to have a vascular disease. The presence of an
acute mnfection also is a contraindication. Even mn patients with
febrile puerperium 1t should be used only with hesitancy Small
test doses for susceptibility may be tried, but they probably have
slight preventive value. Avoidance of long-continued use of .thﬂ
drug and careful study of the patient during its use are ».'m!‘

The slightest toxic manifestations, local or general, are 2 “‘_d"
catron for immediate discontinuance of the drug The following
measures, although empiric, should be instituted to produce vaso-
dilatation application of blankets and controlled heat to 90-96 E
by meaqs of a thermostatic cradle or hot water bags; whisky, %2 0%
every four hours, papaverine hydrochloride, 15 gr. intravenously
every four houts, 25 mg Priscoline or 0 06 Gm papave:ine intra-
arterially m the affected extremuty, and other vasodilating methocfs
to be tried until danger of gangrene is past. Lumbar symparhetlc
block has also been effective,

Once susceptibility to ergot is demonstrated, the individual
should probably never take 1t again
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CHAPTER VI Raynau&’s Syn(]rome
and Related Conditions

THE ORIGINAL DESCRIPTION of the syndrome producing &%
metrical gangrene published by Raynaud in 1862 inciuded a0t
anly Raynaud's syndrome as we knaw it today but, in all prob-
ability, some thromboangitis obliterans and pethaps other diseases:
Raynaud's syndrome as 1t is known today has the following
charactenistics. (1) There are itermittent changes in the colot
of local areas produced by cold, emotional disturbances of the
use of machmes with high vibration rates such as pneumatic T
mers. (2) Color changes are characterized by 2 yeﬂowish P;ﬂcl
or steking cyanosis during the attack, followed by compensatotf
erythema when the attack subsides on entrance into & W™ e
vironment, release from emotional tension or discontinuation ©
the use of a vibrating machine {see Figs 56 and 57). {3} Ak
though in the early stages involvement may be unilateral of even
confined to a single digtt, as the disease progresscs it usually
becomnes symmetrical or bilateral, The traumatic vasospastic cases
may continue to be unilateral +f, for example, only one pand B
used to hold the vibrating machine. It may otherwise involve both
hands, both feet, both ears, both cheeks or both sides of the 19
or any combination of these ateas. (4) In the eatly stages there
ate no occlusive lesions of the atteries. Later, after innumerzbl®
attacks of spasm, organic occlusive changes may take place in
" the artecies. (3) Gangrene or trophic changes may occur late I
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the disease. Usually these ate limited in large degree to the skin,
Today one rarely encounters massive gangrene ot the fingers or
toes s a result of Raynaud’s syndrome.

ETI0L0GY

The fundamental etiologic factor in Raynaud’s syndrome 1s not
known, No specific agent has been found to be responsible It is
not even established that it is on a viral, bacterial, allergic, hor-
monal ot some entirely different basis. Certain stimuli, however,
are known to be capable of initiating individual attacks.

Cold~—Cold is the commonest and principal factor, An indi-
vidual with Raynaud's syndrome, when exposed to cold of suffi-
cient degree, develops vasaular spasm in the affected areas that
15 not relieved until the environmental temperatute is increased
The reaction to cold differs considerably from patient to patient.
In some the temperature must be quite low, ie, 45-7.3 C
(40-45 F.). In others who are mote sensstive to cold, an attack
is precipitated at 18.3-211 C. (65-70 F.); reactions are not
mfrequent duning swimming in water at such temperatures,

1t is frequently difficult to induce spasm by having the patient
put his hand 1 a basin of ice water, a test commonly used in
sdy of these patients, In ice water the vessels may become
paralyzed, the blood does not give up its oxygen and the hand
may temain bright red instead of going through the characteristic
changes of Raynaud’s syndrome When the body of the same
patient 15 chilled, as when entirely exposed to cold air, typical
Raynaud's phenomena of the hands tmay be seen. On the other
hand, as Lewis has pointed out, in some patients a cold stimulus
applied to the base of a finger may cause 2 typical attack of vaso-
spasm limuted to that finger. As 2 result of this reaction to cold
the syndrome is usually much more pronounced and troublesome
wn winter than in summer and in temperate than in tropical cli-
mates However, highly sensitized patients with advanced cases



CHAPTER VI Raynautl’s Synt]rome
and Related Conditions

THE ORIGINAL DESCRIPTION of the syndrome producing S
metrtcal gangrene published by Raynaud in 1862 included not
only Raynaud's syndrome as we know it today but, in all prob-
ability, some thromboangiitts obliterans and perhaps other dnseas'fi

Raynaud’s syndrome as it is known today has the following
characteristics. (1) There are intermittent changes in the colot
of local areas produced by cold, emotional distutbances of the
use of machines with high vibration rates such as pneumatic ham-
mers (2) Color changes are characterized by a yellowish pallet
or striking cyanosis during the attack, followed by compenssto’
erythema when the attack subsides on entrance into a warm %
vifonment, release from emotsonal teasion or discontinuation of
the use of a vibrating machine (see Figs, 56 and 57). %) A
though in the early stages involvement may be unilateral or evef
confined to a single digit, as the disease progresses it usually
becomes symmetrical or bilateral, The traumatic vasospastic cases
may continue to be unilateral if, for example, only one hand £
used to hold the vibrating machine. It may otherwise involve both
hands, both feet, both ears, both cheeks or both sides of the 105t
or any combination of these areas. (4) In the early stages the®®
are no occlusive lesions of the arterses. Later, after irmum““b,k
attacks of spasm, organic occlusive changes may take place f“
the arteries. (5) Gangrene or trophic changes may occur late i#
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Rome in 1911 and first reported 10 this country by Cottingham
n 1917, Cottingham made his inv ig , at the request of th’c
Joutneymen Stone Cutters Associstion, on men using preumatic
chisels in Indsama himestone quatnies Dr. Alce Hamilton there-
upon went to Indiana to study the problem and reported on 1t
in 1918,

Since then it has become increasingly teatized that “paeumatic
harnmer disease” is too testncted 2 term and that the condition
should be known 05 "traumatie vasospaste disease” producing Ray-
nud’s syndrome, Cot many other etialogue factars have been found.
These taclude work with tools used in stupbuitding, locomative and
ather warkshops, sitplane construction, shaemakiag~—all tools of
igh vibration In addition, Y have encountered the syndrome in
several typists, teo concest piatusts, 4 telephane operator and a
handball expert. One pranist was forced to give up a successful
careet. The telephone aperatar had the syadcome 1o ong hand which
she used for “plugging 1™ an the switchboard to the point whete
superficial gangrene developed. Following out advice she changed
fands for her work, using the unaffected hand. Within 2 few
months, however, this hand became simfarly involved, 10 one
sense proving to be an intetesting experiment. Most patients con-
tinue to have the vasospastic phenomena s long as they remam
4t their occupations Unless a change from the accupation is made
during the earfy stages of the syndrome, the condition may be
trreversible and in fact may be progressive.

Occlustve artenial disease —Physicans generally do not realize
that the early stages of ncclusive artenial disease may be associated
with Raynaud's syndrome. In such cases the syndrome 15 probably
due to the fact that, with their lumens narrowed and walls dam-
aged, the vessels are very susceptible to intation such as cold and
to spasm, becoming capable of producing the syndrome. The conds-
tion 15 refatively common duning the early stages of thromboangiitis

obliterans It is uncommon with arteriosclerosis, although ¥ have
seen severzl parents with Ravnand’s cundemmn  seme te  sL.
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continue to have spasms in warm climates when there is a relative
drop 1n the temperature.

Enmotion —The second factor of great importance in the produc
tion of attacks 15 emotion. Anger, fear and excitement may esch
be capable of causing attacks in certain individuals In some
patients the emotional distutbances accentuate the effects of cold,
in othets, attacks may be produced by emotional stimuli alone.ana
even 1n a warm room, An example of this response was seen ma
young woman lawyer assigned as a defense counsel in the trials of
Japanese war ctiminals. She became very disturbed and -:1&3"6101’5“i
atypical Raynaud’s syndrome with gangrene of one finger. This
healed on her return to the States, but manifestations of the sy
drome recur on exposure to cold or to emotional distusbance.

Cryoglobulmemsa —This uncommon ¢ondition is encounme'd
most often with multiple myeloma, kala-azat, arthritis, hepatic
disease, lupus and, rarely, with other diseases, Characterized by the
occurrence of cold-precipitable agglutinins in the serum of plasms
1t may be responsible for what appeats clmically to be the Rapnaud
syndrome Actually the mechanism 1s based on the agglommhﬂﬂ
of the blood cells as they become enmeshed in a precipitaté of
cryoglobulin when the temy of the blood in the digit fals
below 37 C The digit then becomes cyanotic or pale When the
blood is warmed above 37 C, it sesumes sts fluid state and m0'®
along, allowing bright red fresh blood to replace it and P"’au(C
an esythema Probably spasm typical of the true Raynaud's 5§
drome plays little ot no patt in this picture. If, however, the pre-
apitation persists too long, ischemia of the tissues may sesult 12
gangrene. We observed this 1n 2 patient seen through the courtesy
of Dr. David Barr. This patient had gangrene of fingers and tots
as well as of ears and nose.

Tranmatic vasospastic disease—Some years ago it was 608"
nized that individuals who handle vibrating tools may develop
circulatory disturbances in the hands This was formerly know? as
“pnematic hammer disease.” It was first described by Lorig? ©
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of Raynaud's syndrome, Allen and Brown found ﬂ.\al.B} were
females. Of the 17 males only seven had all the criteria and the
othet 10 wete given the dizgnosis of probable Raynaud’s sy
drome. In 1945 Hines and Christensen agun analyzed the inci-
deace at Mayo Clinic. OF 840 patients with the diagnosis of Ray-
naud's syndrome, 649 (77 per cent) were females and 191 ('25.pcr
cent) males, despite the fact that the sex incidence of admissions
to the Clinic dunng the period was about equat . .
In our experience the ratio jn males and females is approxi-
mately 30:70. Que figures do not include cases of thrombaangiitis
bl with Raynaud's synd being limited to those con-
sidered to be cases of pure Raynaud's disease, which is one of
the conditions producing Raynaud’s syndrome.
Arsenseal poisoning of a mild chrone nature and disturbed
calcinm metabolism have been mentioned as cansative factors, but
the evidence 1s inconclusive. It is true that calcium disturbances

1 the blood, bones and soft tissues frequently accorapany the
sclerodermatous syndrome

PATHOLOGY AND PATHOLOGIC PHYSIOLOGY

Major pathologic changes are rare in Raynaud's syndrome.
The early manifestations of the disease seem to be on a vasomotor
basis without demonstrable pathology in the nervous system.
Pathologic changes have been reported in the sympathetic gan-
ghions and in the spinal cord, but they have not been satisfactotily
confirmed Late in the disease, local changes may occur in the small
arteres, with 2 tendency toward thickening of the walls and oc-
cluston. They appeas to be secondary to inoumerable episodes of
vasoconstriction. Similar lesions have been noted 1n the ears of
rabbuts after production of vasospasm by the injection of nicotine.
Occlusion is rate in vessels larger than those of the digits In late
cases, the capillaries of the nail fold reveal a chatacteristic picture.
Dulatation 15 strking, primetly i the venous b of the loop
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development of atterial occlusion with gangrene. Following ths,
Raynaud’s syndrome gradually faded to minor significance. In 2
statistical analysis Allen and Brown found among 200 cases of
thromboangiitss obliterans that Rapnand's syndrome was the fiet
Symptom in 12 per cent and that it occutred some time dunflS the
course in 30 per cent of all cases. Hines and Batker found in 280
cases of arteriosclerosis obliterans that Raynaud's syndrome had
been present in 10 per cent,

Hyperabduction and other shonlder girdle .f)rtdlﬂlm’-f"‘n‘h15
been noted for some yeass that the Raynaud syndrome is eccasion:
ally encountered 1n association with a cervical tib or scalenus anticus
syndtome. No special attention has been focused on this point
When these patients were opetated on, a few had lessening of the
Raynaud phenomena

In 54 patients with the hypetabduction syndrome reported 0
by Beyer and myself, we were impressed to find that 20 had a true
Raynaud syndrome. This inadence js so greatly in excess of that
encountered in the general population that 1t cannot be consideted
due to chance Furthermore we have been able to abolish the
signs of Raynaud syndrome i 4 small number of these patients by
the simple measure of teaching them to avoud the position of hyper
abduction ia their sleep or their work. This 1s dealt with in grester
detarl 1 Chapter X in the discussion of the hyperabduction §9°
drome.

Huebner, Lord and 1 are studying the surgical exploration of
the shoulder giedles 1 some ntractable cases and have found that
in some the pinching and tension of the brachial plexus and subr
clavian axillary arteries and vens are of a great and highly 11
tating order. This work suggests that sympathetic surgery may fot
be the onfy approach.

Raynaud’s syndrome is also seen more often than usual in othe!
conditions, including rh i arthritis, progressive muscabae
dystrophy and other diseases of the muscjes, .

Sex.—Of 150 patients in a Mayo Clinic series with the diagnosis
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of vibrating machines should be considered to have early or moder-
ate Raynaud’s syndrome.

The nail fold capillaries during the cycle of an attack present 3
good picture of the local pathologic physiology. In the ﬁrst phase,
that of waxy pallor, few capillacies can be seen. Filling of the
loaps is incomplete and they have a segmented broken appearance
due to the fact that the walls are invisible and the column of blood
cells is interrupted and static. No blood is entering the capillaties
from the artersoles, which are in spasm. The surface temperature
of the involved area is low. After a short tune, it approximates
room temperatute Ia some instances there is intermittent leakage
from the arterioles and by retrograde flow from the venules, so
that the capillaries become more easily visible, in fact even dis-
tended The blood is relatively static also, and as deoxygenation
takes place the part assumes a cyanotic color. There may be patches
of cyanosis and rubor during this phase. With cessation of the at-
tack the arterioles open, pouring blood rapidly into the capillaties
and other minute vessels, which then become markedly dilated
with bright red oxygenated blood. Some areas may remain cyanotic
for a while because the supplying artetioles do not open simultane-
ously at all points The surface of the eryth

areas rises rapdly to above the average normal (30.5-33 9 C.; 86
93 F.) during this phase.

SCLERODERMA AND CALCINOSIS

Seleroderma of the affected parts is 2 common complication of
Raynaud's syndrome. In the involved areas the skin becomes
tightly stretched and the malp layers are atrophied. The
deeper fayers become fibrosed. Histologic examination shows
hypertrophy of the collagen and stratum granualosum. ‘The fibrosis
extends into the subcutaneous layers and muscles and may even
bind the skin to bones lying relatively near the sutface, Arteries
such as those in the digits are surrounded by fibrous tissue. Their
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(Fig. 51) and gradually extending toward the artetial limb The
dilatation may be due to the repeated erythematous phases, follow-
1ng the spastic phenomena, during which time the loops are filled
with blood to the point of overstretching.

Whether the gangrene of Raynaud’s syndrome is duc to a local
arculatory fault of to a purely vasomotor phenomenon fl'cqueﬂﬂ)'
repeated and with sufficient severity to produce anoxemia to the
tissues to the poiat of death has Jong been a subject of debate. It
seems likely that both factors play a pat. The original attacks ar¢

[

R

Fi6 51 —Raynaud’s syndrome Remarkable dilatation of capillaes duting 4
period of hyperemia, most matked 10 venoas I

probably due to vasomotor phenomena alone, and repetition of
these phenomena gradually damages the local attesies, folloned by
1schemua and death of the cells which the arteries normally supply-
Gangrene only occurs in severe cases. I have observed numetous
individuals who have had Raynaud's syndrome of mild or mod-
erate degree for many years without gangrene and without pro-
gression,

Formerly it was thought that the Ppresence of actual gangren®
was essential to jushify the diagnosis of Raynaud's syndrome. “This
view 15 no longer held. Raynaud's syndrome should be recognized
in its early phases and so classified. In other words, patients who
do not have gangrene or trophic changes but who manifest the
characteristic color changes in response to cold, emotion or the us¢
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posits of calcium, usually mixed with phosphates, cholesterol and
various other components, are scattered in numerous areas, but
most frequently in the skin, subcutancous tissues and muscles

Ay s it A i e 2

FiG, 53 —Examples of scletods of esophagus, with stric.
ture of cardrac end.
The commonest sites are exposed areas over joiats such as the
outer surfaces of the knees, elbows and finger josnts The nodules
faay penetrate the skin, protmding s horny masses. ‘They are often
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posits of calcium, usually mixed with phosphates, cholesterol and
various other components, are scattered in numerous areas, but
most frequently in the skin, subc tissues and muscles,

s
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with strie-

':;E commonest sites are exposed areas over jomnts such as the
mtr sutfaces of the knees, elbows and finger yomnts. The nodules
Y penetrate the skin, protruding as hotny masses. They are often
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channels are nasrowed by mntimal thickening and the external pres:
sure from the fibrosis, Pigmentation of the skin occurs at this
time, Marked bony change of several varieties may take place.
Arthritic changes may be erther atrophic or hypertrophic. These

Fi6, 52 —Scleroderma A, after five years’ duration, features are masklike m"
jaw motion is lirmited B, marked 1avolvement of hands, with maximal mmt“““ﬂ
10 degrees; trophsc changes in finger-ips C, ability to flex fingers aftes 17
treatments with Mecholyl son transfer D, typical bone changes, with 1083 ¢ ter

h

muenal tufts and decal with some changes

changes combine with the fibrotic changes of the soft tissues and
often result in ankyloss of the joint, usually in a somewhat flexe
position. Atrophy of the terminal digital phalanges, beginning at
the tip and gradually destroying the entire phalanx, 15 commort

A characteristic and not uncommon condition associated with
Raynaud’s syndrome complicated by scleroderma is calemosis. De-



RAYNAUD'S SYNDROME; RELATED CONDITIONS 233

ever, one may be overzealous in this regard, asin a case I followed
for about 10 years.

A man had definite dinical, steadily progressive scleroderma with
Raynaud's syndeome of mote than 13 years' duration involving the
hands, face and shen of most of the trunk, For four years he had had
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Fig 54 —Electroencephalograms showing abnommal cerebral actnity with
scleroderma A, abnosmality in frontal motor leads, note high smplitude and

4 cycle per second semal waves B, sbnormality 1n motor ccaipital leads, with
slightly greater activity on left

difficulty with regurgatation, and two sets of x-rays were interpreted by
competent radiologists as showing changes at the cardiac end of the

ph patible with sclerod R phic studies of
the lungs also suggested scleroderma, although 2 history of 2 month
of 50 10 mines with a hugh silica content 30 years before was considered,
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so pamful as to necessitate surgical removal, even though healing
may be poor and recurrence of the local calcinosis is likely. The
process cannot easily be distinguished from the calcinosis secd
occasionally as a result of massive doses of vitamin D. The ass-
ciated scleroderma, the penetration of the skin (which is tare
the pure vitamin D cases) and the fack of history of ingestion of
vitamin D are distinguishing features. However, through the cour-
tesy of Dr Richard Freyberg, 1 saw a patient with sclerodermi
who had received massive doses of vitamin D for so-called “sder®
derma arthaitss” with a rapid and serious onset of calcinosis—thus
confusing the etiologtc picture thoroughly.

Scleroderma may involve any area of the surface of the body and
also the internal organs, including especially the larynx, esophagis
(Fig 53), lungs, kidneys, bladder and gastrointestinal tract below
the stomach We have seen women in whom scleroderm2 tigh!encd
the vaginal opening to the point where intercourse was impossible
and men in whom involvement of the penis caused constant semt-
erection. A few cases of scleroderma heart disease have becd
described, and abnormal electroencephalogmphic readings 1
corded (Fig. 54). Thus scleroderma is a diffuse systemic dusease
volving the collagenous tissues wherever they may be found
Frequently it 15 assoctated with Raynaud's syndrome of the hands.

In the heart, the primary lesion of scleroderma seems to be an
overgrowth of collagenous fibers in focal areas throughout ﬁhf
myocardium. It may also involve the endocardium and Per
cardium, There does not appeat to be any relation between the
fibrotic areas and vascular lesions. Involvement of the corondf
atterses and their branches is not characteristic. The lungs, when
nvolved, show diffuse interstitial fibrosis (Fig 55). Many of the
alveolar spaces are obliterated. There is frequently marked thid-
ening of the pleura by collag tissue. Coll fibrosis M3y
be found throughout the kidneys. When scletgderma of the skin
begins to spread one must constantly bear in mind the possibiliky
of extensive involvement of the deeper organs. Occasionally, ho™*
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disease on the basis of the tightening and fecling of lhick.ncss of the
skin, yet the pathologist was unable to confitm the diagnosis. The end
1 a4

of the esophagy twice by genologists as having changes

f sclerod was idered by the pathol to be

o 3 i3

en‘;u:ly normal. Fibrosis of the lungs was d:yﬁni!cly Ppresent but was
attributed to long-standing silicosis. The heart block was caused not
by sdesodermatous changes but by a bar of calcium extending from
the miteal valve in such a way as to sever the bundie of His. Thus our
beautiful picture of multiple pathology from a single disease was de-
stroyed The case is cited to emphasize the problems involved in di-
agnosis

In the presence of sclerodetma, skin capillaries are seen with
difficulty. They are scattered and constricted, and oceasionally 2
dilated one is found. Stretching of a finger obliterates them and the
skin blanches Relaxation of the finger brings a few more capil-
laries 1nto action, but observation is difficult even with the best
capillary microscopy.

SIGNS, SYMPTOMS AND COURSE

Raynaud's syndrome should be classified in two different ways.
Farst, there is the acute cycle which is repeated innumerable times
n the course, This has already been described Second, on the long
term basis there ate four stages of development. This 1s important
because study of a large number of patients discloses that the sigas
and symptoms of any of the four stages may progess, remain in
statu quo or tend toward improvement, regardless of any therapy
thus far devised The excephion to this statement is discussed
under the heading of surgery for Raynaud's syndrome,

1. Early Raynaud’s syndrome —This is sometimes called the
pre-Raynaud syndrome. In this stage are classed the mildest cases,
many of which do not ptogress, merely showing a spastic tesponse
to cold throughout the patient’s life without demonstsable pa-
thalogy ever developing This is highly smportant 1n prognosis
Many patients have been told by physicians that they have Raynaud’s
disease and that they must anticipate the development of gangrene
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Three months before death a 2:1 heart block suddenly developed The
rate dropped to 34 beats per minute, at which time he had an attack
of syncope and fell to the floor of his bathroom. After adjustment to the
low rate, a fairly satisfactory compensation developed and he weat back
to bustness It was thought that there were p(obably sclerodermatous
changes 1n the heart Two days before death he had a second sudden

Fic 55 —Pulmonary changes with generalized scleroderma

attack of syncope and the heart rate was 30, It is possible that nolmf]
thythm had returned and acute heart black once more developed ThE
T e T T N N e e 1. - latar he sal
. . ates

many of the classic signs of sclerodermatous 1avolvement of the decpe’
- b - el bt et 3oemea AF the skilh
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of the fingers Nothing could be less sound than such 2 statement,
since the development of gangrene in this disease is now extremely
rare and for every patient in whom gangrene develops there ate
many patients in whom the disease never progresses beyond the
stage of episodic blanching. Some patients do show progression,
but 1t 1s impossible to predict without consecutive observation ot 2
detailed and long history which cases are benign and which are
seriously progressive, Some progress very slowly until middle hife,
after which the syndrome remains stationary or actually improves
A typical attack involving the hands, although other parts may
react similarly, may be described as follows {Figs. 56 and 57).

Fall

F ing exposure to stimulation such as cold or an emotional up
set, the artenoles develop spasm, the blood becomes static and the hands
begin to blanch, turning grayish owing to deoxygenation. As additiona!
vessels go 1nto spasm, forcing the blood out, the color becomes wasy
If the vessels remain patent and filled with static blood, spasm being
confined to the arterroles, the fingers become increasingly cyanotic- G-
anosts may also be produced by intermittent leakage by the artercoles
If the finger is cut during this period, there will be no bleeding from
the waxy flesh and only slight cozng from the cyanotic areas, both b
ing manifestations of lack of blood flow. With these changes aumb-
ness gradually ncreases. In extreme cold the numbness may progress ©0
an aching type of pain, but experiencing of severe pain is rate &t ths
stage The phase usually remains as long as there is no change in the
stimulation, e g., as long as exposure to the requisite low temperatur
continues. The involved areas are especially susceptible to frostbite 2t
this time.

With removal of the stimulation, e.g, cold, emotion or vibrating M
chine, the second phase, that of rubor, begins The affected arez turas
intensely red, begtnning at the proximal portion (Fig. 57) The rubof
spreads wavelike distally to envelop the cyanotic area completely. S0m¢
sections may briefly remain patchy, with alternating rubor and canosis,
unti 2ll of the spastic vessels open. With this transformation senst
trons of pins and needles, tingling and even burning may be (omphined
of. The finger temperatute may become abnormally high. The vessels
are overdilated. Thes phase lasts a varnable length of time, usually about
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20 minutes, after which the fingers gradually regain normal appearance,
temperature and feeling.

These cycles may occut repeatedly on stimulation, many times a
day or at much longer intervals In general it appears that the
more severe and more frequent the attacks, the more apt is the
condition to progress, although numerous exceptions to this rule
suggest that frequency and seventy are not the primary factors in
progression. The attacks characteristically appear first in young
adulthood, although first attacks have been noted as early as age
S and as Jate as age 65. In most patsents the onset occurs 1 the
third or fourth decade. It must be noted that pallor occurs in some
patients as the sole phase, without the sequence of rubor, These are
usually mild cases,

2 Trophic changes; ulcers—Among the first signs of progress
of the condition are trophic changes at the tips of the fingers,
nose, toes or ears These are charactenized by small dents and
scales of brownish dry skin, occastonally, but not always, preceded
by tiny ulcers ‘The ulcers may be exceedingly painful in proportion
to their size, but the trophic areas are not in themselves painful.
With further progression, the ulcers may 1avolve the entire tip
of the part and ate apt to be excruciatingly panful They are often
moist and somewhat punched out, but some ate relatively super-
ficial As an end-result of the trophic changes and ulcerations,
the t1ps of the digits may be deformed and shortened.

3. Scleroderma (sclerodactyhia, acrosclerosis).~—It should be
fully understood that there are cases of scleroderma which do not
appear to be related to Raynaud’s syndrome 1a any way One might
question the mclusion of scletoderma as related to Raynaud’s syn-
drome, but 1t seems justified because of the high inadence of
scleroderma with this syndrome, This adds greatly to the sesious-
ness of the problem and complicates the therapeutic approach.

With the development of scleroderma the skin becomes in-
creasingly hard, tense, shiny and pigmented. With the fibrosis
discussed under pathology, the skin becomes fixed to the bones
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Fie 58 —Severe scleroderma in garl aged 15 A, beginning tightenung of skon
of face B, hand changes after 15 months Marked Raynaud's syndrome was
present The patient died after four years of urena secondary to sclecodermataus
tenal changes Parathyrawdectomy, cervieal ganghonectomy and extended cousses
of mecholys son transfer had had no effect on the course
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and joints to produce fibrotic ankylosis, although the joints may
not actually be involved at first. Later there is x-ray evidence of
hypertrophic changes. The skin loses its natural color and there
15 increasing difficulty in visualizing the capillacies, which often
resemble shadows without definite structure, Typical attacks of
Raynaud’s syndrome are then more easily produced Frequently
the stage of rubor is absent because of pressure and tension of the
skin and subcutaneous tissue and because pigmentation may pro:
duce a mahogany color of the skin. The symptoms of sclerodesmz,
which may involve any portion of the extremities, trunk, face of
the internal organs, depend on the area involved.

The condition known as calcinosss {described on p 230) 3y
further comphicate the clinical picture. Calcium may be deposited
under any portion of the body surface, not infrequently at the
outer surfaces of the elbows, knees, ankles and digital joints As
the calafied material waotks its way to the surface it pmd“f”
considerable discomfort and at times requires surgical extirpation
to relieve the pain. Recutrence 1s common.

The fingers gradually become fixed in the slightly flexed
position. In advanced cases of scleroderma, the hands may becom®
useless. Charactersstically, when the face is involved the expressial
1s changed because of tightness of the skin of the forehead 20
cheeks and around the mouth, obliterating the wrinkles an
making facial movements difficult. The mouth may be so con”
stricted as to make the ingestion of anything but liquids atmost
impossible. Dental wotk may become out of the questlon. The
neck may become stiffened, Numerous spider angiomas may P
peat, especially on the face.

4. Gangrene~—The fourth phase 1s that of frank massive 41
grene involving large portions of the fingers, toes or other artﬂ.s
Most discussions of this complication are based on descriptions 12
the older hterature, careful analysis of which forces the conclusion
that at feast some of the cases really were thromboangiitis oblit:
erans, ergot poisoning or frostbite. As the diagnostic aspects o
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Raynaud's syndrome have been clarified, the teports of massive
gangrene have almost ceased However, if spasm of the nrtc{ial
tree octurs with sufficient sevetity and frequency, organic occlusion
may result from clotting or changes in the vessel wall,

TRAUMATIC VASOSPASTIC DISEASL

Although the synd of i pastic disease is in-
cluded under Raynaud's syndrome, certain variations in symp-
tomatolagy and course require special comment. The chnical pat-
tern of vasospastic disease of the hands is typical regardless of the
tund of vibrating machine or injury responsible for the onsct.
After 2 peniod ranging from a few months to several years of
exposure, attacks of blanching and numbness of the fingers begin
Pallor is as pronounced as, if not mote striking than, that seen in
the typical Raynaud syndrome. Ordinanly it is not symmetrical,

particularly in the early stages, even though both hands eventually
are involved,

In the group produced by pneumatic hammets, in‘right-handed
persons the second, third and fourth fingers of the left hand and
the tips of the fingers of the nght hand are usually involved, The
incidence is more frequent in the left than in the right hand be-
cause most vibtatng tools are held in the left hand, with the
cutting edge against the object. The handles of some hammers
may be held in the right hand,

At first the attacks occur only while the patient is working and
are more pronounced in cool weather. Once the disease is estab-
lished, attacks can be produced by washing the hands in cold water
or on chilling of the body. Although few of these patients react to
emotional disturbances, I have seen one in whom emotional upsets
produced attacks Careful exammation reveals a moderate decrease
1 the sensations of touch, pain and temperature over the affected
fingers. Duting the attachs thete is frequently 2 discomfort of the
hands described 2s 2 “toothache-lske” pain, which persists for a
short time after the attack is past. Even after long perrods and
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FiG 59 (abave) —Use of hand prnes for recording degeee of adduction Of
abduction of the fingers,

Fi6 68 (below}~A, gangrene of finger tips following Raynaud’s syndrome
with sclerodermatous changes B, healed



RAYNAUD'S SYNDROME, RELATED CONDITIONS 241

Raynaud's syndsome have been clarified, the reports of massive
gangeene have almost ceased. However, f spasm of the asterial
tree ocenrs with sufficient sevetity and frequency, organic occlusion
may result from clotting or changes an the vessel wall.

TRAUMATIC VASOSPASTIC DISCASE

Although the synd of i p disease is in-
cluded under Raynaud’s syndtome, cestain varations in symp-
tomatology and course require spectal comment. The chntcal pat-
ternt of vasospastic disease of the hands 1s typicat regatdless of the
kind of wibrating machine or njury responsible for the onset
After a penod rangmg from a few months to sevend yeats of
exposute, attacks of blanching and numbness of the fingets begim.
Pailor is as pronounced as, 1f not more striking than, that seen in
the typical Raynand syndrome, Ordinasily it 1s not symmetrical,

particutarly 10 the catly stages, even though both hands eventually
are 1nvolved.

In the group produced by pneumatic hammers, 1 right-handed
persans the secand, thied aad foucth fingess of the left hand and
the tips of the fingets of the rght hand are usually involved, The
madence is more frequent in the left than n the nght hand be-
cause most vibtatmg tools ate held in the left hand, with the
cutting edge against the object. The handles of some hammers
smay be held in the night hand.

At first the attacks occut only while the patient is working and
are more pronounced 1n cool weather, Once the disease is estah-
lished, attacks can be produced by washing the hands in cold water
ar on chilling of the body Although few of these patients react to
emotional distuthances, 1 have seen one in whom emotional sets
produced attacks Careful examination reveals 2 moderate dm-};u-
1n the sensations of touch, pain and temperature over the affeyied
fingers Duting the attacks these 1 frequently 3 discombott of £
hands described as a “toothache-Jike" pain, which peaiy o &
short time after the attack js past. Lven aftce oy oSt
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many attacks the tissue does not show evidence of wasting or gan-
grene Scleroderma does not accompany the traumatic vasospastic
syndrome. One case of scleroderma has been feported in a pneu-
matic hammer wotker, but this was probably a coincidence.

The disease is usually limited to the hands, although some px-
tients have complamned of numbness involving one half of the
body Unilateral peripheral vascular disease occurred in the left
foot of a worker using this foot to operate a pneumatic drill press
Examnation of the blood vessels after amputation, however, re-
vealed a typtcal microscopic prcture of thromboangiitis obliterans
In 67 cases of “white fingers” due to the air hammer, the length
of use of the machine averaged 5 7 years (11416 years). Average
duration of use among wotkers who had not been affected was
9 2 yeass, according to Hamilton. Rieder studied 250 workers who
had used an air hammer up to 40 years, and of these only 75 were
entirely without symptoms. White fingers were present in 86
Hamilton also reported that smong 38 limestone cutters only fouf
had never had white fingers Of 50 granite workers only seve?
had escaped the disorder

With change of occupation one may anticipate that the symp”
toms will improve shghtly, they do not always disappear. Rest
from the regular occupation results in wmprovement only if tht
condttion 1s early and mild, The Pprognosis for complete recovery
is doubtful and usually poor, although a few spontancous reccnef
tes have been reported Some patients who have not used an ait
hammer for many years still have vasospastic phenomena of the
affected fingers on exposure to cold.

Gurdjian and Walker described the condition jn six women
war workers using pneumatic riveters in airplane construction
work, The clintcal picture was similar to that just described Serial
sections of biopsies from the finger-tips of five of the patients
were studied and compared with autopsy material obtained from
the same sites, used for conttol. Sections were studied espccialW
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carefully for changes in the capillaties, arterioles and veins. The
capillaries appeared normal except in two sections in Awhich‘a ftd
staning substance was noted within the capillaries Simifar
changes were, however, noted in some of the control autopsy
material and were not, therefore, idesed at I Larger
vessels had a normal adventitial layer, the muscular coat appeated
normal and the endothelial Lining showed no pathologic changes
in any sections studied. Thete was no evidence of endothelial
proliferation, occlusive phenomena or inflammatory reaction in
any of the sections, The pheumatic hammer used by the patients
weighed 3 1b, and had 2 vibration rate between 3,000 and 4,000
times per munute. In the six cases, the shotest interval of use of
the hammer before the condition appeared was 215 months and
the longest 11 months,

Tt was of interest that all employes operating this particular
machine sooner or later developed vasospastic disease of the left
hand Although the patients had stopped using the hammer more

than 2 year before the report was psepated, attacks of vasospasm
continued. ‘Thete were no i of bilateral jnvol

, as
1n Raynaud's disease. Nor was there scleroderma ot any evidence

of sacreased failure of proper circulation to the finger-tips, as is
seen in the later stages of Raynaud's and jn thromboangiitis ob-
Yiterans, The condttion appears to be a vasospastic disease of the
fingers without organic changes in the tissues. Apparently ex-
posure to cold is 2 major factor in the disorder, although other
factots which must be considered ate sschemia from holding the
Pneumatic hammer too tightly and injuty to the myoneural junc-
tions of the arterioles of the fingers.

The shortness of the period before the development of the con-
dit}un in Gurdjian and Walker's cases may be due to the fact that
primary Vasospastic disease of the extremities is more common in
women than in men,

 De Takits mentioned a case in a patient who used a small sotary
air-driven too] with a vibration rate of 12,000 times per minute,
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many attacks the tissue does not show evidence of wasting or gan-
grene. Scleroderma does not accompany the traumatic vasospastic
syndrome. One case of scleroderma has been reported in a pen-
matic hammer worker, but this was probably a coincidence.

The disease 15 usually himuted to the hands, aithough some pt:
tients have complained of numbness mvolving one half of the
body. Unilateral peripheral vascular disease occutred in the left
foot of a wotker using this foot to operate a pocumatic drill press
Exammation of the blood vessels after amputation, however, fe-
vealed 4 typical microscopic picture of thromboangiitss obliterans
In 67 cases of “white fingers” due to the air hammer, the length
of use of the machine averaged 5.7 years (114-16 years). Aversge
ducation of use among workers who had not been affected was
9.2 years, according to Hamulton. Rieder studied 250 workess who
had used an air hammer up to 40 years, and of these only 75 wete
eatirely without symptoms. White fingers were present in 86.
Hamilton also reported that among 38 limestone cutters only fout
had never had white fingets. Of 50 granite workers only seven
had escaped the disorder.

With change of occupation one may anticipate that the symp*
toms will improve slightly, they do not always disappear. Rest
from the regular occupation results in umprovement only if the
condition s early and mild, The prognosis for complete fecorey
1s doubtful and usually poor, although a few spontaneous recover
fes have been reported. Some Ppatients who have not used an 31f
hammer for many years sti]l have vasospastic phenomena of the
affected fingers on exposure to cold

Gurdjian and Walker described the condition in six wome®
war workefs using pneumatic rtveters in airplane construction
work. The clinical picture was similac to that just described, Serial
sections of biopsies from the finger-tips of five of the patienﬂ
were studied and compared with autopsy material obtained from
the same sites, used for control, Sections were studied espcdﬂ“}'
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In early cases the response to adequate protection s often highly
satisfactory.

The best method of protecting patients from the cold is to have
them remain in a warm, dry climate at feast during the winter,
“This is impossible for many patients, however, and such a change
will not control the condition 1f other causative factors such as
emotional crises continue while in the warm climate. Winter sports
and outdoor winter work should be avoided. I have seen some
patients who do not have an attack while engaged in winter sports
or work, but usually such exposure aggravates the condition by in-
cteasing the frequency of attacks, and the risk of frostbite in these
patients when their extremities are blanched is seriously increased.
1f the patient must stay out of doors in the cold, warm clothing is
essential, Shoes should be large enough for one or, better, two
paits of wool socks without crowding Small chemical heaters are
valuable for use in pockets or muffs to keep the hands waum.
Electric heaters attached to the steering wheel and automobile
Teaters are important for individuals who drive cars.

Local 18 1t is imp to avoid overheating of an
area of skin in 2 spastic phase because severe burns may occur be-

fare the circulation is adequate to carry off the excess heat 2nd to
handle the suddenly increased metabolic d d

should be gradual and not excessive.

Any warming

All strong antiseptics such as iodine, metcurials and silver salts
should be avoided, for they may do more harm to the epitheliza-
tion of an ulcer than to the bacteria present. Serious infection is
rarely important in these cases, and muld antiseptics such as botic
aad, normal saline and Azochloramid in tniacetin 1:500 solution
or wet dressings of penicillin 250 umits per ce. should be used if
needed. In general, the ulcers of Raynaud's syndrome heal best
when dry. Warm soaks of normal saline at 367-378 C.
(98.—100 F.) should be applied for one hour each day when in-
fection s present Wet dressings should ouly be used if they can
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Treatment of this condition rests primarily in preventive meas:
ures, namely, the development of tools which do not require ex-
posure to high vibration rates or in which the vibration is com-
pletely absorbed.

TREATMENT OF RAYNAUD'S SYNDROME AND SCLERODERMA
MEDICAL AND GENERAL MANAGEMENT

Reassurance~—~Among the most important steps to be taken in
the treatment of Raynand’s syndrome is to reassute the pattent that
massive gangrene of the fingers requiring major amputation is not
likely to occur. Many patients are in a severe state of panic because
of the implication of hopelessness, at least as far as the use of the
extrerties is concerned. Patrents with Raynaud’s syndrome often
have a faitly unstable vasomotor status so that suggestion may be
a powerful adjunct to other therapy. This was cleatly demonsttated
by Lipkin ez 4., who studied the effects of suggestion on pi¢
patients with 2 vasospastic disturbance. Six showed exceltent sub-
jective and some objective tesponse, including relief from‘WS"'
spasm for several years, subjective improvement for a year without
further treatment and prolonged vasodilatation of the hands dut’
ing therapy. Careful investigation into the factors responsibh: for
the emotional instability so common in these patients and the
taking of suitable rectifying measures constitute fundamental steps
in any therapeutic program, in some patients constituting the most
important aspects of the treatment,

Positron~—When associated with the hyperabduction syndtom?,
relief can frequently be obtained merely by avoidance of that posi-
tion. (Seein Chapter X, discussion of thehyperabductionsyndrome )

Proieciion—Protection from the factor producing the sy
drome must be provided in all cases. Thus includes such variables
as warm clothing, especially warm gloves, ear muffs and wool
socks, the avoidance of extreme emotional crises and the cessation
of a vocation or avocation that produces vacocnastic thenomenl:
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tumned off If the patient complains of a burning sensation, the treat-
ment 15 discontinued immediately and the electrodes are readjusted.

Trestments are gwen at varying iotervals from daily to bi-
weekly, depending on the seventy of the condition. Frequent treat-
ments give the best results. Rarely is improvement scen from fewer
than 20-30 treatments The drug is absorbed by the skin and in-
ereases local circulation Capillaries frequently become more easily
visible, The skin gradually becomes softer and more pliable i the
successful cases. Long-standing ulcers that failed to heal some-
times do heal, The response seems to be largely a local phe-
nomenon, but sclerodermatous areas in other parts of the body
muy improve. This procedure is not a completely satisfactory form
of treatment for scleroderma

Vasodilating drsgs—Nitrites, papaverine and similar vasodi-
latng drugs seem to have no effect on the course of either Ray-
moud’s syndrome or scleroderma, They may cause temporaty re-
laxation of the spasm, but seldom do so if the cansative factor 15
severe and still present Papaverine hydrochlonide has only ques-
tionable value. The ingestion of alcohol or the use of hot baths
for uninvolved extremities to produce reflex vasodilatation is more
teliable. Tetraethyl ammonum bromide (Etamon) and Dibena-
mine have been suggested for these conditions, but the clinical
results 10 patients who have been treated with these drugs bave
been inconclusive,

Priscoline and Roniacol in doses of 25-50 mg three to five times
a day ate now widely used and do appear to reduce the attacks
in some, but not alf, mld cases. Further observations are sequired
for final evaluation.

ACTH and costisone ate being tried for treatment of scleso-
derma but fesufts with these agents in our hands are thus far
unconvincing,

Abstinence from tobacco—The use of tobacco by patients with
Raynaud’s syndrome may be contraindicated on the basis of its
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be kept warm, because chilling will cause spasm of the vessels and
mierfere with healing.

Mecholyl ion transfer—lon transfer using acetyl-beta-methyl-
choline chlonde (Mecholyl) has been used for some years for
Raynaud's syndrome and scleroderma. After approximately 15
years of experience, it must be concluded that it is a palliative for
patients with uncomplicated Raynaud's syndrome, sometimes de-
creasing the frequency and severity of the attacks in mild cases
and aiding 1n the healing of ulcers in more severe cases. It is not
2 cure and does not prevent attacks under severe provoca!i\e‘cvﬂ'
ditions such as extreme cold It is useful in helping patients
through the winter months when they are forced to stay in 2 cold
clumate, but in all probabulity 1t does not affect the ultimate course
of the disease.

Mecholyl jon transfer also 15 useful in some cases of scleroderm?
(sce Fig. 52, C) Some few patients have shown 2 fenulk-’!blﬂ. e
sponse, but the results in general have been disappointing. su.:cc
there 1s no other form of therapy, conservative or surgical, whidt
affects the long-range course of scletoderma, Mecholyl ion transfer
may be advisable in some cases, The treatment has been described
by Kovacs

Briefly, the necessary equipment indludes: 2 galvanic machine sith 3
smooth cutrent; malleable electrodes and connecting wires; electrode

Mechalyl 0,10 25 per cent.

Special asbestos paper or cloth is dipped in the solution and 2pphed
over 2 severely savolved area such z¢ the hands or arms. No holes
through this may be left open The malleable electrodes are weapped

negative pole. The cutrent is very gradually turned on and increased 10
15-20 ma, and kept at this level for 3049 minutes, then gradually
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turned off, If the patient complains of a buning sensation, the treat.
ment is discontinued immediately and the electrodes are readjusted.

Treatments are given at varying intersals from daily to bi-
weekly, depending on the severity of the condition. Frequent treat.
ments give the best results. Rarely is improvement seen from fewer
than 2030 treatments The drug is absotbed by the skin and in-
ereases local arculation. Capillaries frequently become more easily
visible, The skin gradually becomes softer and more pliable in the
successful cases. Long-standing ulcers that failed to heal some-
times do heal. The response seems to be largely a local phe-
nomenon, but sclerodermatous areas in other parts of the body
may improve. This procedute is not a completely satisfactory form
of treatment for scleroderma.

Vasodilating drugs —Nitnites, papaverine and simular vasodi-
lating drugs seem to have no effect on the coutse of either Ray-
naud’s syndrome or scleroderma They may cause temporary re-
laxation of the spasm, but seldom do so if the causative factor is
severe and still present. Papaverine hydrochlotide has only ques-
tonable value. The ingestion of alcohol or the use of hot baths
for uninvolved extremities to produce reflex vasodilatation is more
reliable, Tetraethyl ammonium bromide (Etamon) and Dibena-
mine have been suggested for these conditions, but the clinical
tesults 1n patients who have been treated with these drugs have
been inconclusive,

Priscoline and Roniacol in doses of 25-50 mg three to five times
a day are now widely used and do appear to reduce the attacks
in some, but not all, mild cases Further observations are required
for final evaluation,

ACTH end cortisone are being tried for treatment of sclero-
derma but results with these agents 1n our hands ate thus far
unconvinctng.

Abstinence from tobacco —The use of tobacco by patients with
Raynaud's syndrome may be contraindicated on the basis of its
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vasoconstricting tendency and the probability that the more fre-
quently vasoconstriction occurs in small vessels, the more likely 1s
permanent damage to result. On the other hand, smoking does not
appear to have the speafic severe aggravating effects on Raynaud's
syndrome that 1t has on thromboangutis obliterans Until furthet
studies clarify this problem, I recommend that patients with mod-
erate and severe cases stop smoking, Temperature studies of the
finger-tips during smoking may disclose patients who are particu-
larly susceptible to tobacco.

SURGERY

It 15 my purpose to discuss only the general aspects of surgery
for Raynaud’s syndrome and scleroderma and the results of various
methods. Conclusive studies have not been presented regarding
some surgical approaches such as ganglionectomy, and new sur
gical methods may be developed Certain statements may be made
at this time

1. No conclusions should be drawn regarding the clinscal re-
sult until the patient has been followed for 2 mimum of on¢
year and preferably three years postoperatively. The literature €00
tamns numerous reports of little value because based on postoperd
twe check of only one to six months There 15 often nonspecific
improvement, with encouraging change in surface temperatute
and relief of symptoms, for a few months But the results at the
end of a year in the same patient may be entirely negative The
disease may, n fact, have progressed and new ulcers may have de-
veloped

2. Lumbar ganglionectomy 15 simpler techneally and bence
generally more satisfactory than cervical ganglionectomy. How-
ever, Raynaud’s syndrome occurs many times more frequently it
the upper than in the lower extremties, Unsatisfactory results of
Tumbar ganglionectomy ate usually due to the fact that all essential
fibers were not resected The evidence suggests that prcg:mglionif-'
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resections are mote satisfactory than resections elsew here, although
this point is still debatable. .

We have had two patients in whose upper extremities vasospasm
developed immediately after lumbar sympathectomy. In one, the
typical Ragnaud syndrome developed in the hands for the first
tume. In the second pattent, within five houts of a left lumbar sym-
pathectomy the right hand and atm became cold, bhnc'hcd and
extremely painful After a great vanety of vasodilators with reflex
heat had farled, a stellate block improved the color slightly, but 10
months Tater she still had a disabled hand not unlike Sudeck’s
atrophy.

3. In general, the more advanced the condition the less satisfac.
tory the surgical results.

4. Ganglionectomy is, in my experience, futile in the presence
of scleroderma of even modetate degree. The patient with the
rldest case moy tecewe temportary benefit, but in general the
operation is not to be recommended for this type of patient.

5. In patients with associated shoulder girdle syndromes includ-
ing cervical 1ib, scalenus anticus, hyperabduction and costoclavicu-
lar, when Raynaud’s syndrome 15 progressive Lord, Huebner and 1
have been investigating exploratory surgery with freeing of pres-
sure and tension points from the nerves and blood vessels mn the
supra- and postclavicular space. Results cannot yet be evaluated.

6. Parathyroidectomy has been recommended for scleroderma,
but 2 number of patients 1 have cbsetved a year after this operation
have shown no improvement, even though several repotted tem-
poraty wnprovement lasting three to six months This operation

has largely been abandoned for scleroderma,

With the foregong facts in mind, one may say that in uncom-
phicated but progressively severe cases of Raynaud’s syndrome
properly performed ganghionectomy offers 2 good chance for relief
from attacks and for the comfort of warm extremities at least for
several years or more, The fund 1 physiologicopathologi
process 15 probably not affected by the procedure, but the nerve
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vasoconsteicting tendency and the probability that the more fre-
quently vasoconstriction occurs in small vessels, the more likely 15
permanent damage to result, On the other hand, smoking does ot
appear to have the specific severe aggravating eflects on Raynaud's
syndrome that it has on thromboangiitts obliterans. Until further
studies clanify this problem, I recommend that patients with med-
erate and severe cases stop smoking. Temperature studies of the
finger-tsps during smoking may disclose patients who are pacticu
larly susceptible to tobacco

SURGERY

It 15 my purpose to discuss only the general aspects of susgery
for Raynaud’s syndcome and scleroderma and the results of various
methods. Conclusive studies have not been presented regarding
some susgical approaches such as ganglionectomy, and new suf
gical methods may be developed. Certain statements may be made
at this time.

1. No conclustons should be drawn regarding the clinical 1e°
sult untsl the patient has been followed for a minimum of on¢
year and preferably three years postoperatively The {iterature co0°
tans numerous reports of little value because based on postoper”
tive check of only one to six months, There 15 often nonspecifi
improvement, with encouraging change in surface tempemruﬁ
and relief of symptoms, for a few months. But the results at the
end of a year in the same patient may be entirely negative. The
disease may, in fact, have progressed and new ulcers may have de-
veloped.

2. Lumbar ganglionectomy 1s simpler technically and hence
generally more satisfactory than cervical graghonectomy. How:
eves, Raynaud’s syndrome occurs many times more frequently i
the upper than in the lower extremities. Unsatisfactory results of
{umbar ganglionectomy are usuaily due to the fact that all essential
fibers were not resected The evidence suggests that Preganghonic
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impulses producing the attacks are blocked and the disagrecable
symptoms and sequelae ate temporarily controlled. It is niot rec-
ommended in early cases because in many the disease does not
progress. With evidence of progression and increasingly severe
symptoms, however, it 15 not wise to wait until the disease has
reached an advanced state with sclerodermatous changes if good
tesults are hoped for. Since the condition usually progresses slowly,
the course may be studied for several years One must be aware,
however, of the occasional fulminating case which progresses to
extreme sclerodermatous involvement within four to six moaths.

For details of the preferred surgtcal technics the reader is fe-
ferred to the excellent summares of White, Adson and Brosn,
Craig and Horton, and Pratt, in which the relative menits of dsffer-
ent methods of approach are discussed

Hines and Christensen presented some mteresting data on the
prognosis of Raynaud's disease as it occurs in males. Among 69
cases from their group, sympathectomy was peformed in only
two, both with improvement, although how long the improvement
had been mamtained was not mentioned Of the remaining 67
patients, given conservative treatment, 33 per cent bad improvfd
to the point of having little or no incapacitation at the tume they
reported; 44 per cent reported that their condition had remuned
practically the same or that they were reasonably well ‘The other
23 per cent reported that they were worse at the time of the fol:
low-up than when Iast seen at Mayo Clinic. Thus 77 per cent
enjoyed reasonably good health or at least had niot become WOt
following conservative measures This substantiates the convichion
that surgery is indicated only in rapidly progressive cases.
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cuarrer vii. Fssential Poly:mgiitis
(Periarteritis No(losn; Kllssmnul-Mﬂicr
Discase)

THE TERM “periatteritis nodosa,” commonly used for this bizarre
symptom complex, is an unfortunate misnomer since vessels of
both the asterial and the venous system may be affected, all layers
af the vessel walls are involved by the process and in the majority
of cases nodules are not present. Any and all blood vessels may be
involved and the etiology is unknown. Essential vasculitis would
be preferable, though not necessarily the best term. “Essential
polyangutis” is probably most acceptable.

The drsease 1s generally thought to be relatively rare, only about
350 cases having been teported up to 1940, but on the basis of
actual clinical demonstration 1 many army and civilian hospitals
T belteve that acuity on the part of the clician and the free use
of biopsy technics would make the diagnosis more common Males
are much mote often affected than females, in contrast with lupus
erythematosus disseminatus. It may occur at any age, having been
reported from the age of 10 days to 77 yeats. Approximately 50
per cent of cases occur in the fourth and fifth decades. Mortality
has been conssdered to be extremely high (90-95 per cent), but
1t is probable that many nmuld cases are unrecognized and that as
diagnosis becomes more acute the mortality rates will be revised

The disease was first reported by Rokitansky (1852) and de-
scribed 1n detail by Kussmaul and Maier (1866).

253
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antisyphilitic arsenicals, thiourea, thiouracil and bacterial infec-
tions. Hypersensitivity may ultimately be found to be the funda-
mental mechanism in a large percentage of, if not all, cases of this
syndrome Some such relationship should certainly be sought in
cach patient, The following case is an example.

The patient received sulfathiazole for three days for 2 minor focal
infection. Three weeks later pneumonia developed and he was given

FI6 61 —Estental polyangutss involving small artery of the kidney,

sulfathuazole 2gain, although this clear} indic

), ly was not indicated because
the pocumonia was of the Pprymary atypical type. He received 4 Gm.
for the first dose and 2 Gm’ every four hours thereafter, ‘Twenty hours
Later there developed 2 diffuse erythematous rash with hives. Therapy
Y:s. .t.h:n: _sllufted o sulfadiazine and he was brought to the hospital,
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Etiorocy

The etrology of essential polyangitis has not been identified
However, the work of Rich and others has strongly suggested that
the mechanism, at least in some cases, s hypersensitivity 2nd that
the preciprtating substances may be numetous. In 1942 Rich fe-
ported six cases in which the, condition developed durmng serum
sickness and sulfonamide therapy. Rich included the report of one
patient who had serum sickness and who showed the Jesions of
essential polyangtitis without having received sulfonamide therr
apy Death from serum sickness was considered rare priof to 1941
After the sulfonamides came snto general use, death of pan'cnbi
who had had serum sickness shortly before death became more
frequent, for the reason that the sulfonamides administered with
antiserum may prolong life sufficiently to permit setum sickness
to develop before the pattent dies of the mfection. Such wet¢ the
cases first observed by Rich. The clinical manifestations in these
patients were not sdentical, but included urticaria, Iymph node C.“'
largement, maculopapular rash, muscle pain, hematuria, imp™
ment of renal function and hypertension. Histologically Jesions 1t
ali of the cases were typical of essential polyangitis.

T.he possibility that essential polyangiitis was due to hypet
sensitwvity had been suggested by Gruber (1925) and others The
presence of cosinophilia 1s suggestive. Clark and Kaplan (1937)
had found the lesions of essenttal polyangutis :n patrents who ha
developed serum sickness following the administration of sei¥l
Rackemann and Greene, Wilson and Alexander, and others h2%¢
called attention to the frequent relationship_of bronchizllﬂthm
and essential polyangittis Rich and'Greg;ry'm 1943 added fur
ther evidence concerning the relationship of hypersensitivity to
this condition by producing typical lesions in normal rabbits '177
intravenous injection of a single large dose of foreign proteil-
Since this aspect of the etiology was presented, reports have been
published suggesting a relationship to sulfathiazole alone, jodine,
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one, all phases passibly being present at once, which explains the
chanacteristically unpredictable remissions and  tecrudescences
Lestons in the veins are similar to those found in the arteries.

Proposed classifications based on the organs of systems of or-
gans secondarily involved are misleading since each instance is a
manifestation of the same process. Chance dictates the part of the
vascular tree to be involved. The extent and location of the infarc-
tion of any organ determines the pathologic process and hence the
symptomatology.

Gruber tabulated the locali of pathol changes found
in 108 cases of the disease (Table 7). Secondary renal and cardiac

TABLE 7 —ORGANS INVOLVED IN 108 Casgs 0F ESSENTIAL POLYANGITIS
Tiees % Tasrs

Kidneys 80 74 Skan, subcutancous tissues " 33

Heant 66 Broncht 9 8

Laver 66 61 Beain b4 8

Stomach, intestines 50 46 Lungs 4 37
Meseatery, pentoneum 41 38 Lymph nodes 3 27
Muscnlature 3220 Bladder, ureters 3 27
Pancreas 36 33 Spinal cord 2 18
Genitalia 21 19 “Thyroid gland 2 18
Penpheral nerves 20 185  Pleura 2 18
Spleen 15 14 Medastinum 2 s
Adrenals 15 14 Sympatheti¢ nervous system 1 09
Gallbladder 13 12 Synovial membrane of joints 1 09

tnsufficiency are common causes of death Death has followed pro-
fuse hemorthage resulting from rupture of arterial areurysms in
various vital areas including the brain, lungs, intestines, liver, kid-
ney and pericardium,

Friedberg and Gross presented pathologic evidence of a close
refationship between rheumatic fever and the vascular lesjons
termed persarteritis nodosa. They reported four cases m which
widespread “petiartenitis nodosa” was associated with rheusatic
fever and rtheumatic heart disease, confirmed by the presence of
what they beheved to be Aschoff bodies in the myocardium. These
were among 13 autopsy cases with essential polyangutis Two
other cases in the series had histories of rhenmatism and evidence
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lestons wete 1n the kidney, where every glomerulus appeated to be com-

pletely replaced by cosinoptuls. Prolonged search failed to revesl 2
single glomerulus which appeared capable of functioning.

PATHOLOGY

The pathologic picture may be considered under two headings:
(1) the vascular lesions characteristic of the disease, and (2) the
effects on various organs or portions of the body as a result of inter-
ference with their blood supply. .

Arkin suggested dwvision of the charactersstic changes in the
small arteries into four stages, In the first or acute stage necr?sls
occurs in the innermost part of the media of the small arterieh
which have no vasa vasorum (the assumption that they bave 10
vasa vasofum 1s questtonable), and in the outer portion of the
mediz of large arteries, which have vasa vasorum. In the :ezarfd
or subacute phase there is inflammation with exudate, eosinophils
(sometimes in large numbers), Iymphocytes, plasma cells an
some polymorphonuclear leukocytes are present, 2nd the ﬁtfd tis
sues around the vessels show beginning proliferation. The intim3
may also proliferate with the occurrence of occlusion of the fumes
and infarcts 1n various ofgans Aneurysms or nodules may develop
at this stage. The third or chronic phase is charactenized by the
appearance of granulation tissue around the arteries and the be-
ginning of bealing In the fourth phase the lumen is greatly 5
duced or obliterated and the wall 55 seplaced by scar tissue 47
periarteral fibrosis. The rate at which nodules appear and ds-
appear in some instances indicates that the change from one phase
to another may be quite rapid

Tiwo points require clatification. (1) Only a small segment ‘Zf
an artery may be involved, other pottions shawing no patho]oglc
changes. (2) Although such a division as Arkin’s helps to €%
tallize the conception of the process, it is not actually shatPy
divided into four phases. Instead, each blends into the succeeditg
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one, all phases passibly being present at once, which explains the
charactersstically unpredictable temissions and  recrudescences.
Lesions in the veins are stmular to those found in the arteries.

Proposed classifications based on the organs or systems of or-
gans secondatily involved are misleading since each instance is a
manifestation of the same process Chance dictates the part of the
vascular tree to be snvolved. The extent and location of the infarc-
tion of any organ determines the pathologic process and hence the
symptomatology.

Gruber tabulated the localization of pathologic changes found
in 108 cases of the disease (Table 7). Secondary renal and cardiac

TABLE 7-~ORGANS INVOLVED IN 108 Cases OF ESSENTIAL PoLvaNGir
Tixes % i

ITIS
Kidneys 80 74 Skan, subcutaneous tissues 14
Heart 66 Beoncht 9 8
Lser 66 61 Bram o 8
Stomach, intestines 0 46 Lungs 4 37
Meseatery, peritoneum 41 38 Lymph nodes 327
Musculature 32 30 Bladder, ureters 3 27
Pancreas 36 33 Spinal cord 2 18
Gentalia 19 Thysoid gland 2 18
Penipheral nerves 20 185 Pleun 2 13
Spleen 15 14 Mediastinum 2 18
Adzenals 1314 Sympathetic nervous system 1 09
Gallbladder B o1 Synovial membrane of jornts 1 09

insufficiency are common causes of death Death has followed pro-
fuse hemotrhage resulting from rupture of arterial aneurysms in
various vital areas including the brain, lungs, intestines, liver, kid-

ney and penicardium
Fr.nedbe:g and Gross presented pathologic evidence of a close
relationship between rheumatic fever and the vascular lesions
tefmed penartentis nodosa They reported four cases in which
widespread “periantentis nodosa™ was assocrated with theumatic
fever and :he.umallc heart disease, confirmed by the presence of
::?; t:;y behived to be Aschoff bodies in the myocardium. These
e ong 13 autopsy cases with essential polyangiitis. Two
€ases it the series had histories of theumatism and evidence
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of theumatic valvular disease. Verrucous endocarditis was found
both at autopsy. In two cases abdominal operations were per-
formed for symptoms arising from the periatteritis, and the
authors suggested that in cases of rheumatic fever sbdomind
symptoms shauld call to miad the posstbility of essential poly-
angutss, even though surilar abdominal complaints are encous-
tered 1n uncomplicated cases of rheumatic fever.

Degenerative changes have been noted in the peripheral necves
and, 1 view of the incidence of neuritic symptoms, probably
would mote often be found if carefully searched for. Kernohar
and Woltman concluded that these changes are the result of occ?u-
s1on ot matked narrowing of the lumens of the nutment arterics
to the nerves The degeneration, which is diffuse at the lowet
levels, begins as an infarction proximally. The infarcts may be stn-
gle, multtple or confluent and may wvolve several nerve bum‘]‘lf&
These authors found no inflammation in any of the nerves studied

Eosimophilia —Careful studies of the blood smears frequently
reveal definite cosmophulia This may range from 10 to 70 per ceat
or more and 1t has been found 1n 15-50 per cent of the cases of
essential polyangittis teported in dufferent series. This may be ©
lated to the observation of Bachr 2nd Pollack that eosinophilia i
usually pronounced in the early stages although st may be absent
1n the later, healing phases.

CLINICAL MANIFESTATIONS

The fundamental clinical observation regarding essential poly-
angiitis is its brzarre pucture which may resemble an almost u?
limited varsety of diseases. The average duration is a few weels 10
five months. However, it has been reported as fatal within fout
hours of the onset of symptorns, and patients have lived for seven
yeacs after 2 biopsy diagnosis. The pathologic process Was Pf°b'
ably present longer than was appareqt in the case of brief duratiot
The symptoms ate so confusing that the diagnosis frequently 1
not made during fife. The syndrome usually appears as 2 fairly
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acute or chronic sepsis with varied Jocal manifestations. The gen-
eral clnical manifestations most often noted are itregular Jow
grade fever, sweating, weakness, loss of weight, prostration, ane-
mia, dyspnes, tachycardia, muscular, neuritic and abdominal pains
and hypertension.

‘The symptoms mamifesting secondary local invoivement ase al-
most limitless in number and variety. For example, neuritis results
from infarction of the peripheral nerves, albuminutia and hema-
tunia from renal infarction, diabetes from involvement of the
artenies of the pancreas, intestinal hemotrhage and colic from
necrosis of the intestrnal mucous membrane secondary to involve-

P P PR '

. . : B :
and is sometimes accompanted by extraordinary changes in the
electrocardiogram. The list might be prolonged indefinitely.
Meyer described a triad of syndromes which he considered char-
actensstic: (1) chlorotic marasmus (of Kussmaul and Majer),
(2) polymyosstis and polyneuritis, and (3) gastrountestinal dis-
tutbances, including cramps, colic, tenderness, signs of peritoneal
uritation, anofexia, vomiting, drarrhea or constipation and gastro-
mtestinal bleeding. A fourth cardinal syndrome—the nephritic—
was emphasized by Brink and by Christeller It may be char-
acterized by albumtnuria and hematuria, edema, nitrogen retention
of the blood, retinitis and edema of the disks and retinas and ele-
vated blood pressure, which may also be due to widespread arterial

involvement Hypertension has been reported in 2bout 30 per cent
of all cases,

Theee types of skin and subcutaneous tissue changes have been
noted: fash, edema and subcutaneaus nodules (Rothstein and
Welt). The rashes have been hemorrhagic, vatying from petechial
spots to necrotic ulcerations, or erythematous Edemna, either gen-
eralized or limited to the face o the hands and feet, has frequently
been reported It is wsually considered to be of nephtitic origin
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The subcutaneous nodules represent sacculations (aneutysms) of

thickening in the walls of the arterjes. They are small, firm, pea-
sized, shotltke misses Iying along the artery and usually are q‘ulfe
superfictal and painless but may be reddened and tender; occasion:
ally suppurative degeneration takes place. These nodules, occur-
ting 1 one m eight cases, aid in the clinical diagnosis and m3y
petmit a positive diagnosis on biopsy study.

Pains in the joints may be severe enough to simulate acute thew
matte fever, especially when several jomts ate 1avolved Lamb
noted joint pamns in 39 per cent of his series. This symptom, t0
gether with myositis, neuritis and sore throat, suggests 2 felatiod”
ship to a rheumatic or arthntic syndrome, Salicylates do not smfu-
ence the symptoms or course,

The abdominal symptoms may be so severe as to simulate 22
acute surgical condition, and operattons have been pe(fo:med in
reported cases on the basis of preoperative diagnoses of acute a}:
penducitis, cholecystitss, cholelithiasis and vatious nephntxf an
perinephritic conditrons. In these cases essential polyangiitis #3S
dragnosed either at operation or at autopsy, when massive htm;
orthage has often been found secondary to ruptured aneurysms 0
branches of the cystic, mesenteric or hepatic arterial trees .

Gangrene of a lower extremity n some cases has nccessxt:lt.td
amputation, followed by histologic confirmation of the diagnosts-
It is rather unusual to find several of these syndromes acttve at 08¢
time, the more typical picture being one of sucgessive exacetbations

-7 ptoms in
- patients
neralized

symptoms predominating until death occurs

DiagNosts

The most important factor in the recognition of essential poly-
angittis is the physician’s awareness of the existence of the disess¢
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and its vagaries. The extent of potential organic involvement has
resulted in its confusion with a great number of diseases, indud-
ing trichinosis, myositis, purputa haemorrhagica, abscess of the
liver, typhoid and paratyphoid fever, amebiasis, brain tumor,
cholecystitis, vatious nephritic and perinephritic conditions, mili-

aty tuberculosis, ingitis, alcoholic polyneuritis, lead neuritis
and gastroenteritis, The relation of essential polyangittis to lupus
eryth dissemi and sclerod has been the subject

of much study in recent years, Klemperer and others have sug-
gested that they might well be grouped together with rheumatic
fever under the general heading of diffuse collagenous diseases.
In any case of a prolonged, unexplained fever the diagnosis of
polyangutis must be serously constdered along with Hodgkin's
disease, lupus and subacute bacterial endocarditis.

‘The only signi lab finding is eosinophilia, which is
characteristic when present (15-50 per cent of cases) but is not
specific for the disease, Differentiation from other conditions may
prove difficult and be solved only by elimination, providing a ten-
tative diagnosis, or by biopsy or postmortem examination.

TREATMENT AND PREVENTION
The sttuation regarding has changed hat since
the advent of ACTH and cortisone, Experimentally, remissions of
polyangiitis have been reported. It is difficult to evaluate these ob-
servations since the disease 1s typically prone to remissions. How-
ever, this approach has seemed encouraging and, indeed, cases have
temained atrested for long periods after the use of these drugs.

Further studies are in progress in several hospitals
Symptomatic treatrment should, of course, be used, This must of
necessity be extremely varied and is often unsatisfactory. The judi-
cious use of sedative and vasorelaxing drugs such as Papaverine and
Pantopon may be attempted, but they are probably of value only
for the relief of pain and apprehension. Arsenicals have been used,
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but there 1s no satisfactory evidence of their efficacy. The sulfons-
mudes and antibrotics have proved of no value.
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cuarter vie Cranial Arteritis (Tempoml

Arteritis)

ARTERITIS PRIMARILY of the temporal vessels was first described
by Jonathan Hutchinson in 1890, but no other cases wete teported
untsl Horton, McGrath and Brown described theits in 1932, Be
tween 1932 and 1944, 36 cases were observed at the Mayo Chnf‘
and cases have been reported n the literature by others. It 15
probable, however, that the syndrome is much more common {hm
the literature mdicates, for I have observed 12 cases in consu{mtmn,
none of which have been reported, and other students of pesipheral
vascular disease have had a similar experience, 5
Cranial arteritis is a febrile, self-limited discase of variable
duration and unknown etiology which always involves the ter
poral arteries and occasionally also jnvolves other asteries in d"’
cranial system, It occurs in the older age groups, few cases having
been seen or reposted 1n persons under 55. It seems to have 80
predilection for one sex and has no seasonal incidence.

ErioLocy

The general teaction plus the local distutbance suggest that ¢
are dealing with a generalized, debilitating, subacute disease P“’b‘
ably of low grade infectious nature, Although it has been observed
lacgely in persons of the older age geaup, pathologic findings ht¥e
been noteworthy for absence of atheromatous plagues ia the 32
volved asteries. The possibility of an allergic reaction has bet?

s
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considered, but Stillborn and Wolff pointed out that {1) the rarty
of cosinophrilia, (2) the advanced age of the patients and (3) the
Tocahization of the atteritis are against this theory. The relatively
high incidence of concomitant or preceding oral infection was
thaught suggestive, but the evidence 1n this regard is certainly in-
conclusive, The question has repeatedly been asked whether this
15 the same disease a8 essential polyangittis The available evidence
15 against this view,

PATHOLOGY

The large tempotal arteties are observed as tortuous, swollen,
nodular vessels with or without pulsation and with cellulitis of
the surrounding tissue, The facial, carotid, occipital, cerebrat and
retinal vessels may be involved.

Microscopic examination of the temporal astery has uniformly
revealed a panarteritis not readily distinguished from essential
polyangittss (Fig 62). There are hypertrophy of the ntima and
medial necrosis associated with granulomatous tissue and, in some
instances, foreign body grant cells, periarterial cellular infiltration

P :

and 1 phalic lesions are rare but have
been reported.

SYMPTOMS

The local symptoms include pain and tenderness 1n the region
of ene or both temporal artenes. Pain has also been reported in
the jaw, occipital region and elsewhere on the side of the head
and face. The involved temporal atteries are usually reddened,
swollen and thickened. At first pulsations may be present, but later
thrombosis takes place and pulsations may no longer be felt.
Nodules ot durations afe occasionally palpable, Fre-
quently thete is a generalized pain which appears to be intra-
cranial, and half of the patients suffer pan on mastication. An
1ncreasing number of patients are reported to have partial et cara-
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Arteritis)

ARTERITIS PRIMARILY of the temporal vessels was first described
by Jonathan Hutchinson in 1890, but no other cases were repotted
until Horton, McGrath and Brown described thests in 1932 Bf‘
tween 1932 and 1944, 36 cases were observed at the Mayo Clmf‘
and cases have been reported mn the Iiterature by others. It is
probable, however, that the syndrome is much more common {hﬂn
the hiteratute mdicates, for I have observed 12 cases in mmu{tatmn],
none of which have been reported, and other students of peripherd

vascular disease have had a simular expersence.

Cranial arteritis 15 a febrile, self-hmited disease of variable
duration and unknown etiology which always involves the &%
poral arteries and occastonally also 1avolves other arteties 1 .chc
cranial system. It occurs in the older age groups, few cases having
been seen or reported 1n persons under 55. It seems to have 00
predilection for one sex and has no seasonal incidence

ErioLogy

The general reaction plus the local distutbance suggest that we
are dealing with 2 generalized, debilitatng, subacute disease PU’:
ably of low grade infectious nature. Although it has been observe
largely in persons of the older age group, pathologic findiogs h“."
been noteworthy for absence of atheromatous plaques in the i
volved atteties. The possibility of an allergic reaction has been

264



CRANIAL ARTLRITIS 265

considered, but Stillborn and Wolff pointed out that (1) the rarity
of eosinophiliz, (2) the advanced age of the patients and {3) the
focalization of the arteritis are against this theory. The relatively
high incidence of concomitant ot preceding oral infection was
thought suggestive, but the cvidence in this regard is certainly in-
conclusive, The question has repeatedly been asked whether this
15 the same disease as tial polyangsitis The
is against this view,

lzble evidence

PATHOLOGY

The large temporal arteries are observed as tortuous, swollen,
nodular vessels with or without pulsation and with cellulitis of
the surrounding tissue. The facial, carotsd, occipital, cerebral and
retinal vessels may be involved,

Microscopic ion of the y
sevesled a p itis not readiy dustinguished from essential
polyangiitis (Fig 62). There are hypertrophy of the intima and
medial necrosis assocated with granulomatous tissue and, 1n some
instances, foreign body giant cells, periarterial cellular infiltration

and thrombus formation Eosinophilic lesions are rare but have
been reported.

1 attery has uniforml

SYMPTOMS

The local symptoms include pain and tenderness in the region
of one or both temporal arteries Pain has also been repotted in
the jaw, occipital region 2ad elsewhere on the side of the head
and face. The involved temporal arteries are usually reddened,

swollen and thickened. At first pulsations may be present, but later
thrombosts takes place

and pulsations may no longer be felt.
Nodules or indurati

are occ 11 Ipable, Fre-
quently there is a generalized pain which aPpear; t; be intra-
A.:ramal, and half of the patients suffer pain on mastication. An
increasing number of patients are reported to have partial or com-
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plete loss of vision as a result of cranial arteritis. Diplopia and
photophobia have also been noted. In a case reported by Shannon
and Solomon bulateral complete loss of vision was believed due
to the fact that the retinal artery had become the site of a patho-
logic process sumilar to the one observed in the temporal artery.

Fi6 62 —Cranial arteritis Typical section from rvolved temporal artefy

Mental sluggishness, dizziness, vomiting, dysarthria, deligurm
and even coma have been described, and some patients appeat
never to recover completely from lethargy or mental detersoration-
Generalized symptoms characteristic of the syndrome include
weight loss, which may be up to 30 or 40 Ib., fever, anorexi%
general malaise, sweating and weakness. The fever may averagt
100-104 F. and may persist 2 long time, as in one patient 1ab
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served who had fever for 13 months. Pain has been reported along
the course of brachial and radial arteties and in the thighs, knees
and ankles, although it is entirely possible that such cases really
are examples of essential polyangiitis rather than of cranial
atteritis

Results of laboratory studies have nat been very specific. Leuko-
cyte values of 7,500-15,000, with some increase in the proportion
of polymorphonuclear cells, are common. Eosinophilia is chatac-
tersstically absent, in contrast with essential polyangiitis. Bacteri-
ologic studies have been disappeinting. Vatious wotkers have
ssolated actinomycetes, streptococei, Staphylococcus aureus and
other organisms, but there has been no constant bacteriologic find-
ing and none of the postulates of Koch have been fulfilled.

The following differences between essential polyangiitis and
temporal arteritis are apparent.

‘Essewrian PoLranctitis Craxiat, Anveaizis

May occur at any age, even infancy

Generalized involvement, often with
seril snvolvement of one set of ves.
sels of body after another; veins

All patients previoasly feported,
over 55

Sharply localized to_temporal ac-
teries and arterses of head closely
associated with temporal arteries.

may be involved

Involvement of temporal arteies
alone extremely rare at any phase
Eosnophihia 1n 15-50¢6

Usually, but not invariably, fatal

Temporal arteries always involved

Eosinophilia absent or very rare
Prognosis goods, no seported fatalie
ties, but several cases of permanent
blindness

TREATMENT

Without treatment the pain and other manifestations tend even-
tually to subside, with permanent cure. Of the 12 patients 1
have seen, the six with the most severe symptoms have had ex-
t:}sion of the involved temporal artery or arteries. Five of the
six received almost dramatic relief within 24 hours postopera-
tively, slthough pain in the temporal arteries had been present in
some for a number of months, The sixth patient complained of
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severe intracrantal headache behieved to be due to the involvement
of intracranial vessels.

The simple procedute of exciston of the involved temporal
arteres is advisable in all cases in which pain is sevete. Although
pain 15 usually relieved, the general manifestations of the disease
will not necessarily substde following excision of the temp'orﬂ
arteries. One patient n whom the temporal arteries were excised
had complete relief from pain, but fever, malaise, weakness and loss
of weight persisted for 13 moanths, followed by complete recovery

Roberts and Askey have reported relief from the pain and head-
aches of cranial arteritis following the periartetal 1njection of 1 pet
cent procaine hydrochlor:ide. In some cases it was necessary to repext
the injections on sevetal days.

No other form of treatment has been demonstrated to be of 207
value The usual drugs—salicylates, codeine and papaverine—mif
be tried for the relief of pain, despite their frequent f.ul:uer Ber
cause the course 1s frequently relatively long, the injudicious s
of narcotics must be avoided.

Through the courtesy of Lawrence Meyers and Jere W. Lofdx
Jr, the following case 1s included.* It is instructive in that it io°
cludes most of the common features but has the added interest of
being in one of the youngest, 1f not the youngest, patients of
record and in presenting certain unusual pathologic findings, 80"
tably profound periarteritis,

A housewife aged 22 was admitted to the New Yotk Posr—Gﬂd‘i‘;
Hospital 1n Decernber, 1943, with the chief complaint of feft:s
temporal headaches of three months® dutation. Although she had expe
rienced mild intermittent left-sided headaches for 3 year, 1 Septembets
1945, the pain became sharply localized to the left temporal xcgwr:
and was associated with deep-seated retrobulbar discomfort, The patied
felt a throbbing sensation and tenderness in the temporal eB©8- In
addition there were mild general symptoms of chilliness, fever, malaise

¥This report sppeased in the Journal of tbe American Medical Association ¥
with Figures 63 and 61 is reproduced with permussion of the Journal:
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and weakness Physical examination at that time gave essentually neg-
ative results except in the Jeft temporal area, where the temporsl attery
was discovered 16 be thickened, beaded and tender and showed 3
feeble pulsation, The skin ovetlying it was seddened, The artery was
mvolved for 4 cm (Fig 63). The gencral symptoms cleated in 2 few
days and the local manifestations in three weeks. During the next taa
months the patient was troubled only by mild intermittent Teft-sided
temporal headaches, Results of an ophthalmologic examination by Dr.
Rudolf Acbl at this time were negatne, Three weeks befote hospitali-
zation the local symptoms and signs recurted with preat intensity but
without any of the constitational symptoms.

Examnation on admission showed the left temporal artery to be
thuckened, beaded 2nd tender and 2 faint pulsation was palpable. The
skin overlying the artery was not reddened Examination of the other
arteries of the scalp and extremities gave negative results. Tempetature,
white blood cell count, sedimentation rate and urine were normal. On
Decerber 22, under local anesthesis, the entite involved segment of the
left temporal artery was removed. Immediately the headache and retro-
butbar discomfort subsided. Dr. A, E. Margubs, of the Department of
Dartiainnee dvanamed o om-tmmm « 1 A e moaw b s

ey s s aen G Guuibus LG VESSEL WALL Seetns Stightly thuckened
but 15 still pliable and around the vessel is a cuff of fbromuscular con-
nective tissue

“Microscopic: Thus artery was cut serially from end to end and
studied 10 hematoxyli-cosin, trichrome, elastica, van Gieson’s and
Gram's stains. The vessel shows both pernarteritss and artenstis. The
most striking change is the peniartenitss. This appears as an eccentne
cap in the perivascalar tissves, suttounding one-thitd to one-half the
perimeter of the vessel, and 1avades the surrounding fibrous and muscle
tissue  The fesion extends for a considerable distance in the long axis
of the artery and probably accounts for the nodulanty before excision.
This periarterial inflammation is an area of granulation tissue, with
numerous small caliber, thin- and thick-wall
delicate fibrasis infiftrated b lrmeha 3 -

ed vessels in an area of

v swonatiut pigment No grant cells are seen )
The changes in the vessels involve all coats and are proliferative and
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severe intracranial headache believed to be due to the mvolvement
of ntracranial vessels

‘The simple procedure of excision of the involved temporal
arteries is advisable in all cases 1 which pain is sevete. Although
patn 15 usually relieved, the general manifestations of the disease
will not pecessartly subside following excision of the temp'Dﬂ‘
arteries. One patient in whom the temporal arteries were excised
had complete relief from paun, but fever, malaise, weakness and Joss
of weight persisted for 13 months, followed by complete recovery

Roberts and Askey have reported relief from the pain and head-
aches of crantal artenitis following the periarterial 1jection of 1 p&
cent procaine hydrochlonde. In some cases 1t Was necessary to 1epeRt
the injections on several days

No othet form of treatment has been demonstrated to be of any
value. The usual drugs—salicylates, codeine and papaverite—m2y
be tried for the relief of pam, despite their frequent failuce Be
cause the course 15 frequently relatively long, the injudicious V€
of narcotics must be avorded.

Through the courtesy of Lawrence Meyers and Jere w. T-"fa'
Jr, the following case 15 ncluded.* It is instructive in fhat n i
cludes most of the common features but has the added interest of
beng in one of the youngest, if not the youngest, patients o8
record and in presenting certain unusuzl pathologic findings, 1O
tably profound periarteritis.

A housewife aged 22 was admutted to the New Yotk Post-Gradustt
Hospital 1 December, 1945, with the chief complunt of eft sid
temporal headaches of three months’ duration. Although she had expe
rienced muld intermittent left-sided headaches for a yeaf, in Septemb'"-
1945, the pain became sharply localized to the left temporal egion
and was associated with deep-seated retrobulbar discomfort. The patiert
felt 4 theobb and tend in the temporal 18" fa
addition there were mild general symptoms of chulliness, fever, malais®

“Thes report appeaced n the Journal of the American Medreal Asgosiation 0%
with Figutes 63 and 64 is seproduced with perpussion of the ]owrmh
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fibroblastic rather than exudative. The intima is much thickened 10
1reegulat fashion so that the luminal sueface is scalloped; the lumcn. is
much reduced in calber but nowhere obliterated or filled with
thrombus. The thickening of the intima 1s by a generally loose, finely
fbullar connective tissue in which are found occasional groups of
smooth muscle cells The luminal surface is covered by an intact layer
of slightly swollen endothelial cells The internal elastica shows focal
changes. Theee are areas of degeneration where it stains poorly and 15
vety finely crenated, and areas where 1t 1s completely absent, at the
marguns of such areas shadows of elastic fibers being noted. The mus-
cular coat shows prncipally focal atrophy, aress of partial disappear-
ance of the muscle fibers by a finely fibriklar fibrosis. No giant cells are
nioted 1n any coats of the vessels, Bactena are not demonstrated «ither
1n the wall of the vessel ot in the pernascular inflammation (Fig 64)
“Dragnosis: Penartetitis and arteritis of segment cf temporal astery
“Note The changes described do not conform precisely to the husto-
logic changes reputed to occur in the syndrome of temporal artentis
More specifically there 1s not the exudative giant cell arteritis which has
been found 1n the sdtive phases of this syndrome, Tt must be em-
phasized, however, that not all the biopsies o autopsies performed 1n
this disease have shown such giant cell arterttis. Relatively few histologic
studies have been made, and 1t is doubtful that the complete Life cycle of
ths lesion has been defineated, Clinicalfy it 15 known that the lesion re-
gresses and that the artery appatently returns to normal, but not much
15 known about the histologic structure of the healing or late stages.”
The patient was seen at frequent intervals for 12 months postopera-
tively and had temaned entitely free from headache and retrobulbar
pan The operative site temamed well healed and the proximal normal
teft ternporal attery was compressible, nontender and pulsated normally
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Fic. 63 (abote) —Cranial artenttss, Swollen, inflamed segment of satero!
branch of left temporal artery, with process extending 3 em beyond the hait ‘met
F1G. 64 (below) —Cramal atterits (same case as preceding). Cross-““‘:"n >
resected temporal artery, showiog most pronounced inflammatory changes i0 B¢
penvascular region (Figures 63 and 64 from Meyers, L , and Losd, J. Wor JE-
JAMA, 136.169-171, Jan. 17, 1948; reproduced with permission.)
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rucons endocardtis,” which is related to lupus erythematosus

disseminatus Since 1924 papers have app d which

described the disease from the clinical and pathologic standpoints.

Emnorocy

The etiology is unknown. Eatly theories of its relation to tuber-
culosts have been discarded. The disease may appear at any age,
although most of the patients reported on have been in early adult-
hood and middle age Females ate much more frequently af-
fected than males. At present st is fashionable to consider this,
along with numetous other diseases, as an allergic response to an
unknown agent, but the evidence with reference to fupus erythe
matosus 15 too himited to justify acceptance at this time.

PaTHiOLOGY

In 1941 Klempeser, Pollack and Bachr and their co-norkers
first called attention to the fact that these lesions were local ex-
pressions of a morbid process affecting the entire collagenous
tissue system. The most prominent alteration is fibrinoid degenera-
tion, There ate thickening and straightening of the collagen fibers,
which are more friable than usual. There are matked eosinophilia
and refractibility, There is a visible increase 1n the ground sub-
stance Al these changes are due to a profound physicochemical
abetration of the colloid state of the connective tissues.

In Libman and Sacks's four cases (1924) endocardsal lesions
were described as atypical verrucous endocarditis Clinical signs
wcluded fever, progressive anemia, pericarditis, arthnitis, white-
centered petechiae, erythematous purpuric rashes, ulcerative
lesions of the mucous pleural and pul y symp-
toms, multiple embolic phenomena, enlatgement of the lver and
spleen, acute glomerular nephritis, a tendency to leukopenia and
repeatedly negative blood cultures Two of the four patients had
an eraption of the face resembling lupus erythematosus dissemi-




CHAPTER IX* Lupus Erytl‘lematosus

Disseminatus

BEFORE WE ENTER on a discussion of lupus erythematosus it is
essential to consider the most recent theories regarding its rcl:];
tonship with scleroderma and similar diseases Klemperer, Polla
and Bachr and others have found that certain diseases affect lh;
connective tissue system throughout the body and might be call}ex
diffuse collagen diseases Misinterpretation gave fis¢ o f‘]e
erroneous impression that the diseases themselves ar¢ .mcessalfﬁ);
related. Klemperer and his co-workers have been quite SPEC’.“
on this pomnt: " . . . to identify this system as the seat of certall
diseases 15 by no means to 1dentify these diseases with one anothet,
or even to relate them This would be an un;usnﬁable overr
sumplification.” )
In 1845 Hebra first described lupus erythematosus as & 'CH‘;
neous disease usually of localized nature. He used the te{m s
orrthea congestva.” Six years later Cazenave gave the disease |!i
present name. In 1872 Kaposi pointed out that the disease somt'
times had generalized systemic reactions and was at times respon
sible for death, Three of his 11 patients died while under hl:
observation In 1895 Osler described a group of cases ina }?“P’
entitled “On the visceral complications of erythema exudativum
multiforme,” and in 1924 Libman and Sacks described the de-
velopment of mural and valvular endocardrtis or "arypic:l ver
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the capiitary bed in certain areas, as in the skin, with bloody and
setous exteavasations, peforatsve lesions of the endothelial linings
of the capillaries, arterioles and venules associated with thrombi
which often obstructed of occluded the Jumens and degenerative
and necrotizing lesions in the walls of these vessels associated with
thrombosis and sometimes with hemorrhages in the adjacent tis-
sues.

Glomerular changes consisting of perforative and thrombotic
fesions of the capillary loops have often been observed. It was
thought at one time that 2 peculist hitar thickening of the capil-
lary walls, termed the “wire loop lesion,” was specific for the
disease, but that is not the case. It is, howevet, typical of the dis-
ease.

Although there has been 2 considerable discussion as to whether
so-called Libman-Sacks disease is the same as lupus erythematosus,
the general inclination seems to be to consider the two conditions
different manifestations of the same syndrome. This subject is
appropniately included 1 a bock on peripheral vascolar disease
because of the ugh 1ncidence of blood vessel involvement, usually
of the smaller radicles. Fibrinoid degeneration involving the ad-
ventitia of the blood vessel walls 1s common and often widespread
Perarterial fibrosis 1n an “onion skin arrangement” is often found
involving the smaller arteriofes, pasticularly those of the spleea,
And not inf) there is an iavol t of the blood vessel
walls resembling the changes seen in essential polyarteritis.

These are no serologic of skin tests which aid in the establish-
ment of the dsagnosis. A false positive Wassetmann serum seaction
may be present duting an exacerbation of dissemnated Tupus
erythematosus A biopsy of the skin lesion, when present, and the
antopsy findings are the sources of positive information. Cells
alleged to be quite speafic for lupus have been described by Har-
graves and by Montgomery and McCresght and others. They are
found most easily in the sternal bone marraw.
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natus. Autopsy revealed verrucous endocardial vegetations whose
structuce differed from that of rheumatic and subacute bacterial
endocarditis. The lesions contained no bactera Aschoff bodies and
Bracht-Waechter lestons were not found. In two cases there was
difiuse glomerular nephritis, in three plenritis, in o0 broncho
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Fic 65 —Lupus erythematosus dissempatus Drawing showng verfucous 10
volvement of heart (Courtesy of Dr Teresa McGovern.)

pneumonia, in one ascites and 1n three enlargement of the spleen
with small splenic infarcts. '

Post described in detail the cardiac changes in 11 cases of atypt-
cal verrucous endocarditis. Five of the patients, all females, bad
eryth eruptions bling acute lupus erythematosys.
Microscopic study revealed remarkable vascular lesions extending
throughout the finer ramifications of the systemic 20d sometimes
the pulmonary circulation. They consisted of simple dilatation of
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globubin values were above 2.5 Gm. and in 2 cases below this
amount. Reactions to scrologic tests for syphilis were negative in all
cases. Abnormal urinaty values, incloding albuminuria, pus and
casts, were found in 14 of 17 cases.

The H inated Q lesion, ¢ ly termed
chronic discoid Inpus erythematosus, is the usual form of eruptian.
Although common on the face, in typical butterfly pattern, it may
appear elsewhere There is an enytt scaling app ¢
which becomes increasingly red or fades out in a few days, The
individual lesion begins as a small red macule in a slightly raised
edematous area which spreads peripherally. It 15 latet covered with
adherent grayish scales. Frequently patulous or wid hed fol-
Licles and follicular plugs are scen, Telangiectasia is common, Late
in the disease the skin becomes atrophic. The course progresses
through the stages of increased follicular openings with telan-
giectasia over 4 period of years, Sometimes the fesions appear to be
more of an urticarial natare, There js a resemblance to psoriasis or
lichen planus, and in some cases there is a hypetkeratotic discoid
appearance with a grayish depressed area centrally.

This desmatologic description is included here becanse these
skin lesions fsequently blossom forth nto a widespread dissemi-
nating process with a fatal ending Since acute disserninating lupus

yth is almost invatiably fatal, its is of great
ymg\:;usﬁc imnportance. It should be noted that occasionally & false
positive Wi seaction is obtained

As is the case with many other diseases involving the blood
vessels and other widespread systems, chance determines the area
affected and hence the predominant symptoms, It is necessary to

b that not infrequently the ify of the disease
are confined to the mternal organs, cutaneous involvement not

being apparent until relatively late in the course. Such a case was
seen in 1944

A nutse in an Army hospital had suffered for neasly a year from
tntermuttent fever, weakness and loss of 35 Ib. She complained of vague
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CLINICAL MANIFESTATIONS

The course of lupus erythematosus disseminatus may vary from
a relatively acute development with early death to a subacute of
even chronic course lasting one or more years Some patrents with
unusually chronic cases have lived more than five years In acute
cases high fever and a rapidly progressive downhill course are
common In chronic cases relapses may alternate with remissions
of vanable extent

The common clinical features include fever, tachycardia, ptos-
tration, weight loss and weakness, with leukopenia, anemia and
thrombopenia ‘The urne may contain albumin, casts and bloo.d-
Hemorrhagic phenomena such as extenstve purpura or petechlal
spots and bleeding from the mucous membranes are not uncom:
mon Retinal changes in the form of rather typical penvascular
hemorrhages or fluffy exudates are often seen. Serous membrane
manifestations nclude pleurssy, perscarditis and ascites. The joints
ate often involved. The lymph nodes may be swollen and tender.
The spleen may be enlarged and abdominal complaints are usual

In 18 cases seen at autopsy, reported by Griffith and Vural, the
symptoms and signs encountered were tachycardia over 10010 18;
dyspnea i 16; jount pains in 13, butterfly rash in 11, ankle edema
10 6, cough 1n 6; chest pam in 4, nausea and vomiting in 3, cONges”
tive heart failure with hepatosplenomegaly in 3; vaginal bleeding
in 2; pericardual effusions 1n 2, epistaxis in 1. Broncho- or lobst
pneumonia was the terminal event 1n 13 cases. Nine of 12 patients
who had electrocardiographic study showed abnormalities, but 00
charactenistic pattern was found

Laboratory studies showed hypochromic anemia in 17 cases I8
six the erythrocyte counts were between 2,200,000 and 3,000,000
per cu. mm. Fourteen pattents had leukopenia. In four the count
was normal or moderately elevated. Sedimentation rates were ele”
vated in all five patients in whom it was determined. In two of 13
cases the total protein values were below 5 Gm, In 9 of 13 the
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globulin values were above 2.5 Gm. and in 2 cases bc}n\\" this
amount. Reactions to serologic tests for syphilis were negative in alt
cases. Abnormal urinary values, including albuminuna, pos and
casts, were found in 14 of 17 cases.

“The disseminated ¢ lesion, ¢ ly termed
chronic discoid lupus erythematosus, is the usual form of eruption.
Although common on the face, in typical butterfly pattern, it may
appear elsewhete. There is an erythematous saaling appearance
which becomes increasingly zed or fades out in a few days. The
individuat Jesion begins as a smalt red macule in a slightly saised
edematous area which spreads peripherally. It is later coveted with
adherent grayssh scales. Frequently patulous or wid thed fol-
Licles and follicular plugs are seen. Telangiectasia is common. Late
in the disease the skin becomes atrophic, The course progresses
through the stages of increased follicular openings with telan-
glectasia over a period of years. Sometimes the lesions appea to be
mote of an urtikatial nature, Thete is a resernblance to psoriasis or
lichen planus, and in some cases there is 4 hyperkeratotic discoid
appearance with a grayish depressed area centrally,

This dermatologic desctiption is included here because these
skin lesions frequently blossom forth into 2 widespread dissemi-
nating process with 1 fatal ending Since acute disseminating lupus
erythematosus is almost invariably fatal, its recognition is of great
prognostic importance. 1t should be noted that occasionally a false
positive Wassermann reaction is obtained,

As 15 the case with many othes diseases involving the bload
vessels and other widespread systems, chance determines the area
affected and bence the predominant symptoms. It is necessary to

pt that aot infrequently the ifestations of the disease
are confined to the internal organs, cutaneous involvemnent not

bcing. appatent until relatively late in the course Such a case was
seen in 1944

A nurse 1 an Army hospital had suffered for nearly a year from
ntermittent fever, weahness and loss of 35 1b She complained of vague
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pains scattered throughout the bedy. The urine on numerous occasions
had contained albumin and a few casts, Red cells were usually present
n small numbers, Several months before I saw her she had complained
of gastric symptoms, but these had subsided. There had been some
debate among her phystcians as to whether 2 cardiac murmur of organic
stgaificance had been heard. A presystolic murmur over the mitca] arex
had been described by some, but was denied by other examiness The
temperature was of septic type, the peaks each day ranging from 1013
to 103 F. Diagnosis with certainty had been mpossible. Essential poly:
angutis and lupus eryth d were constd ! d f"d
Hodgkin's disease was thought likely. On the morning I saw this patient
she conveniently produced a perfect butterfly rash over the cheeks 2nd
actoss the saddle of the nose. This was the first rash she had had and ¢t
clarified the diagnee's ¢ ==~ ~ 0 -1 cr e
more typical cases . s
naturally, of great :

Exposure to sunlight or ultraviolet light was formerly used in
treatment of the skin lesions until it was noted in numerous pa-
tients that dissemination followed extensive exposure to the sus.
Dissemination has also been noted to follow acute infections, sut-
gical procedures and other incidents which disturb the over-all
balance of the patient’s Pphystologic function in one way of anothet
No doubt in some instances dissemination has been coincidentsl

TREATMENT

As in many other diseases, 50 too in lupus the advent of ACTH
and cortisope has opened the possibility of thetapy. Remissions have
1epeatedly followed closely the administration of these substances,
and my experience confiems the belief of others that this has beet
mote than coincidental, In 2 few patients these remissions have
been more complete and mote lasting than those previously ob-
served in patients from very advanced states,

For example, 2 young woman was seen who had been demonstrated
by biopsy to have steadly disszmimtmg Iupus for two years Without
appreciable remussions she had run o fever, had developed a dustolec
apical mutmur, and accumulations of fluid in the right side of the chest



Fic 66 (abore) ~Lupus erythematosus duseminztus Typical butterfly rash
extended over bridge of nose, laterally on the cheeks and up to forehead
(Coustesy of Dr George M Lewas )

Fi6 67 (below) —Lupus erythematosus disseminatus, with ulceration of
scalp {Courtesy of Dr Galbert Marquardt.)

219
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and abdomen Following the admmisteation of 25 mg. of ACTH four
times a day the fever promptly subsided, the flud cleared from the
chest and abdomen and a general feeling of well being returned Her
butterfly rash disappeared She has been maintained on Cortone (25
mg orally) for 30 months without a relapse.

It must be noted that even temporary remissions are not universal
with ACTH and cortisone therapy. In many pattents the temporary
improvement is not maratained.

Fusthermore, the therapy 1s not without risk Whenever one
admunusters these drugs untoward effects must be watched for.
Among the most common are (1) development of the so-called
“moon-face,” a rounding out of the facial contours; (2) retention
of salt, with gun in weight due to edema; ( 3) mncrease 1 the blood
pressuse to hypertensive levels; (4) albuminusia and other unndty
abnormalittes, with aggravation of these 1f already present, (5)
mental disorientatton; (6) convulsive states, with death 1 some
instances. The Jast has been encountered especially in patients with
disserminated Iupus

Although most of the complications of ACTH and cortisone
therapy are reversible on reduction or discontimuance of the sub-
stance, the convulsive state may be irreversible, Therefore, we must
conclude that although ACTH and cottisone may offer advantages
not previously available to these pattents, they cannot be admin®
sstered without very serjous thought and meticulous observation

Treatment otherwise 1s symptomatic, and ncludes rest and even
hospitalization 1f fecessaty to secure proper nursing cate Exposure
to sunlight must be avorded, Supportive treatment should soclude
transfusions and vitamin therapy. Gold, bismuth and iodine have
been used, but their value 1s doubtful,
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and abdomen Following the admunistration of 25 mg. of ACTH fout
times a day the fever promptly subsided, the flurd cleared from the
chest and abdomen and a general feeling of well being returned. Her
butterfly rash disappeated. She has been maintamed on Cortone (25
mg orally) for 30 months without a relapse,

It must be noted that even temporary remissions are not universal
with ACTH and cortssone therapy. In many patients the temporaty
improvement is not maintained.

Furthermore, the therapy 1s not without risk. Whenever on¢
ad these drugs unt d effects must be watched for.
Among the most common are* (1) development of the s()-ll‘ﬂ}ed
“moon-face,” a rounding out of the facal contours; (2) retention
of salt, with gain 1n wetght due to edema; (3) increase 1n th; blood
pressure to hypertenstve levels; (4) albuminunia and other urinify
abnormalities, with aggravation of these 1f already present, (%)
mental disorsentation; (6) convulsive states, with death 1 some
mstances The last has been encountered especially 1n pattents st
disseminated lupus

Although most of the complications of ACTH and cortisone
therapy are reversible on reduction or discontinuance of the sub-
stance, the convulsive state may be irreversible, Therefore, we must
conclude that although ACTH and cortisone may offer advantages
not previously available to these pattents, they cannot be ﬂdn:“"'
istered without very serious thought and meticulous obsesvation

Treatment otherwise 1s symptomatic, and includes rest and even
hospitalization 1f necessaty to secure proper nursing care Exposte
to sunlight must be avotded Supportive treatment should include
transfusions and vitammn therapy. Gold, bismuth and jodune hase
been used, but their value 1s doubtful

REFERENCES
Bachr, G ; Klemperer, P., and Schifin, A A diffuse disease of the Pmphml
arculation (usually assocrated with lupus erythematosus and endogarditis)
Tr. A Am Physicrans 50 139, 1935,
Banks, B M Is there 2 common d 10 sclerod I} sitiss o
d Tupus , the Libman.Sacks syndrome and polyarterits
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and abdomen Following the admunistration of 25 mg. of ACTH four
times a day the fever promptly subsided, the flud dleared from the
chest and abdomen and a general feeling of well being returned, Her
butterfly rash disappeared. She has been maintained on Cortone (23
mg orally) for 30 months without a relapse.

It must be noted that even temporary semissions ate not universal
with ACTH and cortisone therapy, In many patients the temporaty
mprovement 1s not mantamned.

Furthermore, the therapy 1s not without risk Whenever one
adminssters these drugs untoward effects must be watched for.
Among the most common are (1) development of the so-cal!cd
“moon-face,” a rounding out of the facial contours; (2) retention
of salt, with gain 1n weight due to edema; (3) screase i the blood
pressure to hypertensive levels, (4) albuminuria and other urinary
abnormalities, with aggravation of these 1f already present; (5)
mental disorsentation; (6) convulstve states, with death i sol'ﬂc
tnstances The last has been encountered especially 1n patients with
dissemunated Iupus

Although most of the complications of ACTH and cortson¢
thetapy are reversible on reduction or discontinuance of the sub-
stance, the convulsive state may be 1rreversible, Therefore, we must
conclude that although ACTH and cortisone may offer advantages
not previously available to these patients, they cannot be adr{lm'
istered without very serious thought and meticulous observation

Treatment otherwise 15 symptomattc, and includes rest and even
hosprtalization 1f necessary to secure proper nursing care Exposur¢
to sunlight must be avoided Supportive treatment should snclude
transfustons and vitamin therapy. Gold, bismuth and iodine have
been used, but their value 1s doubtful
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Bache, G . Klemperer, P, and Schuftin, A A dyffuse disease of the penpherd!
greulation (usually associated with Tupus erythematosus and endocarditis)s
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Banks, B M Is there 2 common d;
d d lupus eryth ¢
nodosa? New England J Med 225
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When 2 true cervical 1ib or elongated transverse process is pres-
ent x-ray dagnosis is fairly simple. When 2 nonradiopaque tendon
or cartilaginous band is producing the pressure diagnosis becomes
increasingly difficult.

The work of J. B. Mutphy and later of Adson and Coffey fo-
cused attention on the role of the scalenus anticus muscle in the
produdtion of ular symp logy of the shoulder gir-
dle and also on the fact that dwvision of the muscle might in many
cases relieve the symptoms and signs. Adson and Coffey demon-
strated compression of the subclavian artery by the scalenus anticus
muscle against the lower and middle trunks of the brachial plexus
as they Iie on the cervical tib. There 1s also a tendency to pinching
between the anterior and the medial and minimal scalenus muscles
above theit points of attachment to the first b The impottance
of the cervical rib has decreased in medical thought except in cer-
tain definite cases and the significance of the scalenus anticus syn-
drome has increased.

Naffziger and Grant collected from the literature 51 cases up
to 1938 in which symptoms of cervical nb were present but in
which the anomaly was nat found Haven 1n 1939 reviewed the
chest x-rays of 5,000 patients and found abnormalities of the first
thoracic rib 1n 38 patients (0.76 per cent). Thirty patients (074
per cent) had cervical ribs, none with symptoms, Only two of the
patients with abnormalities of the first thoracic nib had symptoms
refersble to the abnormality. One showed definite obliteration of

{he subclavian artery in a certain position  Scalenotomy resulted
in n.mkcd improvement. In the second there was definite pares-
thesia of the arm, and the anterior two thirds of the malformed

ﬁx.st 1ib were resected to free the plexus of torsion and tension
with good results

Cen‘ncal nbs that produce significant clinical findings are cer-
tanly infrequent. Adson and Coffey in 1927 reviewed the records
of Srf(l.ha patients registered at the Mayo Clinic and found only
303 in which a diagnosis of cervical rib had been made, an inc-



CHAPTER X Neurovascu]ar Synt]romes Of

tlle Slxoultler Girclle

THERE ARE at least four general types of anatomic derangement
of the shoulder girdle which may be responsible for neurovasaulat
syndromes 1nvolving the upper extremities These, 10 order of
their recognition and description, are (1) the cervical £ib sy
drome, (2) the scalenus anticus syndrome, (3) the costoclaviculat
syndrome, and (4) the hyperabduction syndrome.

CERVICAL RIB AND SCALENUS ANTICUS SYNDROMES

Galen and Vesahus were cognizant of the presence of cervical
ribs. Careful anatomtc studies revealed that the symptoms of the
cervical rib syndrome arose from extensions of the transverse pre©
esses, or cervical tibs, ansing from the seventh, sixth or, ratelf, the
fifth cervical vertebra, It was later demonstrated that the symptoms
mught be produced by fibrous or cartilaginous bands in the absence
of 2n actual nb structure with a calcium composition. In 1743
Hunauld described the present concept of this pathologic entity.
In 1861 Coote performed an operation for a cervical rib syndsome
with relief of symptoms. Since the work of these early investigators
it has been recognized that a supernumerary rib or a pand in the
cetvical area might be responsible for pressure on the subclavian
artery and brachial plexus which in turn might cause paresthesilsr
coldness, impairment of circulation and even gangrene of the
fingers.

282
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of the neck. These movements caused pinching of the vessels and
the plexus between the anterior surface of the first rib and the
posterior surface of the davicle, They found 3 number of soldiets
who, duting the war, sere forced to carry heavy packs which pro-
duced downward and backward displacement of the shoulders.
They also demonstrated that this pinching, which in some soldiers
resulted in obliteration of the pulses and caused neurologic symp-
toms, may be reproduced in many normal individuals. Twenty-five
of 50 men and 30 of 50 women could obliterate theit pulses by
forcing their shoulders into the position described. Tn most persons
avordance of the posttion will eliminate the condition. In a few
& petsists

If the shoulder musculature cannot be strengthened to the point
where protection is given by a more normal relationship of the
structures, surgery with section or establishment of a groove in
the anteriot surface of the first rib or removal of the £1b or dlavicle
must be dered. ‘The ab 1t ic selationships may be
present without causing symptoms, but in other circumstances may

produce a condition which heretofore has been loosely dlassified as 2
“scalenus anticus syndrome.”

HYPERABDUCTION SYNDROME (WRIGHT, 1945)

For many years my attention has been focused by patients on
plaints of paresthesi bness and tingling after sleeping or
working with their arms in the position of hyperabduction Hyper-
abfiuction is here used to mean that phase of circumduction which
brings the arms together above the head with the elbows flexed
or with the plane of theit long axes corresponding to that of the
body (Fig. 68). Some degree of external rotation is necessaty to
achx.eve this position  Actually this term, though accepted in ana-
tomic terminology, is not ideal or entisely logical, for abdudtion
1s movement away from the median plane of the body and beyord
the ?0 degree angle, the arm in so-called hyperabduction achally
2gain approaches the median plane. Other terms ate, however,
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dence of 0056 per cent In 55 per cent cervical tib was an acd-
dental discovery and did not produce symptoms In only 36 of
the 303 patients was surgery warranted. -

It has long been noted that the cervical rib-scalenus anticus
syndrome occurs with increasing frequency in middle and late
adult life. Ochsner, Gage and DeBakey have suggested that con-
traction and spasm of the scalenus anticus muscle cause abnormal
elevation of the first thoracic r1b The contraction and spasm are
presumed to result from rritation and stimulation of the brachral
plexus, some fibers of which supply the scalenus muscles Abnor-
mal elevation of the first thoracic nib causes greater irntation and
stimulation of the brachial plexus, establishing a vicious gdle

Another Line of reasoning, suggested by the work of Todd, xe'p-
fesents what 15 probably the more common situation. As indwid-
uals grow older the muscles normally responsible for holding the
clavicle up away from the first rib relax, allowing the clavicle to
settle down against the first rib, thus pinching the subclavian asil:
lary attery and brachial plexus. The scalenus muscles tend to hold
the first rib 1n place and may not relax concurrently in some pa-
trents. This costoclavicular syndrome 1s reviewed briefly in Jater
paragraphs Section of the scalenus muscle permuts the first nb. to
drop away from the clavicle and relieve the pinching and torsion
of the nerves and vessels between the clavicle and the fisst rib-

There has been an increasing tendency to sever the scalenus
anticus muscle, even in the presence of a cervical £ib, 1 the hope
that discomfort might be relieved. In some instances this has hap"
pened. Too frequently, however, 1naccurate analysts of the condi
tion before surgery has led to jnadequate exploratory procedures
and unsatisfactory results,

COSTOCLAVICULAR SYNDROME (FALCONER-WEDDELL, 1943)

In 1943 Falconer and Weddell further clasified the picture in
the shoulder girdle by describing the syndrome produced by hold-
ing the shoulders backward and d rd or by hyp: ion




HYPERABDUCTION SYNDROME 287

ocugh study of the incidence of this phenomenon in notmal pes-
sons and of the mechanism responsible for it was not made.
Following some years of study regarding this interesting syn-
drome 1 described the neurovascular syndrome produced by hyper-
abduction of the aems. The first case reported is presented hete,

« mo A e eapand and AL o e

A man, 37, first seen in July, 1939, had supuﬁci,xl g:‘\ngrrc‘nc of lhs
£ .. - a.

numbness and paresthesias of the fingers fout months previously. These
became more pronounced and extended up the hands and arms. When
superficial gangrene appeared at the finger-tips he consulted a physician.
No etiologic factoes could be found except possibly the smoking of 10
agarets 3 day. Roentgenograms showed no cervical ribs

e possibility of thromboangiitis bl and of Raynaud’s syn-
drome had been constdered by the physician, but there were certain
objections to both, The following pomts were against a diagnosis of
thromboangutis oblhiterans (1) Pasm and tenderness were much milder
than is usual 1 this disease. (2) The gangrenous arcas were the
atrophic dry type and were not suttounded by angry-locking tissue.
(3) The typical color changes of rubor on dependency and pallor on
clevation were not present. (4) The ulnar pulses were normal bilater-
ally. (5) ‘The Allen test disclosed satisfactory function of the vessels
of the hands, (6) Cessation of smoking had no effect on the cousse
Against a diagnosis of Raynaud's syndrome was the complete absence
of charactenstic precipitation of attacks by cold, emotion, trauma or
other possible factors There was no tustory of taking ergot,

I was able to confitm all these observations In addition, roentgen
study of the vessels of the upper and lower extremities failed ta show
evidence of calcification The blood Wassermann reaction was negative.
The blood count, nonprotein mitrogen and sugar values and ufine were

all notmal. Osallomettic seadings with the patient sapine with his arms
by his sides were:

Riosr

&
i

Upper forearm
Wrist 25
Hand i

N

S
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even less satisfactory. For example, the commonly used term ele
vation to ndicate this position 1s inaccurate when the patient is
supine. Extension, which was also considered, has the anatomic
connotation of movement of the arms back from the dependest
meduan plane position. A seview of the Jiterature and conferentes
with anatomists have failed to uncover a completely adequate term;
hence hyperabduction 15 used with the foregoing qualifications.

Fi6 68 —Sleeping position, frequently seen in hospital wards, which 11 some
leads to ob of pulse and tng of nerve trunks

Usually the individual merely changes position during sleep
or rests by bunging his arms down from his work and pays itle
attention to the discomfort. Few studies have mentioned the subr
ject. Todd reposted an experiment on lumself which he
slept with his right arm stretched out almost parallel with his head
This was done with few interruptions from 1913 to 1921 whet
tingling, loss of sensation, swelling, desquamation, causalgia %
paronychia developed in three months and affected especiatly the
right thumb and finger. Todd reported that the experiment failed
to disclose evidence relating to vascular changes, although the
studies do not appear complete in that regard. The syndrome
slowly disappeared when he ceased to sleep in this position. ‘Thot
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the tips of the fingrrs from this syndrome Signs and symptoms in
the 52 new cases carefully studied were:

total 30, 4 Paresthesias 18
1P pgecuns (out0) -, Rubor qanosis and/or
Am 7 swelling of hands 12
Shoulder n 6 Weakness of arms and
Shoulder hand 9 hands 8
2. Numbness 26 7. Ulceration of finger tips 2
3 Raynaud's syndrome {total 20)
emale 14
Male 6

Many patients had two ot more of these signs or symptoms.

The occupational importance of the syndrome has become in-
creasingly impressive as we have studied more cases. Numerous
workers 1n aitcraft factories were forced to give up the riveting of
the under surfaces of planes because they were unable to avoid the
production of the syndrome after prolonged elevation of their
hands in the position of hyperabduction. It also occurs 1n painters
who paint ceilings or the under sutfaces of ship decks and in gatage
mechanics who work 1 “pits” greasing and repairing the under
surfaces of automobiles. Gangrene of the tips of the fingers oc-
curred in a kiln worker who was obliged to keep his arms in the
hyperabducted position 2 good portion of the time. Immediately on
change of occupation, without known change of other factors, the
gangrene healed, Examination disclosed that the pulses were com-
pletely obliterated in the position of hyperabduction

Several instances have been encountered in trapeze artists and we
have teported the case of B. K who as a ballet teacher held her arms
hyperabduction an estimated three to four hours 3 day In this position
her pulses ate absent and osallometric readings ate zero bilatersally.
Despite the fact that she has a left axillary venous thrombosss, recur-
rent Raynaud’s syndrome, trophic changes in the tips of her fingers and
reddened and swollen hands most of the time, we have been unable to
persuade her to grve up even the harmful phases of her career, to whick

she 15 devoted, The outlook appears progresstvely bad under these
circumstances

Five patients have been seen with axillary venous thrombosis
associated with the hypetabduction, and it has also been noted to
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These were considered normal for the instrument used. Results of sut-
face temperatute studies performed under controlled conditions at oom
temperature (72 F ) were all within normal limits.

Tests for obliteration of the pulses with the arms hanging between
the knees when the patient was 1n the sitting position, with the ams
flexed forward and with them abducted laterally parallel to the floor
were all normal When, however, the arms were h;vperabducted above
the head, 1n several positions, the radal pulses were no Jonger palpable
Oscillometric readings taken in these posttions wese zero for the sight
and left arms throughout their lengths This led to constderation of the
possible relation of this phenomenon to the patsent’s condition Ordr-
nartly the arms do not remain 10 hyperabduction long enough to pmd“fe
sertous 1schemia even 1f the attersal lumens are obliterated

Questroning revealed that about two months prior to onset of the
symptoms the patient had acquited the habit of sleeping with his arms
hyperabducted The discomfort had never been suffictent to arouse ool
from sleep or to force him to bring his arms down He went to sleep
at mght and awoke 1n the morning with his arms 10 essentrally the same
posttion  Examination while he was Iymng 1n hus accustomed sleepng
position demonstrated that the pulse was absent on palpation and by
osallomettic study As far as 1t was possible to ascertain, his arms an
hands were 1n a state of 1schemua with relative nutritional deprivation
for from seven to nine hours out of each 24 Tt wis hypothestzed that
this might well be capable of causing symptoms and, 1n 20 extreme -
stance, 1nitiate gangrene.

The best treatment appeared to be to force the patient to sleep with
the arms caudal to the shoulder level This was achieved with s00¢
difficulty, necessitating the tying of his arms Joosely to the posts of the
foot of his bed so that they could nat be abducted above the shoulder
Ievel. Thete was prompt response, the gangrenous ateas healing withto
two weeks and the paresthestas disappeaning 1n 2 month

John Beyer and I have published data on 52 patieats who have
had definite hyperabduction syndromes. OFf major interest Was the
fact that 20 of them also had typical Raynaud's syndromes This
was the first time such a relationship had been recognized. Numet-
ous additional cases have been brought to my attention but not
studied in detail-

OFf all of these patients, six have had necrosis with gangrent of
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2 a1 puise 1s obliterated 1 position 2, & check is made to determine whether
obliteration occurs s subject’s usual sleeping posiion, This may be modified 19
mdude positions requiced 1 occupation, etc Use of an asullometer with cuff
applied at the wrist 15 2 more objective method of measuring these changes
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have complicated occlustve vascular disease such as arteriosclerosss
and thromboangutis obliterans

Stein studted the relation of position to blood pressure readings
and demonstrated that in many persons as the arms become hypf{‘
abducted the blood pressure drops precipitously and in some 5
practically absent. This phenomenon may be responsible for mis-
interpretation in the operating room when, with the patienl's arms
1n the position of abduction or hyperabduction, the anesthetist con*
cludes that the patient’s blood pressure is excessively low o that
tus pulse cannot be obtained.

It 15 also a problem to be considered in fracture or orthopedic
wotk when the arm is put up in 2 cast or splint in the pusition of
hyperabduction It is strongly recommended that the pulse bC
tested for in the fixed position and that serious attention be peid
to any of the pattent’s complaints regarding patesthesias and active
discomfort 1n hyperabduction.

Some patients present a mixed syndrome, with pinching by the
scalenus anticus muscle and the neurovascular syndrome of hyper
abduction Such a case was reported by Paull. Haggatt has descnbc;d
three cases, and Evans has reported one associated with the carotid
sinus syndrome.

To determme whether this syndrome was due to an abnotmal
at of the anatomy of the shoulder girdle or w?rcthcr
it could be reproduced n a large percentage of normal individuals,
Wright, Chinn and Mullet studied 150 young adults consndc'led
to be without shoulder girdle or arm pathology. The followmg
test was devised (Fig 69) whch is practical for use by all physi-
cisns in the routine examination of thetr patients.

Wright test for byperabduction syndrome —The subject is seated 1
a small strarght-backed chair. The radial pulse is checked for its pres-
ence and strength 1 positions below the shoulder Jevel Each arm i
then hyperabducted with the examiner's fingers on the radial pu!se.
Subjects whose vessels are obstructed are easily checked by having
them lie in bed and hyperabduct their arms,
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ponding atm The p 1s thus due to a pormal, of
at feast 3 sery common, anatomué arsangement but is produced
relatively rarely as a symptom complex because few people maa-
tasn theyr arms sufficsently fong s hyperabduction, cspccull.y after
the postion becomes table. Newrologie sy includ-
ng patesthesias were produced in only two subjects i the absence
of alteration of the pulse
Faght subjects were able to block the pulse by muscular con-
traction when the srm was i 2 marginad position (the posstion in
which a slight movement of the arm would ablaterate or restore
the pulse) In three the pulse could be obliterated i the macgnal
posttion by deep respiration ¥ two others the pulse was definitely
more promuent on deep respiration Thuteen of the 150 subjects
frequently slept with thei amms hyperabducted, usually with the
elbows somewhat flexed Six of these slept comfortably n thus
position, and oblueration of their pulses was produced with diffi-
cuity and not s the posiion m which they uswally slept. Seven
frequently fell asteep with theur amms hyperabducted but soon had
sufficient discomfort to bring thewr arms below the shoulder level.
In sux of these, obliteration of the pulses was eastly accomplished
and occutred 1n the sleeping postuon which produced the symp-
tom. Que noted numbness in the nght hand when tested by this
procedure without oblsteratson of tus puise
The test disclosed 2 group of ndividuals 1n whom the pulse
may be present mtermuttently In a postion which first produces
obsteuctsan, the pulse suddenly becomes strong or disappears sud-
denly Change of positton of the head sometsmes affects the ob-
Isteration of the pulse Turning the hesd toward of away from the
atm bewg tested may open ot close the subclavian axillary astery
The degree of muscular development apparently has no effect
an the inadence of arterial obstruction with hyperabduction D
Campbell Moses has written that he found no change m mcdence
tn 28 wasted or chromcally diseased patients One case has been
seert 10 ous chmc in 4 woman acrobat and conkostsonsst It 15, how-
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Notations ate made as to (1) whether the pulse can be obliterated
n any position; (2) whether obliteration is difficult or easy to accom-
plish, 1n other words, whether there are many positions or opl] one
spectfic position 1n which 1t can be achieved; (3) the position at
which the pulse first diszppears when the arm is hypersbducted,
(4) whethec deep snsprration produces obstruction of the artery when
the arm 15 held 1 the marginal position (that 1 which 2 slight move-
ment opens or shuts off the artery); (5) whether the incidence of
this sign 15 influenced by muscular development, and (6) whethet
the neurologic symptoms can be produced within two munutes with-
out interference with the major circulation 2s demonstrated by lack of
change in the pulse

Extensive experience with this test has demonstrated that
matked reductions in the pulse may be present, as proved by osal
Tometric readings, but cannot be accurately estimated by palpation
For example, a decrease in oscillometric readings from 40 t0 03
degtees may not be detectable by palpation yet cannot be held to
be without sigmficance 1t should be pointed out, however, that the
osaillometric pressure at which the maximal swing of the needie
oceurs tends to decrease as the atm 1s elevated above the heart Jevel.
This 15 to be expected, but the pressure 1n the cuff must be ﬂdl‘”“g
to obtatn the maximal reading at each position, e g , 43, 90, 135 a0
180 degrees away from adduction

F
TABLE 8 —OBLITERATION of Purse OF MAJOR ARTERIES OF THE ARMS 0!
150 NoRMAL INDVIDUALS BY HYPERABDUCTION OF THE ARMS

Dirsrcviry Lirr Ostrtztated
1 + RIH:‘IOZ;!;{;:A‘I’» a8 (525
no++4 45 (30%5) 47 (319
HE 44+ 23 (15%) 22 (14%)
IV o4 8 ( 5%) (4%

Total obliterated 125 (835%) 124 (82%)

On palpation (Table 8) the pulse was oblitesated 11 83 3 pef
cent of subjects on hyperabduction of the right arm and in 82 per
cent on hyperabduction of the left arm, In some this colxlc[bc
accomplished only with considerable difficulty in mJnipulllfO“'
but in 62 and 63 per cent, respectively, obliteration of the right
aad left pulse was rather easily produced by hyperabduction of the
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ever, generally difficult to obliterate the pulses in “Joose-jointed”
individuals

It should be emphasized that manipulation into the position of
byperabduction 15 often erroneously used as a test for the scdlenss
anticus syndrome. In this position the scalenus muscles are relaxed
rather than tensed Frequently the pain or discomfort of the scalf
aus antrcus syndrome is relieved by placing the hands in the post
tion of hyperabduction In contrast, patients with the syndro.mc
of hyperabduction are often relieved of the symptoms by placing
their arms in the position of adduction, the position in which the
patient with scalenus anticus syndrome is frequently most uncom-
fortable. .

The pathologic changes must result from prolonged ocdusion
of the arterial supply and damage to the nesve trunks by stretching,
pinching, prolonged 1schemiz or all three. Severe changes arc rela-
tively uncommon because (1) compatatively few people sleep of
work (as in painting a ceiling) with their arms hypembducted .fof
long periods; (2) most of them will change position by bringing
the arms below the shoulder level when discomfort develops, 2nd
(3) 1 many the arteries are obstructed or the nerves stretched
excessively only in specific posttions of limuted range, so that, ord-
narily, because of frequent changes in posture, the syndrome does
not develop even from sleeping with the arms hypembducted-

Dissections have tevealed that thete may be varjations in the
mechanisms responsible for this syndrome in different persons
and even in the same person with change of position of the arms
Two points of torsion, stretching and pinching, operatiog either
alone or jointly, appear to play the major role in most cases. One
is the poiat at which the subclavian artery and vein, at the sengfll
of the transition into the axillary artery and vein, and the main
trunks of the brachial plexus pass posterior to the pectoralis minof
just beneath the coracoid process. They are all protected in adduc
tion (Fig. 70), but when the amm is hyperabducted they ¢
stretched around and undetneath the coracoid process (Fig. 71)-
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By the sume action the pectoralis minor ss drawn tight. This double
action results 10 varying degrees of stretching and pinching of the
astery, vemn and nerves 1 different persons.

The other potnt whcrc pressure and torsion may be produced i3
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tnbuted to the nutrition of the extremitics in all of the cases
reported

Table 9 presents posnts of differential diagnosis of the several
signsficant syadromes of the shoulder grdle

TREATMINT
The treatment 1n most cases is sunple and satsfactory, namely,
nardance of sieeping ot working an the postion of hypetabduction
{Fig 73). If the patient 15 under surgwal care, the physican must
see that the arms are not maintaned in hyperabduction 8 sphiats

or casts unless 3t ts 50 vitak that the risk of development of this
neurovascular syndrome s justified

Of particular interest 15 a group of patients in whom the hyper-
abduction syndrome has been associted with Raynaud's sy ndrome.
In four, Raynand’s syndrome has been abolished by the simple
expedient of sbandoning the hyperabduction posttian.

Teyer and 1 reported the case of & 16 year okd stadent with typral
Raynaud's syndsome of the Jeft second, third and fourth fingers on
cxposare to cold He had innumersble attacks durtag winter weather

Oscillometric readings became zero when the arms were elevated to
100 degrees Shontly before onset of Raynaud's phenomwnon he had
acquired the habet of sleeping with his 21ms 1n the posstion of hyper-
abduction o this postion hus pulses were found to be obliterated
Since learning to sleep with his aums a postions more neatly ap-
proxunatng adduction he has gone through two winters without
evsdence of Raynaud's syndrome.

This experience strongly suggests that the setation to the
brachiat plexus and perhaps also to the subclavian axillary artery
this syndrome 15 2 competent producing cause of Raynaud's syn-
drome This would, of course, by no means apply in all cases of
Raynaud's syndrome. It is not to be expected that this sumple ap-
proach will “oure” a lacge pescentage of such cases,

If the tavicalar synd pred susgery may be
necessary for sehef, although ths should be very

are. The logical
procedure would be esther to cut away 2 lazge postion of the an-

tenor surfsce of the first b or to remove the rib, as 1 done in
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In addition to the difference in structural relationships, the wide
range of reactions to the same Pposttions depend in part on the
great variation in rate of impairment of nerve conduction Which
folfows compression of short segments of a peripheral nerve. In
view of the studies of Denny-Brown and Brenner we have attnb-
uted this to uneven pressure gradsents in the nerve bundles, with
consequent variation in the degree of ischemia due to the esczpe
of some small vessels It is thought that such a relationship is 21
exptession of corresponding relative degrees of ischemia and not
a durect consequence of Ppressure on nerve fibers.

The fact that tingling and numbness begin perpherally and
progress centrally i our eases js in agreement with the prmaple
of centripetal paralysis observed and formulated by Lewis, Packer-
ing and Rothschild. They found that the sensations of cold 2nd
heat, and also muscular power, were subject to the same laws of
centripetal paralysis after the production of ischemia by a ?l°°d
pressure cuff The numbness which develops in the finger-tips 15
due not to a Pprocess in the finger-tips themselves but to changes
1 the portions of the nerves that fead to the finger-tips and which
have been rendered 1schemuc, In therr expeniments, the amount of
blood leakage was distinctly less than in our cascs, 1 which oalf
the subclavian axillary vessels are occluded and the many collateral
vessels of the shoulder may function fauly freely. The nerves of
the brachial plexus are nevertheless subject to ischernia. The ulnst
trunk in the axillary area, since 1t is the lowest one, is most vulner:
able to damage by steetching of this order, and this corresponds
to the occurrence of paresthesias in the ulnar distribution in some
of our cases,

The local gangrene of the tissues at the finger-tips in my first
case was, [ believe, the result of prolonged ischemia. It is thought
that in al{ patients some blood must leak through the main vessels
either continuously or intermxttently, for otherwise massive throm”
bosis sould probably occur, Collatera] vessels must also have c0n
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chest surgery Paull reported a case in which relief was obtained
by developing the muscles of the shoulder girdle by suitable exer-
ases and by stretchuing of the nerve trunks and blood vessels to
teduce the amount of tenston to which they were subjected. Thad
previously observed that it was difficult to produce this syndrome
1n loose-jointed 1ndividuals, and Paull used this as the logical basis
for hus technic.

The pateent is suspended from 2 bar by his closely approximated
hands while he relaxes the shoulder gredle muscles  This 15 carned out
three or four times each day, for as long a time as comfort permits.
To build up the antagomsts of the muscles which ate stretched the
patient should shrug his shoulders many times daily while standing efect
and holding 2 10-20 Ib. weight in each hand.

If the patient’s shoulders can be raised by strengthening the
elevator muscles, the acuty of the angle of the neurovasculat struc
tures as they pass through the angle formed by the fitst 11b and
the scalenus anticus muscle should be reduced. This should seduce
the irritation of the structures in this musculoskeletal angle. Eleva-
tion of the shoulder would also increase the costoclavicular space
thus lessening the hazard of pinching neurovascular structures at
this point. Within two months Paull’s patient reported marke
mprovement and three months later the improvement had beﬂ;
maintained This exercise technic deserves a fair trial in c25es ©
this type.
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abscess in the artery wall. The v sites ate the popti ;
atery, the femoral artery at Scarps’s tesngle, the axillacy, brachiat
and ntraabdominal asteries. E L polyangiitis often causes
small aneurysms s a result of localized necrosis of the musculac
coat of the arteries,

Congenital defects due to poor desclopment of the musculature
and some segments of arteties may produce aneutrysms in any past
of the arterial tree, One of the areas most frequently involved is
the anterior portion of the circle of Willis and its branches. The
ruptute af sncurysms b this atea is g Frequent cause of death from
cerebral hemorthage. Multiple avcurysms which could not be ex-
plained on any other basis than that of congenital defect have been
found in several cases,

Trauma is 2 common cause of both true and false ancurysms.,
This applies to the trauma of ndustnal acadents in peacetime as
well a3 that of much greater intidence 1 combat during war.
Large numbers of ancurysms, both with and without artetravenous

anastomoses, ere seen in the vascular centers of the Army and
Navy during the past war.

PATHOLOGY

Pathologically the following types of aneurysms ate recognized.
(1) Fusiform ancurysm, a rather uniform, spindle-shaped or fusic
form drlatation of 2 segrtent of an attery. (2) Saccular ancurysm,
which is 2 definite sacculation of outpouching from an artery, re-
sulting from 2 sharply locatized weskness wsually in the medial
coat (3} Dissecting ancurysm, which results from the splitting
of the inner layers of an artery, after which the pressure splits the
iva\l thv/ecn the inner and the onter layer for vatying distances.

: ation is tablished at the far end from
the originat apening in the Jumen, At other times 2 communica-

tion bresks throngh to susrounding tissue or 2 cavity, as the case
may be (4) False ancucysm, which sesults from complete tuptuce




CHAPTER XI Ancurysms

AN ANZURYSM 15 an abnormal dilatation of a blood vessel result
ing from a localzed weakness and stretching of the wall of that
vessel. Aneurysms are usually permanent. They have been recof:
nized and described repeatedly swace the time of Galen.

Thus chapter 15 devoted to atterial aneurysms. Most venous anew
rysms ate classified as varicosities and are discussed under that
heading 1n Chapter XXIII Use of the term aneurysm to designate
artertovenous anastomosis or fistula is to be discouraged becaus®
aneutysm is not strictly a connection between an artery and a veifs
although occasionally 1t occurs 1 combination with an artetio
venous anastomosts

Emiorocy

In the order of frequency of 1ncidence, aneurysms may be d‘fe '.D
(1) artenosclerosis (by far the commonest type since SYPh’h.t i«
thetapy has improved and average age of the population has n';
creased); (2) syphilis and other infections (causing so-calle
mycotic aneurysms) that may weaken the vessel walls; (3} co
genital weakness of the wall, (4) trauma, and (5) polyangit®
and otherf types of necrotizing arteritss, N

. Infectious artentis may be secondary to tuberculosis, actinomy
cosis, subacute bacterial endocarditis, septicemua, typhoid fevef 2
other infections. Many arteries may be ivolved, the lesion fre-
quently being in the vasa vasorum and associated with 2 Jocs
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of al! coats of the artery and production of a sac, the wall of which
1s developed a5 a result of the laying down of successive layers of
fhardened blood dots A common site of false ancurysms is the
popliteal space {Fig. 74).

1a actenioscl the

cause of ysms, the pa-
thology s usually Jocalized destruction of the medtal coats of the
actety. The muscle fibess are seplaced by fibrous tissue and arc
frequently ruptured and conspicuously malnoursshed from thick-
ening and compression of the vasa vasorum, There 1s 2 tendency
toward spliting of the snner layer, with the development of dis-
secting and later false aneutysms, slthough the fisst stage 15 usually
fusiform or saccular Saccular ancusysms are most commonly scen
1n the poplitea] attenes and the abdominal aorta, but may be found
mn any artery Fusiform aneurysms most often occur 1 the thoracic
and abdomumnal aorta Dissecting aneurysms are h fined
to the aorty and may affect any portion of t Sometimes massive
thrombosts 1s assoctated with arteriosclerotic plaques and dissect-
g aneurysmns 1 have seen cases in which the entire luten of the
2orta was occluded by massve thromboses assoctated with o dis-
secting ancusysm, the aneurysm having taken over the function
of the lumen of the aonta. Dissection at times extends into the
branches of the aotta Artenosclerotic aneurysms most oftea de-
velop after the age of 55 They occur about 10 tumes as frequently
in men as 1 women Complete rupture 15 much less common in
artentosclerotic than ia syphilitic anearysms

Svphihite antentss 1s o mamfestation of tertary syphilis The

antee
rer .
(£ .
{e
E s s, L2403}
Fie 73 (below) ~Large, bughly vastularrzed mixed rumor m papliteal space,
previgusiy diagnosed a3 pophteal aneurysm. This acterogeam clasified the diag-
aosis Compare with Figuse 74



Fi6 74 (abore) —False ancurysm in astetios
popliteal space secondary 10
sclerosts obliterans, caused by Y in split through a cafesficd plaque 1n POPIEd
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The patient may be seized with an agonizing ot tearing plit.l in
the precordim, posterior sutface of the thorax, lumbar region,
sbdomen or hip o thigh, Severe pain at the lesel of the fisst to
the sixth thoracic vertebra should suggest the diagnosis. The pa-
trent is usually in shock, Syncope, convulsions, coma and patalysis
af the lawer exteemities may all be present owing to involvement
of various groups of blood sessels, depending on the level of the
dissection. The arteries of the lower extsemities may become pulse-
Yess as a result of organic obstruction or reflex spasm. The blood
pressure often falls rapidly, and usually the blood psessure of the
lower extremities is conspicuously lower than that of the upper
extremities. Leukocytosis is common. Approximately one third of
the patients die duting the fiest few hours, and SO per cent die
within 24 hours, On the other hand, some patients have lived for
many years, The coutse of patients who survive the first knowa
attack is apt to be stormy. They ate subject to repeated attacks as
the dussection progresses and there is always a possibility of sud-
den death Rarely, even massive dissection is siot accompanied
by pain.

Nondissecting aneurysm~Common sttes of artersosclerotic
aneurysms are the popliteal, innominate, subclavian and common
carotid arteries. As 1 the case of dissecting ancurysms in these
areas and the sorta, the comraonest site of origin is stheromatous
plagues One aneutysm with its charactenstic bounding pulsa-
ton should be an ymmediate challenge to scarch for others. 1
have found as many as sevea aneurysms secondaty ta asteioscle-
fosts in 2 single patient, and the finding of a second poplteal
aneurysm on the oppostte side is common indeed. The second one
15 too of ten missed because of the chinician’s preoccupation with the
Brst aneurysm he encounters. The dragnosis can be substantiated by
hearing a sharp sstolec bruit with a single pitch on auscultation,

by ‘ta.kmg a flat x-ray plate for soft tissue studies to reveal calcifi-
cation of the wall of the aneurysm and by making arteriographic
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commonest site of 1nvolvement is the aorta, especially the ascend:
ing portion and the aortic arch Syphilis relattvely seldom causes
aneurysms of the abdominal aorta and peripheral arteries of the
extremities. 5
A reasonsble hypothesis seems to be that the fundamental fesionis
secondary to difect involvement by spirochetes into the i
vasorum and adventitia of the aorta, An inflammatory reaction i
set up associated with lymphocytic infiltration and ntimal pwllf'
eration of the vasa vasorum, which then becomes obstructed. T’HS
interferes with the nuteition of the medsal coat of the aorta, causicg
weakness of the sortic musculature and a tendency for 1t to strefch
at 2 particular pomnt Interference with the normal absorption and
transportation of cholesterol and other bipsds may encourage the
development of atherosclerotic deposits which in turn neghen
the wall. Syphilitic aneurysms are fusiform or sacculaf. They
enlarge slowly over a period of years or, occasionally, RF”
idly. They may assume large proportions and by erosion pere
trate the thoracic cage Death occuss not infrequently as 3 result
of rupture tato the thoracic cavity or the perscardum, esophagus of
vena cava Death from external bleeding following pcﬂemnon
of the chest wall 15 not uncommon The sncidence of syphilitic 43°
eurysms has decreased as 2 result of advances in antissphdt
therapy After the diagnosis of syphiltic 2ortic aneutysm has been
made, the average span of life 15 one to two years without trext:
meat and five to 10 years with the best available treatment.

SIGNS AND SYMPTOMS

Dussecting aneurysm.~The onset of the symptom complex
produced by a dissecting aneurysm of the thoracic aocta 13 068
confused with that of acute, severe coronary thrombosis o severdl
cases 1 have studied this has been further complicated by the
preseace of a reverse dissection which had proceeded toward the
heart and nterrupted the coronary circulation by involving one ©f
more coronary arteties at their ostia,
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Itea) space, sutgcal obliterztion or, tess frequently, removal has
been successful Transplantation of 2 portion of 2 vein to produce
an end-to-end anastomosis of an artery which has been eroded
by an ancurysm also has been tned frequently with varying suc-
cess These are highly technical procedures and are not withua the
scope of this book "They are discussed 1 detail 1n Pratt’'s mono-
graph, Surgical Managentent of Vascular Duseasey.
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studies The last are seldom necessary but may clanfy the picture
of surgery is contemplated,

Symptoms of nondissecting aneurysms of the thoracic aoty,
regardless of etwology, vary greatly. Large ones may develop with
out symptoms, relatively small ones may develop rapidly and press
aguast sucrounding structures to cause pain very early. The pan
15 often substernal and transmutted to the back or to the shoulder.s.
atms or neck It may be very severe and more prolonged than is
common with the angina of effort. If the aneurysm is large enough,
there may be symptoms of obstruction of the superior venz cav2
Dyspnen from tracheal or bronchial compression and a brassy
cough with marked hoarseness may result from pressure on the
cecusrent pharyngeal nierve. Numbness of the arms 15 common 4
systolic mutmur is frequently but not always heard over the aort
first or second area A duastolic murmur may develop later. In ad-
vanced cases the anterior wall of the aneurysm may be easily P"l
pable as it becomes thinner Widening of the meduastinal ased of
dulness 15 sometimes but not always detected on percussion Fre
quently, x-ray study helps to clatify the picture by wndicating the
s1ze and {ocation of the aneurysm,

TREATMENT

There 1s no medical treatment for aneurysms except very Sm{‘“
syphulitic ones, for which the cautious use of mercursals and bis-
muth 1s sometimes indicated. Arsentcals are apt to do great d;m:
age The value of penscillin 1o syphilitic arterstes is stiil not finally
determined,

Surgical treatment has been developed for various types of 23°
eurysms in different areas of the body, For large intrathoract
aneurysms of the aorta, electrolysis with a thin wire coil insertéld
within the aneutysm has been tried with varying results This
procedure is not without danger, and at best the benefits aré trAnsy
tory. For many peripheral ancutysms, especially those in the pop*
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an excessive demand was placed on the legs during active military
trsining, So far as 1 knaw this type of production of the syndrome
has not heretofote been described. Tt may oceur in civilian life.
Pratt has reported similar cases since the first edition of this book.

1 have studfed 4n unusual example of this type of problem in a nurse.
$he had neser had any evidence of abnormality before working as an
sssistent to an oral surgeon, when she was obhiged 1o stand with her
arms extended in 4 steamed position for hours cach day. Hee right aem
began to enlarge and became painful The diagnosis of axillary venous
thrombosts was made, but the condition did pot respond to therapy
and the hand became progressnnely uncomfartsble. Scveral physicians
saw her, but none used 2 stethoscope on her arm or hand This simple
procedure, done on her first sisu, established the dragnosis of wide-
spread arteriovenous anastomoses. In a scries of operations Dr. Pratt
has sexered and ligated hundreds of anastomoses but, as is typical of
this condition, new oues tend to open up. The situation seems under
control, with one restdual murmur above the elbow, but one cannot be
t00 sanguine regarding the future,

Dr, Lawcence W. Smith has encountered a similar case in which
the tather snactive congenita] anastomoses were aggravated by work
as a ryveter in an aircraft factory. Eventually gangrene of the hand
developed and amputation at the elbow was necessaty

Traumatic ar are kealy beheved
to be confined to injuties produced by penetrating wounds, A se-
vete bruising blow whnch traumanzes the walls of the two vessels
<an result in atteriovenous snastomosss,

¥ saw such an instance 1n 2 young girl who feli from a back porch
0nlo a pile of tough gravel. The left hnttark: hacamn e -AsVere & ot
aftes the fall, and an adtenoven

psoved surgeslly A similar case

The traumatic type is especially common during war, when all
manner of shrapnel and bullet wounds are sesponsible, In peace
time the possibilities are almost unlimited.

Far evamnla o ~'f nnnd o .



cuarter xu Arteriovenous Anastomoses

BY ARTERIOVENOUS fistula or anastomosis j5 meant any abnormst
vascular channel directly connecting the arterial with the venous
side of the crculatory tree, The connecting chanaels may be eithet
congenital or acquired The condition was first rt‘t‘ﬂgﬂize‘i by
William Hunter, who descuibed it in 1757, It has been known
stice then by a host of names, few of which are accurately de-
scriptive

Emlorocy

Congenital atteriovenous anastomoses arise from fatlure of the
cammion embryologic analogue to differentiate into artery an
ven. In view of the common, bed of the vascular tree it is under
standable how multiple lesions may, and frequently do, occut:
Buring the past war I encountered for the first time 2 group of
patients 1o wham cngenital arteriovenous anastomoses produced
symptoms rather suddenly. These were men who had led sed-
entary lives priog to entrance in the Army, After a few months
of heavy exeraise with much tunning and climbing, to which they
hafl never before been €xposed, what appeared to be large vaticose

study, however, demonstrated that the lesions fulfilled the criterit
for true congenital arteriovenous anastomoses, The explanation
appeared to be that the chanpels of arteriovenous anastomoses hid
always been present but had beeq Iatent and never opened uatd
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enable us to present the picture of acquited arteriovenous anastor
MO5ES.

The establish ofa leads to the following imme.
dute results (1) A fall in the geneaat arterual blood pressure affectiag
both the systolic and the dnastolic lexvel. (2} Ag fncrease in pulse rate.
{3) An incresse tn venous pressuie, proximal as well as distal to the
fistula, with ¥oe mcrease shight v pmnvun::d according 4o the nze fx(
the fistula, (4) An sacresse 1n cardaac output, depending on the size
and location of the fistuls. (3) A vety temporary decrexse in the size
of the heart and of the actery proxsmal to the fistul2 owing to the sud.
den diversion of blood from the artetsal to the c2pacious venous sys-
tem—an alterstion comparable to that seen in massave hemorshage
The establishment of 2 fistola also has more remote effects (1) A
permanent diversion of the arculating blood from the normal capsllasy
bed nto the fistulous csomt (2) A gradually increaswng total blood
volume, proceediag pan passu with the amount of blood diverted
theough the fstula. (3} Geadual dilatahion of the heart and of the artery
and vera proxumal to the fistule, due to the distending effect of an
wncreased volume or bulk of bload attracted to the Gstulous fzcutt
because of ¢s & hed {4) The devebop of an ex-
tensve colfateral circulation due to Jowered resstance to the flow of
blaod at the site of the fistula In the presence of 4 constncnion of the
artery proxumsl 4 2 fistula (2 sare ocourrence chinically), ths extensiee
coffateral arculation pools bleod into the atery distal to the fistula,
thus tzumng dilatation of the antery distal to the fistula anstead of
prowimal 1o & (5) Shght hypenraphy of the heart due pastly to deda-
tion and overdistention and partly to the imcreased work requsred to
propet the sacreanng tolume of blood flowing through it The carduac
entasgement 15 due mainly to dilatstion and only to a minor degree to
hyperitophy (6) Gradual recovery from the lowered blood pressuse
nated smimedrately alter formation of the fistula, the systobic beng
equal of Iugher and the dastolic defintely lowet tham befose formation
of the fistula, thus greatly wicreasing pulse pressure
The volume of blood diverted through the fistous ciroudt depends
on the size of the fistals, 1ts ocation 15 the artenal tree and the absence
of any obstraction 1 the veins proximal to the fistula A smalf commu-
sitation causes only slight changes that may not be detected. With the
prenision wstruments pow avasdable, the shight altesations necessary o
compensate for a smalf Tezk are aot demonstrable, aor do these altera-
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story window and 1n the fraction of a second that the patient’s leg vas
back of her duning running, the blade penetrated the poplitest SP“S
The wound quickly healed, but resulted in an arteriovenous anastomosss
(For further detals, see Chapter XXIX ) )

A tinsmuth aged 46 was cutting Allegheny metal when a portion of
1t sprang back and cut him severely across the posterior sutface of b
wrnst, severing tendons and blood vessels. The tendons were Suess
fully sutured, but several arter d Ths
case 15 described m detail 1 Chapter XXIX.

The history given by a patient will, in most jnstances, imme:
duately differentrate between the congenital and the acquired -
Usually in the congenital type the signs and symptoms have gt
ually developed 1n the course of the pattent’s life span. In the
acquired type symptoms and signs have developed relatively f2p-
idly, usually following an injury such as a gun shot, stab wourd
or severe bruise It is often forgotten that artersovenous 20astomoses
can occur as a result of surgery.

PATHOLOGY

Each anastomosis, whether congenital ot traumatic, may hs¢
one or more of the following characteristics. It may represent sim-
ply a direct communication between 2n artery and a vein. It 3
be an aneurysmal sac between the atety and the vein, It may be
an aneurysmal sac on the arterial side with 2 communication ¥
the ven. The artery and vemn may have a common opening int0
an aneurysmal sac In the congenital type there may be large, itt-
defined pocls or sacs which have multiple openings from suk
rounding arteries mto venous sinuses of tracts that eventuslly
empty into definite veins Arteriovenous fistulas, both congenitsl
and acquired, may occur at any point in the body.

Emile Holman has admicably summarized the results of the
expenimental establishment of arteriovenous anastomoses and o
closure of such communications. Free citation from his work® will

* Reprinted here by permission of the author, From Holman, Lt Arieric:

s
enaus Aneurysm: Abnormal Communications beween the Arterial and Ver¥
Circulations (New York: The Macoullan Company,1037).
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cotselation betw een an expenimental study and what actually oc-
curs m 2 pathologsc clnical condition.

In man arteriovenous anastomoses have a number of forms
A congemital arteriovenous anastomosis may be single, b}xt most
cases 1 have observed have shown multiple lesions and in some
snstances hterally hundreds of smail ant <]

focated, for example, from one end of an arm to the other (Fig.

Fio 76 ble tongemtal of Jeft amm of &
young man_Such extensive savohement may lead to Sardiac dilatanon and fadture

Susgery offers the nnly hape of rehef, but 1s dfficult and often unsuccessfal
Ulumately dgsarticulation at the shoulder may be necessasy

76) Such extensive invoh ement presents 2 serrous, f not msolu-
ble, therapeutic problem As fistulas or are
closed surgreatly, others appear wathin three 10 12 months, The
new ones appatently form from latent channels that do not begin
to function until the otiginal channels are closed off, thus chang-
ing the pressure within the artenal tree In some instances muitiple
operations have faded to control the problem and major suggery
such as disarticulation of the arm et the shoulder has been neces-
saty Fortunately these are the exceptions rather than the rule
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trons produce visible visceral changes. A larger fistula may sesult in
changes, only some of which are demonstrable A fistula larger than
the feeding artery, or large enough to divert 2 considerable amount of
blood back to the heart, tnvanably produces remarkable changes, both
smmedsate and remote. That the same changes to a greater of Ic{stl
degree occur in the presence of every fistula, no matter ‘what the size,
seems unquestionable. The extent of change in each case depends es-
tucely on the volume of blood diverted through the fistula,

Certain smmediate changes are noted on closure of the fistula by
compression or wason. (1) A ise in the general artersal blood pres
sute to 2 high point for several beats, followed by a fall to a lower levdl,
but above that which was present before production of the fistula This
rise involves both drastohic and systolic levels The nse i duastalic
pressure depends primanly on the elimination of the area of Jessen
cessstance at the site of the fistula. The nise 1n systolic pressure depends
not only on an increased penipheral resistance but also on drstention Oj
the arterial circulatory bed by the volume of blood which had esc2pe
mto the vemns through the fistulous tract. (2) Marked, immediste
retardation of pulse rate and subsidence of the vigorous cardiac achvu)s
(3) A decrease in venous pressure proximal to the fistula (€3] Matke
decrease in cardiac output. (5) A temporary increase in siz¢ of the
heart due to overdistention of the central circulatory bed by the volume
of blood formerly coursing through the fistulous circut into the caps*
cious venous system. These immedrate changes are p:oduced not onlf
by direct closure of the artery feeding the fistul2 but, to a lesser degrees
by closure of the vemn leading from the fistula toward the heact.

Four remote effects follow reparr or excision of the fistulx (1) A
gradual readjustment of the general blood pressure, the systolic falling
to about the level present before elimination of the fistala and }1“
diastolic remaining higher than with the fistula open The result is 2
decreased pulse pressure as compared to that present with the fistul
open. (2) Gradual decrease in total blood volume, which is the seil
cause of the fall and readjustment of blood pressure in the first Few
days after repair of the fistula. (3) Gradual recovery to a notmal P e
rate. (4) Gradual subsidence of dilatation of the heart and of the pro*
imal atery and vein, procteding part passu with the decreasing bul
of blood Bowing through them,

The foregoing description by Holman represents an excelient
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comelation between an expenimental stady and what actually oc-
curs 1n 2 pathologic chinical condhtion.

in tman aritnovenous ansstomoses have a pumber of forms.

A« 1 is may be single, b.ut most
cases 1 have observed have shows suluple lesions and in some
mstances biterally bundreds of small aneniovenous anastomoses
tocated, for example, from one end of an arm to the othes {Fig.

Fie

congemtal of Yeft mim of a
young man Such exteasn & tgvolvement may lead to cardiac delstanon 2ad faduse

Susgery ofiens the only hope of celick, bus 15 difficult and often wnsuccesstut
Ultanately disasticulation at the shoulder may be necessay

76). Such extensive mvolvemeat presents a serious, if ot wsoltu-
ble, therapeutic problem As numerous fistulas or anastomoses are
closed surgicalty, others appear within three to 12 months The
new ones apparently form from latent channels that da aat begin
to functson unts} the ongmat channels are closed off, thus chang-
1ng the pressuce within the artenal tree. Ir some instances multiple
operations have failed to control the problem and major surgery
such as disartscatation of the arm 2t the shoulder has been neces-
sary. Fortunately these are the exceptions rather than the rule,
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SIGNS AND SYMPTOMS

Both congenital and acquired types have been observed intrs
cranually, 1n the regton of the head, mouth and jaw (Figs. 77 and
78), the neck, supraclavicular area, thorax, abdomen, back, but:
tocks, arms, legs, hands, fingers and toes.

When an extremity is involved the affected limb becomes swol
Ien, engorged and in long-standing cases actually elongated. In
young people, the bones increase 1 length due to the increased
blood flow to the epiphyscal line during the period of Smwfh'
This may be accompanied by a fecling of stiffness or even pat
The veins of the affected extremuty become markedly engosged
because of the artenal pressure shunted directly into them The
blood pressure of the extremity is higher than that of its matt,
espectally if the anastomosis is large enough to produce 2 bruit.
The patient often complains of murmur or bruit which rsd'ﬂ'?s
from the extremity; in the case of arteriovenous anastomosis of
the thorax and head, 1t may be loud enough to cause the patient
great discomfort. With congenital arteriovenous 2nastomosess
thete are frequently an increased growth of hair and increased
sweating in the affected regions The involved area shows 2 defi-
nite increase in tempetature over that of the opposite side, In the
lower extremity, ulcers appear 1a the region of the ankle or foot
1 about 50 per cent of the cases. A

Cardac dilatation and hypertrophy ate common comphications
of arteriovenous anastomoses, bemng more usual in the acquire
than in the congenital type The bradycardia produced Dy pressus¢
on the artery proximal to large was first noted }"7
Nicoladom in 1875 but named for Branham, who noted it agt?
in 1890, The oxygen content of venous blood drawn ftom ‘.h‘
superficial of, in indicated cases, from the decp veins of the 1
volved extremity 1s far higher than that of the normal extremity
This is often demonstrable simply by using two test tubes to show
the lighter (arterial) color of the blood of the affected side.




Fio 77 {above} ~Congenstal stteriovenous anastomosss of vessels of exter.
naf ear

¥ 78 (below) —Congenital astenovenous znamtomosss of vessels of wpper
Ly (This and Figure 77 seproduced by courtesy of Dr Gerald H Pragt }
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SIGNS AND SYMPTOMS

Both congenital and acquired types have been observed intra-
cranually, in the region of the head, mouth and jaw (Figs 77 and
78), the neck, supraclavicular area, thorax, abdomen, back, but-
tocks, arms, legs, hands, fingers and toes

When an extremity is involved the affected limb becomes swol*
len, engorged and i long-standing cases actually elongated In
young people, the bones increase in length due to the increased
blood flow to the epiphyseal hne during the period of growth
This may be accompanied by a feeling of stiffness or even pat2
The vemns of the affected extremuty become markedly engorged
because of the arterial pressure shunted directly into them: The
blood pressure of the extremuty is higher than that of its mafe,
especially if the anastomosis is large enough to produce 2 b.nu‘-
The patient often complains of murmur or bruit which rad.mtes
from the extremity; 1n the case of arteriovenous anastomosss of
the thorax and head, it may be loud enough to cause the patient
great discomfort. With congenital arteriovenous anastomoses
there ate frequently an increased growth of hair and increased
sweating 1 the affected regions The mnvolved area shows 2 defi
nite increase 1n temperature over that of the opposite side In the
lower extremuty, ulcers appear 1n the region of the ankle or foot
1n about 50 per cent of the cases.

Cardrac dilatation and hypestrophy are common Complicﬁ!ioﬂs
of arteriovenous anastomoses, being more usual m the “q‘““d
than n the congenttal type. The bradycardia produced by pressie®
on the artery proximal to large anastomoses was first noted 1'7)’
Nicoladon: in 1875 but named for Branham, who noted it again
in 1890 The oxygen content of venous blood drawn from the
superficial or, in indicated cases, from the deep veins of the 'in'
volved extremity is far higher than that of the normal extremity
This is often demonstrable simply by using two test tubes to show
the lighter (asterial) color of the blood of the affected side.
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of several hiouts a day to obliterate the small lesions may encourage
thrombosis ‘The results of the procedure ace not predictable.

Tor lasge smgle anastomoses, and cven when there are several
well defined anastomoses, sutgical closure is the procedure of
chosce for several yeasons, {1) Prevention of cardiac enfargement

¥
!
g

e e g <o ey

P

e 79 —Mul

. s congenstal 4, 4
w13y, showng enlargemment of right fourth finger B, artenogram, shon
conspicuous convolutions of snvolved vessels s, e

with development of insufficiency. In the presence of cardiac en-
largement proved by sersal x-rays, st 55 imperative that an attempt
be made to ligate the anastomosts befote cardiac falure occurs
(2) Prevention of the development of venous msufficiency with
vancose vemns ot evidence of venous stass. (3) Prevention of
enlasgement of the lumb, both w arcumference and 1 actual
fength if the epiphyses have not closed, o cases of traumatic aste-
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Blood for the chemical determination of oxygen unsaturstion
should be carefully drawn under o1l to avoid changes due to expo-
sure to air before analysts N

Atteriography with an opaque substance such 2s Thoru.tmst is
useful for diagnosis and often an important aid in aalyzing the
situation before surgery 1s attempted. By means of arteriog?aphfx
often the size and site of the fistula, the mechanism of the circula:
tion in the mb below the fistula and the presence of muttiple
fistulas can be established.

TREATMENT

1t should be remembered that occastonally artef1ovenous anas
tomoses, both congenital and acquired, close spont;mcousl)’r il
though this cannot be anticipated 1n any specific case. I have seen
two examples of spontaneous closure of congenital arteriovenioss

anastomoses in the vessels of the scalp.

In one, for example, persistent bruit had been present for 2%5 )’“‘Z’
was loudest over the occipital region and could eastly be heatd i?k
stethoscopic auscultation A definite, prominent pulsation was paIP} N
in this area The brutt was a source of great annoyance to the paticts
especially when he tried to sleep, at which time the constant pulsattis
and buzzing 10 his head 1oterfered with proper rest Surgery Was ‘““s
templated Suddenly and without explanation the signs and S)'mPt”mt
completely cleared This was 1n 1941, Since then the patient has spen
nearly four yeaes in the Army and 1n 1951 had had no recutrenct.

565

I have seen several ples of small arteriovenous af
due to war trauma which were spontaneously obliterated with totat
disappearance of all symptoms. Such 1nstances are rare, but if ;
anastomoses appear to be very small and there is no evidence ©
cardiac strain, conservatism for a period of fime is sometimes mf.Jf‘
worth while than surgical exploration for an anastomosts which
may be so small that it will be difficult to locate or which m3f
prove to be multiple, very small anastomoses.

Continuous pressure by means of a pressure sponge fot pcnads
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portion of the neck and the left side of the jaw. A loud brnt could
be heard thronghout the cardiac cycle, the mass was steadily ealarging
and there was o chawce but saegery Joosion revesled an enommous

¥ic 80 —Congemtal arteriovesous anastomoses m neck of young woman,
with innemerable connections with all major vessels of neck. A, lzteral view, B,
anterior view {Courtesy of Dr Gerald H Pratt }

vermiform mass of blaod vessels with almost saumerable connections
with the jagular vemns, carotid and thyrod attenes and many othec
sessels (Fig 80) Prast higated the vessels and removed the mass, but
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riovenous anastomoses it is suggested that adequate time be st
lowed between the trauma and the surgical proceduse to permit
the establishment of satisfactory collateral cireulation. The optimst
time appeass to be three to stx months, In the hands of stalful
surgeons the sesults of surgery for single traumatic apteriovenoss
anastomoses are good.

The results of surgety for congenital asteriovenous anastomoses
are often discouraging, principally because of the multiple ot
munications, many of which are Jatent and unused and hente ?»f‘f
not detectable at the time of the first or second operation Durité
the first five years of observation it is not uncommon for thiee 0
five operations to be necessary to occlude effectively all of the a0
tomoses in, for example, a finger. When an entire extremity 5
involved the situatton becomes almost impossible, and in mote
than one instance it has finally become necessary to disastioulatt
2 limb. However, the progress of the condition can be umd:d
somewhat and pressutc can be taken off the heart by sepe
operations to mimimize the number of open channels.

A patient, first seen at age 13, had 2 histoty of slowly progis™’s
enlacgement of the right foutth finger since the age of 2. FIguse 4
is a conventsonal roentgenogram showing enlargement of khc‘fﬂ‘S“‘
and Figure 79, B, an artersogram showng conspicuous con\.olutmnsl:3
vessels 1avolved m multiple arteriovenous anastomoses. Nuamerous brus
could be heard throughaut the finger and hand, Theee opesations haet
been performed by Dr Gerald Pratt, No bruits can be heard it ‘hﬂ
hand, one bruit of maderate intensity is audible above the wrist, T
hand, although somewhat swollen, functions well There has beet “°_
change for six years and no cardiac changes are demonstrable. D‘f‘_
cise capactty is excellent. A conservative course with periodic obseR”
tions will be followed.

Sommetimes repeated susgery is the only alternative no ¥
how serious the situation.

A young woman has been observed with Gesald Pratt for more lh“:
10 years, When first seen a large pulsating mass mvols ed the VPP
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we predicted that there would be a recurrence Since then, at intervals
of two or three years, further surgery has been required. Frequently, 0
bruit could be heard for six to 12 months after operation, but soon<f
or later a bruit appeared

By means of careful plastic surgery, marked disfigurement has been
avorded The pattent has mamntained a normal existence which most
certainly could not have been possible had not repeated surgical pr0
cedures been undertaken. The last operation was done 18 March, 19“!‘5:
at which time a very small bruit was found to be due to z single arteri®
venous anastomosss Thes was ligated, with complete cessation of the
brutt, In 1950 marked enlargement of the left side of the tongue s
noted, but no bruit could be heatd, The prognosis for this patient r¢-
garding freedom from further surgery is defimtely guarded. Het lfe
does not seem to be 1n jeopardy and she is leading 2 normal existenc

Careful work by Pratt and others has demonstrated that e¢?
the necessity for repeated operations 1s not per s¢ sufficient 2(8%
ment for early amputation The decision to amputate should be
made only when the number of anastomoses 1s overwhelming and
when, despite repeated surgery, the hmb 15 becoming unman3g®
able or the cardiac status is deteriorating rapidly. )

The choice of surgical procedute depends on the individufl
arcumstances and need not be discussed in detail here, If thet® 15
2 simple anastomosis between one vein and one artery it is gew
erally best to ligate the vein and the artery above and belo¥ the
site of the anastomosis and to remove the H segment, indudlf}S
a postion of both artery and vein and the intervening anastomos’s
Unfortunately the findings on exploration are frequently to0 mf“'
plex to permit this easy procedure, and the surgeon must devist
the best approach to the problem as he finds it.

The use of supportive rubber bandages, elastic stockings 0f arm
supports may reduce the tendency to development of Jarge venous
channels with congenital arteriovenous anastomoses of the ex:
tremities. The pressure confines the blood to the deepef and fre-
quentiy the normal chananels,
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followed by sudden exposure to cold Sensitivity to cold an some-
nmes be transferred by the stradermal injection of blood serum
from 2 reactos to cold, but students of allergy hesitate to dlassify
this as a true affergic phenomenon, .

Dragnosis~The tustory will usually indscate the correct diag-
nosts It can be confitmed by several sumple measuses, If the pa-
trent 13 sensttive to cold, placing an arm in 2 container of water
3t 12-14 C (53-57 ¥} will couse an usticarial type of reaction
the pottion exposed to the cold water in five minutes Frequently
2 systemuc reactson, with reduction of blood pressure and sncrease
m pulse rate, develaps Syncope may occur i persons with ex-
treme hyp t e appl of an we cube to the
forearm for four or five minutes also serves a5 an adequate test.
Chazactenstically a marked uthearsal wheal appears and frequently
neticana 15 noted to follow the course of the coid water which flows
aver the arm from the mefting e cube Figure 81 shows a simple
demonstration of cold seastavity of the urticartal type. A cube of
sce placed on the night forearm for three minutes induced 2 wheal
(arrow) Swunultancously the left hand was placed 1n water at 4 C
“Ttus cansed swelling and tenseness of the skin of the entire hand,
and 2 geaetalized histamune-ltke reaction accurred, with & drop
of 30 pants i systolic blood pressure, throbbing in the head and
stedaung foshing of the face

The following detailed study of cold sensituesty was made in
one of our cases.”

Expermens 1—The temperature at which 2 reaction would take
place was determined by applying a smalt flask filled with water to the
foresrm for a few misutes The temperature of the water was graduslly
teduced, the temperature at which the reaction ocrurred 15 shown 11
Table A, Because the resulty seemed improbable, ssnce the tempesature
causng the reactson was unbefievably hngh, the test was tepeated and
venfied One would expect that this patient would be in & constant

* Reported in Saylar, L 1, and Weight, 1 § . Studses on two <ases of uctiatia
from cold senntvity and of

the effect of husts t
193 359.395, Septenber, 1936 oF hummiae ewmet, Am J M Sc



CHAPTER XIII: SynJromes ProJuceJ ]JY
Temperature Clmnges (Exclucling
Raynaucl’s Syndrome)

HYPERSENSITIVITY T0 CoLD WitH URTICARIA AND OTHE
HisTAMINE-LIKE RESPONSES

MaNY CASES of hypersensitivity ta cold have beent reported since
Béhier described his own case of cold urticaria in 1886. Dkt
Horton and Brown, and Lewis made careful investigations of thes
interesting phenomenon. A sutvey of theit work tie*mt):{stx'llBS
that hypersensitivity to cold can be made manifest by 2 vanet)r o
means: (1) by allergy; (2) by autoantigens; (3) by histame®
like substances; (4) by underlying vasomotor distutbances; ()4
disturbances of the central temperature-regulating mecha0is™:
Characteristically, an urticarial reaction develops on 2 portio®
of the body exposed to cold. These is frequently 2 measurable O
perceptible systemic reaction, indicated by a drop in blood pres
sure, an increasc in pulse rate and the appearance of & flush ovéf
the face and neck, If the exposure, and hence the skin reaction s
widespread the systemic reaction may be sufficient to producclfoé
Lapse. Horton made the impostant observation that unexplsin®
drownings may occur in patients hypessensitive to cold who plung®
into cold water and suffer a systemic shocklike reaction. I8 some
individuals the reaction is more apparent after exposute to hest

124
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state of edema as soon as the room temperatuce veached 24 C. (75.4E),
Hut thes »as ot the cse A modification of the test shawed that the
reaction depended entisely on actual temperatace of the skin, which
sepresented a resultant of the temperatute of the object m connat
with 1, the heat conductisty of the object and the generatian of heat
TABLE A ~—TeNMPERATURE AT WricH REACTION OCCURRED ¢
Tiuxor

Roow araaiay Coxtact, Reactios
Tair ¢ Aram, G tx .
2 264 2 Iﬁes
2 234 &
25 240 4 Revfness, disunrz wheals

“ Contro) skin femperature at eoom Semperature wax 314 C

by the tssues beneath the posnt of contart This was demonsteated by
the following obsenations The patient, while seated i 2 room of
223 C temperature fot over an hour, had 510 seaction Skan tempecatuce
of the 3rm was 314 C A meta] aabiaet, 3 permanent fixtuee tn the
room, had a temperarure of 23 5 C, o 1 2 degree highet than the roem
tempecature The cabinet, however, seemed cald, since st removed heat
from the 2m 10 contact wath t more sapsdly than did the ate, conse-
quently the arm became cooler after contact with the metal for four
aunutes, and skin temperature at the point of contact was reduced to
27 C Definte redness and edema appeated at the pont of contact

Expertment 2 —The blood pressuce, pulse and skin temperatuse and
changes 10 size following the production of edema 1n one hand and
wewst were recorded (Table B)

TABLE B —ResrONsE 1o REACTION wiTH Hann ane Wiist 18 8 € Warer
FOR 3 MINUTES

Tpermmrue ©

. Acxor Ricwr Lest
Tor BP  Poue Cocow Roow  Haws Ceiex Caecx
Conteot

140/86 102 1573 246 3235  33¢ 351
10 aua sfter removal 124770 124 186 235 346 338 338
Experiment 3 ~~The pabeat's genesalized 1esponse to snduced cold
utticassa was simnlar to that on suboutancous wyection of 1 cc of
11,000 histamne hydrochlorsde (Table C)
TABLE C-—CoupaRative RESPONSE TO HISTAMINE INJEcrion
Tuwx

2
B P Pouse ‘ch:)!,‘ [
Contzol 146750 2 s
After hustaming
S o 132/68 135
W mn 130/80 140
1% e 126/76 126



nd
Fic. 8L.—Reaction to test showng seasitrvity of nrticaral type, Left 1%
was tmmersed 1n 1ce water at 4 C. for two menutes. It 15 swollen a0d mm': o
tmany wrinkles less pronounced than in the right hand An ice cube 2pF
right forearm produced an uticarial wheal (asrow).
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Expeniment 9~~The Prausuitz-Kilstaer reactien was observed, Ve-
nous blood was taken before and 23 minutes after exposure of the hand
1o e water for five snnutes, the second specimen being taken 18
smnutes after edems had appeared and whea @ seemed to have reached
sts mammuny,  The serums were separated and njected intradermally
1n & normal pesson and the area cooled for five minutes with sce. No
wheal was {oumed, although Lenne had found six postwve and five
negative reactions reparted in the Iteratute.

Expersment 10—By translerning edema fuid from an ates free from
edema before application of ace to the axes, Levise had produced 2
secondary urticarial wheal. Normal saline was used both as & vehicle to
infiltrate the edema and secover the edema-productiag substaace and
alsa as 3 control snjection In this patient, simdar results were chtained:
withtn three minutes of mjection of 0.2 cc of edema fluid, an area of

urticaria 2 X 2 em. appeared, and with 0.2 ¢t of nowmal saline no
urticarn appeared

A charactenstic case seen in our choic was that of a young
womaa who noted that when she carzted milk bottfes which had
been on sce the tnner sutface of hes arm against which the milk bot-
tles rested became hot, swollen and itchy and that her face flushed
and felt very warm. Immersion of her hand w cold water produced
a typscal histarine-like generahzed resp as well a5 the focal
sesponse of which she complained Another young woman had a
severe choking spell after eating ice cream, This occurred several
tunes befote sts significance was appreciated A thied patient, 2
man aped 44, developed urticara aver most of his body after tak-
mg a cold shower, assaciated with palpdation and weakness He
too was demonstrated to be seasstive to cold.

Tt might be added at thus pont that st 15 possible that ndwiduals
have died of so-called heart disease from exposure to extremely
cald showets The cause of death in some may well have been syn-
cope secondary to hypersensitivity to cold A case has been reported
from Mayo Clinic of extreme hypessensitivity to cold even on a
change of temperatuce of the ar The patient neacly drowned on
sevecal ions while swil Observation established beyond
doubt that he was extremely sensttive to cold and collapsed on
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Experiment 4~Exposute of a localized atea of skin to cold cansed
defimite Jocal vasodilatation, prominent redness of the skin and mafked
decrease in skin temperatuce of the exposed area (Table D). The b

TABLE D —TeMperature {C) Responss AFTER HAND AND WRIST
SWERE IN 8 C WATER FOR 5 MINUTES

y » 1n

o M M pid o
Contsol 246 313 316 322 351
10 min alter exposure 246 35.7 341 336

pressure readings duning the experiment were: conteal, 142/9% ;ﬁ;x
hand was tn water two minutes, 146/94; after three minutes, \}0/35
after five minutes, 122/84, and after the hand had been removed for Id
minutes, 13/94. Pulse rate on beginning the experiment 3 106 a0
after the hand had been 10 the water for five minutes, 112- ol
Experiment 5 —Although Bray and Levine both demonstrated ! 3
eosinophulia 1w wheals produced by exposuse of the skin to cold, &
tests 1n this case gave negative tesults, .
Expersment 6 —Hoston and Brown demonstrated the hisnmme{:}“
effect of the production of cold urticaria on gastric acrdity. The 168 :;
1 thus case confirmed their findings (Table E). The hand was pht

TABLE E—Histasane-Likg EFFect oF Cotd UrTicaria ON GasTRIE Amm’

Srecrusn Fyez Acto Torst );ﬂ
Fasuog 2
10 mun after hand was removed 78 106
20 mun, after hand was removed 92

in water 2t 10 C for 10 minutes. A tourniquet at the e/bo¥ was 1¢
moved in five miautes, The patient noted 2 genetal effect, with BB
bing 1 the head, 214 munutes after the hand was removed fiom the
water.

Experiment 7.~—1n the Perutz, Brugel, Greenfield test, in whics 10
per cent mentho! m alcohol is applied to o skin ares, the pasitive re3c
tion takes two forms: the reaction is the same as that induced by @
or the area becomes more sensitive to cold, The response i1 this patiert
was negative, An area of redness resulted, but there was n0 urhicana O
increased sensitivity to cold.

Experiment 8.—An 3tca 5 X 8 cm. in the deltoid segion WS &5
thetized with 2 per cent novocain injections uatil all sensation to €0t
was lost. A test tube containing jce was then applied for five miputts
Edema appeared in the anesthetized area, but was not as marked
that in unanesthetized skin.



FROSTBITE 331

Histamine hydrochlonde 1+1,000 solution s used. The [}rst injec-
tion g5 0.1 cc. subcutaneously. Twice a week th patient receives intea-
cutaneous ingections, with each dose increased by 01 cc. until 0.5 <c. x5
reached The § ate thea inued sut Iy, each dose
wncseasing by 0.3 cc. until 1 cc. 15 reached, following which the dosage
1 contenued at 1 cc. twice a week.

Patients frequently expesience relatuely severe seactions before the
bigh dosage is reached In these urcumstanees st & necessary to continue
vath the dose currently being admnsstered or, of watanted, to decrease
the dose to such 4 pomnt that 3 seaction 15 produced, but one of minimal
order In some patients the 1 cc dose can never be admmistered Neves-
theless desensitizatson may take place at a lower dosage.

Results of this type of treatment are frequently not too spectac-
ular. A number of patients hnve improved to the pont where
exposure to cold weather does not cause undue disigutement from
urticartal wheals In others smprosement has developed to 2 point
whete systemic shock 1s not 2n wnportant consideration. Most of
our papsenits have, however, contmued to have focal or generalized
reactions of some degree on exposure to cold or heat,

Drugs that act 25 bistamsne newtralbizers exert a favorable effect
m some cases Benadtyl has been admunsstered m doses of 50~
100 mg three temes 2 day prophy lactically or on the development
of cold urticartz Pynibenzamne hydrochlonde has proved helpful
in some, but net all, cases, Untoward reactions to these drugs may

wclade nauses, drowsiness, dryaess of the smouth, weakness, dua-
ness 2ad headache

Frostairr

Pechaps the most important syndrome which results from ex-
posute to cold 13 frostbite,

Btiology.—In peacetime st is encountered espectally in individ-
uals who work outdeors in very cold climates, although the in-
Creasing pi

opulanty of winter spocts has added to the incidence
of frosthite,

Tn wartime, +f campargas ate conducted in cold chimates o1 even
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any exposure to cold. I have had a patient with similar sensitivity.

An actress was accustomed to swimming in the cold watet off the
English coast. One day while swimming she collapsed and was putied
from the water. At this time she suffered from nausea, sevete vomiting
and hives, first attributed to indigestion from eating of  lobster salad
The following day she dove into the cold water and again had tobe
rescued; the same symptoms were present. For three years thereaftet
she had to forego swimming The correct diagnosis was pot made, how
ever. She then had a period of four years without evidence of th;
syndrome. While playing 1n an operetta in New York during €%
winter, the syndrome returned. This time exposure to cold air cause
enormous urticarral welts, and 1t became necessaty for her to reach the
theater two or three hours before performances 1n order for the reaction
to subside sufficiently for her to make a stage appearance.

This syndrome 1s of great interest and is frequently missed &
1s undoubtedly smuch more common than is generally recognize
and every physictan should be on the lookout for it.

In contrast to this condition, some individuals have marked
sensttivity to heat. Utticarial reactions follow exposure 0 hot et
vironmental temperatures, the development of fever of exerast
that causes 2n 1ncrease in body temperature Such persons seldom
have as severe reactions as those with hypersen51tivity to cold:
know of no proved nstance of true hypersensitivity to poth heat
and cold in the same indtvidual,

T'reatment—This is not completely satisfactory. Ideally, trest
ment should be directed toward desensitizing the patient. “This ¢
be approached theoretically by several methods. One is to CXP:’“
the cold-sensitive patient to progressively cooler baths by reduding
the temperatute of the bath 1 degree (C.) each day or t0 expost
the hand to progressively lower temperatures, the idea being
have the patient release his own histamine-like substance in 85
ually greater quantities and thus to desensitize himself Anothef
method of d itization is to administer hi: ine, as g:igim“Y
suggested by Horton. The method of histamine desensitization
which we have used follows,
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of the heating equpment failed and frostbite folfowed. As time
went o, the madence of frostbite i high altitude bomblag was
maskedly reduced, except when flak or bullets from enemy planes
produced vents in the plane’s structure.

Pathology —~Exposure to severe cold causes vasocomstriction
both focally and as a result of general reactions This continues for
sace time. The tesulting anoxemia seriously affects the local tis-
sues. In addition, frozen crystals of tissue Huids form, and when
these thaw out the cells are ruptured and membranes break down
to produce aectosss Theombases of the smalier ateries occurs, in-
creasing the tendency to death of the tissue and pangrene.

Lewss demonstrated that the true freezmg potat of skin is be-
tneen —22nd 0C (28 4and 32 F.) Freezing does not normally
occur at ths level because of the law of supercooling. By supes-
cooling 15 meant the abilty of a substance to undergo cooling be-
low 1t5 ordinary freezing pomt without actually solidfying. Nu-
merous factors enter into the production of and interference with
supescooling 10 man, among them dryness of the skin, production
of oil and receat washing,. Freezing of the skin frequently occues
between ~—~4 and 10 C. (248 and 14 F ), but occasonally it
does not occur until a level of —~15to —20C. {5to —4 F ) 1s
reached. Factors which enconrape freezng are (1) incressed
dampness of the air, (2) exposute to wind, which ncreases the
evaporztion of sweat and removes the layes of radiant heat from
around the body; (3) arculatory stasss and anexerma The last 15
especially mportant w combat becanse 1t is frequently dangerous

for the patient to mave about to teduce the tendency to stasss, The
wearing of tight boots was found by the Germans to be disastrous
danng the Moscow campaign, the loose boot or mukluk being
cwuch more satisfactory.

An important element tn the production of frosthite 10 avilian
life is petipheral vascular disease 1 have seen numerous individ-
uals who were brought to their physictans because of frosthite and
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10 so-called warm climates 1n which sudden drops in tempersice
may be encountered, frostbite may be a factor of even greater I
portance thaa the military strategy of the commanders. More thaa
one campaign has failed because of frostbite and trench foot

E. V. Allen and T warned regarding the military importanc® of
frostbite soan after the eattance of the United States mto World
War II. Our predictions unfortunately proved to be sound bt
somewhat consetvative Estimates of casualties from frostbite 208
trench foot have ranged from 30,000 to 50,000 combat troops
from the U.S. forces alone These conditions also caused 16
losses in the Korean catmpaign Prevention of frostbite in comb¥
is prmarily a command responsibility For example, among ts0%p
ordered to discard all equipment except rifles and ammunition
they moved forward and who later were pinned down by el
fire, casualties from frostbite have been higher than from batte
wounds. Extra socks might have reduced the casualties. In Kore
front-line weather stations have been established and troop ¢
ments for the first time have been planned according to the e
dicted weather—a notable advance.

Frostbite encountered at high altitudes may be considered 3
purer form of the condition, since here exposure to stush 4%
dampuess at temperatures near or above freezing for Jong P‘“od’
1s exceptional )

A typical story told by men returning from high altitude s
stons was that some mechanism, such as a machine gun, J07
and to adjust it the gunner had to remove one of his glﬂ"‘s'.‘n?
mediately on contact with the metal frostbite develoyed This
aot susprising when one considers that the temperature wis f'xr
quently 40-60 degrees below zero Eatly in the war bomb‘,ns
planes commonly had large vents because of “bubbles” whxt[h
were not properly enclosed and other errors in constructios 1’
situation was remedied later and flyers were usually equippcd w
electrically heated suits. Sometimes, however, a patt or the ™ o
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of the heating equipment failed and frostbite followed. As time
went on, the incidence of frostbite in high altitude bombing was
markedly reduced, except when flak or bullets from enemy planes
produced vents in the plane’s structure,

Pathology —Exposure to severe cold causes vasoconstriction
both locally and as a result of general reactions. This continues for
some time. The resulting anoxemia seriously affects the local tis-
sues. In addstion, frozen crystals of tissue fluids form, and when
these thaw out the cells are ruptused and membranes bresk down
to produce necrosis. Thrombosis of the smaller asteries oceurs, in-
creasing the tendency to death of the tissue and gangrene.

Lewis demonstrated that the true freezing point of skin is be-
tween —2 and 0 C, (28.4 and 32 F.). Freezing does not normally
ocut at this level because of the Jaw of supercooling. By super-
cooling is meant the ability of 2 substance to undergo cooling be-
low its ordinary freezing point without actually solidifying Nu-
smerous factors enter mnto the production of and interference with
supercoohng i man, among them dryness of the skin, production
of oil and recent washing Freezing of the skin frequently occurs
between —4 and -—10 C. (24 8 and 14 F.), but occasionally it
does not occur until a level of —15 to —20 C (5t0o —4F)is
reached. Factors which encourage freezing are: (1) increased
dampness of the air, (2) exposure to wind, which increases the
€vaporation of sweat and removes the layer of radrant heat from
around the body; (3) circulatory stasss and anoxerma The last js
especually important in combat because it 15 frequently dangerous

for t}}e patient to move about to reduce the tendency to stasis. The
weating of tight boots was found by the Gesmans to be disastrous
durmg the Moscow campaign, the loose boot or mukluk bemng
much mote satisfactory.

”An mportant element in the production of frostbite in civillan

e 15 peripheral vascular disease, I have seen numerous individ-

uals who were brought to their physictans because of frostbite and



334 VASCULAR DISEASLS

in whom there was evidence of occlusive arterial d.isease suds s
arteriosclerosis obliterans ot thromboangiitis ghliterans of ©0
whom these was definite evidence of Raynaud's SY"df"me" P;
nents with any one of these syndromes should tike speciat est¢ &
avoid exposure to cold because they will suffer fros!bltc.ﬂt 2 :“1
higher temperature level than will the average pormal indivt '13:

Symptoms.—It has seemed logical to classify frosthie a.ct;; A
g to degree, so that others reading reportts of cases M3y N
some conception of their severity. In 1942 Allen and T sug8 o
a classification which follows 1n a general way that commonly ¥
for buras, hite

1st degree, Thus is characterized by the development f’f 1‘“}1 "
or yeltow frostbite involving the outer layess of the skin witho
blistering or peeling. .

2d degree.P Damgage to the supetficral Jayers of the skin 8 5;
vere enough to produce blistering ot pecling but not severe epoud
to affect the deep layers of the skin or the subcutaneous fusucs. B

3d degree. Damage is sufficient to cause death of thick fare!
of skin and subcutaneous tissues £ an

4th degree. Gangrene develaps, esulting in the Joss ©
extremity or a portion of it. 2

In first degree or mild forms of frosthite the skit ﬁ{“m‘s
dult yellow color associated with numbness and paresthesiaé ot
the affected area, for example, the cheek, Application of 2 w;mf:
hand or return of the patsent to a normal environment “‘un Ewr-
normal color to return, The affected ateas, however, remain bype
sensitive to further exposure to cold for a pesiod of time, i 07
cases for yeats.

With second degree frostbite the onset is essentially the sam:
25 in the milder form, but the tissues become fism and digits 42
are javolved become stiff. On thawing, reactive hyperemt?
velops. With recovety, redness tends ta spread from the nO"“:
tissue toward the center of the affected area. This is frt‘iﬂcmy
associated with pain, especially of a burning order. Shortly stef
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edema of the part occurs and blisters are noted (Fig. 82). Portions
of the skin then peel off easily. The superficial skin layers may
appear necrotic or gangrenous Inexperienced observers often be-
lieve the tissue involvement is much deeper than it actually is.
Following care the superficial skin peels off, leaviag normal tissue

Fi. 82 ~Second degres frosthite of feft first —
Note st 2l & ngn o ! nx of left first toe after exposure to ~—23 F.

and frequently entitely notmal skin under areas which were
thought to be fost,

In third degree frostbite there is mare extensive and deeper
xf:vulvemelxt (Fug, 83), and in the severest forms pottans of the
limbs _and digits may be lost completely

. Patients who have suffered from severe frostbite frequently con-
tinue ta be highly sensitive to cold for many years and should avoid
fucther exposute, This was emphasized during World Wae 11
when soldiers wese of fecessity sequited to go back into combat
after one or mare bouts of frostbite It was found that many of



f
Ivement o
Fi6, 83 —Thurd degree frostbite after exposure to —23 F. A, mvol
greaklfl;es of both feet B, frostbite of right heel

336
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thern could not toletate even moderate cold and were quickly in-
capanitated again

Prophylaxis —In avilian hfe most frosthite caa be prevented
by prophylaxis Dunng a war a large pescentage of soldsers can be
protected against frosthite by prophylais, although on some occx-
stons proper protection cannot be nstrtuted,

‘The following measutes for protection are suggested for those
who ate to be exposed to extreme cald, Clothing should be laose,
hight, wasm aad of many layers, The outet fayer should be of wind-
proof matenial such as Grenfell or Byed cloth Extea supplies of
dry wool socks should be avalable, and double layers of gloses,
the outer layer to be windproof, should be worn The best type of
footwear ss the Eskimo mukluk These boots are made of sealskin
with an 1oner layer of cartbou skin, Between the layers of skin,
grass ot a specsal type of moss which 15 common in the Arctc
areas or newspaper may be stuffed to mcrease insulation If this
type of foobwear 1s worn and the feet ase kept oiled and dry, frees-
tng 1s hughly unbkely Lacking such fovtwear, farge, loose-fitting
shoes should be wora over several lagers of wool socks The mam
difficulty with shoes haviag rubber uppers would be maceration
from sweating, leading te dermatophytosis The feet should be
washed datly and carefutly dned, then orled, preferably with whale,
seal or olve o1 Skin lesions should be carefully watched for and
treated promptly It 15 vital that no tght bands be worn and that
the shoes not be: faced tightly.

Every effort should be made to keep moving; standing for pro-
tracted penods 15 especraliy bad Contrary to & common belief,
beards encourage frostbste owing to mossture from expired i
which freezes and tends to cause frosthute of the face

Treatment ~For mld ot first degree frostbite, simple placiag
of 4 hand over the affected area of exposure to watm envitonment
s suffictent to restaze the craalation to normal The applicatson of
additional hest should nat be constdered

In more severe cases, frostbite should be considesed an emer-
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gency problem, It is important that the skin not be rubbed' o
traumatized in any way. Snow should not be applied. The patient
should not continue walking after the feet have been frozen, wnless
this is unavoidable. Many patients have been made worse by walk:
ing for several miles and then enteting an overheated room'm
placing themselves near a stove If immedsate care is ot obtsit-
able and if the foot is not too badly mvolved, it is wise to remose
the shoe and sock and place the foot agamst the skin of a co®
panion as, for example, within his shirt,

If the patient can be removed to 2 home of to a hospital, are
should be taken to warm the extremity slowly and withont expos:
ute to heat greater than natural room temperature. The applicatica
of excessive heat locally must be avoided. Warm drioks of 23
alcoholic beverage may be taken once treatment has begua. It ¥
wise to paint the affected area with a mild antiseptic such 32
1 1,000 solution of acriflavine or 1 15,000 solutron of Merthiolste.

There is some controversy over whether it s desirable to keep
severely frostbitten feet cold for several days or whether they
should be warmed gradually but as soon as possible, In my €
petience tapid warming has increased the pain, and in maay 1o
stances has caused such excruciating pain that it was necessafy 10
cool the feet again. The best approach to this problem 1s probably
to expose the feet to room temperature, If the patient cDum“s
of great discomfort, the fect are averheated, and if the feet appe*
to be increasingly edematous st may be wise to play an €lecii¢
fan over them to keep the temperature reduced moderately. O
sionally the application of yce bags may be necessaty to reduce
edema and severe pam temporarily, This measure should not b
continued for a protracted period.

Nerve blocks, ganglionectomy and simylar procedures Wave
been harmful rather than helpful 1n cur experience, despite €O
teary claims by others, Lange and Boyd reported marked reductio®
of gangrene in antmals and man followng use of heparin in frost:
bite, but this is not finally evaluated a5 practical therapy.
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During the Korean campaign a large experience has been accu-
mulated with the use of very dilute infusions of procaine solution,
Although the early teports have been favonable, final evaluation
has not yet been possible.

Surgeons should restrain any desite to amputate early simply be-
cause the entire foot of hand 15 covered with 2 black gangrenous
fages. Frequently the blackened necrotic skin peels off after a
time, Jeaving normal skin with perthaps loss of portions of one
ot two digits. There should be no haste about operating, Every
apportunity should be given for the extremity to seturn to normal
status, even if this takes several months.

TRENCH FoOT

As mentioned earlier, 1o land watfare frostbite and trench foot
ate frequently present together to produce a confused picture In
some nstances, however, true trench foot develops on exposute
to a temperature which 15 tugher than that caustng frostbite but
at which ¢ d exg to damp fesults i trench foot
Durning the mulitary campaigns of the Napoleonic Wars, the Cri-
mean War and World War 1 there were many thousands of
casualties due to trench foot

Eiology—After mterviening and examining hundreds of pa-
tients in the vascular centers of the Unsted States Army dunng
World War 11, T was impressed by the similanty of the storses
regarding the productiont of trench foot

Typically the patient was i a combat zone where the tempesa-
tare was freezing or pethaps even 3 few degtees above, Thete w
stush or wet mud over most of the area or at feast whete the par-
ticular soldier was stationed In a forward position he was held
under fite 11 a foxhole or trench for 24-48 hours or longer, un-
able to exercise the lower extremities propesly because of the risk
of being shot and unable to chtam a fresh supply of dry footwear
because of his exposed position

Some of these men were 1a such situations for more than 10
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days, the longest period claimed by any I interviewed beung 22
days This soldier was in the hills of Italy. When he was findlly
able to escape from his foxhole he was unable to walk and had
to crawl for 6 mules on his knees. In addition to trench foot b
thus developed lesions which were a combination of trauma and
2 condition similar to trench foot on the anterior surfaces of the
knees and which were deep enough to expose the bone.

Pathology-—Examinations of biopsy specimens and amputated
tissue have revealed an organization of thrombosed vessﬂs ﬂ?’
unlike that encountered in Buerger's disease if the condition 5
late.  Degeneration, ischemic necrosis and infarction ate pres.tﬂt
in both soft tissues and bones and are later succeeded by scarriag
and atrophy. There are marked phagocytosis of lipids and atrophy
of fat 1n subcutaneous adipose tissue. The muscles show atrophy
2nd sschemic changes similar to those of Volkmann's contractute:
Necrosis of bone with sequestration is followed by sheathiog of
the dead trabeculae with new osseous lamellae, a condition resem”
bling that of Sudeck’s atrophy. Friedman has concluded that, &
least pathologically, the distinction between true frostbite 20d
trench foot should probably be abandoned since the tissue 1€
tions follow the same general pattern.

Symptoms—The first symptoms noted by the patient are feek
ings of coldness, d 3 and “woodiness.” As long
as the patient remains exposed with his boots on, the feet atc
some degree anesthetized from the cold. The pain is not sever®:
When, however, the patient returns to a warm environment 254
removes hts boots, marked edema develops tapidly and a hem-
orrhagic extravasation under the skin frequently takes place. The
feet become markedly hyperemic and intense burning parm is chit’
acteristic. The soldiers discovered that removal of boots i the
field was dangerous because of the great risk that they could not
be replaced. The inclination, therefore, was to Keep the boots 02
unless rescue was at hand, After the teturn to warm environment
and development of extravasation and edema, gangrene may fol-
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low. "The gangrene may vary from 2 few isolated asexs of the skin
to rather widespread involvement of, for example, both feet. As
i the case of frostbite, gangrene s apt to be very supesficial, Fre.
quently with gangteae to the ankle, pulsation of the dorsalis pedis
artery can be felt,

Any thought of tadical excision of amputation early ja the
coutse is to be discouraged since observation of large groups of
patients many months after exposure revealed that the gangrenous
skan usually peels away, Jesving normat skin beneath. The number
of feet of even of digits lost as 2 result of pute trench foot was
extraordinatily small Secondary infection with both aerobic and
anaerobic gas-forming bacteria is 2 constant fisk. A few deaths
have been reported as a result of secondary infection

Prophylavis—~The prophylaxis program supgested in the Bul-
lotin of the United States Army Medical Departwsent (p. 1, Feb-
ruary, 1945) seems satisfactory.

1. Provision of suitsble equipment Well fitting waterproof or water-
tesistant boots with thick, replaceable, inner felt soles and wool socks
may be best under certain conditons. However, with existing footgear
adequate protection agunst teench foot can be achieved by careful
obscrvance of the measures listed below,

2, Avoidance of unnecessary gisk. (a) Standing in water or mud-
sazked areas should be avoided as much as possible. (b) Cramped posi-
tions, profonged bility and dependency of the should
be avoided, These should be counteracted by stationary exercise of the
fet and legs. (¢} fn cold wet weather troops should be relieved of
duty as often as the situation permits.

3. Enforcement of individeal hiygiene {4) Wet socks and 1naer soles
shauld be chizaged to dey ones as often as possible. Troops should catry
a dry extra pair of socks at all times () Shoes should be removed at
least once datly and the feet cleaned and dried, () The upper part of
the bady shouid be kept as warm and diy as possible. (d) Nopacom-
missioned officers should be prepared to supervise theit men m the
care of ther feet, Frequent inspections by uni commanders would be
valusble in enforcing praper foat hygiene and also in detecting early
climcat manifestations when men are exposed to trench foot,
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Apart from the provision of equipment, control rests with the iod:
vidual himself. Measures to be taken are elementary but relatavely
unfamiliar to soldiers without appropriate precombat training of c?mb“
experience in cold wet terrain and they require diligent application 0
be effective. Otherwise a well conceived and executed control progi®
will be defeated as it sifts down the chain of command unless all echelons
enforce control hygientc measutes and force the policies of relief and
rotation calculated to minimize exposure. Daily foot inspections by
c ioned or nonc 1 officers and enforced ex¢Kises ad
changes of footgear exemplify the type of vigorous surveillance ?'hl
15 difficult to nsure, yet must be attained, if control is to be ackicred

Treatment~—Once the diagnosis has been made the patiett
should be removed, without walking if possible, to 2 hospita)

In the easly stages greatest relief is obtained in most instances
by bed rest with the feet elevated and kept cool Later, in ey
cases without gangrene, active and passive movement of the fcf‘
15 essential. Well fitted shoes must be provided and eatly walkiog
wnsisted upon There 1s some inhtbition to beginning walking b
cause of paresthesias, which are most annoying, and this e
quently becomes an acute problem with regard to futur¢ actlf

Hypethidrosis is often serious to the point whete the paiert
is disinclined to put on socks and shoes which almost jmmeduately
become wet. Lumbar procame blocks and sympath(fcfomies have
been used for treatment of the hyperhidrosis. I have had 20 oppo*
tunity to observe the end-results in large numbers of patients thus
treated. In most, if not all, instances relief from hypcxhidrusis wis
striking. In some, unilateral sympathectomy was done to anl‘
the patsent to evaluate the benefits and to decide whether he would
have the other side treated on the basis of the relief obtained
Some individuals have elected such treatrment of the second S
but the majority have not considered the benefit adequate becaus®
relief from paresthesias and other discomforts has not beet £
markable. Therefore, if hyperhidrosis and coldness are severelf
incapacitating, ganglionectomy should be considered. If these fac
tots are not s important, and paresthesias and other discomfor®

—
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predominate, there is Jittle use in attempting ganglionectomy for
relief. In all cases a procajne block should be pesformed fiest to
evaluate the potential benefits.

In severe cases with gangrene the following treatment has been
developed, .

1. The gangrenous area is treated with aseptic technic until it
has definitely demarcated and appeats noninfectious. After that.
the need for having the patient begin to bear weight necessitates
some decrease in the rigidity of sterility precautions.

2. Typhoid vaccine intravenously to induce fever is helpful in
2 coaniderable number of patients. The dosage and techaic de-
scuibed on page 201 are satisfactoty for this purpose.

3. The results of infusions of dilute solutions of procaine,
used in the Korean campaign, a1¢ encouraging but requite fusthes
evaluation,

4. Eatly ambul is exceedingly imp . Few patients
with this condition will, of their own volition, try to walk because
of the paresthesias and discomforts already mentioned. Various
methods of overcoming this inhibition were utilized in the Army
vascular centers These mncluded many types of exercises which
did not tequire weight-bearing on the feet and which were in-
tended to improve the general physical stamina, Among othess
were the riding of bicycles to encourage pressure on the toes and
exercising 10 swimming pools where the buoyancy of the water
lessened the weight on the feet until they became accustomed to
walking. Aa anterior bar was designed which could be placed on

the soles of the shoes and would prevent the balf of the foot from
coming in coatact with the sutface on which the patient was watk-
Xﬂg'

At this point it is perhaps appropriate to descnibe the charac-
teristic walk of the patient with trench foot. Because of the dis-
comfort, which is largely concentrated in the balls of the feet, the
patient watks with a sort of duck waddle, resting back on the heels
and avarding pressure on the balls of the feet. This means that the
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toes are thrown conspicuously outward. The walk is s0 chatacter-
1stic that an observer who has had experience with the 1}‘5 cffmsl
of trench foot readily recognizes the condition in an indwvidu
walking some distance from him.

5 As the tissue demarcates and the skin becomes loosc. t 1;
carefully removed. Amputation is reserved for only the tps ¢
digits or for entire digits that are really nvolved beyond hop:

6 Sk grafting 1s frequently useful in areas that have bee
severely involved.

IMMERSION FooT

Immerston foot is, 1n many respects, like trench foot. It 'ls t::
result of prolonged 1mmersion in water as, for example, m[ ‘
dwviduals who have spent days on life boats ot rafts as 3 result °h
shipwreck. This, agam, is prmarily 2 wartime condition, altht:'u&15
1t does happen 1 peacetime. It may occur in warm cllm.‘ltﬁ:
well as cold, although most of the cases described have follos
exposure in cold areas, as 1n the North Atlantic. —

Etology —The following factors are the same whether me,ﬂ
s100 is 1n cold ot warm water prolonged dependency of the ]0“‘9
extremity, prolonged immoblity; frequently, a binding consmm
tion of the leg, lack of proper food, with low protein and “tmm-
mntake, with vitamin B complex appearing to be the most l:s
pottant; maceration from prolonged soaking The only dlﬁertf‘ia
are exposure to cold and cold water and exposure to wartt wa
and the effects of sunburn,

Clinical picture —This has been divided into three phases’ (1)
the initial or spastic ischemic phase; (2) the posu’mmersion, h):
peremic stage, and (3) the late vasospastic, ischemtc phase. Fo:k'
detailed description of this syndrome we are indebted to Blx
wood, and White and Warren and others. .

During the period of immersion there is a durect vasocoasti
tion of the superficial arteries and arterioles plus a reflex ":“‘50'
constriction affecting the arculation generally, The extremities



IMMERSION FQOT 343

become pale or cyanotic and cold. Pulsations are seduced or absent
because of vasoconstriction. Edema appears within 12-24 hours
a5 2 gesult of dependency and interferes fusther with the normal
ciculation Petechial lesions are apt to appear, especially in per-
sons exposed in warm climates. Shallow ulcerations may develop
over the ischemuc ares. Anesthesia becomes promineat. In waem
climates sunburn with the development of blebs is very common.

The postimmersion byperemic phase occurs when the patient
has been removed from cold 2ad placed in a warm environment,
The feet become more swallen, ted and hot and the periphera
pulsations are full and bounding. Sweating is not noticeable. The
feet must be immediately elevated and placed in a coal enviran-
ment or there will be 2 pronounced increase in the swelling and
hemorrhagic blebs will appeac. In maay cases ulceration and
gangrene may occuf. Anesthesia and numbness may persist for a
£ew days, but later busning paresthesias develop sad become more
tattense as the days pass. This phase may fast for several weeks ot
longer Secondary infection is relatively common unless guarded
against and thrombophlebitis has been seen.

The late vasospastic ischemic phase is seen in sevete cases weeks
or months aftes the acute phase has passed. The exteemities ate
cold and cyanotic and the patient complains of pains, stiffaess aad

h of the lower ities, Hyperhid,

P Hyp is may then ap-
prar. Thus syndrome may continue or seappear during cold weather

for some years after the original insult and may intecfere with the
patient’s livelihood if he is an outdoor warker.

Prophylaxts —The Bullesin of she United States Asmy Medwal
Depariment (Februaty, 1945) contained the following sugges-
tons for the prevention of immersion §oot

L, If there s time before sbandoning ship, try to obtain warm clothes
and warm covering (oil skins, rubber sheets, Qavas}, waterproof and
Xoo;: ‘ﬁ:tmg boots and several parrs of waal sacks,

- Keep the feet and bottom of the boat as dry as possible. Even
when boots ate worn, prelanged contact with cold waterpis harmful,
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become pale or cyanotic and cold, Pulsations ate reduced or abseat
becanse of vasoconstriction. Edema appears within 12-24 houts
as @ tesult of depeadency and intecfercs fucther with the normal
circulation. Petectual lestons are apt to appear, espeaally in per-
sons exposed in warm dlimates, Shatlow ulcerations may develop
over the sschemic area. Anesthesia becomes praminent. la warm
climates sunburn with the development of biebs is very common

The postimmerston hyperemic phase occurs whea the paticat
has been removed from cold and placed i a2 warm environment.
‘The feet become more swollen, red and hot and the peripheral
pulsations are ful} and bounding Sweating 15 not noticeable The
feet must be immediately elevated and placed in 2 cool enviton-
ment or there will be a pronounced increase ia the swelling and
hemorthagic blebs will appear. In many cases ulceration and

may occut. Anesthesiz and may persist for a
few days, but later burming paresthestas develop and become mare
mtense as the days pass. This phase may last for several weeks or
longer Secondary infection 15 relatively common unless guacded
aganst and thrombophlebutis has been seen.

The late vasospastic sschemic phase 1s seen 1a severe Cases weeks
or months aftes the acute phase has passed. The extremuties are
cold and eyanotic and the patieat complains of pans, stiffness and
paresthesias of the lower

Hyperhidrosis may then ap-
peas. This spndrome may cantinue or reappeas duting cold weather
for some yeats after the origimal insult and may interfere with the
patieat’s hivelihood «f be s 2n outdoor worker.

DPropbylaxix.~’Yhe Bulletin of the Untted States Army Medical

epariment (February, 1945) contsined the following sugges-
teos for the prevention of immersion foot

1. 1f there 15 time before abandonin,

f 5 ship, try to obtam warm dlothes
?nd wgrrfx Covening {oil skins, tubber sheets, canvas), waterproof and
uo;c Kmng boots and several pairs of wool socks.
when b:;i: the fect and bottom of the boat as diy as possible, Even
S ate worn, prolonged contact with cold water 1 haconful
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3. 1f socks become wet they should be removed. The feet shunldbz
dned and oil, petrolatum ot heavy grease applied if possible, Boots 20
socks should be well dried before being replaced. .-

4. Avoid cramped positions and dependency of the extresties ¥
frequent exercises and temporary elevation of the feet. v

5. Keep the upper part of the body dry and diminish esposre
cold winds, ¢t

6. Constriction by tight clothing, shoes, socks and gasters should
avoided.

7. Nutntion should be maintained at as high a level as cixf\xmfm‘m
permut. Whisky and other alcohalic beverages should be avoided

It is obviously impossible in many cira es 0 foUoW.:;
detail such directions as these. They should, however, be appl
whenever and to the degree feasible. .

Treatment~When the feet ate severely jnvolved, the patient
should be lifted or casried from the lifcboat or raft if Pms’h‘f
This will decrease the rubbing of injused skin undet P"““mlbz
septic conditions, An extremely warm environment shoutd
avoided. The feet should be elevated and kept moderately ©¢
in 4 cool environment or, 1f necessary, with ice bags of 2 ’P;;Z
of water over the skin Cooling may be helped by means of 2
directed toward the affected area. P

All possible precautions should be taken against pacterizl mﬂr
tamination. A mild antiseptic such as acriflavine, Mﬂfhiohh:;
one of the sulfonamides may be applied to areas whese the # .
is broken, A wet dressing of penicillin, 10,000 unsts pet 20 ‘hc
of normal saline, may be used if infection is present "‘f‘d i ’n,
organism responsible is susceptible to penicillin. Penicillin 0f b‘
of the sulf ides should be administered ogally of parente™ ’
if there appears to be 4 generalrzed infection. Heat and SU%%
antiseptics should never be applied to the skin of the affected 3"1:'

As soon as the swelling has subsided and does not recut on t

and provided the ulcetations arc healed, the P ,uﬂ;
encouraged to become ambulatory and to place :,
the soles of his feet. Paresthesias present in immersi®
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foot ae of the same order as those described for trench foot. I
2 patient has had serious involvernent of this nature, hc‘ should
atterpt to find an wdoor occupation since he s quite tikely to
have sexious dissbulity or at feast discomfort on exposute to cold,

Sympathectony ts nat indicated because the swelling and symp-
toms are frequently aggravated.

THE PCANIO SYNDROME

The pernio syadrome should be divided into the acute form, or
acute chdblains, aad the cheome form, of chrome chulblains, Acute
chilblams may be regarded as the very eatiest stage of acute frost-
bute, and chronie chufblains may be considered mild chronic frost-
bite. Certain aspects of pernso, however, deserve special attention
Immersion foot and trench foot may be considered related conds-
tions.

W Milles wrote 3 small monograph on pernio, De pernioni-
bus, in 1680, and a number of works on this subject have appeared
swice that tme McGovern and 1 emphasized that permo is a
penpheral vascular disease sather than a dermatologic one.

ACUTE PERNIO {ACUTE CHILBLAINS)

fy common ta notth Unrted States and 1
wany other cold and damp climates. &t is frequently scen in the
hands of cutdoor wotkers and of young chuldeea who have been
playing in the snow, It is also seen with increasing frequency
the legs of wormen whe weat shost skirts, thin stockings and -
adeguate shoes mn winter weather,

This 15 re}

The nose, cheeks 2nd ears are rarely involved. The lesions are
atmost always bilateral and symmetnical. The patient complains
of aa itching, burning sensation which 1s severely aggravated by
warmth, on coming sadoors after exposure to cold. Wasking the
affected parts 10 warm water after exposute to cold aggravates the
discomfort, The skm is reddish and sometimes has a cyanotic tint.
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There 15 usually slght edema. Sometimes small blebs appear If
thete is no further exposure to cold the condition gradually sub
sides 1n seven to 14 days. Occasionally thete is 2 prPl{”"m"
reaction dusing the acute stage, and at times 2 Brownish pigmes”
tatton persists for several weeks thereafter. Occasionally the S
becomes roughened, and frequently a diagnosis of dermatins S
ondary to exposure to some substance o which the patient is hypet
sensitive is considered. )

Treatment —Exposure to heat greater than 85 Fis undcsuﬂ‘olci
Traums, mcluding scratching of the area, must be P“"eme‘d'I
blebs break they should be treated in an aseptic mannet, usieg ®
muld antiseptic and sterile bandage. Salves, ointments and strong
antiseptics are contraindicated. The old idea that the lesion should
be rubbed vigorously with snow should be discouraged, foF fm
brisk rubbing may traumatize the skin and aggravate the condtio?
generally and may induce mild frostbite. Acute pernio 15 not &
sestous condition and will yield to reasonable care. Fu.nher =
posure to cold without proper protection must be ﬂ"o{ded 236
peated or prolonged exposuse may result 11 chronic pernio; whi
1s 2 much more serious condition

CHRONIC PERNIO {CHRONIC CHILBLAINS)

After repeated exposure to cold and dampness a SUSP
person may develop the chintcal picture of chronic periio:
mechanism of the susceptibility is not understood. ‘The cvndlhl}ﬂ
has been known by a wide variety of names, including Bazin's &
ease, dermatitis hiemalis, lupus pernio and erythrocyanosis. Some 0
the confusion resulted from Bazin's writings in which he descibe”
cases under the heading of erythema induratum which were I
truth pernio rather than a true tuberculid One reason fof his €07
fusion was that the bacteriology of tuberculosis had not b’“{
worked out at the time he wrote. Careful seview of his OiB™
articles, however, shows that several of his patients had lesions
that were characteristically located and that occutred dufing <

tible
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winter and cleared up each May or June. Furthermore, his descrip-
tions were accurate pictutes of pernio lesions.

Typically, after a susceptible pesson is exposed !Epc.:ltcdly to
cold and dxmpness, erythematous ulcerative hemorrhagic lesions
develop in the skin of the feet and legs, usually below the knee.
The great majority of patients we have seen have been young
women The explanation which suggests stself is that the thin
stockings worn today fail to give adequate protection against
dampness and cold during the winter months. It is interesting that
1n some of the older German descriptions the lesions were reported
as rarely occurring on the legs and feet, being more common on
the face and hands. This adds werght to the foregoing hypothesis,
since at the time of the early reports German women wore long
heavy underwear, heavy stockings and high shoes and hence their
lower extremitics were not especially exposed to the cold and
dampness.

Dusing the early years of the disease in 2 given patient the
lesions usnally appear as small nodules in October or November
and break down in three or four weeks into open and extremely
panful ulcers. The ulcers usually persist through the winter and
finally heal in the late spring or eatly summer. They leave perma-

nent scars and the legs of patients who have had this diseise for
years are disfigured 1y by i

s s d scats.
The lesions vary from pinhead size to several centimeters in djam-

eter As the condition progresses the lesions may remain open
throughout the summer. They may be so painful as to be com-
pletely crippling 1 have scen several individuals who had been
bedridden for several years as a result of the extreme pain Some
lessons may heal during the winter; as one ulcer heals others break
open 5o that there are successive crops. Most cases are incortectly
diagnosed because sufficient attention is not paid to the influence
of exposure to winter weather and the tendency toward healing in

the summer. This series of events alone should give the physician
a clue to the diagnosis.
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Most patients ate found to have a lower normal skin tempes
ture than the average person. The extremities are cool and fit
quently cyanotic. Local edema is often present around the “ﬂ%’“
In some individuals livedo reticularis is present 20d, a5 r\ﬂffd @
Chapter XIV, the pathologic process in the blood vessels in B
two conditions is somewhat difficult to differentiate. Chataderist
cally Jesions ate scen simultaneously in several stages of dcvclg
ment, ranging from tender erythematous podules, through &
small bleb phase to superficial ulcers. Later the ulcers btﬁ";‘h‘
deeper. They may be round or completely irregular in shape
edges are usually sharply demarcated. There Is made'rate ‘”?un‘
tion surrounding them. Bropsy reveals angritis associated with
low grade inflammation in the subcutaneous tissues. .

As emphasized by McGovern and the author, the patheles
picture 15 characteristic of, but not specific fof, perni(:). e
pathologic lesions have been observed 1 acrocyanosis, i
reticulatis and some cases of trench foot, They have three f‘m!:;
in common: (1) angittis with intimal proliferation, thidceﬂjﬂgw
the wall of the artery, with periarterial-perivenous inﬁltrm‘mw_
Iymphocytes, monocytes and leukocytes; (2) pecrosis of the P!
niculus adtposus; (3) chronic inflammatory reaction of the
cutaneous tissues in which giant cells are frequently found "
tubercles never, Purpuric areas are comnmon. In some cases the
is hyperpigmentation. No acid-fast bacteria ar true toberdes ¥
found. ;

‘The mechanism is probably based on repeated vasospasti
actions producing anoxemic changes in the tissue. The followist
cases are illustrative of the typical syndrome.”

c 5

Case 2—A gidl, 19, was first seen in Apil, 1938. Aftef fﬂl“”ﬁ
the right leg in March, 1937, she had noted sed blotches that %75 0
vated zbove the suface which first appeared on the back of the lov\w
third of the leg. The lesions became imore raised and scalf, 1% ¥

« Ougunally reported in McGovern, ., and Wright, 1. § : Pernio” 4 waselt
disease, Am. Heart J, 22-583-605, Noverober, 1941
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red to come 16 a head, ulcerate and heal, After two weeks in bed
the red blotches rematned and similar lesions appeared on the left leg.
During the summes the lesions healed, In November, v.wlhout new
mjury, several similar Jesions reappeared, each developing sato an
ulcer No treatment was instituted. In May, 1938, alt leswons disap-
peaced. After 2 shght inpury to the right leg s December the condstion
retosned and both legs ulcersted Late in the summer of 1939 the
lesions had not completely healed but were improved and confined to
the towes third of the legs along the medisl snd posteriae sucfaces.

o 8§ —Pathology of cheoai permio Note hypeskeratosss and abscess

When the lesions begen to sppeas they were excruciatingly pamfufs;
after ulceration set 1o the pam was less acute,

Physical examunation 10 Apr, 1938, shawed na abaosmality except
the Jeg lestons Blood pressure was 100790, Oscillometuc readings and
capillasy studses were normal Reentgen study of the lungs revealed no
aboormality. The Mantoux reaction was possteve at 1 1,000

Biopsy of 4 lesion revealed no evidence of tuberculasis Except for
4 small zone of ull & 3

th ying sqQu P wis not
abnormal. Immedsately beneath the basal cell layer was an extensve

fenkogytic reaction that diffusely infiltrated the subcutss. Capillanes :n
this segron were unusually promuneat as a result of endothelial and
peticapitiary fibrobl The icnt 1

s Was
uecrotic, contaming many nucleat fragments but showing no true case-

#on (Fig 84) Polymorphonuciears and smalf lymphacytes méltrated
the adipase hissoe and there was conmderable fibrosss The most con-
spcuous feature m the pannsculus was the vascular change, which con-
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sisted of chtonic angritis; not only was the endothelium !;m\ly e
ened but there was a striking perivasculat ring of fibrous tissue contaid
ing many cells, chiefly of the lymphocyte sesles. .
Case 3.—A woman, 39, was first s?:’n in September, 1938. The hx;
tory was msigaificant except for the following events 1n October, 1937
she had had an ec condition that involved the fexor Smﬁc,ts
of the legs, back and hands, in that sequence. Roentgen '(hcz:\y)' “L”
gven, The condition, of unknown etiology, had cleared up in 10 ““,ds,
At age 14, ted mndurated areas which were painful on pressute dev .
oped on the inner and posterior aspects of both legs. Thcy Mmih
inflamed and healed without vlceration. In the fall of her eighteet 0
yeat similar areas appeared and thes time ulcerated. For the next sm,
years the legs were normal, At 25, the lesions recusced after swimmins
late 1n the summer The condition was such that she w25 in be m?;
of the time from October untl June, wearing a gelatin boot lh:&:’e
changed frequently. The legs healed and she remained well for B
yeats For the following 11 years the night leg had never complcltsf
healed, although 1t was defimtely improved during the Warm SO
The left leg had been free from ulceration for four years- | .
Tn October, 1938, she had excruciating pain actoss the right m'hg
and ulcers appeared between three toes of the right foot. Ulcess €
developed on the dorsum of the foot and a single lasge lesion P‘“‘S“u
The pain in the reddened areas was knifelike, The areas Were iscte
and the color changed from red to violaceous When the patient open®
the lesions with a needle, dark red serum exuded for 2 dag, then ¥
lowish serum, and the lesions began to ulcerate, with cessation of P‘“’]L
T.hc ulcers healed m four to five weeks. The healed afeas W& cc?ﬂ.
pigmented, and on these the next year's crop of fesions became € ¥
grafted The lesions were open almost all winter and she was confin€
to the house from October to the end of February. ons
Phystcal examination revealed no ab Lities except the 18 ks\o!v\
The skin was deeply pigmented and scleradermic from the knees d0%%
A large ulcerated lesion was present on the internal malleotus m.
another on the dorsum of the tight foot The left leg showed pig‘“‘,“u
tion, scleroderma #nd evidence of healed ulcers Oscillometric f"d“‘pn
were normal. Lung x-rays showed an old inactive tubesculous fi
the nght hilus and an old Ghon nodule. The sputum contaio®
tubercle bacilll; the Mantoux reaction was positive at 1:1,000
Biopsy of 2 lesion showed no evidence of tuberculosis. Ther® """:
extreme hyperkeratosis and a fairly large abscess in the squam®”
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i - hronic

thejnat fayee (Tig. 85). This represented a long: s.undmg <
;E:)cc:suin vgﬁd\(\xkuatim played a couspicuous qu:. indicated by the
fact that nests of epithellum lay in isolated foci in the subantancous

connectve tissue. The angiitic reaction in the subcutis was conspicu-

ous The vessel walls weee greatly thickened, in some instances a\m(}st
ta the pant of complete occlusion of the lumens. Each vessel thus in-
olved was sutrounded by collections of neutrophilic leukocytes, lymph-
| adm NG Nty .
B
gy ?,

gfﬁ?’\% % ’} fay

afone S b Pl

R b
RN

20

Fic 85 —Pathology of chrome pernco. Panmiculus 15 extensively necronic,
capullarses are unusvally prominent Leukocytes and small ymphocytes inBltrate
the adipose tissue Note endothelial thickening and perivasculas ring of Bbrous
tissue

acytes and large mononuclear ¢ells There was extreme necrosis in the
panniculus adiposus, some of the necrosis even supgesting caseation,
Chromaty was indicated by extensive granulation tissue on the margins
of the necrosts. An interesting featuse was the presence of many cells
1 division, both in the involved vessels and n the dermis,

Case 4~A woman, 39, had had two miscarriages end one full-term
pregnancy, the latter 10 gears previously. In September, five yeass befote
admission, she first noted cold, ixchy feet, followed shortly by blistering,
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sisted of chronic angiitis; not only was the endothelium 5!51d7 'h‘fk
ened but there was 2 striking perivascular ring of fibrous tissee contaif
ing many cells, chicfly of the lymphocyte series s

Case 3 —A woman, 39, was first seen in September, 1938. Tre "
toty was insigmficant except for the following eveats In October, 1937
she had had an eczematous condition that invalved the flexor sufi®
of the legs, back and hands, in that sequence. Roentgen therspf *%
gwen. The condition, of unknown etiology, had cleared up in 10% 4
At age 14, red indurated areas which were painful on pressure e :
oped on the inner and postetior aspects of both legs. They l’“ﬂfh
mflamed and healed without ulceration, In the fall of her exghtf‘fm
year similar areas appeared and this time ulcerated. For the negt s !
years the legs were narmal. At 25, the lesions recurted after $WIDIS
late in the summer. The condition was such that she was it bed i
of the tume from October unt:| June, wearing a gelatin boot that “:t
changed frequently. The legs healed and she remained well for "hi
years. For the following 11 years the sight leg had never complete
healed, although 1t was definttely i proved during the warm o
The left leg had been free from ulcesation for four years. . "

In October, 1938, she had excruciating pain across the right m,b,}:
and ulcers appeared between three toes of the right foot. Ules,
developed on the dorsum of the foot and a single lacge leston pepit "
The pain 10 the reddened areas was kmufeltke, The areas were &5
and the color changed from red to violaceous. When the patient OPMK
the lesions with a needle, dark red serum exuded for 2 day, then I°
lowssh serum, and the lesions began to ulcerate, with cessation of 18
The ulcers healed in four ta five weeks The healed areas were deepf
pigmented, and on these the next year's ctop of lesions becd™® t:d
grafted The lesions were open almost ail winter and she was confin
to the house from October to the end of Febeuary.

Phystcal revealed no ab Iities except the lcg I”“":;
The skin was deeply pigmented and sclerodermic from the knees 4%
A large ulcerated leston was present on the internal malleolss o
another on the dorsum of the right foot. The left leg showed pigmenty
tion, scletoderma and evidence of healed ulcers Osallometric 1€3478°
were potmal. Lung x-rays showed an old inactive tuberculous fo058
the right hilus and an old Ghon nodule, The sputum contained 20
tubescle bactlli; the Mantoux reaction was positive at 1:1,000

Biopsy of 2 lesion showed no evidence of tuberculosis, There *°
extreme hyperkeratosis and a faitly large abscess in the squim®®
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epitheliat fayer (Fig 85). This r:prcsem;d a long-s‘t:x:dmglchror:c
process fnt which ul layed 2 P .m’le. by the
fact that pests of epithelium lay in isolsted foci in the subcutaneous
copnective ssue ‘The anghhic reaction in the s\\bﬁm? was Conspiou-
ous The sessel walls were geeatly thickened, 10 some instances almost
to the paint of complete occlusion of the lumens. Each vessel thus -
solved was surrounded by collections of neutrophalic leukocytes, Iymph-

Fic 85—Pathology of chronx perio Panculus 15 extenuvely necrotic,
capiflastes are wnsually promunent Leukocytes and small Symphacytes méiltoace
the adipose tssue Note endothetsal ducksnmg and penvascular nog of Sbrows
wssue

oG tes and large mononuclear cells There was extreme necros:s n the
panmculus adiposus, some of the necrosts even suggesting caseation
Chiomtity was indicated by extensrve granulation ssue on the margias
of the necrosis An nteresting feature was the presence of many cells
48 diviston, both 1n the involved vessels and sn the detous

Case 4 —A woman, 39, had had two muscarriages and one full-term
pregnancy, the fatter 10 yeass previously In Septeaiber, five years before
admission, she first noted old, stchy feet, followed shortly by bhsteney g,
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with ulceration of the inner surface of the feft ankle. Each summt e
lesions healed but reappeated in the fall. The ulcess were treated by
salves in a skin chinic,

0Oa exposure to cold the patient had 2 burming festing followedbf
itching, which was a sign of initiation of the leg lesions The ameis

18, 86 ~Chroniz pernig, 1o, d N o s st} wees?
and scars with pigmeatation, | C < 27He lesions, with pumeso

became bluish red and some even 1 suba hematrbag®
Size vatied From a petechizl spot to that of 4 gime Thete was SV
knifelike pain, worse at night, in the discolored aseas. Aftes teo &7
to three weeks a blister wonld form, exuding pinkish or yello®
exudate, followed by ulceration, 4 scab would fosm and the lesion

At this stage, 20y injury to the fegs by exposure or othecwise caus
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fesions to ulcerate again. ach csop of lesioas usually began sunultane-
ausly, They were confined to the logs, usually the fower thud, with
4 few fesions on the dotsum of the foot and toes. The sevece pun
usually Lasted until ulceration, then progressively diminuhed.

Physicat examintion showed no shrormality except the fep lesions
There were Jarge squate gramlating lesions on the saner aspect of the
ankles extending back to the catecs and matked ulceration of the ankles,
bads of the feet and the toes (Fig 86) The dossabs pedis and
postentoc tibial artecies were normal. There were no color changes
the feet on tinanion o dependency, There sere shight saecose vetas
i bath Tegs Osaillometare readsngs were nosmal. Lung x-tays eevealed
oo dboormality All cold seamtivtty tests gare negative results

Biopsy of a Jesron sevealed na evidence of tberculosts There weee
soperficial cornification and exfohation of the stratified squamous epr
thelum and an wcrease of fSbrous tssue sn the undedying conum,
with marked edema and smoothung of the eete pegs. The sweat glands
were displaced and therr corls separated by the increased, edematous
wontttve tissae fibers Midd mononutteas coll mfiltration was noted
The deeper fayers of the epidermss were psgmented and Iymph spaces
were difated, with 2 tendency ta vescle formation The capilianes
showed #vidence of prolsferation In the subcutss the vessel walls were
geeatly tuckened, occluding the lumens, and thire was marked pen-
vascular wfiltnation, The staduag eature wias angubes

Infferential dragnosis must inclode erythema induratum (true
Bazla’s disease). The fesions of etythema wduratum are 3pt to be
more nodular and ind: d and the Jate ul fesions are
itkely ta be deepes Oceasionally seasonal changes are noted.

Tubeecle formation and easeation ate found Pernio must also be
Aiff d from erpth d

, which 13 a much more
2atte pracess and 15 usually assocated with acute systesmic seaction,
wath fever, maluse and sometitmes arthtalgn. It wwually occurs in
the spriag and 2l rathes than sn the late falh. The lesions do not
tend fo ulcesate, The third consid 1w ifferential d

15 nodutar vasculitis The lestons ate exteemely painfol and ucsmiiy
occur 1a the calves of women between 30 and 40 years of age.
Ulcesation is rage. )

Treatment —There s no specific treatment for chromie pernin
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with ulceration of the inner sucface of the left ankle, Each summer
lesions healed but reappeared in the fall, The ulcers were treated by
salves in a skin clintc,

On exposure to cold the patient had a burning feeling followed by
itching, which was 2 sign of initiation of the leg Jesions. The aress

Fia, 86 —Chronic perno, Leg and ankle lesions, with numerous small uleers
and saars with pigmentation,

morthages:
was severt
two dafs
cllowish
n hesl

became bluish red and some even suggested subcutaneous he
Size varied from a petechial spot to that of a dime. There
knifelike pain, worse at night, in the discolored areas. After
to three weeks a blister would form, exuding pinkish or ¥
exudate, followed by ulceration. A sczb would form and the lesi©
At this stage, any injury to the legs by exposure or otherwise CaUSE
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tevons 1o uicerate sgun, Each csop of Jesions usustly began sunultane-
ously. They were confined to the fegs, uswally the fowes thid, with
2 few lesions on the domsum of the foot and tocs. The severe pan
usually lasted until i then prog; ly & hed

Physwal exammnation shawed no abnormality except the leg lestons.
These were large square granulating lesioas on the waner aspect of the
ankles extending back ta the calves and matked ulceration of the aakles,
tacks of the feet and the toes (I 86) The domals pedis 2nd
posterior tbial artenies were normal, There were no colos changes 10
the feet on clevation ot dependency. There were shight vancose vemns
in both legs Osestlometric feadings were notmal. Lung x-tays revealed
Ao abmormabity, All cold sensttvity tests gave negatwve resuits

Bropsy of a lesion revealed no evidence of tuberculosis There wete
saparhicea] corntfication zad exfoliation of the stratsfied squamous epr-
thelum and an wosease of fibrous tissue 1 the underlying canum,
with tarked edermr and smoothig of the tete pegs. The sweat glands
were displaced and thewe ¢pils separated by the increased, edematous
conpective tissue fibers Mild mononuclear cell ifiltrabion was noted
The deeper layers of the eprdermus were pigmented and Iymph spaces
were dlated, with a tendency to vencle formation The capilanes
showed evidence of prohiferation In the suboatts the vessel walls were
greatly thichened, accladiag the fumeas, and thece was matked pest-
vasoulas weltoation. The stoikiag featare was angats

Differential diagnoses must include erythema inducatur (e
Bazn's disease’). The lesions of erpthema wmduratum ate apt to be
more nodular and indurated and the late ulcerative lesions are
likely to be deeper Occasonally scasonal changes ace noted
Tubescle formaton and caseation ate found Pernio must also be
differeatiated from esythema nodosum, which ss a much more
acute process and 1s usually associated with acute systermic reaction,
with fever, maluse and sometsmes arthraiga, It usually oceors in
the spring and 1) rather than 1n the fate fall, The lesions do not
tend to ulcerate. The third consideration 1n differential diagnosis
18 fodular vasculitis The lesions are extremely painful and wsually
acour n the calves of women between 30 and 40 yeass of age.
Ulceration is rare

Treatment —There 15 no specsfic treatment for chronic PeCo,
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with ulceration of the nner surface of the left ankle. Each summet the
Iesions healed but reappeared in the fall. The vlcers were treated by
salves in a skin clinic.

On exposure to cold the patient had 2 buming feeling fotlowed by
stching, which was 2 sign of initiation of the leg lesions. The atexs

15
Fio. 86 —Chronic petnio, Leg and ankle lesions, with numerous small Ule®
and scars with pigmentation.

became bluish red 2nd some even suggested subcutaneous hemorehag®s:
Size vatied from a petechial spot to that of a dime, Thete WaS seve
knifelike pain, worse at night, in the discolored areas. After tW0 dﬂYl:
to three weeks a blister would form, exuding pinkish or yello™$
exudate, followed by ulcetation, A scab would form and the lesion b€
At this stage, any injury to the legs by exposure or otherwise caused the
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Iesions to wlerate agam. Each crop of lesions uswilly began simultanc-
ously. They were confined to the legs, usually the Jower thid, wath
a few lesions on the dorsums of the foot add toes The severe pun
uspally lasted untif ulceration, then p ively diminished.

Physical tion. show ed no at Iy except the leg lesions
There were farge square granulating lesions on the inner aspect of the
ankles extending back to the calyes and matked vlceratson of the ankles,
backs of the feet and the toes (F1g 86). The dorssls podis and
postetsar tshral arteries wete sormal, There were no color changes st
the feet on clevstion or dependency. There were slight vancose veins
in both legs. Osallometeic wadings wete normal Lumg x-tays revealed
n¢ abnoumahty, Al cofd senstavity tests gate negative cesulis

Biopsy of x Jesion rovealed no evidence of tubetculoss, These were
superheut cormsficstion and exfol, of the fied squ epr-
thehwom and an mcrease of fibrous tssue in the undedlyeng corum,
with marked edema and smoothing of the tete pegs. The sweat glands
wete displaced and thew toils sef d by the 4, o
conncaree tissue fibers Mild monontclear coll infiltration was noted
The deeper Layers of the cprdermis were pigmented and tymph spaces
were dilated, with 2 tendency to vesicle formation, The capdlanes
shoned ewidence of prolifezanon In the subautis the versel walls were
geeatly thickened, occluding the tumens, and there was marked pens-
vasculas infiltration. The stoiking feature was angiitis

Differcatial diagnosis must include erythema indusatum (true
Bazn's disease). The lesions of etythema sndurztom ate apt to be
ore siodular and indurated and the late ukeratwe lesions 2re
Uikely 1o be deeper. Occasionally seasonal changes are noted
Tubercle formation. and caseation ate found. Pernio must also be
diffetentrated from zrythema nodosur, which it 2 much more
acute proess and s usually assocrated with acute spstemic reaction,
with fever, malaise and sometimes atthralpa It usally ocours
the spriag and falt rather than 19 the lue fall ‘The lessons do not
tend 1o nlcerate The thid ¢ derstion 1 diff 1 di i
5 nodulas wasculitis The lestons are extremely pamfuf zad u‘;uzlly

ocqur i the calves of women between 30 an
Ulceration is rare 30 and 40 yeass of age

Treatment —Thete 15 no spectfic treatmant Tor chronic permio.
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with ulceration of the inner surface of the left ankle. Each suzmet t¢
lesions healed but reappeared in the fall. The vicers weie treated by
salves in a skin dinic.

On exposuse to cold the patient had a burning feeling followed b

itching, which was a sign of initiation of the leg lesions. The aress

Fic. 86 —Chronuc pernio. Leg and ankle lsions, with aumerous 50l 87
and scars with pigmentation. »

became bluish red and some even suggested subcutaneous hemothagts:
Size vatied from a petechial spot to that of 2 duyme. There W25 severe
Lnifelike pain, worse at night, in the discolored areas. After £#0 daps
to three weeks a blister would form, exuding pinkish of yellows
exudate, followed by ulceration, A scab would form and the lesion heal:
‘At this stage, any injury to the legs by exposure of otherwise ciused H°
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been tried without wmptessne results, We ase now studying the
effect of ACTEHE and cortisone 1 the treatment of supetficial ukcers
of this character and the results seem encouragng, but st 15 too
eatly to draw final conclustons tegarding thest worth

CRYOCLOBULINDMIA

Among the more interesting conditions which may simulate
thrombosis but concerning which thete 15 no evidence that the
true mechanism of thrombosts 15 mvolved are cryoglol
and the syndrome of cofd hemagglutsnins In both of these con-
ditions the blood may become thickened to the point of obstructing
—sntesfering with the areulation through the rusute vessels, pro-
ducng secondary mfarction and, sn severe cases, gangtene of the
tissues

The cold-precipiable protains of cryoglobulinemia are encoun-
tesed most commonly 1n multiple mycloma and kals-azar but may
also be seen with arthntss, hepatic disease, dissermnated lupus
and, rarely, other diseases They may be present s some, buk not
the majonty of, panients with Raynaud's syndrome

Although the occurrence of cold-preaiptable agghutinuns in the
setum of plasma 1s not rare, the presence of clincatly signsficant
amounts has been recognszed in only about 15 cases

Charactenstically there 15 difficulty 1 withdrasnisg blood sam-
ples and carryang out Isboratoty procedures with the blood because
when 1ts tempesature f2lis bejow 37 C the cells apglomerate and
become enmeshed sn a precspitate of cryoglobuin. Warming to
above 37 C generally produces resofution of the precipitate and
freemng of the cells Although the temperatute of the central areas
of the human body (e g, rectum) tends to remam sbove 37 €,
35 mok wacommon for the tempezatures of the penpheral and super-
Boial asess to fall far below this entical posnt on exposure to low
enviropmental temperatures or dunng such common acts as the
handiing of 1ce It 15 not sutprising, therefore, that m such cu-
cumstasces shudgmg, precipitation and obstruction of the vessels
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Above all, the patient should be protected from exposute 1o cold
and damp. Living in 2 warm climate often prevents the recurfence
of lesions, and if this is done in the early stage of the disease ¢
prognosts may be rather good Moving into the northern pat o
2 warm zone is not always sufficient protection 1have had patscets
move as far south as the Carolinas without satisfactory §e5pO%ss
and 1 Texas, where a cold wind may blow for 2 day or two,_ﬁ\l
Jesions may become active, although less troublesome than .2
northern climate.

Healing bas been reported following various forms of theciph
but because successive crops of lesions tend to heal, evaluation &
difficult. We have used Mecholl on transfer triweekly with 36.&
quate protection of the legs from cold In other patients acti
fever therapy by means of typhoid vaccine intravenously bas beet
associated with rapid healing The object of this pmcedufe isto
induce vasodilatation 10 order to improve the supply of plood ©
the ulcerated area.

Four of our patients have had Jumbar ganglionectomies' ’.I'l‘t
immediate response was rapid healing of the lesions, P"sSlbxy
owing to the vasodilatation associated with the anesthesia 5
complete rest in the protected environment of a hospital for sever
weeks. The ganglionectomy undoubtedly aided in the yasoddit
tion After following these patients for several yeats, h"“{ﬂ.ﬂ'
there 15 2 question whether ganglionectomy has Produced steikiog
permanent results, One patient had a ganglionectomy perform®
on one stde as a test, then elected to have ane on the opposite side
the following year 1 the belief that she had impmved Sufi“ﬁm‘\7
to warrant the second operation. She has, however, contiﬂued 1
have ulcerations during the cold weather of each winter. 1 will
necessary to follow a larger group of patients who have b
g:mghonectomies before final conclusions can be drawn fﬂS"d{ng
the procedure. If the patient has a severe crippling and ng;es'sx‘ic
form of chronic pernio, it would seem worth a trial at this Hm¢

Tetraethyl ammonium chloride (Etamon) and Dibenamine have
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may occur. If this persists over Jong pcziods, infarction :Lfld g
gtene may result. In one case to be rcpoxted by Dr. David Bart,
the tissue damage was of such an order that gangrene of the fin-
gers, toes, nose and ears occurred.

CoLp HEMAGGLUTININS

Cold hemagglutinins have been reposted in fow titer in the
serums of patients with a great variety of diseases and in normat
indiwviduals. Those found in human serum :h;\xackelistim!l)’ at
speaifically on sensitive cells, of the patient or of other induviduds
The reaction of clumping of the cells 1s precipitated by cold, even
at room temperature, and reversed by warming to body tcmpﬂ‘;
ature McCombs and McElroy first reported gangrene produce
by the obstructive action of cold hemagglutinins in 1937_‘ 5““"
then other reports of gangrene of the extremities on this basis
have appeared In several cases hemolytic anemia accompamed the
phenomenon.

The obstruction appeats to be due to mechanical blockage pr
duced by masses of cells in clumps and rouleaux acting much 252
log jam as the attecsal trec becomes progresstvely narfower No
cryoglobulins are volved, although doubtless these two phenor®”
ena and thromboss n the classic sense have been confused 1 the
past. The agglutination produced by cold hemagglutmins does not
involve the constituents of the blood in the true thrombostp§
process. Mere warming of a test tube in which the phcnomﬂ’”"
of cold hemagglutiation has taken place reverses the process In
man, however, if ischemia of tissue cansed by this phenomeno®
persists for a sufficient length of time, the processes of nectosts
will proceed, with loss of tissue.
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cuartez x1iv Livedo Reticularis (Cutis

Marmorata)

LIVEDO RETICULARIS or cutis marmorata is characterized by 2
marble-like mottled discoloration of the skin, which is usually
dusky red or slightly blush. The condition has been described by
several terms, including livedo facemoss, livedo annularis and
asphyxsa reticulanss

The muld form 1s very common. The mottling disappears when
the patient comes 1nto a watm eavironment, and most patients pay
tittle of no attention to 1t The mild cases fall 1 group I of Wil-
hams and Goodman's classificatron They classify group 11 as
livedo teticulatts idtopathica, in which the bluish-red mottling 15
more intense than m group I and persists despite the patient’s
being brought into a warm environment. These two groups prob-
ably differ only 1n degree and represent essentrally the same con
ditron. Group III represents livedo reticularis associated with some
other skin or subcutaneous vascular disease such as erythema in-
duratum, essential polyartentis, syphilis or peraso.

Etzology~The etiology of livedo reticularis is unknown, By
far the majonty of patients have been gils and yonng women
under 40 The ranty of the disease 1n women over 40 has raised
the questton of what becomes of the condition with aging. So far
as 1 know, a significant group of cases has not been followed for
2 sufficient number of years to give a clue. It would be interesting
to know whether the patients tend to develop other vascular dis-
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esses such as varicose veins or whethee the condition clears up
permanently. Craig, Hines and Barker seported that 30 per cent
of theit patients had hypertension and in 50 per cent nervous in-
stability was striking, We have not found as high a percentage
of hypertension in our cases. The inadence of nervous mstability
1s confirmed in my experience, although the fact that the disease
occurs 0 often in gitls and young women, who frequently become
acutely conscious of the discoloration of their legs, would probably
not make sach a correlation temarkable,

Pathology —~The color change appears to be associated with a
natron ng, either functional or organic, of the arterioles and con-
spicuous drlatation of the capsllaries and venules.

Craig, Hines and Barker reported pathologic studics made in
one case, These was proliferation of the intima and 1solated ar-
teroles and small atteries Some of the arteries were completely
occluded and sipular lesions were found mn some of the larger
s In many sections, however, the only change noted in the
attenoles of the skin underlying the livid parts was a slight thick-
emng of the muscular coat. Some observers have found prolifera-
tion of the intima of the arterioles, penvascular infiltration and
pertvascular fibrosis Barker's presentation of the report of these
pathologic findings followed that by McGovern and me on the
pathology of petnio on the same program of the American Heast
Assocution. The sumitatity of his slides and ours was steiking,
f:;e}z: iglrl‘the ulceration of pernio, kh.c pal'hologic process of the
we hae z:n“::: r:yfc'ufs to} be ?lmmt. ld:ﬂh'u.\‘. ‘Thus, once again
ot o fsre: fnas;: ar lesion which ts characteristic of,

" » & given disease.
Th?;;i .f}’;i/lfre-—‘ltlo.st p.:;lients h‘ave no symptoms whatever,
- imymem: ltnfrme in discoloration on exposure to cold and
o ot in warm weather, Those with more severe cases
mphm of color changes, coldness, numbness,
thesias of the feet and legs "
the palms of the hands and i

aching and pares-
Discoloration is often found alsa in
in the skin of the forearms, atms and



cuarrn v Livedo Reticularis (Cutis

Marmorata)

LIVEDO RETICULARIS or cutis marmorata is characterized by 2
mable-like mottled discoloration of the skn, which 15 usually
dusky red or slightly blussh, The condition has been described by
several terms, including livedo racemosa, livedo annularis and
asphyxia reticularis.

The mild form is very common The mottling disappears when
the patient comes 1nto a warm environment, and most Fatients f:o3
little or no attention to 1t, The mild cases fall in group I of Wi
liams and Goodman's classification They classify group 11 25
livedo reticularis idiopathica, in which the bluish-red mottll{!S ‘f
more 1ntense than tn group T and persists despite the patieats
being brought into a warm environment. These two groups pro>”
ably differ only 1n degree and represent essentially the same con-
dition. Group III represents livedo reticularis associated with some
other skin or subcutaneons vascular disease such as erythema 11
duratum, essential polyasteritis, syphilis or pernio.

Etiology—The etiology of hvedo reticularis is unknown. By
far the majority of patients have been girls and young WO[”‘S
under 40. The rarity of the disease 10 women over 40 has raist
the questron of what becomes of the condition with aging- So far
as I know, a significant group of cases has not been followed fﬂf
a sufficient number of years to give a clue. It would be intereshl:lE
to know whether the patients tend to develop other vascular dis*
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exses such as varicose veins or whether the condition dears up
petmanently. Craig, Hines and Barher reposted that 30 per cont
of their patients had hypertension and in 50 per cent nervous i
stability was strkiog, We have not found as high & percentage
of hypertension wn our cases. The madence of nenoos instabibity
15 confirmed 10ty expenence, afthough the fact that the disease
ocouts 50 often i girls and young women, whe frequently berome
acutely conscsous of the discoloration of ther legs, would probably
not make such 2 correlation remarkable.

Pathology~The color change appears to be associated with a
sattowng, either functional or organte, of the anterivles and con-
spicuous dilatation of the capsharies and venules.

Crng, Hunes and Barker reported pathologic studies made n
one case ‘Thete was prolsferation of the mtima and ssolated agz-
feriotes and small artenes. Some of the astenes wete completely
acluded 2nd simislar Yesions were found in some of the Jarger
semns 1o many séctions, however, the only change noted 1n the
antersoles of the skan underlying the hivid pasts was a shight thick-
enng of the muscular coat Some observess have found prolifera-
bon of the satung of the actertoles, petvascular mhltration aad
penvascular fibrosis Batker's presentation of the report of these
pathologie findings followed that by McGovern and me on the
pathology of permio on the same program of the Ametcan Heatt
Assotition ‘The sunulanity of his shides and ours was stoking
f;ctyt for the ulceration of pernio, the pathologic process of the

0 condiiions appears to be almest identical, Thus, once again
we have an example of 2 vascular fesion which s charadtenistic of,
buk not specific for, & given disease, )
ThCI"’"”Z bucture~Most patients have o symptoms whatever.

<y note the increase in duscoloration on exposute to cold and
awn lm?fovemmt in watm weather. Those with mote severe cases
complain of wolor changes, coldaess, numbness, aching and pares-
thesias of the fest and fey s Discalotation 1 fs H P
the palas of the 1 " Jis won s often found also in

e hands and 1n the skin of the foteatms, arms and



CHAPTER X1V Liverlo Reticularis (Cutis

Marmorata)

LIVEDO RETICULARIS Of cutis marmorata 1s characterized by 2
marble-like mottled discoloration of the skin, which is usually
dusky red or slightly bluish The condition has been described by
several terms, including livedo racemosa, livedo annulass and
asphyxta reticulatis.

The muld form 1s very common The mottling disappears when
the patient comes into 2 warm environment, and most patients pay
Iittle or no attentton to 1t. The muld cases fall m group I of Wil-
liams and Goodman's classification. They classify group IT 2s
livedo reticularis 1diopathica, 1n which the blussh-red motthag is
more 1ntense than s group I and persists despite the patient’s
being brought 1nto 2 warm environment. These two groups prob-
ably differ only i degree aad represent essentially the same con-
dition. Group I11 represents livedo reticulans associated with some
other skin or subcutaneous vascular disease such as erythema in-
duratum, essential polyarteritis, syphilis or pernio

Etiology—The etiology of livedo reticularis 1s unknown By
far the majority of patients have been gils and young women
under 40 The rarity of the disease in women over 40 has raised
the question of what becomes of the condition with aging. So far
25 T know, a significant group of cases has not been followed for
2 sufficient number of years to give a clue. It would be interesting
to know whether the patients tend to develop other vascufar dis-
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eases such a5 varicose veins of whether the condition clears up
petmanently. Ceasg, Hines and Barker reported that 30 per cent
of therr patients had hyperteasion and in 30 per Cent nervous -
stababity was stesking We have not found a5 high a percentage
of hypertension m our cases The madence of netvous snstability
1 confirmed 10 my experience, although the fact that the disease
occurs 56 often m girls and young women, who frequently become
acutely conscious of the discoloration of thest legs, would probably
not make such a correlation remarkable

Pathology ~The color change appears to be assoctted wath a
narrowing, ewther functional or orgame, of the artenoles and cop-
spicuons dilatation of the capillasies and venules.

Crasg, Hines and Barker reported pathologic studies made
one case There was proliferation of the intima and wsolated ar-
tersoles and small arterses, Some of the antemies were completely
occluded and simutar lesions were found n some of the lasger
sems In many sections, however, the only change noted in the
artertoles of the skin underlying the Livid parts was a shght thick-
emng of the muscular coat Some observers have found probifesa-
uon of the intima of the artenioles, penvascular inhltration and
petivasculer fibross Barker's presentation of the report of these
pathologic findings followed that by McGovern and me on the
pathology of pernio on the same program of the Amencan Heart
Assocation, The sunilanty of hus shdes and ours was striking
Except for the ulcesation of pernio, the pathologic process of the
two condstrons sppears to be almost dentical Thus, omce agarm
we have an example of a vascular lesion which 15 chatactenstsc of,
but not specific for, a given disease

Clinical prcture~Wost patients have no symptoms whatever,
They note the increase in discoloration on exposuse to cold and
an iprovement 1n warm weather. ‘Those with tore severe cases
complam of color changes, coldness, numbness, aching and pares-
thesas of the feet and legs. Discoloration 15 often found also in
the palms of the hands and in the skin of the forearms, arms and
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pectoral areas. Allen, Barker and Hines reported recurrent ulcera-
tion of the skin of the legs, with occlusion of the atteries of the
toes and gangrene. We have encountered five cases of ulceration
assocrated with livedo reticularts Ulceration is, however, statis-
tically rare.

Treatment.—Since the only effect of the condttion in most pa-
tients 1s cosmetic and since the etiology 1s not understood, no
specific therapy has been developed The color changes ate re-
ported to have disappeared or improved following sympathectomy,

Fic 87 —Long standing livedo reticularts 1n woman, 29, with ulcerations -
tractable to all treatment, tncludmng sympathectomy Hastologtc studies showed
only the charactenstic but nonspecific changes of livedo reticulanis  (From Medr-
chrome Series MM—Vascular Diseases, by I S Wright and W T Foley )

but it is doubtful that this procedure is necessary 1n most cases
since the course is usually so benign Allen, Barker and Hanes re-
ported some benefit from fumbar sympathectomy when the con-
dition had progressed to the point of gangrene of the toes In one
case there was temporary unprovement, then the conditron pro-
gressed and eventually amputation of both legs was necessary.
‘As far as I am aware, this 15 the only case on record m which
authorutative students of the disease believed amputation was fe-
quired as the direct result of livedo reticularis

I have seen three patients with severely panful, multiple ulcer
ations of the toes, feet and lower halves of the legs associated with
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fivedo seticufaris and not exphainable on any other basis. The ulcess
have been demarcated and usuaily shallow (Fig. 87) Scrosan-
guneons and puralent danage was common. Thesr mcrdence has
not been seasonal. No form of treatment, including sympathec-
tomy, has had any pesmancat effect ACTH and cortisone are now
being tried and do appear to encourage epithelization The dosage
has been 25 mg four times 2 day for seven to 10 days, then
zeduced to 2550 mg. a day.
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pectoral areas. Allen, Barker and Hines reported recurrent ulcesa-
tion of the skin of the legs, with occlusion of the arteries of the
toes and gangrene, We have encouatered five cases of ulceration
assoctated with livedo reticularts Ulceration is, however, statis-
tically rare

Treatment~Since the only effect of the condition in most pa-
tients is cosmetic and since the etiology 15 not understood, no
speafic therapy has been developed The color changes are re-
ported to have disappeared or improved following sympathectomy,

Fic 87 -—Long-standing livedo reticulans in woman, 29, with ulcerations 1n-
tractable to all treatment, including sympathectomy Histologic studies showed
only the characteristic but nonspecific changes of livedo reticularts  (From Medt-
chrome Series MM—Vascular Diseases, by I § Wrght and W T Foley )

but it 1s doubtful that this procedure 15 necessaty in most cases
since the course is usually so benign. Allen, Barker and Hines re-
ported some benefit from lumbar sympathectomy when the con-
ditton had progressed to the pont of gangrene of the toes In one
case there was temporary wmpr ; then the cond pro-
gressed and eventually amputation of both legs was necessary.
As far as 1 am aware, this 1s the only case on record in which
authoritative students of the disease believed amputation was fe-
quired as the direct result of livedo retrcularis

1 have scen three patients with severely painful, multiple ulcer-
ations of the toes, feet and lower halves of the legs associated with
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tentoles and the venules and edema of the skin and subcutancous
tissues. The capsilanes are usually dilated. Thrombosts of the ves-
sels is occasionally present. There 15 2 tendency to shight prolifera-
tion of fibroblasts around the mvolved sessels The endothelum
of the vessels may also tend to prohiferation, but this ts seldom
marked Atrophy of the subtutaneous fat in the mvolved ares 1s
not untommon

Clinual mamfestations.—The nodules appear 1n vVanous ar-
rangements, usually bulaterally. They vary from 1 to 10 cm. i
duameter They are most common on the legs, thighs and awms,
tess common on the trunk 4nd tare on the hands and face. Typr
cally, they appear on the astertor surfaces of the legs, in contrast
to the lesions of erythema snduratum which most frequently de-
velop o the postensor surfaces, The nodules are firm, usually
punful, tender on palpation and vary i color from puk to ga-
notic purple The farger and mote chronic oncs ate ftkely to be
tmore cyanotic A crap of festons usually subsides i 10-14 days,
but 3f the causative agents remaan 5o the systern, successive out-
bresks occur The total anticapated dusation 15 uswatly three to eght
weeks, although 1t occ ily ss cansiderably fonger Recurrence
15 telatively rare unless the toxic factot 15 not ebinmated There 1s
often 2 p purpurc app e which subsides slowly, us?
ually Jeaving & hp of mod: degtee

The lesions do nat supputate ar ulcerate 25 do those of erythema
nduratem, pernuo and other nodutar diseases of the lower ex-
tremities. In the cases assacated with infection there may be sys-
temsc seactrons, ncluding sore throat, jont pam, general malase
and low grade fever.

The condition mast be differentiated from pernio, i which the
vodules chazactenstically break down mto ukenation and which
has 2 seasonal snadence; from erythema nduratum, which also
tends to ulcerate and ordinanily occurs on the postersor surface of
the 3 from thrombophlebutis, wiuch usually produces
more elongated lesions, from nodular syphiteds, which are more




CHAPTER XV Erytlwma Norlosum

ERYTHEMA NODOSUM 15 an mflammatory vasculitis which chefly
involves the skin and subcutaneous tissues of the extremities. It is
nonsuppurative and nonulcerative, Females are more susceptible
than males, the ratto of mncidence being about 4 1, It may occur
at any age but is most common 1 the second and third decades.

Etrology —The vascular reaction may occur under numerous
condittons and 1s probably nonspecific It has genetally beea con-
sidered to be a response to the 1afection of rheumatic fever ot an
allied condition, and theumatic fever is frequently diagnosed when
1t 1s present 1o the absence of other evidence of rheumatic fever.
Admuttedly erythema nodosum 1s often associated with rheumatic
fever In recent years, however, I have found 1t more frequently
assoctated with the ingestion of drugs by sensitized ndivtduals. It
has followed the ingestion of various barbiturates, salicylates,
bromides and sulfonamides, and no doubt numerous other drugs
and foreign substances are capable of producing it. It is also as
sociated with measles, diphthersa, tuberculosis, erysipelas and sim-
tlar conditions. In these diseases it 15 probably confused at times
with reactions to therapeutic agents In view of its occurrence on
drug ingestion, it probably should not be constdered purely a bac-
tenal or viral condition, and we incline to the theoty of localized
sensitivity of the connective tissues, including blood vessels, to 2
bacterial or chemical toxin,

Pathology—The condition is characterized by the accumulation
of neutrophilic leukocytes and lymphocytes around both the ar-

366
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ERYTHEMA INDURATUM 15 another form of sodulae vascuhtis.
Originally 1t nas thought to be of tuberculous onipn, but 2 tu-
bercutous and a nontubesculous type are non known The tubercu
lous type ss wsually found with actwe tuberculosts, most often
acompanying tuberculous lymphadenstis but sometimes pulmo-
nary and genstounnany tuberculosss Tubcrcle bacills are seldom
demansteated in biopsy specimens, priacipslly because usuatly only
sevesal sections are studied When 2 lstge number of sections from
several bropsses ase studsed, the inadeace of positive sdentification
of Mycobactenum fuberculosis 15 mcreased In the presence of
known active tuberculosss elsew here, the diagnosss eof tuberculons
erythema waduratusm s most hikely

There 1s no known etwlogie cause for erythema mdurztum in
the absence of tubercutosss Repeated cultures have fadled to seveal
aqy speafic orgamsms from these lesions.

Pathologically the fesions consist of definste probferation of en-
dothetium 2ad bsoblastic cells There are destruction of the elastic
and collagenous fibets and atrophy and necrosis of fat Grant cells
ase frequently seen m the tuberculons lesions. Small blood and
Iymph vessels show definite endothelul proliferation, and collec-
tons of {ymphocytes and plasma cells are seen throughout the sec-
tions Fibroblastiz probiferation 35 definite. Necrosis may iavolve
the medial coats of the vesscls and there may be necrotic aress

throughout the skin and subcutaneous tissues Occasionally the
vessels contain thrombi.

kL
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often unilateral, and from chronic nodular nonsupparative febule
panniculttis (Weber-Christian disease), which is a chronic low
grade disease involving the subcutaneous fatty tissues and small
vessels, is far more chronic, recurs over a period of years and is
accompanted by more fever.

Treatment —Thete 1s no spectfic therapy for erythema nodosum.
It is considered advisable that the patient remain in bed and apply
warm motst packs to the lestons. The admunistration of salicylates
1s advocated, and 1s probably justified, in cases associated with
rheumatic fever, but it should be borne in mind that an indistia-
guishable reaction may follow the administration of salicylates,
hence their continued adminstration 1 these particular cases is
contraindicated One should always search for other manifesta-
tions of one of the generalized diseases mentioned previously,
especrally for rheumatic fever.
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CHAPTER XVI Erythcmn In(}ur:xtum

ERYTHEMA INDURATUM 15 another form of nodular vascalitis
Oniginally it was thought to be of tuberculous orym, but 2 tu-
betcutous and 2 nontuberculous type ate now known The tubercu-
fous type 15 wmally found wath actne tuberculosss, most often
atcompanying tuberculous lymphad but es pulmo-

nary and pgenitouninany tubercu‘\osls Tubercle bacill are seldorn
demonstrated 1n bropsy speamens, puncipally because ususlly only
several sections are studied When a fatge number of sections from
seversl biopsies are studied, the madence of posttive sdentification
of Mycobactersum tuberculosss 15 snereased In the presence of
known active tuberculosss elsewhere, the diagnosts of wberculous
erythema induratum 15 most ikely

There 15 10 known etologic cause for etythema snduraturn sn
the absence of tuberculosts Repeated cultutes have fabed to reveal
any speasfic orgamsms from these lesons

Pathologically the lesions constst of defimite prohiferation of en-
dothelsum and fibrobiastrc cetls There are destruction of the elastic
and collagenous fibers and atsophy and nectoss of fat Guant cells
2te frequently sees in the tubetculous Jesions. Small blood and
lymph vessels show definste endothelial prolifetation, and collec:
trons of fymphocytes and plasma cells are seen throughout the sec-
tons Fibroblastic proliferstion ts definite. Necrosis may iavoive
the medual coats of the vessels and thete may be necrobic areas
theoughout the skin and subc tissues  Occasionally the
vessels contasn thrombe.
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Characteristically, subcutaneous and cutaneous nodules develop
on the legs, usually on the posterior sutfaces, and occasionally on
the arms. The nodules vary i size from 1 to 8 or 10 cm, The color
ranges from light red to cyanotic. They usually occur in groups
which may become confluent as they enlarge. The lestons, usually
painful and tender, are frequently chronic and may exist for many
years, with necrosts and ulceration the promunent features The
frequent ulceration and slow healing resemble the course in
pernio, but there 15 no seasonal incidence, As one group of lesions
slowly heals, successive ctops may appear Frequently this condi-
tion becomes very serious and on rare occasions the major asteries
may be mvolved with actual occluston. Allen, Barker and Hines
have mentioned a young woman in whom occlusion occurred, fol-
lowed by gangrene and slough of all the toes of both feet, but
this 1s very rare indeed

There 15 no speaific therapy for erythema induratum. Prolonged
rest in bed with elevation of the legs and the use of warm moist
packs appears to be helpful. There 1s a tendency to recurrence and
to the development of new crops of lesions with secondary devel-
opment of orthostatic edema as soon as the pattent becomes am-
bulatory again

Streptomycin 1n the treatment of these lesions mught theoteti-
cally be of some value but 1ts effect has not been determined. Re-
moval of foci of infection has been recommended, but the direct
relationship has not been established very conclusively.
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CHAPTER XVII- Acrocyanosis

SOME PHYSICIANS confuse acrocyanosis with Raynaud's syndrome.
Although the two conditions have some common characteristics,
such as blueness of the extremities 1n response to cold, they differ
in important sespects For example, in acrocyanosis there are ab-
sence of the characteristic Raynaud attacks and presence of exces-
sve sweating and frequently of edema There is also a difference
in sex distubution and other factors, It is wiser, therefore, to
distinguish the two conditions and to study their diffesences
carefully,
Emiorocy

Many etiologic theories have been suggested, and the following
seem worthy of consideration.

Cold —Cold seems to be a faisly unsversal factor in precipitating
attacks in susceptible individuals, whereas heat felieves them
Cold may be considered the most important external factor, but it
cannot be the sole cause or the disease would be more universal in
petsons exposed to critical low temperatures I have, however, seen
many persons who suffered from frostbite or trench foot during
World War 11 in whom there ultimately developed a syndrome
industinguishable from acrocyanosis. How long it will persist
remains to be seen, but 1n some it is present seven yeats after the
severe eXpasure. In many patients the syndrome has slowly sub-

sided
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Mental and wervous disorders —Acrocyanosis, while relatwvely
usnknown among phiegmatic, stable mdiwviduals, is comumon among
peychoneurotsc patients and 1s frequently seen o those with neuro-
curculatosy astheata It ts very common among patients with mental
dssesse. Tn one senes reported from England approtimately 45
per cent of 110 patients with mental disordess had actocyanoss.
Many patients with tdentical types of disorders did not have this
syndromne

Astrenty —Acsocyanosis occuss about 2% times as often in
mental patients who habstually stand or sit asonnd indifferent to
chulfing as n the normally active patients. White following such
groups for four years, Stern observed that 26 per cent showed de-
creased acuvaty Jeading to greater cooling of the extrerntties and
1ncreased cyanosts; 12 per cent showed mateased actvaty with con-
sequent wartath and less cyanons. The fest showed no changes
enther way.

Endocrine function and sex —The endoctne selationship is a
subject of considerable debate We cannot test completely the
actvity of many of the endecnine glands 1 have encountered 2
number of endocrine dyscrasis sn my patients with acrocyanosts
and have found basal metabohe rates generally to be ia the low
sosmal or stightly subnormal range

The sex ratto 15 about equal, 112 contrast to that ux Raynaud's
syndrome, which ocaues mote frequently i females than in males
o most patients the syndsome develops bekween the ages of 20
and 45 The exttemes 1 Stern's series wete 4 and 67 yeass,

Amonome nervous systemt —Tihus relationshsp must be con-
ndered carefully since Wiite and othets have tepocted that
gunghonectomy has a favorable effect on the condition Expen-
ence does not yet permit an ultimate evaluation of ganghosectomy
for this partecutar syndrome

Aritantinogrs ~Deficiency especaily of vitarmun B has been
noted 10 persons with acracyanosss, but much s.ork must be done
before 2 relationstup can be senously considesed
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PHYsI0L0GIC PATHOLOGY

Normal skin cooled to the pomt of cyanosis can be blanched
somewhat if the part 15 elevated above the heart level, demonstrat-
ing lack of venous obstructton Thus also occuss n acrocyanosts
Lewss and Landis demonstrated also that the white spot of Crocq
disappears spontancously and leaves no trace since it is due solely
to the displacement of blood from the area by the pressure used
Local trauma produces 2 red area within the cyanotic zone, which
appears to demonstrate 2 brexkdown 1n what 1s otherwise arteriolar
obstruction The area of redness becomes greater than the original
area of the trauma Furthermote, if the circulation to an acros
cyanotic finger 1s occluded for five to 10 minutes, following release
the reactive hyperemia extends 1-2 cm. proximal to the site of
obstruction mstead of being sharply limited to the obstructed
point, as i the normal finger It 1s thought that these phenomena
ate due to a ready diffusion of the H (histamme-like) substance
to the surrounding artersoles, producing dilatation.

These phenomena fit the hypothests of Lewss and Landis that
the mechanism of acrocyanosss 1s based on arteriolar obstruction
If the hand 15 cyanosed and a small part of 1t 1s warmed, the area
becomes bright red. Stmularly, if a little histamime (1.3,000 sohs-
tron) 1s injected, the local skin reddens and the temperature fises.
In Raynaud’s syndrome this response will not occur stnce the next
larger set of arterses 1s 1nvolved and the phenomenon cannot de-
velop until they have dilated. When testing for acrocyanosts, tem-
peratures as low as 1-10 C. (34-50 F.) should not be used
because in these patients, as in those with Raynaud’s syndrome and
normal individuals, the exposed parts become red owing to at-
teriolar 1njury, dilatation and retarded deoxygenation of the blood.

‘Until recently 1t was behieved that no organic lesions were found
with this syndrome. It is entirely reasonable, however, to suppose
that repe:\tcd contraction of the arterroles continued over a period
of years might well produce certain changes such as hypertrophy
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of the medut fayer, Stern reporied having demonstrated this to be
true He found that the medral coats of artersoles from 30 to 150
ructograms in diameter were thickened definstely or at least to the
uppet limits of normat He also found focal ¢dema and Bbrosts of
the skin, with dilatation and sacrease 11 the number of superficsal
apilanes Layans claimed that various blood dustutbances were
found with acrocyanosss, nchuding prolonged coagulation tume
and lowered phitelet count Stern checked these observations and
many other factors and concluded that no blood abrormatity could
be demonstrated

The mechanism 15 probably a local seasitivsty of the small ves-
sels to cold or some vasomotor action produang increased arterr
olar tone, Haxthausen and Lews favored the theory that the
sessels are espeesally susceptible to moderate cold, reacting 1 a
diffase manner rather than speaifically to extteme cold myury They
did not explan the source of the smcreased susceptibalsty Lewis
believed that response 15 localized to the attermoles of the skin ber
cause the cyanosts 15 not tefieved quickly by a nerve biock, as would
happen if the condition were on a vasomotor basis Wiute, on the
other hand, has suggested a purely vasomotor basts, clasmng that
the condition 15 zelieved, as 15 Raynaud's syndrome, by complete

preganglionsc sectian. Obwiously, this point must be clanfied by
further work

S1GNS AND SYMPTOMS

The word “acrocyanosts” was first used by Crocq, who described
the syndrome as one in which the hands and feet become deep
Blue, espectally 1n & coof environment, the blueness graduaily fad-
108 out at the wrists and ankles, respectively The volar surfaces
ate moist, freely swesting, the dorsal susfaces are dry. Pressure
produces 2 white spot which slowly disappears

Since Crocq's time, vanious woskers have pownted out that hss
description tequires amplification 1 several tespects. The cyanosis
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is not permanent, as Crocq thought, but disappears in all but the
most extreme cases when the extremities are elevated or the en-
vironment is sufficiently warm. When normal skin is cooled it
turns light blue owing to contraction of the arterioles 2nd smalt
arteries with resultant stasis and deoxygenation of the blood in the
capullaties and the subcapillary venous plexus The deep blue of
acrocyanosis appears to fepresent an extreme phase of this reaction
Charactersstically the color of the cyanosed skin 15 not uniform,
there usually being scattered red areas (so-called cnnabar-ted
spots). The depth of color is usually greater in the dependent
position A characterstic white spot noted by Crocq can be pro-
duced by local p Tt disapp e 1y 1n a charac
teristic way, the color returning 10 one second to one mipute and
from the periphety only, rather than from below also, as in the
normal sk,

Crocq did not mention edema, whereas 1 my experience Jocal
edema 1s fairly common. There may be merely a sensation of
tightness, but in extreme mstances edema may reach the stage
where pitting is possible This 1s not seen 1 Raynaud's syndtome.
Gangrene and ulceration do not occur 1n acrocyanosts except when
frostbrte or some other factor enters the picture, again in contrast
to Raynaud’s syndrome When traumatic or othet lesions do occur,
however, they casily become septic and heal with difficulty. An-
other feature of interest s the remarkably slight disability noted
even n advanced cases Occasionally the skin follicles are abnor-
mally prominent.

The sweating of the palms and soles when the patient ss cool
or even cold, but in the absence of emotional disturbances, is 1
marked contrast to Raynaud's syndrome and is almost specific for
acrocyanosts. I have seen patients from whose hands sweat dropped
regularly and frequently—five or more drops per minute This
occutred in @ cool envitonment in which gross sweating would
ordinarily be absent. Kuno has shown that perspiration at low
temperature occufs more on the palms and soles than elsewhere,
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1 increased by hypetemua and, fading to evaporate, coliedts on
the surface When the circulation of the skin 1s shut off, perspira-
twon becomes sl and the skin becomes deer than ia Ray-
naud's syndrome. Increased sweating keeps the stratum comeum
monst and plisble and 1n patients who do bitle manual labor thus
Iayer tends to atrophy In day laborers, in contrast, one finds ex-
tremely thick, borny, dry skin. Mental stress will cause profuse
sneating of the paims and soles In a cool environtent the sweat-
ing canses chilling of the patts and the individual becomes more
Garaotic Iu some cases cpanoses of the face and other parts i5 seen

Lavedo retsculatss {Cutis Tarmorata) 15 not unusual sith acro-
cyanosss In general, the symptoms and siges are mote appatent
m winter than s summer Even m the most extreme cases, the
normatly palpable asteties are patent, the awculstory ntesfer-
ence apparently beng due o spasm of the smaller vessels

TREATMINT

Treatment 15 not very satisfactory The pattent and the part
should be kept warm, either locally or by moving to & warm clir
ste The patrent should be as actve physically as possible within
teason Mental strn should be reduced to 2 muumum, and psy-
chiattic care should be snstituted when indicated Thyrowd extract
or thyroxn shoufd be ad tered of the basal boli, rate 15
low A high vitamin régeme s asually given empitically ¥f the
syndzome 15 due to frostbite or trench foot ime shoutd be allowed
for 1 to subside to mununal Lirmuts before it 15 evaluated This may
take more than three years In the zase severe cases the possibtity
of 2 preganghonic resectton may be considered

REFERENCES
}c{m& Seraane mid 16 298, 1896
susbausen Cald m Relotion 1o S4
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is not permaneat, as Crocq thought, but disappears in all but the
most extreme cases when the extremities are elevated or the en-
vironment is sufficiently watm. When normal skin is cooled it
turns light blue owing to contraction of the arterioles and small
artertes with resultant stasis and deoxygenatton of the blood in the
capillaries and the subcapillary venous plexus The deep blue of
acrocyanosts appears to represent an extreme phase of this reaction
Charactersstically the color of the cyanosed skin 15 not uniform,
there usually being scattered red areas (so-called cinnabar-red
spots). The depth of color 1s usually greater in the dependent
position A charactersstic white spot noted by Croeq can be pro-
duced by local It dusapy p ly 10 2 chanac-
tenstic way, the color returning 1n one second to one munute and
from the pertphety only, rather than from below also, as 1n the
normal skin

Crocq did not mention edema, whereas in my experience Jocal
edema 15 faitly common. There may be merely a sensation of
tightness, but 1 extreme tnstances edema may reach the stage
where pitting is possible This 1s not seen 1n Raynaud'’s syndrome.
Gangrene and ulceration do not occur 10 actocyanosis except when
frostbite or some other factor enters the picture, again i contrast
to Raynaud’s syndrome. When traumatic or other lesions do occur,
however, they eastly become septic and heal with difficulty. An-
other feature of interest 1s the remarkably slight disability noted
even in advanced cases. Occasionally the skin follicles are abnor-
mally prominent.

The sweating of the palms and soles when the patient is cool
ot even cold, but in the absence of emotional disturbances, 1s in
marked contrast to Raynaud’s syndrome aad 1s almost specific for
acrocyanosts. T have seen patients from whose hands sweat dropped
regularly and frequently—five or more drops per minute. This
occurred in a cool environment in which gross sweating would
ordinasily be absent. Kuno has shown that perspiration at Jow
temperature occurs more on the palms and soles than elsewhere,




CHAPTER XVit Eryt}mrm:dgia

(Erythromelalgia)

RED, PAINFUL extremitics have been obsened for many yeass.
Gray descnibed & case m 1834 8. Were Matchell studied the dis-
ease o detail and described st under the term “erythromelalge ™
Fhe term “erythermaiga,” suggested by Smith and Afen, more
accurately describes the syndrome, an which the exttemuties are
ted, bot and panful There are other syndromes in which the ex-
tremities are ved, punful and cold that should not be classified as
espthesmalgia Erythermalga occurs s two forms (1) prmasy of
diopathic erythermalgia whichs, as the name unplies, 15 oot pro-
duced by or assoqated with any known ageat, and (2) a large
group, catted sccondary erythermalgea, whsch may occur 1 2 num-
ber of conditions, although the mechanssm 55 seldom clear 1 have
seen 3t assoctated with bypestension, polyeythemia vera, dubetes
mellstus, gout and rheurnatosd arthuatss, and st has been zeported
wth mercury, arsemc and theflmm powsoning  Information re-
garding the underlying pathology 1 stuking fot 1ts absence

Crinicar PICTuRt

The condition usually occurs 1n men or women of uddle age;
% 35 sarely seen wm younger people. The patient corsplans of 1
buraing pam ta the soles or polms Qccasionally the discomfort ss
confined to one of twe dagtts, Relsef 1s usuaily obtaned by removal
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CHAPTER XVIIY Erytllcrmalg;a

(Erytllromelalgia)

RED, PAINFUL extrermties have been observed for many years.
Gray described a case wn 1834 S, Weir Mitchell studied the dis-
ease o detadd and described it under the term “enythromelatga
The tesm “esythesmalgia,” suggested by Smuth and Allen, mote
accurately describes the syndrome, m which the extremities are
ted, hot and panful There are other syndromes in which the ex-
tremities ate red, parnful and cold that should not be classified as
enythetmalgra Erythermalgua occurs in tuo forms (1) prumary or
diopathic esythermalga which, as the aame unples, 15 not pro-
duced by or associated with any known agent, and (2) s lazge
group, called secondary erythermalgss, which may occur 1n a pum-
ber of conditions, athough the mechamsm s sefdom clear I have
ween it assocsated with hypertension, polyeythemsa vera, diabetes
melbtus, gout and rheumatord arthritis, and 1t has been reported
with mercury, aysenic and thalhum porsomng  Information re-
Surdsag the underlysng pathology s striking fot sts absence,

CuNicaL PICTURE

The condtion usually occurs in men or women of muddie age;
115 sately seen in younger people The patient complamns of 2
buraing pasn 1 the soles or paims Occasionally the discomfozt 15
confined to ane o two digats. Reltef is usually chtained by removal
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Friotosic CLasSIRCATION OF SubpeN Arresisz Qeauusiod {Modifed)
i Embthsm
A Cardsac
1 Auteutss fbnilation, any ciuse
2 Myocarhial mfarct with munal thrombosis
3 Mutral and svrki¢ vabvulins
) Bactesal, acute and subacute
4 Falmg heast from any cause
B Artenia}
1 Mural thromhosts
a) Ansurysm
b} Astenoscterons
<) Traums
4} inflaramation
€ Wenous
1 Through patent foramen syvale
H, Thromboss
A Toflammatory
3 Yerombeangutis oblterans
2 Permntents nodosa {polyartents nodosa—gssential polyactenns)
5 Mycotic artetitey {Severe infectons)
Degenerative
1 Astetosclerosss~—atharosciesosss
Traumatic
1 Cervscal ub, scalenus aotics, costochavieutar and hypersbluction
sypdromes
2 External traums
3 Guashot snd stab wounds
Museellaneons
1 Infections diseases
2 Heart disense
3 Blood dyscrasias
4 Surgical procedures
5 Wiopathc theombophyha
6 Tsnuma
M Ligation snd severance

A @

<]

By far the commonest cause of arterral embolism 15 chronic
amrwnlar fibediation with or without signs of congestive heatt
fashure. The usual etrologrc factor in young people 15 old theumatic
heart dusease with auncalar fibrdlaton and the development of
thromby on the mitral of aortic valve In middle sge there ss also
2 Iugh meidence of artenial emboh from old theumvatse heart dis-
ease, but 1n sddition there s an mereasing madence from murat
thrombi secondasy to coronary thrombosis with myoca tdraf infare-



cuarter x1x - Acute Arterial Qcclusion
(Arterial Embolism; Acute Asteria |
Thrombosis)

ARTERIAL EMBOLISM is one of the most dreaded complications of
cardiovascular disease Its occusrence 1s always assoctated with the
possible death of tissue. Although minute embol: in certamn aress
may not produce significant disturbances, a large embolism may
mean gangrene of an extremuty. If the embolism is to the mesen-
teric atteries 1t may mean gangrene of a portion of the intestinal
tract. If 1t 15 to the cerebral arteries, 1t may mean paralysis of 20y
degree up to hemiplegma or 1t may mean death Pulmonaty em-
bolism is discussed m Chapter XX.

It is sometimes difficult to differentiate between the occutrence
of an arterial embolism to a vessel of the extremity and a sudden
occlusive process of the same vessel that is secondary to a local
arteriosclerotic plaque with development of thrombosis or to an
occlusion from thromboangirtss obl Dufferentiation is espe-
cially difficult 1n the presence of generalized artertosclerosis in an

older person.

ETtioLoGy

Allen, Barker and Hines have suggested an etiologic dassifica-
tion of sudden arterial occlusion which appears to be helpful.
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EToLpEe CLASHFICATION OF SUDDEN ARTERIAL occtyuan (Modifed)
f Erbobsat
A Cardue
1 Aurtculze fbollaton, 2oy cause
2 Myocardual anfarct with mural thrombous
3 Munal and anttic salvulites
) Bacterual, scute and subacute
4 Fadwg beart from any cavse
B, Arteniat
t Mucal thrombosss
) Aveutysm
£} Acecasclerasis
¢} Trauma
3} laflstemation
€. Venous
1 Thewsgh pateat fotatnen ansle
Theombosss
A Inflammatory
1 Thromboangutis obhterans
2 Penartentis nodosa (polyastentis nodosa—essential pulyarterusy
3 Mscotic astentss (severe anfections)
B Degennratsve
1 Adenoscletosis—atherosclesosss
T Tragmatic
1 Cervical nh, walénus znucus, costoctavscular and hyperabducion
syndromes
2 External tranma
3 Gunshot and stab wounds
D Miscellanegus
1 Infections diseases
2. Heant dsease
3 Bleod dyscrasias
4 Surgicat procedures
S tdiopathic thrombophitia
& Tuauma
MW Lapatios and sevecence

By far the commonest cause of attenal embolism is chronic
auticar fbatlation wath or without signs of congestive heart
fatlure, The usual euologic factor in young people is old rheumatic ~
heart disease with suricular fibillation and the developtment of
thrombs on the mitrat of sortic valve In maddle age there is also
4 hugh incidence of arterial embols Erom old thewmatic heast dis-
€ast, but in additron there 15 an inceeasing incideace from musal
thtomby secondary to coranary thrombosss with myocardial infarc-
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tion. In the older age groups there is an increasing incrdence of
the last-mentioned type of lesion plus fibrillation seconday to
degenerative changes without coronary occluston at Jeast of the
major vessels

Thrombs occurring anywhere along the arteral tree may bresk
loose and produce embolic phenomena distal to that point This
often happens with arteriosclerotic aneurysms, especrally those in
the popliteal space, where movement of the leg tends to bend and
stretch the aneurysmal sac more than elsewhere.

Sclerosts of the aorta wath marked roughening of the intima and
the development of local thrombs is 2 surprisingly rare soutce of
emboli. Sudden arternal occlusion 1s rate in peripheral vasculat
diseases except artenosclerosis obliterans and thromboangiitis ob-
literans. In these, 1t 1s usually a terminal episode of local natrowing
of the lumen, with the final step thrombosts If the presence of
these diseases 15 recogmzed the diagnosts 1s not difficult except
when, 1n addition to the occlusive arterial disease, the pment's
heart 15 fibnllating The differential diagnosis between an embo-
Lism and a sudden local occlusion may then be impossible clinically.

SIGNS AND SYMPTOMS

In about 50 per cent of patients, acute occlusion of an artery is
characterized by sudden severe pain at the site of the occlusion,
frequently extending distally. Either with or without pain, the
patient frequently experiences marked numbness or tingling, and
the extremity characteristically feels cold Loss of strength may
not be noticeable at first but increases after a day or two. The ex
tremity soon becomes pale, and 1n the followmng few days either
returns to normal color or continues to be pale with increasing
patchy, dusky cyanosts. Frequently the pulse returns to the Jevel
of the occlusion after having been absent for 10 0r 12 pmximdl
to that site during the first few hours. This 1s especially likely t0
occur with an embolic phenomenon that has caused spasm of the
arterial wall secondary to the shock of the original embolic episode.
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Sudden occlusion must be differentiated from acute thrombo-
phiebitis, ths is not usually difficult, In thrombophlebitis the tem-
peratute of the tolved extremity i likely to be mereased, espe-
aally locatly, and edem is often present. The extremity feels
engorged and heavy, If thrombophiebitis is superficial, 2 cordivke
vein usually 1s visible or palpable. Thes 15 all i contrast to acute
attenal occlusson 10 which the extremity s usuatly pale, cood and, of
anythng, somewhat reduced m nize, Occassonally acute thrombo-
phiebitis produces occtusion of the assoctated artery by spasm. We
hase seen gangtene result from this

A late complication #nay be ischemic neuntis, due to degenena-
tive changes m the nerses resulting from wscherniz Gangrene oc
cuts 35 4 not nfrequent end-tesult ¥, howeser, the occlusion has
2 more gradual onset, tume 15 permitted for coliateral arculation
to become actsvated and the madence of gangrene ss somewhat
reduced

Patients have been seen with fibnilsting theumatic hearts who
have survived many embolt

We hare ane patient who has had 21 recognizgble embols %o various

ities and the cevebral, pul v and renal acteries,
Although thiy patient has been near death on several occasions, the
embolt have oot been latge enough to produce permanent sesious
effects, but she 15 lving with the Swoed of Damocley over her head
Sbe had seven embols within 3 month, the ast one to the bifurcation
of the bractual attery of the left arm, the effect of which cleared w
fout days Under contimuous smbulatory treatment with Dicutnasol
she weat 314 years without an embolus then decded to discontiaue
Hus thecapy Exactly 30 days later she had an aortc saddle embolus
and nearly died She has been on antcoagolent (Dicumarol) therapy

for the past two years, sgun free from embok, aithough her heart con-
s to fibuilate

There ate now more than 50 such patients in our series undex
study Embolization s bang prevented by Dicumarol or Tromexan.

hA tragic case 13 under my care. A young girl, who did not know that
she had heart trouble, went to have the premantal Wassermang test
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tion. In the older age groups there is an mcreasing incidence of
the last-mentioned type of lesion plus fibrillation secondary to
degenerative changes without coronary occlusion at least of the
major vessels

Thromb: occurring anywhere along the arterial tree may bresk
loose and produce embolic phenomena distal to that point. Th.if
often happens with arteriosclerotic aneurysms, especially those in
the popliteal space, where movement of the leg teads to bend and
stretch the aneurysmal sac more than elsewhere.

Sclerosts of the aorta with marked roughening of the intima and
the development of local thrombr is 2 surprisingly rate source of
emboli Sudden artersal occluston 15 rare n peripheral vascular
diseases except arteriosclerosis obliterans and thromboangutis ob-
hterans In these, it ts usually a terminal episode of local narron ing
of the lumen, with the final step thrombosis. If the presence of
these drseases 1s recognized the diagnosts 1s not difficult exce[‘st
when, m addition to the occluswve arterial disease, the palit‘ﬂ! s
heast 15 fibrsllating The differential diagnosis between an embo-
lism and a sudden Jocal occluston may then be impossible chaaally

SIGNS AND SYMPTOMS

In about 50 per cent of patients, acute occlusion of an astery is
characterized by sudden severe pan at the site of the occlusion,
frequently extending dustally Esther with or without pain, the
patient frequently expersences matked numbness or tingling, and
the extrenuty chatactetistically feels cold. Loss of strength may
not be noticeable at first but increases after 2 day or two. The ex-
tremity soon becomes pale, and 1n the following few days :1!?!:!
returns to notmal color or continues to be pale with increasing
patchy, dusky cyanosis. Frequently the pulse returns to the level
of the occlusion after having been absent for 10 or 12 in. meimal
to that site during the first few hours Ths is especially likely to
occus with an embolic phenomenon that has caused spasm of the
arterial wall secondary to the shock of the original embolic episode.
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L ¥
mayot axteries of the extremtics wilt develop gangrene, Some im-
provement in ths figure by rationat Jocat therapy has been reparted,
but it is difficult to evaluate catally any of the sepotts on inde-
vadual agents because the imvestigators bave usuaily employed 2
number of fomns of thenpy simultancously i 2 justifiable en-
deavot 1o save the extremuty One must guaed aganst a natural
human fault, namely, the tendency to attnbute therapeutic sucess
to whichever 2gent one 15 partecalarly interested sn

The folioving forms of treatment used 10 combination hase
proved most successful 1n our hands

t The head of the bed 1s elevated 50 that the affected extremity
12t least & 1n below the heatt fevel, The Limbs should pever be
elevated abose the heatt level.

2 Mormal room temprrature mamtuned; it should meter be
bove 50 F. (322 C.).

3 The use of tobarco 1s definstely interdicted.

4 Alaohol is grven freely i the form of whisky or braady, weth
lor2 oz every thiee to four hours, depending on tolerance,

3 Pspavenine hydsochlonsde, 15-1 gr (0 032-006 Gm ) may
be gven mttavenously of mto the actery proxsmal to the occlusion.
£ the first or second mjection does not achiere 3 definute vasode
dahng response, st 15 doubtful that forther myections will be effec-
tive. Favorable reports have been published regarding the effect
of papavenine admumstered orally, but for the most part the studies
have not been well controlled

We have been studying the effect of papavenne gen mteae
artenially 1 the affected Tunb. The imjection of 1 gr (006 Gm )
diseetly anto the femoral or brachial artesy will frequently pro-
duce g sterking merease in warmth zod in some cases @ conspicuous
fiush, even n an extremity which was cold and cyanotic. This re-
sponse has occatred in extremities in which repeated Lumbar sym-
pathetrc blocks had faled. If the response is good the injection
may be repeated every six hours—~or even more often—watchin 4
catefully to be certain that untoward effects from papaverine do
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required by the State of New York. Her family physician listened to
her heart and found that 1t was fibeillating. This had not p )
been recognized The Wassermann reaction was negatave. In a few days
she had an embolic episode which resulted 1n complete rght-sided
hemtplegia with total aphasta, from which recovery has been very
tncomplete. The fibrillation continues There 1s a history of undiagnosed
fever three months before which was probably atypical theumatic fever.
Five years later she has matked residual signs and plans for her mar-
riage have long since been abandoned.

Embols arising from the left side of the heart may travel to any
portion of the major circulation, which includes that to the ex-
tremuttes and the cerebral vessels as well as the abdomunal arteries.
Emboli from the right side of the heart, or the venous circulation,
can travel only 1nto the pulmonary circuit unless there 15 2 patent
foramen ovale through which they can pass into the left side of
the heart and thence into the major cizculation Usually thrombi
are formmng 1 one or the other side of the circulation, However,
i old, badly damaged, fibrillating hearts, thrombi are often
formed simultaneously 1 both sides and may break off into the
major or the mmor circulation

TREATMENT

Formerly the treatment of acute arterial occlusion was devoted
almost exclustvely to the local problem The decision to attempt
surgical removal of the embolus must be made promptly, since the
passage of even a few hours may render potentually successful
surgery useless. In general, surgery may be attempted with reason-
able prospect of success 1f the embolus is at the bifurcation of the
aorta or the femoral arteries and a well tramned surgical and anti-
coagulant team 15 available and if surgery s done within 12 houts.
For emboli perrpheral to these vessels or in the upper extremitics,
conservative therapy produces at least equally good results.

If nothing but the simplest conservative treatment is carried out,
;,Ppmximalely 50 per cent of patients with sudden occlusion ‘of
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on anticoagulant therapy. Massse hemorrhages, some c'tf them
fatal, have occutred in the deep tissues at the site of such mjections.
Antscoagulant therapy shoutd therefore be deferred until sympa-
thettc blacks ate discontmued

Sympathectomy has beea secommended, but the resuits are un
predictable unless & preliminacy paravertebeal l?lack causes a stoke
ing sncrease 10 arentation, mndicated by a nse in surface tempesa-
tute and an ymptovement in the appeasance of the hmb There are
2 few enthustastic exponents of sympathectomy despite fastures

General sympathetsc block with tetreethyl ammonmm chlotide
and allied substances bas been introduced and may be used The
safe dose for TEA (Etamon) 1s 3-10 cc. tramusculaely every
three to s houts Blood pressuze must be watched carefully for
preapitous drops which occastonally occur. Its effectsveness 1s shit
to be evalusted Priscoline, 23 myg every three or four houts by
mouth o intra-arterally, 1s bang widely used

10 As noted eashier, in the presence of massive embolus to the
bifurcation of the sorta or the femoral attery, sutgery should
1mmediately be considered. If 1t 1s to be done, 1t should be done
quickly as an emergency procedure Surgery for the removal of
embolt s hughly technical and should be undertaken only where
there 15 avadable 2 tramed tearm composed of a surgeon, an in-
termst and an anesthetist who work together not only to remave
the embolus successfully but to give the anticoagulant therapy nec-
essaty {0 prevent the secutcence of a thrombus at the site of the
operation In general, the operstion should be done wathun four
houts, or at the longest 10 houts, after the embolic episode Gerald
H Pratt has, however, performed an opetation on one of my
patients for removal of a thrombus from a saddle embolus more
thas 70 houss aftes the embolism occurred
) The conditson seemed almost hopeless, but Pratt was prevaded upon

0 operate, with results much bette:

T than could be anticspated Under
local anesthesia @ sidver wate with 2 cocksceew end was troduced
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not develop—excessive drowsiness, disortentation, and the fike

Priscoline (15-25 mg.) intra-arterally in the affected limb every
three to six hours has also proved helpful.

The technic for intra-arterial injection is simple for the femoral
artery but more difficult for others, depending on their site and
the degree of obesity of the patient

Papaverine (006 Gm ) or Priscoline 1n solutron 1s diluted m 5 cc
distilled water A 5 cc. syninge with 2 1n 20 gauge needle 1s used The
artery 15 located by sts pulsitions, fixed between the second and third
fingets of the left hand, and the needle 15 guided directly mnto it as one
would do a venipuncture. Cutting down on the artery 1s almost nevet
necessary. Entrance mto the artery 15 recognized by a pulsating susge
of bright red blood 1nto the syringe ‘The solution 1s then slowly injected
into the artery, the needle withdrawn and fitm pressure applied for
two or three minutes The effects are noted n five to 10 minutes, grad-
ually extending peripherally to the farthest possible point compatible
with the avalable circulation

It 15 my beltef that this is a highly effective measure and should
be used more freely. The ultimate evaluatton remamns to be made.

6. The use of reflex heat by means of a heating pad applied to
the abdomen or under the lumbosacral area has some value Heat
above 96 F. and refrigeration should never be applied directly to
the nvolved extremity or refrigeration used except for preampu-
tation anesthesta Many limbs have been lost by the injudicous
use of these agents.

7 ‘The pressute-suction boot and intermttent venous occlusion
apparatus have generally been abandoned

8. The oscillating bed (p. 145)appeats to have more physiologtc
foundation than most apparatus and 1s widely used

0, Paravertebral anesthesia, used in an endeavor to ncrease the
vasodilatation of the vessels of the extremity, has been widely
advocated. It appears to be effectrve but must be repeated several
times within two to three days if any fesponse is to be maintained.
Intra-arterial injection of papaverine may supersede this pmcedur.c,

Sympathetic blocks should not be undertaken if the patient i
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s made, administration of anticoaguisnts should begin smmeds-
ately, especnally of surgery 1 oot contemplated I surgery 1s being
considered, 1t 18 wise to wast untsd after the operation before guang
an anticoaguiant Heparn should be mjected at the site of the
aperation to prevent the development of scrondaty thearnbi, and
within severa! hours after termimation of the opesation larger
amounts of hepatin may be admmistered sntravenousty. There
may be some oss of blood unless the vessels ate firmiy sutured, but
this 15 seldam a serious comphication and 15 definstely less setious
than the desclopment of thrombs at the operatnie site Hepann
may be admunstered dusng the first few days postoperatnely
either by continuous intrasencus or by mtermsttent wjection tech:
auc (p. 424) Usually the second postoperatise day Dicumarol may
be given, beginming w1th 300 mg by mauth, or Tromexanm, begmn-
amg with 1,500 mg by mouth.

3 surgery 1 not contemplated, Diwmarol or Tromexan may
be adrunsstered alone, without hepatu, unless the condition seems
acute and multiple emboly are beng released, m which case the
mmeduate effect of hepruun 15 desirable

L have observed more than 56 patients with aunicular fibsllaton
who hase had from two to 21 recoganed embols In an attempt
% sntermpt the propagation of the ongmal thrombus in the heart
ahich was sefeasing the embok, the patients have been placed on
a prolonged antwvagulant régime In each, Dicamarol or Tromexan
has been started under carefully controtled conditions 1o the hos-
putal for one month, duting which tune the prothrombia sate has
been kept between 30 and 30 seconds After the dosage has been
stabritzed the patients have been released to continge anticoagulant
thetapy on an ambulatory basis but to have the prothrombin level
checked at least three times 3 week The desited level has been
considered to be between 25 and 35 seconds

f“:'h;e :::lc’sr:é g:::;ng. theflongest period of obsesvation being
Neawy evcry embo;u:n;e of embol: has been sharply reduced
25 occurted when the prothrombin tume
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‘
through the femoral arteries and the thrombus extracted (Fig 88).
The patient survived, with one good leg and loss of the other leg
below the knee, which made 1t possible for him to contmue his career
as minister
Surgical removal of embolt from arteries smaller than the fem-

7

LEFT

Fi6 88 -—Portions of thrombus removed from saddle embolus.

oral is generally less popular than 1t was 2 decade ago, the trend
now being toward sympathetic blocks and anticoagufant therapy.
11. The use of anticoagulants in treatment of emboli has re-
cewved prolonged study Anticoagulants should be given to prevent
propagation of the embolus or the suddenly occlusive thromb
and also to treat the onginal source of the embolus, for example, .a
thrombus in the heart or elsewhere i the body. Once the diagnosis
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Anticoagulant therapy should be admimstered to sl patients
who have had of are suffering from embolic phenomena, whatever
theit soutce, unfess there are definite contramdications. 1t is prob-
2bly wise to continue the therapy for at least three or four weeks
after the Jast epwsode i order to encousage complete sealing of
the onginal thrombus Specific directions for this treatment are
goen on pages 423 f For more complete snfotmation regarding
thromboetabolic conditions and thesr treatment with anticoag-
ulants, the reader 15 refesred to the monogtaph by Marple and
Wrght

The local treatment for embols to the kadneys, fungs, bran and
other wnternal organs 1s Jargely expectant 1t is sometimes possible
to operate successfully on the ntestinal tract following embol
or thrombosss In general, the physictan should concern tumsetf
pumazily with the prevention of further cpisodes, anticoagulant
therapy offers the major hope in this regard,

11 Refngeration should not be used to save the extrematy, but
it may be used ro reduce pasn or toxsc absorphion once the decision
to amputate the hmb has been made
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has dropped below the optimal therapeutic level (25-35 seconds).
The total period for all of these patients 15 now approximately
100 years, Several patients who discontinued anticoagulant therapy
did have emboli within a month afterward, Final evaluation of
this procedure has been difficult However, these patients had been
having series of embolic eptsodes immediately preceding the insti-
tution of anticoagulant therapy and the process stopped with its i0-
auguration, This represents a logteal attempt to interrupt the
fundamental process responsible for repeated emboli of this type.*

In May of 1942 we stasted to treat a seres of patients with
coronary thrombosis with myocardial infarction with Dicurnarol
By 1945 expertence with 80 such patients suggested that this was
a sound approach since 1t appeared that both the death and the
complication rate was reduced. Nichols and Page, and Peters,
Guyther and Brambel confirmed this observation. Following this,
the Committee on Anticoagulants of the American Heart Assoc-
ation was established A case study of 1,031 patients with acute
attacks was carried out. Approxmmately half of them received hep-
ann of Dicumarol, ot both The other half did not, but were
otherwise treated in the same manner. Sixteen leading cardiologists
and their hospital teams participated 1a this study The results
have been published widely, but 1n summary The mortality nte
has been reduced approximately one-thitd, from 23 to 15 per
cent, and the rate from thromboembalic complications four-Aifths,
from 41 to 11 per cent Table 10 shows the madence of complt-
cations 1 the first 800 cases,

TABLE 10 —INCIDENCE OF POSTEMBOLIC COMPLICATIONS IN 800 CASES
Cases 7ex muNDRED

Conteols Under anticoagulant
“Therary
Extension of orginal infarct 90 20
New infarcts 65 25
Pulmonsry embol 94 26
Cetebral embol 34 07
Penpheral embols 30 10
50 20

Venous thromboses
Venous thr

+The brst preliminary report of thus treatment fof the condition was presented
by o e efore the Phuladelphia Callege of Physrans 1n Decerber, 1946
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Anticoagufant therapy should be administered to alt patients
who have had ot are suffeting from embolic phenornens, whatever
thewr source, unless there are defimte contraindiwcabions. It v prob-
ably wise to continue the theeapy for at Jeast theee ot four weeks
after the fast epssode 10 order to encontage complete scaling eof
the ongmal thrombus Speafic directions for this treatment are
goven on pages 423 € For more complete information regirding
hromboembolic cond and thesr with anticoag-
ulants, the reader 15 referred to the monogsaph by Marple and
Waght

The focal treatment for emboh to the kidneys, lungs, bram and
other internal organs ts largely expectant, It is sometimes possible
to operate successfully on the ntestinal teact followmg embolsm
ot thrembests In general, the physician should concern himself
prmatly with the prevention of further epicodes, anticosgulant
thesapy offers the major hope i this regard.

11 Refrigeration should ot be used to save the extremity, but

ey be used to teduce pam or toxic absorption once the deaston
to amputate the himb has been made

REFERENCES

Alles, & W “The susgicat treatment of embolism of the xtremities, New Eng

Tand § Med 203 304, Aag 13, 1929, ) °

Allen, E ¥, Barker, N W, a0d Hines, E A., Je . Perspheral Vasendar Dusestes
(Puladelphis W7, B Saunders Company, 1916), chap X3V, p 314

T ad Maclesn, A R Trewment of sudden artenal occdusion with
papavessme bydeochlonde  Repust of case, Proc  Staff

R Meet, Mago Cin
ins, D T The valus of

embohsm, M. e 148 xsgz:;ﬂ;\’e:\g;;mhimdb 0 e treatment of anenal
Jose,3 8, and Bopmy .

n, N J Astessal embolas Repost of ca: nth t

o the post A cases, with an account

chbei?[g;;m and sty treatment, Austealizn & New Zeatand § Surg 9 164,
Lindgren, § ’

- N ;Sg ;i ;l:-;t;z O Use of hepans in vastulsr surgery, Acta med

Marple, € D, and wy,

€4 § S Thomboembalic Condirons and Them Tesar
oy b Amscosgalants {Sprungtld, i Charles C Thomas, Publishes,
Moy, 6 D

’ Best,

W, and . "
S 108163, Kuguat, 1958(: H* The use of heporn o thiombosis, Ans.



394 VASCULAR DISEASES

Nichol, E ., and Page, $ W * Treatment of coronasy thrombosis with icumarel,
J. Florda M A, 32:365, Januasy, 1946 .
Pallta, G - The differential diagnosis of arteral embolism—venous theombosls,
Acta chir. Scandinav, 65-558, 1929,

Peters, H. R ; Guyther, ] R., and Brambel, C E . Dicumarol 1 acute coronary
thrombosss, JA M A 130 398, Feb 16, 1946,

Saland, G+ Acute occlusions of the perpheral arteries Chinucal analys:s and
treatment, Ann. Int, Med. 14 2027, May, 1941

Wreight, 1 § . Neurovascular syndrome produced by hyperabduction of the 2mss
Immediate changes produced n 150 normal controls, and effects on some pet
sons of prolonged hyperabduction of arms as 1 sleeping, and (0 certain occy
pations, Am Heast J 29 1, January, 1945,

The use of dscumarol 1 the treatment of coronary thrombosis with

myocardial tnfasction, Am, Heart J 32.20, July, 1946, Proc Am Fed Chn

Research, Dec 28-29, vol 2, 1945

+ Expenences with dicumarol mn treatment of coronary throm
myocardual infarction, Tr A Am Physicians 59 47, 1946

———— “The use of anticoagulant therapy 1 treatment of discases of the heatt
and blood vessels, Bull Philadelphia College Physicrans, May, 1947,

— G treatment of thrombo-embolic duseases, Connecticut M J
12°3, January, 1948

, and Foley, W T Use of anticoagulants 1n treatment of heart disease,

Am ] Med 3 718, December, 1947

. Marple, C D, and Beck, D, F Report of the Commttee for the Evalus-

tion of Anticoagulants 1n the Treatment of Coronary Thrombosts with Myo

cardial Infarction, Am Heart J 36 801, December, 1948, J AM A, 138 1074

Dec 11,1948

bosts with




CHAPTER X%. Tlmromboplxlchitis; Phicho-
sclerosis; Obstruction of Vena Cava;
Pulmonary Embolism

THROMBOPHLEBITIS

THROMBOPHLEBITIS INCLUDES & vatiety of diseases having dsffer-
ent etilogy, precipstating factoss, gross pathology, course and
ptognosis, Because this has been insufficiently emphasized in the
past, 1t 15 pot surprising that conceptions of the processes avolved
and the treatments ndicated have been chastic and conflicting.

ETIOLOGY AND CLASSIFICATION
The classification presented bere is from the Nomenclatute of
Duseasts of the Blood and Lymph Vessels, prepated by the Com-
mittes oo Nomenclature of the Section fot the Study of the Periph-
eral Circulation of the Asnetican Heart Association 1t as at ence

appasent thar thrombophiebitss Is not a single syndeome but 2
many-headed hydra

Daseases oF Vints

A Obstruensve Crgame {Structyrai}
1. Theombophlebstis and venous thrombosis {ghleboth 3
4 Peunacy
{1} Thromboanghitss ebliterans
{2} Recustent o

13) Bt s migeating (without artened Jesions)

a9t
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&) Secondary to
(1) Mechanical anjury (contusion, laceration, surgery)
(2) Muscular effort or strain
(3) Chemical injury (sclerosing agents, drugs, solutrons for diagnosis)
(4) Infl or 1 fectious diseases

(a) Tuberculosts, syphilis, actinomycosts
() Other bactenia (to be specified)
(3) Severe 1schemia
[ORs ' ‘

@ e .

8 .
2 Neoplastic snvasion of vewn
3 Venous th or without thrombosts of
due to
@) Gravid uterus
) Neoplasm
¢) Aneurysm
d} Scar nissue
¢} Scalenus syndrome
f) Fractures and dislocations
&) Increased intra-abdomrmnal pressure (ascites, etc )
b) Extrinsic pressute (ught girdles, ciecular gasters, poorly made trusses,

B Nonobstructive
1 Varicose veins (aneurysm)
a) Primaty—congenital incompetent valves
b) Secondary (to proximal obstructive lesions or pressure)
¢) Secondary to phlebitic destruction of valves
d) Compensatory dilatation of collateral veins
2 Atteriovenous fistula
a) Congenital
&) Traumatic
¢} Mycotic
4) Secondary to local disease
3, Aberrant position
4. Hypoplasia
s Phlebectasia
6 Periphlebiis without thrombosis
d (oot usually obstructrve)

% Ruprre
The differences in etiology and mechanism are clearly demon-
strated by this classification. In most instances several fact?rs ap-
pear to play a part in the develop of thrombophlebutis. For
example: (1) by means of chemical ictitation, trauma or dehydra-
tion, the intimal lining is damaged; (2) stasis is produced by
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mechanical blockage such as pregnancy, sbdomunal bindets or cac
dioarcalatory fature or varicosities, causing a strong tendency to
thrombosts by a mechanism to be described latet; {3) organisins
of 2 varnable o unknown type iavade the thrombus through the
biood or lymph streams

Ochsner and DeBakey have made the following differentistion
betncen thrombophlebstis and phicbothromt

The dottng tn thrombophlchtis is the result of inputy o the
ascular endothelivm from mechanwcal trauma, bactenal smvason or
chemical injury, whereas i phlebothrombosis the mtsavascular thrombus
Eormation 15 due to venous stasis and to slterations 1 the ¢ellular and
fuid constituznts of the blood that sncrease the dlotteng tendengy The
progaostic signsficance of this differentiation hes i the fact that
thrombophlebtis the clot 1s usually figmly adberent 1o the ven wall
and 15, therefore, less ithely to become detached and result w embolism
On the other hand, 10 phicbothrombosis the coagulum s 1

oosely at-
fached to the vessel and 13, th tkely to cause i

1 have not been able 1o classify many cases so clearly into erther
of these groups Although in some patients the process at the time
of onsct 15 of one or the other type, after several days both proc-
esses age neatly always active. A thrombus need be adherent only
2 very short tune before the mtima 15 damaged and destroyed. On
this o7 any other basss, no one 15 able to state defirutely which
patient wll have embol and which patent may die of embol,
Embols seldom represent entare clots which come away from the
vessel walls cleanly Instead they are apt to be bits of thrombus
broken off from newly formed, extending pottions of the red tadl,
especally as it reaches the next venous branch where the blood
urrent exerts suction and torsion on the fragde mass It appeats,
thezefore, unwise to hase the prognosts on this system of differen-

taton, In fact, to Bive 3 prognoss mn any case of acteve thrombo-
ehisbitss 15 hazard pecatly to the r

ion of 2 ph
Brone 1o this form of mental gambling : Py

The question of capsative OFEAMISMS temams 28 5t was 10 years
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&) Secondary to
(1) Mechanical injury (contuston, laceration, surgery}
(2) Muscular effort or stramn
[©) S : o
(4) ' b )

'

(5) Severe 1schema

{6) Chronic disease of vetn wall (varices, phlebosclerosis)
1 bitee ul

{Late or p cers|
(7) Blood dyscrasias {polycythemta vers, leukemsa, pernicious anemia)
(8) Epidermophytosis (?)
2 Neoplastic 1nvaston of vein
3 Venous h or without
due to
a) Gravid uterus
4) Neoplasm
¢) Aneurysm
d) Scar tissue
e) Scalenus syndrome
}) Fractures and dislocations
&) Increased mtra-abdominal pressure (ascites, etc )
b} Extninstc pressure (ught girdles, curcular garters, poosly made trusses
ete
B Nonobstructive
1 Vancose vemns (aneurysm)
@) Prmary—congemtal incompetent valves
) Secondasy (to proxmal obstructive lesions or pressure)
¢) Secondary to phlebitic destruction of valves
d) Compensatory dilatatron of collateral veins
2 Arteniovenous fistula
a) Congenstal
b) Traumatic
) Mycotic
4) Secondary to local disease
3 Abermant position
4 Hypoplasia
5 Phlebectasia
6 Peniphlebitis without thrombosis
boscl: (not usually ob )

bosis or thrombophlebits

;. Rupture
The differences 1n etiology and mechanism are clearly demon-
strated by this classification. In most instances several factors 2p-
pear to play a part in the development of thrombophlebitis. For
example: (1) by means of chemical itnitation, trauma or dehydra-
tion, the intimal lining is damaged, (2) stasis is produced by
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has studied & substance whick he has called factor V and which
fe believes is converted ato an active factor VI duning <o, gulaton.

Otber factars have been descuibed by vanous wotkers but need
futther darfication before introduction into 2 work of this kund

T%m‘"r':" iong.
1 Prothroms Jheomboplastit.._y shrombin
{Slow reqction)

MIOMYIR .. .5 Gerum AGG
matt amount} stqcﬂve

The serum ACG then mcreases the rofe of reaction]

Galclum fons

o Thromboplasiin
e Seryr AGG Thrombin
(rapd reacttan)
W Fibrinog Thrombin Fibrin
Fi5. 50 ~Modern theory of of blood <osgel

Calosun, fong considered mdispensable to the production of a
claz, 53 now ot considered an absolute necessity from the theoset~
teal pounr of view, although st probably has an tmpactant pact s
most clinscal thrombases

The Jipoprotein thromboplastin 1s present sn nearly all tissues of
the body bub 1 especrally concentrated 1n the braw, bang and pla-

cental tissues 3t 15 essential to the completion of the process of
thrombosts

The final reaction s 3 o of fit
schion of b Pol

tansformanon to fibnn

of fibrigogen units results

The roles of heparin and other posstble anhithrombans in keeping
the blood hiquid by halsacing agamst the clothng components are
sigmificans, but details separdtag theit action are kacking

Mellanby has shown fhat heparia is an anttheombin and not
as Howell believed, an anti-prothrombin, That is, it does not p(e:
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2go. No work has conclusively demonstrated that 2 single form of
bacteria, fungus or virus is responsible for any one of the sjo-
dromes falling under the general classification of thrombophlebitis
(the exception beng the rare suppurative case with direct exten:
sion snto the vein). This 1s surprising because the picture 1 $0
often typical of an infectious process, with swelling, redness, Jocal
heat, tenderness, pain, malatse, fever, tachycardia and tncreased
sedimentation fate and white blood cell count. Dunham and [ ex
haustively cultured a number of sections taken from actively m-
flamed veins without obtaining consistent results. We obtained
virus-like growths from sections from seven of 18 patients but
were unable to keep them alive through seral passages and cannot
state definitely that they are related to the disease, although the
possibility must be considered. Study of these virus-like growths
was nterrupted by the war, further work might prove profitable.

PATHOGENESIS

‘The pathogenesis of thrombosts 15 extremely complicated, with
many factors being 1mnvolved and several steps progressing simuf-
taneously in the blood. The classic theory of Morawitz (1905)
is represented by the two equations in Figure 89. This was accepted

1F bin 1)+ Ti (2) +Galcium{3)--»Thrombin
Th
II. Fibrinogen (4)-—-——-’-0-’221-"- ------ > Fibrin

Fic, 89 —Classic theory of blood cozgulation.

as a working hypothesis for 40 yeats until Quick, Owren and
Seegers all reported the demonstration of additional factors. The
factor which has been studied most completely is a globulin and
has been named by Seegers the “accelerator globulin” (ACG). It
greatly increases the rate of conversion from prothrombin to throm-
bin but, as seen in Figure 90, the mechanism is not clear, Qwren
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has studied 3 substance whick he has called factor V and which
he believes s converted snto an actwe factoe VI duting coagulation.

Other factors have been descobed by vanous workers but need
farther canfication before ntroduction mto a work of thas kind.

T%alcaug:) ilons’
_lhromboplashn s b
1 Prothrombin Siow reaction) Thrombin
Throgmbin
pig ACG~era--wremvmmemesay Serum AGE
o(s:;\gmcs { Smoll emount) e(::uqlw:)

The serum AGG then mereases the rate of reoctior]

Cafcum fons

" Thromboplastin
I Prothrombin Carom ACT Thrombin
{rapid reaction)
T2 Frbrinagen -~ Thrembini ... > Fibrin

Fic 90 ~Madem theory of mechansm of blood coagulation

Calawun, fong dered snd

ble to the prod of 2
clot, 1 now not considesed an absolute necessity from the thearet-
wal powt of view, although it probably has an smportant part i
most chinscal theomboses

The bpopraten thromboplastin 1s present in pearly all tissues of
the body but 15 especrally concentrated i the brain, hung and pla-

ceatal tissues It 15 essential to the completion of the process of
thrombosis

The final reattion 15 3 of fibt
action of thrembin Pol of fb
transformation to fibun

thThe woles of heparin and other possible antithrombins i keeping
e blood hiqud by balancing aganst the clotting components are
signuficant, but detals regarding thesr action are facking
“);';'Eﬂmby has shown that hepatin 15 an 2ovthrombin and not,
owell believed, an anti-prothrombin That 5, 1t does mot pre-

by

umits resufts 1n
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vent the converston of prothrombin to thrombin, but 1nactivates
the latter enzyme after 1t has been formed. The inactwation de
pends on the presence of neutral salts, for dialyzed plasma does
clot readily when thrombsn and hepann, which ordinarily would
not cause clotting, are added Hepatin 15 preseat only in mmute
amounts 1n circulating blood and is probably not solely responsible
for the maintenance of the fludity of the blood i the living body.
Jotpes has submitted evidence that heparin 1s present in, and may
be produced by, the “mast cells” of Ehrlich, which are metachro-
matic stamning cells with tolusdine blue (Fig 91) and are found
along the walls of blood vessels 1 many areas of the body. The
full function of these cells and of hepar as it 1s found in the
blood 1s not completely understood, but it probably tends to keep
the blood fluid

It may be that the blood does not clot ntravascularly stmply
because no thromboplastin is available to convert prothrombin to
thrombin

For some years our laboratories, 1n collaboration with wotkers
from the Chemistry Department, School of Electrical Engineering
of Cornell University at Ithaca, have been studymng the electric
chatges of different components of the blood and their possible
role 1n the clotting mechanism Like charges are mutually repul-
sive, as they decrease, the repulsion may be reduced. Detatls re-
garding these and many other unanswered but basic problems of
blood clotting are summarized in the Twelfth Annual George E
Brown Memorial Lecture of the American Heart Association which
1 delivered 1n June, 1951

The foregoing hypotheses have been reviewed to show the trend
of current thinking. They are betng constantly revised on the basts
of new evidence.

As the changes leading up to the production of fibrin take place,
other mechanisms must come nto play to produce a lhron{bll&
In the living body a number of factors tend to protect the clrm:
lating blood agamnst undesirable coagulation, Experiments by
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Glénard and by Baumgatten base showa that, under favorable
conditions, blood between tna fugatures apphied to a vein may be
Rept stagnant vathout clattng if the fntecnal Iiving of the vessel
1« unsltered and tact

Friedlander advanced the theory that some foughness of the
wtuanal hinmg, perhaps secondary to wjary, of the tny nodules,
described by Dictrich, that follow infection, 15 uswally mecessary
to provide an anchoriag buoy to whuch a thrombus 15 affced when
the arcutation 15 disturbed, espeantiy with 2 tendency to stagaa-
non, Visthow considercd a thrombus sdentscal to an extravascular
dot Zahn desponstiated the process of thrombosis Following an
gty o the vessel wall, white cells and platelets collect at the
site of 1mpury and form o white "head” of the thrombus which is
fixed to the wall The sticky wnsoluble fibete plays an iraportant
part 1 thus process, acd 2t} blood elements become wvalved The
bload clot forms and 1s fixed 2t ane end to the white “head,” and
the red “tail” of the clot usually begums by waviag free at the
other end In small verns the white head is often Jarge 0 propor-
ton fo the rest of the clot, whereas 1o Jarge verns the head may
be almost snvisible, the red i making up most of the thrombus
The complex soterplay of s} of the factors described, plus many
athers, weluding the relationships of ghucose and the electrolytes,
canaot be efaborated here Many of the hnks i this preseatation
must rest on reasonsble hypotheses mather than established evi-
dence

Many other factars have impastaat roles n thes process, of which
the foﬂowmg deserve buef mentron {1} Stasss of the blood with
assorizted blood sludgiag (2} Platelet adhescveness due to fibre
224 the action of hydrophilic collords on the surfaces {3) Mahg-

fangy, especally of the pancreas and hiver, which 15 mportant
4 1 0

d‘;e P of hromb phieb {4) Famial

fhrombosing tendenties We have studied one family with eght

members i whom secious thromboembolic condstions have devel-
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oped. Four died of these conditions. The mechanism is unknown
(5) Idiopathic recurrent thrombosing tendencies Some patients
continue to have recurrent episodes for many years, yet the abnor-
mal changes in the blood may not be detectable (6) ACTH and
cortisone appatently encourage the tendency to thrombosts.

Two conditions which produce temporary agglomeration of the
blood and which may be confused with thrombosis but i which
no true thrombosing mechanism 1s present are eryoglobulinemsa
and the syndrome of cold agglutinins

The movement of the blood through the veins depends on
many factors, among them the sucking power of the regular put
monary respirations which draws the venous blood toward the
chest The venous valves prevent the blood from slipping badk
when intrapulmonary pressure increases. The skeletal musculature
also acts by pressure on the vessel walls to force the blood along
centrally Here agam the venous valves assure a one-way process
Two factors of slight, if any, importance are the pressure from the
artersal side, vis 4 tergo, and the sucking power of the night atrium

The venous valves are damaged by trauma and infection and
are common sites of thromboss. The thrombus usually forms 3P
1dly, and organization may begin in 24-48 hours. Propagation of
a thrombus may, however, conttnue for days or 1ntermittently for
weeks, Involution proceeds during the following weeks partly by
fibroplastic organtzation and partly by Irquefaction Eventually,
there is usually some return of function of the vein, but it is apt
to be mcomplete, especally since, as Edwards and others have
pointed out, the valves rarely escape destruction

The foregoing description 1s of thrombosis as it occurs with
iatimal changes n thrombophlebitis It should not be forgotten
that all layers of the vemn wall are usually involved by the inflam-
wmatory process Indeed, Homans has shown that there is usually
obstruction of the perivenous Iymphatic channels dunng the acute

stage In some cases the inflammatory reaction is practically con-
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fined to the adventitia and outer layers without the production of
thtombosis-—thus, persphiebitis,

PATHOLOGIC PHYSIOLOGY

The pathologic phystology tesulting from thrombophlcbatis is
due to mterference with the rewam blood flow to the heart sn the
iavolied section of the senous tree ‘This may not be wmportaat if
only small branches are mvolved, because 2 great abundance of
\enous collateral vessels drawms most of the tissues of the body.
It should be reatized that thrombophiebitis 15 often 2 multiple
disease and that ewsdence of snvohiement m new atcas must
constantly be sought.

When latge truriks are tmvohed, setious secondary effects are
frequently noted, 3, for example, the shiofemotal or aallary ven
15 invobed and obstructed by a thrombus that extends a consider-
able distance, the distal venous pressute st heart fevel may be
quadrupled In the wstance of the shofemoral vewn, when the pa-
tient stands the venous pressure may approximate the artenal dias
tolic pressure This mevitably causes intense congestion of venules
and capall and subseqy dation with edema

Homans has held that obstruction of the perivenous fpmphaties
15 the major factor s the formation of thss edema. I am inclined
10 agree with Barker that, especially m the early stages, most of
the edema is probably due to capillary congestion, with a serious
disturbance of the aormal downwatd gradient of intracapslary
Pressute preventing the usual reabsorption of tissue and intra-
<efiulas fluds by the capilanies The fact that ligation of the targe
venous trunk does not leed to edoma s not adequate proof of
Homans' theory, because thrombophlebutis most frequently inact-
vates an cxtensive postion of the nvolved vem by thrombosss,
reflex spasm or both, thus usually blocking the return flaw through
collateral vessels It 15 probable that persistent chronic edema is
10 part due to blockage of the petivenaus lymphatics, which may
continue to be 2 factor long after the venous balance has been re-
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stored toward notmal by means of canalization and collaterdd
activation

The obstructive process results in dilatation of the colfatera]
veins They often overdilate, producing huge varices from the
excessive burden thrown on their relatively weak valves and walls
A vicious cycle is set up, since the valves are overstretched, become
msufficient, produce additional reverse pressure on the venous
walls and mncreased stagnation as they fail to hold the blood It
especially serious when the important saphenous valve at the fem-
oral vein 1s insufficient, for then the entire venous pressute of the
femoral-vena cava system reverses on the weak saphenous veins
Valvular msufficiency commonly follows destruction of the valve
leaflets by the process of thrombophlebitis

The basic phenomena are described at some length because the
chinteal symptoms and signs arise from them and because rational
therapy should be considered in the light of its effect on them
rather than on the more obvious manifestations.

SIGNS, SYMPTOMS AND COURSE

The signs and symptoms associated with the syndromes of

thrombophlebitis vary widely with the type, location and ex!tflt
of the lesion. Every possible combination cannot be described in
detail, because the variations are almost countless. After accidental
and surgical trauma and delivery the physician 15 on the watch for
thrombophlebitis. He must not forget that thrombophlebitis m3y
develop insidiously without 2 known precipitating factor and even
without signs or symptoms preceding a fatal pulmonary embolisim.

Pam —The patient generally nottces pain at the site of venous
involvement. It may be slight, as with involvement of a small seg-
ment of an unimportant superficial vein, or moderately or ex-
tremely severe when large venous trunks are volved. It is some-
times descibed as a {ocal sense of soreness, It may be refetred, as in
several patients with iliofemoral venous x'nvclvcmen-r, fo the back,
in the Jumbosacral area. In some patients the back pain is extremely
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severe, even agonizing, to the point where opiates are relatively
\neffectual, Tt 15 not generally knonn, but this syndrome must
duff d from an sbdominal or psoas abscess

and acute osteomyelitis of the spine, .
In patients with migratory phlebitis the same type of local pain
mag tavolve various venous branches throughout the body. When
2 pateent with thrombaphlebitis develops paia elsewhete than the
ortginal sste, a spread of the discase must be the first connidleration.

1 saw 2 paticat who was tezated with heparin for thrombophlebitis
of the deep veins of the feft leg for five days Ten days later, when she
complaned of pain w the nght prowm, the ebvious implications wese
1gn0ted She was told that she just had s ollen glands and was alloned
w0 be but without b %
phiebitss developed and she became desperately sil.

sersous shof 1

Maultiple festons are commonty missed on routine autopsy ex-
ammations because studies of the veins, even in good hospitals,
are unhsppily very mcomplete, even in patients who have died of
primary or secondary effects of thrombophiebitis.

Any branch may be involved, although 2 thrombus does not
necessanly ocour ot the site of each punful ares. It appears i
these cases that the lesions are essentsally pessphiebitic, involving
the outer layers and produang 2 pain without thrombus and
edema, m conteast to the more common episodes tepresenting
thrombophlebitis 1 which the thrombus and edema are the pan-
apal features and pan 15 minmal, In some patieats the pains of
penphiebitis ate of extraordinaty seveuty, Mazay times the two
condstions ate combined One other type of pain—general malatse
—s frequently conspicuous. Contrary to the theoties of Meyer,
the pasns of phiebitis should not be confused with those of they-
matism and “growang paws ” Pain in the calf produced by forced
dorsiffexion of the foot 15 sometymes suggestive of thrombaphte-
bitts 1m the deep vews of the calf, It is known as Hornans' sign.
15 not nfalhible a0d may be confused with mjury to the solens
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stored toward normal by means of canalization and collateral
activation.

The obstructive process results in dilatation of the collateral
vems. They often overdilate, producing huge varices from the
excessive burden thrown on their relatively weak valves and walls.
A victous cycle 1s set up, since the valves are overstretched, become
insufficient, produce additional reverse pressure on the venous
walls and tacreased stagnation as they fail to hold the blood It is
especially serious when the important saphenous valve at the fem-
oral vein 1s insufficient, for then the entire venous pressure of the
femoral-vena cava system reverses on the weak saphenous veins
Valvular insufficiency commonly follows destruction of the valve
leaflets by the process of thrombophlebutis.

The bastc phenomena are described at some length because the
chinical symptoms and signs arse from them and because rational
therapy should be considered in the light of its cffect on them
rather than on the more obvious manifestations.

SIGNS, SYMPTOMS AND COURSE

The signs and symptoms assoctated with the syndromes of
thrombophlebitts vary widely with the type, location and extent
of the lesion Every possible combination cannot be described 1
detail, because the varsations are almost countless. After accidental
and sugical trauma and delivety the physician 15 on the watch for
thrombophlebitis. He must not forget that thrombophlebitis may
develop sidiously without a known precipitating factor and even
without signs or symptoms preceding a fatal pulmonary embolism

Pain—The patient generally notices pain at the site of venous
involvement, It may be slight, as with involvement of a small seg-
ment of an unimportant superficial vein, or moderately or ex-
tremely severe when large venous trunks are involved. It is some-
times described as a local sense of soreness It may be refetred, as in
several patients with iliofemoral venous involvement, to the back,
in the lumbosacral area. In some patients the back pain is extremely
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sevete, even 2gonizing, 1o the point where opiates ate relatively
ineffectual. Tt 15 not generally known, but this syndrome must

differentiated from an abd 1 or psoas abscess
and acute osteomyehtis of the spine.

In patients with migratory phiebitis the same type of loeal pain
may involve various venous branches throughout the body, When
2 patient with thrombophiebitis develops pain elsewhcre than the
orgnal site, a spread of the disease must be the first consideration.

1 saw 2 patient who was treated with heparin for thrombophlebitis
of the deep veans of the Seft Jeg for five days. “Ten days Jater, mhen she
complamed of pun i the night grom, the obuous implications were
wgrored She was told that she just had swollen glands and was allowed
to be ambul without h

pon setious Hiof 1
phiebitss devtloped and she became desperately dl.

Muluple lesions ate commenly massed on routine autopsy ex-
atmaations because studtes of the veins, even in good hospitals,
are unhappily very incomplete, even i patients who have died of
primary or secondary effects of thrombophlebstis

Any branch may be involved, although a thrombus does not
necessatily occur af the site of each painful ares It appears
these cases that the lesions are essentrally pesiphlebitic, mnolving
the outer fyers and produang a pum without thrombus and
edema, 10 contrast to the more common episodes fepresenting
thrombophlebits 10 which the thrombus and edema are the prn-
apal features and pain 15 minmal In seme patients the pans of
peuphlebitis are of extraordinary seversty Many tumes the two
conditions are combined One other type of pan—general malase
13 frequently conspreuous, Contraty to the theoties of Meyer,
the pams of 'phlebms should not be confused with those of zhcui
:mhs,l)n ad “"growing pagns ” Pain 1n the caff produced by forced

of the foot js d ive of thrombophl
bitss in the deep vews of the calf It 6‘?0 i
1s kaown as Homans' sign.

¥
%15 not infallible and may be confused with sjury to the soleus
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muscle and inflammatory reactions in the muscles and nesves of
the calf

Tenderness—Associated with the local pam is tendemess,
which in general extends along the cousse of the involved veins
The tenderness is most diffuse when deep veins ate involved, and
in areas where the veins may be pressed on directly it is acute.
These areas include the inguinal region, Scarpa’s triangle, Hunt-
er’s canal, the pophiteal space and the area durectly at the middle
of the calf.

Cramps.—A form of pain not often mentioned is that produced
by severe muscular cramps which occur rather frequently with
deep vessel phlebitis. These cramps may be extremely severe and
very setious because 1t may be virtually impossible for the patient
to lie still during an attack and the cramp may, by exerting dis*
torting pressure on the vein, release an embolus. Cramps are espe:
cally apt to occur in the calf muscles, although they may affect
any set of muscles 1n the body.

Color changes —Superficial thrombophlebitis 15 almost always
accompanied by local redness of the skin ditectly over the a2 of

fl ion and often ding as a red streak over the course
of the vein Occasionally there is a diffuse area of redness resem-
bling erysipelas. Several such patches may be seen in different
portions or branches of the same venous tree. With migratory
thrombophlebitis widely scattered patches of this type appeat far
from the primary site As the acuteness of the local process sub-
sides the patches gradually turn a purplish brown and then 2 dull
brown as they fade Some restdual pigmentation may remain in-
definitely.

A dusky cyanosis of the part distal to the occluston of 2 large
vein may be present carly and may persist for a long period.

Color change that has serious significance 1s seen on rare 0cca
sions. The periphery of an extremity suddenly becomes pale bluish
or blanched owing to spastic occlusion of an artery which rests
against the acutely nflamed vein. This may be so serious as t0
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resalt 1n massne gangrene, as a the woman reported by Grégoire
{cited by Homans} in whom expleration coanfirmed the suspected
state of affaus, Figue 92 shows another example of thus phenome-
von, with resultant gangtene of the tocs of the left foot of a
woman, 40, In the presence of acute thrombophlebitis which had
produced pulmonaty emboli the arteries became ?ulse)css and
semamed so for four days; after ntra-artenal papa cine 2nd seflex
heat thetapy the dorsals pulse returned Although gangrene had

o 92 ~Gangrene sesultieg from antenal sprsm secondisy to thrombophie-
bityy  {Coustesy of Dr Theodare $ Heneken, fram Medichsome Series MM~
Vastulae Dhsecases, by | § Wright and W T Foley )

already set i, the total tissue loss was #ot senous Pallor may also
be secn m cases of mulk leg, due to blockage of the wwofemoral
wems and Iymphatics teswltng m pale edema

Local swellmg —Accompangying the redness alrcady descbed
s usually 2 muld degree of swellsng A lump or, more {1equently,
& cordizke mass 15 palpable sfong the course of the vem This type
of swelling 55 not necessanly present and often cannot be felt
when deep vems are snvolved,

Edenma—Congestion of the entire venous and capiiagy bed
dhistal 4o the site of blockage, 11 varying degrees, wevitzbly follows
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thrombosis. There may be prompt adjustment without the devel-
opment of gross edema, especially if the thrombosed vein is smatl
and if adequate collateral venous return is avatlable, as in the foot
and calf. The opposite extremes are seen with blockage of larget
vens, especially the femoral-iliac, resulting in phlegmasia alba
dolens or milk leg. The edema is, as previously explained, due to
obstruction with increased retrograde pressure in the venules, cap*
illaries and lymphatics which distutbs the normal downward
pressure gradient as the blood progesses from the arterics to the
veins and hence mterfetes with the reabsorptron of tissue fluids
by the vessels. Gross edema has been present 1n approxmately
50 per cent of our patients.

Fever —Fever may or may not be preseat. In three pateents
with seemungly tdenttcal degrees of thrombophlebitic nvolvement,
one may have fever of 103-105 F (39-41 C) with chills, the
second may have low grade fever of 100-101 F. (38-38.5 c)
and, less commonly, the third may have practically no fever

Tachycardia —This is common even when fever is not present.
If persistent, 1t must be considered evidence of continued activity
of the disease.

Sedimentation rate~—The sedimentation sate 15 unpredictable.
In some patients 1t falls more than 100 mm. per hour (Wester-
gren), whereas in others, whose vens appear to be more severely
involved, the rate is well within normal limts (less than 16 mm
per hour). There does appear to be some rough parallel between
fever and the sedimentation rate. A normal rate has no signifi-
cance. When high, it gives some clue to the rate and degree of
recovery and serves as a guide to the degree of activity permissible
to the patient. As long as the rate is elevated, 2ny considerable
activity appears ill-advised Contrary to carly reports of some
workers, Dicumarol therapy does not clevate the sedimentation
rate. As patients recover from the disease, the sedimentation rate
returns to normal while they are on Dicumarol therapy.

Blood connt —The blood count also may or may not be affected
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by thrombophiebitss. The whate cell count may rise ta 40,000 or
more, with & high palymorphonachear count and many young forms
and tovic granulations Sevete SREMIs may develop, with sed cclf
count under 3,000,000 and hemoglobin content less than 40 per
cent of aoemal In contrast, one patient had sevese migratory
phiebitss for more than nine months wsthout abnormal changes
1n the blood count or sedumentation sate.

To re-emphasize, thrombophlebitss may occur 1n any vewn of the
body snd symptoms wsHl vary accosdingly Thus, manifestations of

Iner, kidney, and cerebtal phiehtis ace not
but are frequently un; d

COMPLICATIONS AND SEQUELAR

The commonest and most dreaded complication of acute thram-
bophlebitis 13 pulmonary embolista Large embolt which cause
sudden death or pulmenary signs and symptoms, cluding sharp
pam, the coughing up of bright red blood and the development
of signs of a patch of paeumom, are usually recogmized Obser-
vations, both of hving patsents by seral x-ray studies and at the
autopsy table, show that more than half of pulmonary embols are
mussed entirely or wrongly diagnosed This 13 partrculacly toue of
sotafied postoperabine prewmonias This sruation could be meas-
uuably smproved if greates attention wete pud to alt chest symp-
toms and sigas occutsing dantng postoperative penods and the
buerperium and especuily durng attacks of actwve phlebites,

Senous warmng should be tegistered aganst the practice of
onducting routine physical exsmmatsons of the chests of patients
suspected of having or known to have thrombophiebitss, especially
if these bas been a suspicon of embolism Porcmy the patrent
to breathe deeply may, by producmn g meganve pressure, suck off a
fostion of the taul of the clot wnh desastrons resalts Rough manp-
ulation of palp of an sovolved may also be ex-
tremely dangeraus, Bxamunations of these patients require extreme
gentleness, cate and skill More frequent x-ray studies o doubtful
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cases would help, they should be made with portable x-fay appa-
ratus because unnecessaty moving of these patients is risky.
Many fatal emboli occur without clinical evidence of phlebitis
Zilliacus has reported 114 such cases from Sweden (see Table 15,
p- 420). Emboli are released in one of several ways (1) A por-

T L
Fic 93 (abote} —Csoss section of tail of thrombus lying free 10 a vein
Although thrombus 15 free at this pont, the vein wall shows signs of mflamma
tion This type 1s dangerous and the soucce of most pulmonary emboli
Fic 94 (below) kable example of of a thrombus to
Iength of 36 1 This was removed whole from veins of leg by suction {Cour-
tesy of Dr Gerald H Pratt)

tion of the tail of a fresh thrombus may break Joose due to some
increase in rate of flow or a twist of the vein, as m one of my
patients with the thrombotic tendency typical of leukemia who had
a pulmonary embolism after manipulation by a cult practtioner
(2) The thrombus may extend from the vein in which it develops
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1nto the lumen of the large venous trunk into which the vein
drzins If the current is strong eaough to break off a prece of the
tatl, in a fraction of 2 minute we may have an embolus. Increased
suction, as that produced by deep breathing, may seriously accentu-
ate this zisk. (3) Occasionally, because of very slow organization
of the thrombus and in suppurative thrombophlebitis, a friable
portion breaks loose spontaneously ta become an embolus.

Barker ated a large series of patients with postoperative ilio-
femoral thrombophlebitis in whom fatal pulmonary embolism oc-
curred in only 5 per cent, in half of these within four days. In
one-half, the site of origin was an unrecognized fresh thrombus
from the opposite vein. The incidence of embohism in recurtent
thrombophlebitis was, in his series, approximately 12 per cent,
and of fatal embolism, 7 per cent. In 300 cases we have studied
from this poiat of view, pul ¥ embolistm was gaized in
26 patients (8 6 per cent), of whom six died. There were also 11
embols to other patts of the body. Further discussion of pulmonary
embolism will be found at the end of this chapter

Death from embols which lodge 1n the chambers of the heart
should also be mentioned. We have seen a number of these at

autopsy 'The lacgest was 22 cm long and was coiled up in the
ight auricle,

Postphlebitic syndrome —The frequency of recurrence of throm-
bophlebitis 15 not generally appreciated Over a period of 10 years,
Tecurrenices are seen 10 an avetage of 25-40 per cent of pa-
tients For accuracy 1t would be well to discontinue the use of the
term “cured” and substitute “asrested " As with taberculosis, 1n
most patients who survive the first attack the condition 15 arrested
and they do not have a recurrence. The risk 15 great enough, how-
ever, to ‘;lustify planning of postphlebitic care on the basis of the
:thum, Once 2 phiebitic, always a potential phiebstrc.” This may

e discouraging to some patrents, but it will make them cautious
and thefeby seduce tecurrences, as 1n arsested tuberculosts

The impottant and frequently disabl

chronic after-effects of
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thrombophlebttis include varicase veins of all degeees, chronic
edema, varicose and other postphlebitic ulcers and chronic eczems,
pigmentation, taduration and other skin changes atound the ankles

Mention should be made of the pawns which persistently recur
1 the previously tvolved veins, especially with weather changes
and on prolonged standing. They are not necessarily accompanted
by reacttvation of the disease. They may occur at lengthening in-

Fie 93 -—Thrombus of left common ilac vewn lacge enough to produce 3
fatal embolus. (By courtesy of Dr John G Kidd )

teevals and with diminished intensity for some years after an acute
episode.

The d of postphlebti is has been described by
Allen and Brown. It ts seen most often 1n nervous women who
have been in bed for a prolonged course of treatment and who
trave been overimp d with the probability of p t drs-
ability or pulmonary embolism, It is common, and not susprising,
ia patients who have had mutltiple attacks and who hve in feat
that each pain represents the first signs of a new attack. The prin-
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apal complaints ate of excessive weakness and rather mebufous

shifting pams an many areas of the body not confined to pre-
wiously wvolved veins

MEDICAL TREATMENT {LXCEPT ANTICOAGULANTS)

A sound ideration of the of thrombaphiehutt
fmust staet weth the dual preguse (1) that thrombophiebitis 13 not
a single disease but, in reality, represents a group of syndromes
produced by a vanety of etiologic Factoss, and (2) that the loca-
on of the thrombophlebitis may indieate need for wide differ-
eaces 1 the therapeutic appeoach

The fist step 55 thorough study to determune the cause and
mechanism tesponsible for the disease 1 the individual patient.
For example, theombophlebitss secondary to polyqthemia vera
tequures specfic trestment of the undeslying disease, quite a duf-
ferent procedure from that used for thrombophichitis secondary
to thermeal snyury, such as a faulty mjection of Pentothal sodin,

and from that needed for thrombophlebits associated wath cacly
thrombosngutis obliterans
o

Fatal embol: may eren arsse from
lly produced thrombophled foll g ireatsnent for
tarcose tems, Such a case occusred on one of our servces, 1f o
sharply localized thrombopblebitic process s the Jowet extremsty
1 teleasing maultiple pulmonaty embaly, higation may be a logical
procedure  Fatlure 1o coneder the posnbilnty of myolvement m
several segments of the venous tree (some of the stes may be
Symptoniless } and to treas the patient on that bass constetutes back
9, pred of the fund, I process or dereliction of
thetapentac vesponsibiity on the fpast of the physicuan.

Ten yeats ago, those tecommendsng conservative theeapy were
not w2 vety strong position Today, the situation has been radi-
cally changed by the mtroduction of antwoaguiants The avada-
bility of vatious anticoagulants, discussed 1 detasd later, hag not,
however, obviated the need for meticulous observation of certair;
fundamentat prnciples of conservative therapy.
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In addition to the care of any underlying disease, the treatment
may take several forms, to be undertaken concurrently when inde
cated. The local lesion is considered first, it being necessay to
reduce pain and swelling, Swelling may be relatively stight and
localized or may involve one or mote entire extremities. The sec:
ond constderation is management of other thxombophlebitic Ie-
sions, which may or may not be recognized at the time, but which
may be the source of serious or deadly embolr. The third includes
the treatment of pulmonary and other embolic phenomena The
fourth aspect confronting the physicran 1s the necessity for ¢
and detailed interest in his patient after the active process s
substded and the immediate danger passes This care must be con-
tinued for one to several years and sometimes for life Too fre-
quently the doctor dismisses the pattent after the acute phase is
over without giving adequate instructions and maintaining proper
follow-up care

An attempt will be made here to present in 2 practical and con-
cise form the therapeutic methods which have been established 25
useful by clinrcal and experimental observations on apploximﬂffl)’
2,000 pattents seen in cvilian and Army hospitals during the Pﬂfl
20 years. Of these, approximately 1,300 were treated with anti
coagulants. There is still controversy regarding some of the tech-
mcs to be discussed, and the 1deas expressed are not to be considered
final; indeed, it is hoped that new concepts will be forthcomng

Elevation.—An involved extremity should be elevated appro¥h
mately 6 in. above the level of the heart. This is especiaily indi-
cated in the presence of edema. The purpose 1s to facilitate drain-
age of static lymph and venous fluid from the extremity. The
measure adds greatly to the patient’s comfort. Elevation is best
nccomphshed by raising the foot of the bed 12-15 in. on blocks.
The use of pillows alone too frequently results in elevation of the
knee above the foot and therefore interference with proper drain-
age distal to the knee In the presence of occlusive artersal disease

it is unwise to clevate the extremity. The use of an oscillating bed
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wilf help to reduce the edema safely. Othernise keep the extremity
1 2 horizontal posttion. . }

Rest—Although f 15 important to keep the patient active a5 2
preventive postoperative measure 1n order to discourage the pro-
ductson of <lots and the d p of thrombophlebitis, ence
thrombophlebitis has been recognized undue activity shouid be
prevented Thus 15 contray to the view of some Eurapesn workers,
but on numetous oceasions we have seen patients who had been
placed on a régime of watking 20 ta 60 blocks dady dunng phases
of an seute process and m whom muld and relatively mnoczous
thrombophiebitis of 3 small vein dustal to the knee tapudly extended
up into the ihat vein and even the infersor vena cava In view of
sntweoaguiant therapy, except for 3 few superfimal, chromic, fow
grade wnistances of wvolement of varwose vemns, the routne of
bandaging the Jep and wallung 1 dangerous and obsolete

Avordance of deep & g and g —At all tmes dar-
wg the attve phase of thrombophlebits, snd especiatly if there
has been any suspicson or evidence of embolic phenomena, it 15
extremely smportant that the patient avord deep breathung, cough-
wg and stransng m any way Too frequently when the patent
complans of pmn m the chest and coughs up x hittle blood, the
house staff and attending physician undertake a thatough exarm.
wnation of the chest, mctuding auscultation duting decp breathung
and coughing, 1 an endeavor to determune the site of the wfarct
Since the diagnoms 15 m most such cases alrnost certarm, the Jocal-
wation must be considered a matter of academuc terest only 1€ it
15 essential to make 2 dfferential diagrosts or know the site of the

wfarct, an x-tay taken by carefully shpping 4 cassette under the
patient will sesve adequately

The reason for this warming w clear The movements of tes-
Pifation ate amang the most smportant factots toncetned with the
tetamn of Bood to the heart Deep breathing introduces negatwve
Phases of pressure which tend to free $oosely attached thrombi, or
tails of thromby, with sertous consequences [ have been ?rcsen’t ot
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In addition to the care of any underlying disease, the treatment
may take several forms, to be undertaken concurrently when mdt
cated. The local lesion is considered first, it being necessay
reduce pain and swelling Swelling may be relatively slight an
localized or may involve one or more entire extremities, The s
ond considetation 1s management of other thrombophlebitic Je-
sions, which may or may not be recognized at the time, but which
may be the source of sertous or deadly emboli. The third includes
the treatment of pulmonary and other embolic phenomena Th
fourth aspect confronting the physician 1s the necessity for ¢
and detailed interest in his patient after the active process has
subsided and the immeduate danger passes. This care rmust be cor
tinued for one to several years and sometimes for Iife. Too f5&
quently the doctor dismusses the patient after the acute phlst is
over without giving adequate mstructrons and marntaining propef
follow-up care.

An attempt will be made here to present in 2 practical and con”
cise form the therapeutic methods which have been established 25
useful by clinical and expenimental obsetvations on aPP:oxima!EIY
2,000 patients seen 1 avilian and Army hospitals during the past
20 years Of these, approximately 1,300 were treated with anth
coagulants. There is still controversy regarding some of the tech
nics to be discussed, and the 1deas expressed are not to be considered
final; indeed, 1t 1s hoped that new concepts will be forthcoming:

Elevation—An involved extremity should be elevated npproxi'
mately 6 in above the level of the heart. This is espcﬂ';\lly indi-
cated mn the presence of edema. The purpose is to facilitate drain-
age of static lymph and venous flurd from the extremity The
measure adds greatly to the patient’s comfort. Elevation is best
accomplished by raising the foot of the bed 12-15 in. on blocks
The use of pillows alone too frequently results in clevation of the
knee above the foot and therefore interference with proper drain-
age distal to the knee. In the presence of occlusive arterial disease
1t is unwise to elevate the extremity. The use of an oscillating bed
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Ners e blocks do not cause the thrombus to disappeat suddenly.
The 1k of embolus semams, but pam and edema are sometunes
remarkably dsmimshed The hot pack method has the advantage
of application for as many days as s deemed advisable.

Quimne sulfate~Naght cramps a1 ot uncommon with
theombaphlehitis o vatcose vens For such cramps quimne sul-
fate 1s sometumes helpful i doses of 02 Gm. at bedtime or witha
stmilar dose at suppettime

Fluids —Yt 1s unportant that the patient have not less than 34
q¢ of flusds 3 day wn order to avord debydration, which mereases
the thrombosing tendency Provided the sodium chlonde intake
15 aot increased, wvater per se seldom contebutes to the edema,
especially sf the extsemuty 15 elevated, sunce the edema s not on 3
metaboh, renal of cagduac basis,

Antsf; therapy —Di phy must be actively com-
bated One of the most satisactory methods is soaks of potassium
permanganate 1 5,000 solfutron for 30 munutes every other day
Wiotfield's omtment, haif-strength, and various new antifunge
ades such as Sopronol (Wyeth) or Timofax {Burtoughs Well-
come) may be trsed, always with eate not to overtreat and thereby
cause 2 highly irartated reactson in the arez

ANTICOAGULANT THERAPY

The dramatic story of how hemorthapic spated sweet-clover
disease 1 cattle led Link and his co-w.orkers to the duscovery, isola-
ton and synthesis of Dicumarol and atfted dessvatives 1s medicat
hustary Clinical smvestigations of the value of this substance were
feported @ 1941 by Meyer, Bingham and Pohle, by Butt, Allen
and Boblman and by Prandom and Wright Al theee groups of
wotkets foungd that m man, as e lower 2numals, Drcumasol pro-
longed the prothrombia time and delayed coagutation of the bload
These was 2 lag of 24-72 howes before the actron in the blood was
messurable 3t was found that the matemal was effective when
given orally and that teansfusions of fresh whole blsod wonld
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several autopsies on patients whe died duning or soon after unwise
physical examination

The patient should be warned aganst stramng at defecation,
and one of the phystcian’s functions 1s to see that laxauves and
encmas are used to prevent the need for such straining

Heat —The local use of erther an ice bag or a hot water bag
has largely been superseded by the application of moist hot packs
to the full length of an mvolved extremity This fesults in re-
markable relaxation of both venous and arterial trees, comparab]e
to that produced by lumbar ganglionsc procamne block. The tech-
nic follows,

The extremuty 15 covered with cold cream to protect the skin from
maceration A light blanket or one or two large tuckish towels are
dipped mn hot water, wrung out and wrapped loosely around the enhit¢
extremity Four to erght hot water bags ate then laid along the leg and
weapped tn 3 farge loose rubber blanket Electric heating pads may be
used, but only 1f waterproofed This 1s continued for 20 hours out of
24, the skin beng allowed to aerate for four hours After four to eght
days, if mprovement warrants, the length of time of application 15
reduced gradually Usually after 10-14 days the packs may be dis-
contnued

One thing that ancreases the patient’s discomfort 5 the weight of the
heavy hot water bags on the extremuty At our suggeston Margaset
Braley devised light, plastic, sealed bottles which contan 2 chemical
solution that retmns erther heat or cold for five or six honrs after 40
mersion 10 hot or cold water for 15-20 minutes They ate light, phable,
made to fit the extrenuty and do not leak A plastic case 27 sn. Jong with
pockets within which sach contamers can be inserted, and wide esough
to wrap sround an extreuty, has also been devised and s about to be
made avarlable to the medical professton *

One to four or more paravertebral sympathetic nerve blocks
tay be petformed to break the reflex arc of spasm duting the fiest
few days, using 2 per cent procane solution They may be per-
formed once or twice daily for three or more days, The hot packs
will profong and enhance the effectiveness of such blocks.

¥ Made avatlsble by Comfort Pack, Old Greenwich, Conn
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for 2 snsufficent time with Dicumarol, This secord 15 especially
noteworthy because 379 of the patients had atready d:m(?nsttatcd
theombotic tendencies, having had thromboss of ewbolism, and
438 had an abdomunal hysterectomy, an opecation for which the
stavstical risk of thrombosts is high (See Table 11.)

The effert of Dicumase{ therapy on thrombaphlebitis has also
been cleasly showa by Bather Among 897 controls with thrombo-

TABLE 12 —DinceRs of DOSTOPFRATIVE AND OPSTETRIC TREWMBOPHiL¥RITIS *

Farac
Cammror ey T Sl
T ey Ciwer  f Thromd
Sorgeal caser
Schnedegg e ol 1,500 246 a1 298 192
Baskec of . 2665 97 38 My 206
Dbstessic cases
Holumang er ol 9 1y 138 % 347
Hellgten a0 130 338 2 476
S g3 LA

orper
25 Tor the 1w sasgisd series counerle and bom widsly thes
sare team the Sigures for 15¢ SRR 46Tiey, which slae swaride

phiebitis who did ot recesve anticoagutant thetapy, 95 (106 per
cent) had subsequent eptsodes and 51 (5.7 per cent) died of Fatal
pulmonsty embolism In contrast, of 138 patsents with thrombo-
plhiebitis to whom D t bad been ad; d, 4 (2.9 per
cent) had subsequent episodes and none had fatal pulmonary em-
boh. These figures ate sound evrdence that when Dicumarot

dmunistered an establustied thrombus wil almost certamly not
detach wself and become an embolus, not will it tend to propagate

Tables 1213 give figures compled by Jorpes, Bauex and ik
lacus of Sweden on results with anticosgulants These and ather
fpures indicate that there 15 hittle difference in the tesults of antr-
conpatant therapy whether hepann or Dicumaro} s used but that

gatant thetapy 4 ly i

the

There have been some cases reparted, andrI have seen a few,
0 whith embols orcursed dunng Dienrmarol therapy In almost
every nstance § have investigated, the emboli ecarrred {1} in the
fitst 24-36 hours, before the ful} effect of Dicumarot had been
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usually promptly restore the prothrombun hume. When 60-72 5
of vitamn K 15 given m single of rultiple doses it shostens the
lengthened prothrombia time which follows the admistration
of Dicumarol, Prandom and 1 fisst seported that sa man, a5 1
lower animals, hemorrhagic rmanufestations may foliow excessive
doses of Dicumarol and that, therefore, the drug pezfarce must
be administered with care and respect in order to avoid serious
hemorthagic manifestations.

Dicumarol impaits or prevents coagulation of the blood by 7
ducing the amount of prothrombin in the cucculating blood It is
faitly certan, though not proved, that the site of protbmmbiﬂ
synthests is m the twver aad that Dreumarol tnhubits P:othmmhm
synthesss, thus saterfering with the production of the dassic &
pression prothrombsn + calowm 4- thromboplastin = thrombis:
fibnnogen - thrombin = fibrin, .,

1t is now well established that the effective anticoagulaats, 3%
cuding Dicumatol, heparin and the mare recently studied ones;
Tromexan, Phenyhndanedione, BLS (Cumopysaa) and Patitel
will help prevent venous thrombosis, thrombophlebitis and embolt
Mote extensive experience has been gained with Dicumarol and
heparin than with the others, so that experience will be mot
{sberally cited.

When Dicurnaral has been admunustered after surgery 1n the
pelvic atea and other regrons o which thrombophlebitss i knowe
to be 2 common complication, there has been a strking seduction
i the inadence of thrombophicbits Once thrombophlebitis 15
established, Drcumarol consprcuousty reduces the number of pul-
monary embolt and leads to thess abolition in most instances:
Marple and I have seviewed this entise subject in detail in 2
secent monogsaph

arker and hus co-workets from Mago Chnic seposted the usé
of Dicumarol 10 1,000 cases for the purpose of pz:venting post-
operative venous theombosis. Thete was only one ‘death from pul

ronary embolism and this occutred in a patient who was treate
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for an msuflicient tume with Dicumasol, This record is especiatly
notenorthy because 379 of the paticnts had a‘!rcndy demonstrated
thrombotic tendencies, having had thrombasis or embohsx'n, and
438 had an abdomnal hystercctomy, 3 operation for which the
statsshical nusk of thrombosi s high, {See Table 11)

The effect of Dicumarot thetapy on thrombophlebitis bas also
been clearly showa by Barker Among 897 controls with thrombo-

TABLE 11 —DIANGERS OF POSTOPERATIVE AND OnSTETRIC THAOMBOPHLTRITIS ¢

por iasiavn
Caszyor Foisomas o Exaon
L P 4
Surgueal cases
Schoedegg f of 1,500 46 481 298 192
Barker ¢ ol 1,663 397 338 My w6
Ohsteric cases
Holzmann 2t of 749 1o 138 26 347
Heffsten 420 130 338 W 476

Veawrey ol I Y Enk Jorpes
oty ol Do 1 Bk IO e tas worgcal sesies conncele wad bow wadely they
sary from the Pyares for the cbatetnic sesies, which alsa camcide

phiebitis who did not receive anticosgulant therapy, 95 (10 6 per
cent) had subsequent eprsodes and 31 (3.7 per cent) died of fatal
pulmonary embolism In contrast, of 138 patents with thrombo-
phlebitss to whom Dicumartol had been adminstered, 4 (29 per
cent) had subsequent episodes and none had fatal pulmonary em-
bols These figutes are sound ewidence that when Dirumarol 15
d d an established thrombus will almost certainly not
detach stself and become an enobotus, not will it fend to propagate.
Tables 1215 give figuees compuled by Jorpes, Bauer and Zil-
hacus of Sweden on results with anticeagutants. These and other
figuzes mndscate that there s Ittle difference in the results of anti-
coagylant thetapy whether bepann or Dicunaro} ss wsed but that
tiorgulant therapy definitely imp the prog:
 There have been some cases reported, and 1 have seen a few,
i wluch embols cccusred dusing Dicumarol therapy. In almost
every instance 1 have wvestigated, the emboli ocourred {1} in the
first 24-36 hours, before the fulf effect of Dicumatol had been
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TABLE 12 —COMPLICATIONS OF THROMBOSIS WITH AND WITHOUT
ANTICOAGULANT THERAPY (ZILLIACUS)

THROM20- PuLwoNALY Srananto
518 EMBOLISM O le
No specific treatment 214 60 (20%) 6
Heparin 42
Heparn and Dicumarol 10}} 576 8 (1%) 9
Dicumarol 131

* Deaths
TABLE 13 —COMPARISON OF RESULTs IN THROMBOTIC CASES TREATED .
CONVENTIONALLY AND WITH ANTICOAGULANTS, MAINLY HEPARIN, 1910-44
Witnour Antt

HTICOAGTLASTS
B Arcoioits
Med. Chnic A 16 9 22 4
Surg Chinic A 71 17
Surg Chimc B 4 5 26 0
Sarg Clinic € 74 0
Surg Clinic D 33 1 31 1
161 42 153 1

* Collected from five Swedish clinics Courtesy of Dr J Enk Jorpes
TABLE 14 —RESULTS WITH AND WITHOUY ANTICOAGULANT THERAPY
(BAurr, ZILLIACUS)
TizouBosts ok

vLMoNARY %
InrazcT DzaTAS %
Conservative therapy 543 88 16
Hepann 769 3
000 4 LEH
Dicumarol 131 1

TABLE 15 —SUDDEN PULMONARY EMBOLISM WITHOUT OTHER THROMBOTIC
SYMrroMs (ZILLIACUS)

No Dears
Furst attack fatal 114 114
Furst attack not fatal .
Consetvative treatment 65 21 (30%)
Hepann ot hepann-Dicumacol 103

achieved, (2) during therapy when the prothrombmn time had
heen allowed to drop to the original normal level of below, ot
(3) after Dicumarol therapy had been discontinued and lh.c pro-
thrombin time had returned to normal or below. It 15 advisable,
when discontinuing Dicumarol, to dectease the dosage gradually
to obviate the tendency to overcompensatton on the part of the
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fver Hepasn should also be discontinued gf:dmlly unless hemot-
rhagic complications force 1ts abrupt cessation

Ia the Mayo senes of 1,000 treated patieats only 30 3.7 ;'xct
cent) developed munor bleeding and 25 (2.3 per clmt) major
bleeding The only case of fatal bleeding occutred in 2 patient
who had carcinoma of the third pottion of the ducdesum which
requited extensive resechion with some trauma to the superior mes-
entenc vein, 1t 15 doubtful that Decumarol played a role.

Among 2,000 persons in my senes, none had fata) pulmonaty
embols dusing Dicurnatol thetapy, two dicd of hemorrhage prot-
ably related to Diawnirof One bled from a rectat cances, one,
w1th severe hy pertension, died of cerebeal hemotshage. Desperately

Wl nith thrombosing disease, both were given anticoagulants as
3 caleulated risk

TABLE 16 —R{SULTS 14 Finsy 400 Cases ON ANTICOAGUEANT THERAPY
(TrEATED OB SwPERVISED BY WRIGHT)
Cases without ewholist before teatment

m

Embolism developed during tresvnent (early) 3

Cases with embolism 123

Embolism dunng adequate antweagulant therapy 2

Embobsm after tessation of theapy 1
Deaths from embobism

<

Any plained difficulty 1 c ting the prothrombun level
with Dicumatol, especally 1 the presence of migratory thrombo-
phichats, should cause one to consider the possibility of a malig-
nangy, especially one mvalung the fiver, pancreas, ot both. We
encountered four such cases before 1946 {Table 17) Since then
we have seen numerous additronal patieats whose thrombophleb:-
15 was resistant to anticoagulant therapy and who later were proved
to have cancer  Although the pancreas and liver have been the
comnanest sites of the cancer, other organs, including the uterus,
stomach, lungs and breasts, also have been mvolved,

In 1941 we described nather extensive hemorthages produced
by Dicumarol, but at that time the dosage for man was not well
understood and the tests for controlling the dosage were pot satis-
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TABLE 17 ~-COMPLICATIONS IN FIRsT 400 CASES ON ANTICOAGULANT
THERAPY (WRIGHT)

Inability to control thrombophlebitis 3
Causes—1 Malignaney of liver 2
pancreas 1
intestine 1
2 Phiebitis migrans }‘

Deaths from undeslying disease

Hemorrhagie manifestations B
Purpura of skin and mucous membranes 2t
(In fast 200 cases, after therapy was stindardzed 2}
Frank hematunia 4
(In last 200 cases, after therapy was standarduzed  2)
0

Deaths from anticoagulant therapy

factory Furthermore, we were dealing with sertously undernour-
ished indwviduals. Since then I have seen several cases with hem
ofrhagic manifestations 1n which the drug had not been admin-
istered with sufficient caution o the tests for prothrombin levels
wete not satisfactondy performed by the laboratery, thus giving
the clinician a false sefise of secuntty. Such situations must be most
carefully guarded against 1f Dicumarol is to be used

Use of anticoagulants for the most part has been associated with
a prompt subsidence of the symptoms of thrombophlebitis. Aw
topsy exammations of patrents who have died of other causes aftera
week or more of anticoagulant therapy have usually revealed sealing
of the proximal ends of the thrombi whetever they were found. In
a few patients thrombophlebitis has contmnued throughout tre'at-
ment or has lighted up after the anticoagulant has been discontin-
ued. These have been patients with so-called idiopathic migeatory
thrombophlebitis—a much less tractable and more serious 80
drome than the usual postoperative, post-traumatic and postinfec-
tious types. On the other hand, in 2 number of such paticflts {hc
disease was apparently arrested. It is felt that the prognosis with
anticoagulants is somewhat bettet than that with any other therapy.
A second, fesistant group, includes those with malignancy.
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INDICATIONS FOR CAUTION IN USE OF ANTICOWCULANTS
1 ben deficrency {Rypop b )
«) Viumn K defaency
8 Sevese hepatic disease )
Blood dyserastas with disturb in pormal
Renat disease, especially wath hematana
Mazked hypestensian \
Ulceranons or open wounds with bleeding temdencies
Subacute boctesss) endocarditis
Vatamn € deficsency
Pregnancy, espeaially meth toxemis
Certan surgicat openttions
4} Revent operations on brawn and spinal curd
b3 Peotedures Jeaving raw surfaces
¢ Procedures with tube deanage
4} In prescnce of obstrucsyve yaundice, Sufiary fitala of sevese Jever damage

fot b

[ e

Inadequate laboratory reports and lack of meticulous interest

on the part of the physicuan are serous contrundications fo the
use of anticoagulants

For a duscussion of the use of anticoagulants 1o the trestment
of coronory thrombosis and Tts thromboembolic complications, the
reader 15 referred to Chapter XIX on Acute Artersat Occlusion

Technic of admpnstratson of anticoagidants —(1) The prothrombin
tune 15 determned by the Quick or Lank-Shapiro technic before the first
dose 5 grven Nosnal readings ate 1213 seconds by the Quick method
and 13-17 seconds by the Link-Shapiro method (2) I the prothrombin
tume 35 normal or lower, 300 mg of Drcumarol 1s admmstered orally
i one dose I embel: have occurced, bepann map be stated 1cmme-
dutely and contiaved untid the Dicumarol effect 1s mantfested (Thas 14
discussed 1 detad fater Y {3) Each day the prothrombin time 15 deter
muned and reported to the physician 1n charge of the case before the
Dicumarol dosage: for that day 1s decided on. (4) Dicwrmaral 15 ademun
wstered 10 doses of 200 mg duly vatd the prothrombin tume 15 30
seconds, and n doses of 100-200 mg. {dependinp on the patient’s sensi-
ity to the drug} duily when the prothrombun time 15 between 30 and
33 seconds on the ascerding postion of the curve (3) When the pro-
theomban time reaches 35 seconds, Dicumaro! 1 duscontunsed uatil the
prothtombra time drops below 35 seconds, after whach 5t 15 given agun
<autionsly in duly doses of 100-200 mg (The foregotag prothrombia
tme values were detetmuned by the Link-Shapio method, for which
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see the Appendix ) Frequently the time rises for several days altet
Dicumarol ts discontinued and then returns towasd normat

(6) If the prothrombin time reaches 60 or 70 seconds, hemorrhagic
mansfestatsons ruay occur, and one st be alert to the passxhxhrp A
a level of 60-65 seconds 64-72 mg of vitarmn K should be given
parenterally and repeated 1 four hours. Since 1942, hemorrhagé
mamfestations have been confined to very @re patients wih purpuic
spots, minos conng from the gums and some red blood cells 1 the
urtne. More severe hemorchagie manifestattons may be checked by ont
or two transfusions of 300-300 cc of whole fresh blood (may
atrated)  (7) The obgective 15 to keep the pmzhrombin tevel be
tween 30 and 50 seconds, especaally dusing the first two o thiee
weeks The dosage is then tapered off slowly, permutting the time
to drop below 30 seconds, followed by a gradual retusn ta norms
Dicumnaro} has been contuuwed 1n most of our cases for 2030 dags
after the Yast episode of thromboss of embolism .

When pumeroas embolic phenomena have already occurted it
sometunes advisable to give heparm during the first 24-48 hours untid
the effect of the first dose of Dicumarol 15 established. Numerous duscus-
sons have been p d regarding the dmmi tjon of beparit
Contianous drip still appears 10 be the theoretical method of choit®
although it 1s difficult to tegulate and hard on the patient. In practicSy
few hospital staffs can contimae the régume required for many days
withont some break a the techic. The clotting tune rmusé be chefke
every two hours day and nught by the Lee-Wiute method. The optimsl
tume should be between 23 and 45 tunutes to 1psuse effectiveness
without danges of hemorrhage. .

Intermitient parenteral injections of hepann cavse wide fuctuation
1 dlotting tune Ths method, gving 50-73 mg* sntgavenonsly €ve
three hours, 15 widely used in Sweden and has been favorably “P“‘“d
on by Jorpes, Baver, Ziltacus and others The dotting time rises 12"
\dly to 6070 munutes and falls tawaed normal befoce the next dose i

ven. This scerns nisky and unphystologic, but the Swedish workess

‘trave demonsteated that, practicaily, it 15 sound For ten years #¢ hae
used this method extensively, with satisfactory results and without oot
phications. The use of a vehicle casing slaw ahsorption wauld be help”
Tul, but to date those prof & have been disappointing Pukn’s men-

e

+ The wternational standard used sn the Unsted Stafes is 160 per cent as SHOPE
a5 that used i Sweden, hence our dosage 15 apparently foser than the 75-123
ed by the Swedish workers
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stepm, isclnding the recent modifications, causes wide fluctuations and
difficulty in controf and ats use has been so yz'mfu\ (hat many patients
peefer continuous anfuston, te may als0 cause mausca. Depo-hepatia
{Upjohn) s Yess paraful and omew hat mote satisfactory o use but i
st unpredictable, We use the follonng dose schedole. 200~300 mg.
for the Best dose and 200 mg on an menge of evesy 12 bouts 1€ the
doiting ime 33 ok 45 excess of 20 munutes just before the next dose 1
it s 10 excess of this, the dose shoutd be delayed accordingly.

Subbngual admumsttation of hepavn has fafed completely to pro-
duce 2ny change 1n the cloting m kests eun 1 QUT tsboratary

Tromeran ~-Tromexan, which ss also a oumann denvatne
dosely selated to Dicurmarol, on the B erage ats more quiskly and
on discontimuation ceases to act more quickly than Dicurnarol. We
have come o use st almost entiscly i place of Deumarol, but
others stll prefer the latter drag NUith Tromexan, the first dose
151,500 mg {1.800 mg if the patent 15 Jarge) “The second day
the prothrombin time s usually prolonged 3£ 1t 15 not abowe 33
sieonds, the patient 15 geven 300 my three hmes {1otal 900 mg )
Thereafter the usuzl dosage 15 300 mg tvo of three times 8 day,
depending on the prothsomben time, Dimded dosage 15 much the
most satssfactory with T YWhen the prothrombia time 15
mote than 35 seconds, the ommssion of one of two doses will almost
smwatiably fead to 2 drop to therapestic or nermal levels walun
24-36 hours, We have almost chminated the need for vstamin K
o ttansfusions by the careful handhing of Tromezay on OuE service

Sr:fse‘v»oxkers find this dmug more difficult to control than Dhew-
0]

N [il:e;;)lmdamdwnah’fhxs 00 has been used a5 an anticosgy-
o 15 :ot % coumann, but st does reduce the prothrombin
fmmdy t;n thus prf;longs the prothrombin time  Blaustess has
200 ~ei n::;\sk satisfactory snisal dose to xange from 150 to
o kfs'm \:n\ et doses are adjusied according to the prothrombun
T . The action of PID, as it 15 called, resembles that of

a1 more than of Duumarol, although some patients are
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very resistant to it, and this represents a real disadvantage. Anothet
disadvantage 15 that overaction cannot be counteracted by vta
mmn K It has no known advantages over Tromexan

4-Hydroxycoumann No 63 (BL5; Cumopyran) —Used ex
penmentally, this drug acts at about the rate of Dicumarol, but its
action 1s much more prolonged so that doses need be adminsstered
only at two to five day intervals. The average dose 15 125-150 mg
and should be regulated by the prothrombin time tests. Overaction
15 countetacted rather inadequately by water-soluble vitamin K
Ppreparations but vitamin K, oxide 1n doses of 200500 mg. will
restore the prothrombmn time to normal, This substance appexrs
to require moe study before final evaluation and recommendation
for general clinical use

Partol —This preparation, a synthetic polysulfusic aad estet
of polyanhydromannuranic acid, 1s sumilar to hepasn m chemeal
structure and action but 15 less expensive to produce. It is being
subjected to clinical investigation 1n our laboratory and elsewherc
but 15 not quite ready for clinical use at this time

A liprd thromboplastin mbibitor described by Overman from
our laboratory and by Tocantins acts on factot V but 1s still in the
ammal experimental stage

di-Alpha tocopherol—Careful studtes 1 our laboratory a0d
elsewhere have failed to confirm the clams that dervatwves of di-
alpha tocopherol with or without calcum act as anticoagulant
substances when administered to man or are significantly effective
1 the prevention or treatment of thromboembolic cunditions:

Because of considerable variation in strength of the vatious
thromboplastins used fo tests of prothrombin time, it seems advfs-
able to check each group of determinations daily agatast those in
one or two healthy and supposedly normal individuals Pooled
Iyophilized plasma (Lyovac) has been used as the sta'nd.lrd con-
trol, against dilute plasma 1-8 The control figure using Lyovac
by this technic runs from 36 to 42 seconds
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Warkers diffes as to the preferred mannet of geporting on pro-
thrombin actrvity, Tt can be reported either in seconds of time or
1 pescentage of actwvity. To use the percentage of activity method,
2 dilution astve such as those deuised by Quick, Shapiro ot Barker
15 necessary Yo produce & tefiable cumve many determinations
st be made from a number of samples; 1t 15 not advisable to
use curves based on a small group of detersmnations

Inasmuch 28 2 curve may tontawn & cettain element of error, the
percentage methad naturally suffers from this disasdwantage. It has
absobeen found that many laboratones do not wse any of the afote-
mentioned curves, merely making 3 taped calculabion a5 foltons
control 14 seconds, panent 28 seconds, thercfore the patient has
50 per rent prothrombin actvity This sesult beats no gefation o
the curves of Quick, Shapito or Barker and itlustrates the confu-
s10n produced by this additional step. Thete seems to be no real
advantage n taking the extra step of transpostion of ume to
percentage, and confusion and etror amse from it Therefote I

d that the repost sub d to the cliniran be 1n seconds
and that this always be accompamed by the control figare for that
day Except fort research studses 6% i unusual <ases, we have not
found the difute {12 5 per cent) prothrombin ticres essential for
ineal purposes

The wse of anticoagulants requures well traned teams of work-
<t and faboratones prepared to provide meticulous service, Unless
the labotatoty's techmus for det of the proth bin time
# propedly standardized and can be depended on, use of Dicu
maro} or Tromexan should not be undertaken Only i favorable
Qrtumstasces 1 home therapy woth snticoagulants recommended
When it 15 undertakes, provision must be made for {requent de-
termunation of the prothrombin level by relable laboratory tech
matans Otherwise, w15 certawn that hoth the patient and the physi
ca ate 1 3 hazardous poston and may regret having used the
drug For the convemsence of & labosatory which may wish to




426 VASCULAR DISEASES

very resistant to it, and this tepresents a real disadvantage. Another
disadvantage is that overaction cannot be counteracted by wita
min K. It has no known advantages over Tromexan.

4-Hydroxycoumarm No 63 (BLS; Cumopyran) —Used ex
persmentally, this drug acts at about the rate of Dicumarol, but it
action 15 much more prolonged so that doses need be adminsstered
only at two to five day intervals. The average dose is 125-150 mg
and should be regulated by the prothrombin time tests. 0verm1m2
15 €0 ted rather adequately by water-soluble vitamin K
preparations but vitamin K, oxide 1n doses of 200-500 mg will
testore the prothrombin time to normal. Ths substance appests
to require more study before final evaluation and recommendation
for general chnrcal use

Parrtol —This preparation, a synthetic polysulfuric acid este
of polyanhydromannutanic actd, 1s similar to heparin in chemical
structure and action but 1s less expensive to produce. It is beng
subjected to clinical wnvestigation 1n our Jaboratory and elsewher¢
but 15 not quite ready for clincal use at this time

A Liprd thromboplastn mbibitor described by Overman from
out Iaboratory and by Tocantins acts on factor V but is still in the
animal expersmental stage

dl-Alpha tocopherol—Careful studies 1n our laboratory and
elsewhere have falled to confirm the claims that dertvatives of di+
alpha tocopherol with or without calcrum act as anticoagulant
substances when adminsstered to man or are significantly effective
in the prevention or treatment of thromboembolic condltions.

Because of considerable variation m strength of the vatious
thromboplastins used for tests of prothrombin time, 1t scems advl's~
able to check each group of determinations daily agamst those in
one ot two healthy and supposedly normal indwviduals Pooled
Iyophilized plasma (Lyovac) has been used as the standard con-
trol, against dilute plasma 1-8. The control figure using Lyovac
by this technic ruas from 36 to 42 seconds,
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Waorkers differ as to the preferred mannet of reporting on pto-
thrombia actvity. It can be seported either in seconds of time e
w percentage of actonity. To use the percentage of activity method,
a detution curve such as those devised by Quick, Shapira or Barker
1 necessacy, To produce a teliable curve many determinations
must be made from 2 number of semples; it is not advisable to
use curves based on a small group of determinations

Taasruch a5 2 curve may contan a certun clement of error, the
percentage method naturally suffers from this disadvantage: 1t has
also been found that many lsboratonies do not wse any of the afore
mentoned curves, merely making a fapid calculation as fellows.
control 14 seconds, patient 28 seconds, therefore the patient has
$0 per cent prothrombin actrvity This sesult bears no refation to
the curves of Quick, Shapsto o Batker and slusteates the confu-
sion produced by this additonal step Thete seems to be no real
advantage in teking the extea step of transpostion of tume to
percentage, and confuson and error anse from st Therefore {
secormend that the report submitted to the chinicran be s seconds
and that this atways be accompanied by the control figuce for that
day Except for reseasch studtes or m unusual cases, we have not
found the dilute (12 5 per cent) prothrombin tumes essential fot
clinical purposes

The use of anticoagulants requures well tratned teams of work-
ers and laboratones prepared to provide meticulous service Unfess
the fab "s technsc for d of the proth bin tume
; J{i;?p::l-); standardized and can be depended on, use of Dicu-
mmm“mc:n::;m shoutd not be undertaken. Only m favorable

ome therapy with anticozgulants secommended

f:’:;:l ;L ;s unfdc:akcn, provision must be made for frequent de-
o 0:;,: wﬁ e prothrombin level by refable laboratory tech-
——— :h ::: ;tn 15 certain that both the patient and the physs-
drug For the mnve‘;;ﬁ‘”““’“ e ey teget having wsed the
e of 2 laboratory which may wish to
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adopt a proved method, the techmic for determmning plasma pro-
thrombin 15 given in the Appendix.

TREATMENT OF THE POSTPHLEBITIC SYNDROME

A few words should be included about the care of the post-
Pphlebitic syndrome When the patient 15 ready to get up and about,
as judged by subsidence of the local and genetal symptoms and
normal pulse and sedimentation rates for 10 days or more, he
should be briefed on what to expect in the future If the phlcbitis
1nvolved his legs, he must understand that prolonged standing ot
even stthng may produce edema and that prolonged pitting edems
may develop into a hard, nonpitting and permanent form due to
the development of fibroblasts and lymphoblasts n the edem:
fluid He must, therefore, take steps to prevent thes, and thus de-
crease the tendency to vaticose vemns and chronic leg ulcers

The most useful steps are. (1) the weating of fiem, knee-length
elastic stockings at all times when he 15 up, especially for the first
year ot two, (2) elevation of the foot of his bed so that each night
there 1s ample opportumty for the edema flurd to drain out of the
leg, and (3) movement of the extremuty under watet, as in quiet
swimming, which will quickly reduce the edema In other words,
every effort should be made to prevent the edema from becoming
static or fixed until the compensating venous and Ilymphatic ar-
culation s able to assume the burden of its removal.

The patient should be warned that he may have pains in his legs
and elsewhere, probably in the vewns, for months or even years.
Some patients become psychoneurotic regarding such pains, since
they fear that each episode represents the beginning of a fecur-
rence of the thrombophiebtis, Since most of the pains are of no
consequence aad, although ying, last only a short time, the
following arbitraty rule often helps these patients. “If the pain
1asts less than one hour, forget st. If it lasts more than an hour, l'l'c
down with your feet elevated, If, after dong that, severe pain
continues for a total of three hours, call your doctor.” This ruf
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has dersbly duminished apprek and unnccessaty calls

e physician .
Oﬂ;:\ upg:)nmlly wise to advise the panent to noid exeroise which
requires sudden rwists, turns and stops, such a5 tennis, squash,
handball and horseback niding, for at lesst & year. Numesaus rer
coarrences hase resulted from much exeecses Mang patients dis-
cover that swammang, especially ocean swimmiag, is bcncﬁa’n.\ tn
reduang edema and discomfort Watking wath elashic stockings
on 15 2 good form of exercise.

The patient rmust aiways guard against the development of
dermatophytosss, and any evidence of st must be treated accordng
to previously mentioned techmcs

Reassurance and use of the foregoing fechnics will conspicar
ously reduce the five, 10 and 15 year incidence of postphlebitic
varcose vesns, edema and psychoneurosis Unfess the physician
recogarzes the need for this type of follow-up cate, his treatment
of the thrombophlebitic patient wili be incomplete

SURGICAL MANAGIMENT

With the unprovement 1 anticoagulaat thetapy the need for
surgical wtervention in thrombophlebitis is becoming racer. In
some circusnstances, howeves, surgery 1s sl indicated: (1) lack
of factlities for anticoagulant therapy, and (2) hemorrhagic blood
dyscrastas 1o the patient

Por a complete discussien of the surgical technics of ligation
3nd modsfications of this procedure, the reader 1s seferred to Peatt’s
wonograph, Sergreal Treatment of Vaseular Diseases.

1 must be pomnted cut that the only sound objective of @ hgatiog
1 the prevention: of an embolism atisiag in the higated vesn £rom
resching the heart or lungs, Ligation does not {1) affect the inflam-
matoty process of the thrambophiebitss 1a the vein ligated, {2)
affect thrombophiebitis 1n other vamns, (3) prevent pulmonary
embole €rom other veins, or (4) guarantee that embols will not
arsse from the proximal side of the site of ligation The last is
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especially apt to occur when the vein wall 1s inflamed, I have seen
two fatal cases of emboli from this site and Pratt has reported two
such cases

Most expert surgeons 1a this field have abandoned prophylactic
ligations except 1n unusual circumstances, and the ligation pro-
cedures ate being generally superseded by anticoagulant therapy.

The wide vatiety of problems encountered in cases of thrombo-
phlebitss 1s 1llustrated by the following vignettes.

Case 1.—This represents perhaps the most frequently encountered
group A man, 21, convalescing normally from an appendectomy, noted
on the ninth postoperative day a sense of stiffness in the nght calf.
Homans' sign was present, There were tenderness on deep palpation
of the right calf and slight edema of the 1ght foot and ankle. Two
days later there was pam in the grom The diagnosis was thrombo-
phlebitis 1nvolving the deep vetns, Dicumarol therapy was inutiated
and the leg was elevated and placed 1n watm moist packs Within three
days the condition began to substde, and he was discharged from the
hospital two weeks later Recovety was uneventful

Case 2—A physicran aged 36 was operated on for appendiatis On
the eleventh postoperative day he was seized with excrucrating pain 1
the lumbosacral region, He was unable to Lie quietly despite 1 gt of
motphine The severe pain continued for several days, dunng which
diagnoses of psoas abscess, acute osteomyelitis of the spine and pelvic
peritonutis were considered After three days the right leg became
swollen and a typtcal picture of femoral thrombophlebitis developed
Because of the lumbar pain st was assumed that the pelvic and other
dliac veins had probably been primanly invelved. At that time anti-
coagulant therapy was not available, The course was stormy, with tem-
perature 103 F. (394 C) or higher each day At the end of six
weeks the condition in the right leg subsided, but the left leg promptly
showed the same type of mnvofvement All told, the fever continued

for 315, months, and it was five months befote the patient was able to
T PR S i S

- - = w3l

debitic

‘P:lms with a drop in barometric pressure. He has now gone 14 years

thout a recurrence.
W'C“, 3—A man of 34 had what seemed to be low grade thrombo-
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phiebitss of 2 veun s the dorsum of the nght foot 1t appe:fcg to have
been sutsated by his habit of tpng tus shoe Jaces very tightly, thus
trsumatiziog the vein walls 3gunst the bones of the arch of the foot
Severat such cases have been seen Antrcosgulant therapy was aot then
aabible The condition progressed pradually to molse the veins of
the entuse leg, then 1t spresd to the opposite 1eg, both aums, the scalp,
teuak, bungs, mesentery and 20ron3ry vens After eight months of i+
ness heparm became avatlable and was given for 16 days Dunng
therapy the tempesatare temasned formal, but withs 10 d:;s';ﬁcr
cessation 1t rose again At the end of the tenth month the patient’s son
had mumps The patient contracted the disease, wath bilateaat grarotstis
and unilateral orclutss He nas desperately db. The tempesature rose to
1065 F (414 C ), then dropped by coins Wth the cleaning up of
the mumps, the phicbuwss disappeated. The explanation for this was
never completely clear, bypotheses mctuded hyery of some type
of virus respanse He had & brief tevareence tao years later, but other-
wise has been well for 12 jears
Case § —A woman aged 48 developed sonvete milk leg bilaterally fol-

laning the bicth of her second duld 23 years before thus bospitalization
There were faspe sancose vemns of both legs and bidateral ederna Over
 perind of years a most unusuat betwork of enormous sancose veins
had developed o er the entire sbdomuat wall Three dags befare hosps-
tabizztion thes abdomanal vesas saddendy became mflamed and she had
soere thrombophlebutss, with cordlike thrombeses palpable through

the networh She was treated with Dicumazel, hot moust padks and rest
tnbed The episade ompletely subsided, and she was discharged from
1he hasputal i four weeks
Case 5-In 2 woman of 54, thrombophlebitis deceloped tn the
sapbengus vetns of the calf of the teft feg She was treated conserva-
tiiely at home without anticoagulants The episode subsided “Two weeks
fater, on: the advice of 2 locat phyniasn, she was hospitalzed and had
A bilateral sapheaaus higation The thrd postoperatise day an embolism
eneloped 1 the lower lobe of the right lung Tollowng ths the tem-
peratuse subsided and she returned home, but two weeks later she had
‘g{“’nd pubmonacy embolism and became acutely 1l Acwte thrombo-
phlebitss with extreme tenderness wvolving all visble vans together

with extenssse edema thea developed
ped sn the nght leg and she was
};:snixmmd for Dicarmaral therapy The thied day after sdmussion she
“ mu;o & mixed stuporous and delurious state Froar aduch she never
Suned consonsness The prothrombin level was very difficult 1o
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cansung within 24 haurs between 20 and 90 seconds on well
:g:lﬂ’:d dugsaggm This led to the suspscion that she might hase 2 carci
soma of the liser, but her condiion did not atlaw 3 cateful, complete
insesd and x-1ay suney. She died three wochs later.

Awtopsy showmed marked bifatesal thromboses of the femoral and
i vewns extending to snd mclading the fower partion of the infertor
enz ez, The primary disedse wis caonoml of the tectum with
metastases 10 the dner whnch had teplaced abaut three fousths of the
bepatic tissue ‘There wete also metastases and old nfarets thioaghout
the lungs.

Care 6 A middle-aied abese lborer whose becupation required
standing for long periods deseloped an acmte pamn s the upper patt
of the abdoren After considerable 4 an cxpl ¥ Japarot-
omy was done, but nothung sigadficant was found The physicat ex-
amination gase negate results, although obesty prevented a detaled
study of fus lungs He died five days fater Auvtopsy revealed ex-
traorchnandy farge thrombe smvolving both pulmonaty attenes and

some lodged i the chambers of the heart (Fig 96). This case stlus-
trates the posuibility of a fatal boembol d

without chin-
1l evsdence tn the lower extremities, aithough the casts of the thrambt
indicated that they must haee care from the taege veins of the legs

There 15 3n smportant group of patients who have had chronic
constant ar recussent thrombophlebatis for many years. In the past,
the therspy was never satisfactosy Today encouraging results may

be obtained, & ilustrated by the following cases selected from
numeraus symilar ones,

Case 7 ~Eaght years hefore hospitalization 3 worket 10 a dress shop
suffesed am wmjury to the antessor surface of the left tibeal srea by stesk-
2@ 2t agmnst a shelf The skin was not broken, but thrombophlebitis
developed 1 the Jocst area She continued to wotk The low grade
Process did not subside and th e antenening years had been contitg-
ously actne 1t had been difficult far her to contnue worhing because
of pa, but she had peesssted except for one month's rest At the

Fi5 96 ~Actopsy

patient auth fatal thrombossn -
!ligmmc A folded embolus, 45 cm long, thae blocked ot pnlmomr:o ‘a’:(:g?:s
‘;;ﬂ;‘:hkl: 1{::3: etnbolus couled s sight ventricle. €, emboli shown irx Aand B
bh s fom same patient Rule 1¢ 15 em fong (Covrtesy of Dr John G

specsmens from
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swelling of the legs. Exhaustive blood and serologic studies were
unzerealing Cultures for virus, bactetia and fungi gave negative
sesults Epidemologic studies did not thanfy the pictuce

Veins were sectioned and studied by several pathologists. Thesr
studtes disclosed subacute phiebitss himited to the vasa vasorum
{some found mumal thickenung). The majouty of the vasa vas-
orum weze filled with lewkocytsc thrombs many of which contained

phits as well as polymorphonuctear feukocytes In a few of

the vessels these snflammatory cells snvaded the walls of the vasa
vasorum and 1n a few, penwasculas cuffing was noted. Some soelt
g was noted 10 vessels Aot contamung the thrombs

The surgeons alt noted mereased fibrosis surrounding the af-
fected vemns, but n 0o <ase was 2 thrombus found i the large
veins Prolonged bed rest resuited n remussions ACTH had no
effct o0 the cousse At the time Dt Peatson reported this to me
three girls had had securrences after a month of freedom from
symptoms

Although pertphichitis without throm
I hate no koowledge of a simlar epidemnic

55 niot 1y rare,

PHLEROSCLEROSIS—VENOFISROSES

Phlebosclerons s often seen 1n the form of aalafied kesions of
the veins They may be 1 the form of phicboliths, s hich are most
commonly sees on x-ray examination e the pelvis and along the
cousse of the vems of the leg Many elderly patieats, espeaally
those wath chrome varicese vesas, have marked calcificaion ex-
tending along the vens for 2 considerable distance, The Jesions
e usually associated with old thrombs 1 those veins which have
lafied 3t 15 unusual for calerfication to occur 10 the meduat cont

Venafbrosts has been descrsbed as ocaunng m relatvely young
iex;ms, between 18 and 45 There ate loss of endathelwm and
u};{ ;oly]mhm of the surface of the lumen of the ven, Fibrosis
medup ;f;; with marked hyperplasi of the fibrous tissue in the

vemns, usually of small ordet, are not difated “The i
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time of hospitalization there were definite redaess, tenderness and

‘Lt vy Was Levdted dug not moist packs were applied Dicumaror
treatment was given for one month and the activity 1n the verns sub-
sided The thromboses became less palpable, although they could still
be felt The local heat and tenderness disappeared At the end of 2
month she was discharged from the hospital with the process appar-
ently inactive

During a follow-up period of nine months the pattent remarned free
from more than muld discomfort She returned to work and apparently
made an uneventful recovery An attempt was made to prevent a relapse
by decreasing the periods of standing at her work and by having her
wear elastic stockings Two yeass later a recurrence was respondmg to
the same therapy 5

Case 8 —A woman had 11 attacks of acute thrombophlebstis thfu‘n
two years The seres of episodes was termunated by one month of anti-
coagulant and hot pack therapy In a 12 month follow-up she had no
further recurrence

Migratory thrombophlebstis may be an mcurable and tragic dss-
ease, and no one can predict which first attack may be the onset of
the syndrome

Case 9.—A nurse struck the side of the left calf against a hospital
bed 1 1937 A munor brusse was followed by a small atea of throm-
bosts. The condition became more sevete, with tnvolvement of various
other veins of both legs and, successively, the mesenteric, splenic, pul-
monary, coronary, abdominal wall and cerebral veins She became psy-
chotic and was confined to a hospital for mental diseases 10 years later.
The phlebutic process contiaued to progress despite all forms of thesapy

PHLEBODYNIA (EPIDEMIC)

Dr John S Pearson has given me pernussion to include a de-
scrption of a very unusual, if not unique, experience he has en-
countered at St. Mary's Hospital, Huntington, West Virginia, In
the fall and winter of 1950-51, 19 student nurses developed 2
symptom complex consisting of severe pamn along the course of
the superficial saphenous vemn in Hunter's canal and with slight



PHLEBOSCLEROSIS——VENOFIBRQSIS 435

snelling of the legs Exhaustive blood and serologre studies weree
unrevealing Cultures for veeus, bactena and fupgi gue HEZINe
sesults. Eptdermologic studses did not clanfy the pictute

Vens were sectioned and studied by severaf pathologists. Thee
studres disclosed subacute phiehrtis himited to the vasa vasorum
{some found intimal thuckenung), The m3jonty of the vasa vas-
osum wese Glled with Jeukocytic thrombs many of which contamed
eosinophuls 25 well as polymorphonuctear leakocytes In a few of
the vessels these mflammatery celis wvaded the walls of the vasz
\asoram and 1 a fess, pesrvascular cuffing was noted. Some swell-
ing was noted 1 vessels not contaning the thrombs

The surgeons all noted wareased fibtosis surrounding the af-
feeted vewns, but 0 o case was o thrombus found i the fasge
rems Prolonged bed rest resulted in resmussions. ACTH had no
effect on the course At the tume Dr Pearsan repotted this to me
three girls had had recurrences after a month of freedom from
symptoms

Although perphiebits without thrombosis ts not extremely cace,
Thave no knowledge of a nimulat epidemic

PHILLBOSCLIROSIS—V INOFIBROSIS

Phlebosclerosss 15 often seen m the form of calorfied lesions of
t;cvuml They may be tn the form of phleboliths, which are most
co:::mfy ;een 07 ¥ray examination. i the pelvis and along the
B, -:u, Ch veins of the leg Many eldetly patients, especually
vt zal chromic varose veins, have marked calofication ex-
o us\i!) ong the vens for a considerable distance The lestons
i ;ztassomtfd with aldd theombt in those veins which have

Verogin ‘;s m;usual for calaafieation to occur 1n the medial coat,
e r:r 2 been descnibed a5 occurning n relatively young
mdxo!y:mmnce? 18 and 45 Thete ste loss of endothelium and
s s ,thhe suface of the lumen of the vein, Fibrosis
mcdmp Th, with matked hyperplasta of the fibrous tssue m the

- Ahe vens, usially of small order, are not dilated  The in-
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volvement may be general, being found in various parts of the
body. Clinical symptoms are rare. There 15 no known treatment

OBSTRUCTION OF THE VENA CAVA
OBSTRUCTION OF THE SUPERIOR VENA CAVA

Obstruction of the superior vena cava occurs secondary to (1)
tumors of the thorax (e.g, medtastinal tumors, carcnoms of the
bronchus, postersor sulcus tumors); (2) mediastinitis (syphilttic,
pyogenic ot tuberculous); (3) aortic aneurysms; (4) thrombo-
phlebitis, and (5) constrictive pericardits

Charactetistically there is a history of a fechng of fulaess 10
the head, headache, vertigo and at times mental changes. Engorge:
ment and dilatation of the vens of the head, retinas, neck, arms,
upper part of the chest and under sutface of the tongue are usually
evident. There 1s consptcuous purplish cyanosis of the face and
upper extremitses It 15 espectally noticeable when the patient
bends forward and persists after he regains the erect position. The
eyes are oftea somewhat promunent Edema of the head, shoulders
and arms may occur 1f the obstruction 1s sudden Venous pressure
in this area 1s definutely increased, frequently being 200-300 mm.
of water,

The differential diagnosis from congestive heart failure is im-
portant. In obstruction of the superior vena cava, with the patient
supine the venous pressure of the lower extremitres is normal while
that of the upper extremities is matkedly elevated. In congestive
heart failure, with the patrent supine the venous pressure does not
show the same differential between the upper and the lower ex-
tremities, often being elevated throughout the circulation.

It is important to determine accurately the site of the thrombus.
It may involve any of the veins supplying the superior vena cava,
thus accentuating the differential diagnostic problem. If the veins
of only one arm ate distended and show marked increase in pres-
sute, the thrombus will be found in the axillary subclavian vein.
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Thits 15 frequently seen in so-catled primary axdlary vesous t\\r?m-
bosts ¥ the sems of the nght side of the neck and of the fight
arm are also savebved, the ehstruae lesion 15 probably n the
\mnominate vein. 1 the evidence of abstruction to venous seturn
fow involves the head, neck and arms hilateratly, the obstruction
15 the superior vena cava B there 1s strsking dilatation of the
veins over the anterior chest wall and sternum w(th appazent com-
mumications sith the branches of the internal mammary vein and
withost lasge vemns extendmy dawn over the sbdomunal ares, the
dbstruction e probably above the level of the azygos ver, 3€ farge
sems extend down over the abdomen and there 15 evidence that
the blood Bows downward, the chances are that there 1s an obstruc-
tion below the azygos vesn whnch forces the blood to setuen by way
of the wfersor vena cava

Obstrurtion of the superio send tava 18 abwxys sersous The
progooss, regardless of the type of obsteuction, 1 genve, and @
most cases the outlook 15 hopeless A few rare patients have fe-
wrered when the obstruction was due to thrombophfebitis which
obstructed but later canalized

}‘(’hen the underlying condition s medwstiral fbrosts ot con-
sttitine pencarditis, surgscal sntervention s justified 20d may be
successful Venesection of 500 cc of blaod may gwe tempetary
celief but will have no permanent effect.

OBSTRUCTION OF THE INFLRIOR VENA CAVA

Obstruction of the mfenor vena cava s produced by (1)
thrombophlahitss ot thrombesss, xad {2y pressure resulting from
asates, aneurysms, neoplasms or adhesive bands The commonest

(ause 15 extension of the thrombus from thrombophl
ebits of the
temoral and shiac vesns b ¢

Signs and symptoms wnclude bitateral
edema of the legs and
(::;Mdnmenct of the superficial veuwss of the legs and abdumin ex-
118 Up 10 the thorax. The fow of blood w upward toward the

Su v Vv
Pesior Vena cava and st branches, Differentiation fsom tonges-
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tive heart failure frequently may be made by comparing the venous
pressure of the upper and lower extremities. With obstruction of
the inferior vena cava, pressure 1n the upper extremities will be
normal or thereabouts, whereas that in the lower extremuties will
be markedly increased. Ascites may be associated with the condi
tion, but 15 not due to obstruction of the mferior vena cava alone
A common cause of death is extension of the thrombus to and
obstruction of the renal veins esther by extenston of the thrombus
beyond their openings or by entrance into the renal veins. I have
seen several fatal cases of thrombosis of the renal veins. Albumi-
nuria and hematuria are usually, but not invarmbly, present.

The prognosis for obstruction of the inferior vena cava 15 not
necessanily poor, aithough it must always be guarded, If the ob-
struction reaches the level of the renal veins the outlook is bad.
In pattents who have an extension of thrombophlebitss mto the
infetior vena cava from the 1liac veins, the thrombophlebitis may
subside, canalization may take place, and the patient may five for
many years Signs of compensatory dilatation of the superficial leg
and abdominal veins will, however, remain,

TREATMENT

Treatment consists in treating the underlying cause. The re-
moval of a latge tumor of the pelvis or lower abdomen may greatly
diminish the obstructive signs and symptoms. Treatment of the
thrombophlebitis is the same as that from any cause

Ligation of the inferor vena cava has been practiced with
enthusiasm by some surgeons. The following observations have
made us extremely hesitant about recommending this operation.
(1) It should not be performed through an infenor vena cava
wall which 1s inflamed. The operation may encourage thrombosis
at its site. (2) If 1t is resetved for thrombophlebitis of the veins c.f
the legs it will rarely be necessary because of availability c{ anti-
coagulant and of other modern conservative therapy previously
outlined. {3) In many patients we have studied, the long term
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sesults have not been satisfactory Severe vaticosthies, edema, ulcers
2nd other evidence of chronic venous insufficiency are con.\mom
{4) The procedure 1s major surgesy, » wh tisks carelully weighed

PuLMONARY EMBOLISM

Of alt the complications of thrombophlebitss, the mast feared
1 pab ot catdiac embolsm Not tnfrequently this occurs b"
fore the pramary thrombophlebitis is fecognized, a0d i a sipnifi-
ant percentage of cases the fiest embolism may be fatal. Many
embolt not only ate not fatal but are not tecogmzed unless the
chmeian 1s watching carefully for them Even then, they may be
found at the awtopsy table

1f the thrombophlebitis 15 present in a small 1em and a pottion
of or the entire thrombus becomes detached, the resultant pul-
monaty erobolus will probably not be fatal beeause of sty small
size 1f, however, the thrombus m the small ven propagates and
extends nito 2 larger vein, following which 2 pottion of o the
whole thrombus breaks foose, the condition may be much more
setqus or, 1 fact, fatal If the thrombus onigaates 17 an sduc or
femotal vein and most o all of 1t breaks Joose, the mitial embolic
phenomenon will quite Iikely be fatal Tt should be re-crphasize
that 2 considerable prog of pub embolt, 1y
estemated up to 35 per cent. anse from thrombophlebitis in sec-
tons of the venous tree whete tt cannot be recogawzed chimally
and that fatal embob may develop from any segment.

After a thrombus has been 1n place 10 2 vemn for several days,
15 unlikely that the whole thrombus will break loose, although
segments of the free propagating tal may break off at any tune
unless fixed firmly to the vessel wall as a sesult of organization,

Examnation of pulmonary embolt 1 fatal cases almost never re-
veals evidence of on of the thrombus, which definstel
favors the fosegomg hypothesis

Batker, i 2 study of 343 fatal vases of postoperative pulmonary
embalssm, failed to discover clingcal or autopsy evidence of venous
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thrombosis or thrombophlebitts in approximately 40 per cent It
seemed probable that in these cases the entire thrombus had be-
come detached to form the embolus In only 15 per cent of the
343 cases was there clinical evidence of thmmbophlebxtis in any
vein prior to death from pulmonaty embolism. In only 18 patients
(5.2 per cent) was iliofemoral thrombophlebutis diagnosed clini-
cally before evidence of embolism appeared. In 11 of the 18 cses
the fatal embolism occurred within the first three days aftes dg:
nosts of thrombophlebitts. In the others, postmortem examunation
disclosed that the embolus 1n the mvolved extremuty was intadt
and otganized and that the fatal embolism had resulted from de-
tachment of a portion of a fresh thrombus that had formed in the
opposite ihiac vein without clinical signs of thrombophlebitis.

Pulmonary embolism is rare in chemical thrombophlebitis, al-
though I have seen two patients who died of pulmonaty emboli
following the injection of a sclerosing solution for varicose veins
1n the calf Pulmonary embolism from varicose thrombophlebitss
is also relatively rare, These cases ate usually chronic, and the
thrombus 15 associated closely with the vessel wall. The width of
the lumen varies considerably and frequently is narrowed p!
to the site of the varicosity. This does not prevent the development
of embol1 but tends to discourage 1t Pulmonary emboli from veins
of the upper extremty are rare and I find no record of fatal embolus
ansing distal to the axillary artery.

The cause of death from pulmonary embolism is not always
clear Frequently total obstruction of the pulmonary artery is not
found, and only one branch of the pulmonary astery may be oc-
cluded. Tt is believed that some type of shock accompantes the sud-
den lodging of the embolus and that this immediately or relatively
soon causes severe reflex constriction of the pulmonary artersoles
and bronchioles which embarrasses pulmonary function over 2
much wider area than that supplied by the 1nvolved artery The
effects on the heart may be profound, producing a severe nght
ventricular strain and fatlure with acute cor puimonale There is
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appatently also sevete teﬂf:x cmfstricfion of the cortfn\z‘l:)' ‘:ﬂ:{w‘s;
and multiple myocardial infarctions m\‘o\\'mg espedially ¢ \c' sight
sentticle ate not unusual There is an increase of pressure in the
ught ventricle which intecfees with venous return through .khc
thebestan vem and a reduction of flow of the venous blood into
the Jeft auncle, Many of these parts have previously been dam-
aged and therefore do not withstand the shock of the <ombm?d
physiologyc disturbance Many p 1 embols apparently dis-
Lategate 1n 3 relatvely short time, but others propagate rapidly
to mvolve a fasge pottion of the pulmonary arteral trec,

Stgns and symptoms —There 15 a charactenistic severe, stabbiag
pam 1 the chest which makes breathing extremely difficult. Tt 15
genetally considered to be of pleutal origin. Although onset of
the pan 15 sudden, there 15 often reason to believe that the infarcr
tion hay been 1n posibion for as long as 24-36 hours before the
pleura 15 involved and hence before the pamn becomes acute.
Hemoptysis may follow the onset of pun associated with a cough.
Some patients never have this type of pain, Netvousness and 2p-
prehension with increased pulse rate are common, There may be
n0 fever, or the temperature may rise as high as 104 F. (40 C.),
but 1t wsually subsides rather promptly A frction rub may be
heard, but 1t 15 unwise to ask the pattent to breathe deeply dunng
& physical folt one pul y embolus since the
2ssocated negative pressute may produce another. The typecal
wedge-shaped shadow often seen X-rays may be entirely lacking
oc vety diffuse Its absence does not exclude an 1nfatction

With laxge embob the pauent shows evidence of extreme shock,
with dyspnea, cyanosis, pallor, sweating, weakness and a definite
fall 1a blood pressute associated with 2 weak and raptd pulse. Pain
m the neck may be prominent and pulsating Vomiting may occur,

Scakrefed Or numerous moist rales are frequently feard, Pleural
pam s increasingly severe,

. g and hemoptysis is prominent Xeray
study reveals extensive clouding of the lung, and not nfrequently
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thrombosis or thrombophlebitis in approximately 40 per cent, I
seemed probable that in these cases the entire thrombus had be-
come detached to form the embolus. In only 15 per cent of the
343 cases was there clinical evidence of thrombophlebitis in any
vein prior to death from pulmonary embolism. In only 18 patients
(5 2 per cent) was dliofemoral thrombophlebitis diagnoscd clini-
cally before evidence of embolism appeared In 11 of the 18 cases
the fatal embolism occurted within the first three days after dug:
nosis of thrombophlebitis In the others, postmortem examination
disclosed that the embolus in the involved extremity was intat
and orgaruzed and that the fatal embolism had resulted from de-
tachment of 2 portton of a fresh thrombus that had formed 1 the
opposite 1liac vein without clinrcal signs of thrombophlebitis

Pulmonary embolism is rare 1 chemical thrombophlebitis, al
though I have seen two patients who died of pulmonary embolt
following the 1njection of a sclerosing solution for varicose \ein.s
in the calf. Pulmonary embolism from varicose thrombophlebms
ts also relatrvely rare These cases are usually chronic, and the
thrombus is associated closely with the vessel wall. The width of
the lumen varies considerably and frequently is narrowed proximﬂl
to the site of the varicosity. This does not prevent the dcvelopmfﬂ(
of embolt but tends to discourage 1t Pulmonary emboli from veins
of the upper extremty are rare and I find no record of fatal embolus
ansing dustal to the axillary artery

The cause of death from pulmonary embolism is not always
clear Frequently total obstruction of the pulmonary artery is not
found, and only one branch of the pulmonary artery may be oc-
cluded. It 15 believed that some type of shock accompanies the sud-
den lodging of the embolus and that this immedsately or relatrsely
soon causes severe reflex constriction of the pulmonary arterioles
and bronchioles which embarrasses pulmonary function over 3
much wider area than that supplied by the involved artery. The
effects on the heart may be profound, producing a severe n'gl}l
ventricular strain and failure with acute cor pulmonale. There is



PULMONARY LMBOLISM 411

apparently also severe reflex constric}ion of the coronary m‘f‘“v
and multiple myocardial infarctions inv olving especsally the right
veatocle are not unusual. "There 1s an ncrease of Pl’l'Ss\HL' m the
fight ventricle which nterferes with venous retun through '!l\c
thebesan vemn and a reducton of flow of the venous blood into
the left sundle. Maay of these parts have previously been dam-
aged aad therefore do not withstand the shock of the combined
physiologic disturbance. Many pulmonary emboli appatently dise
integtate 10 a relatively short time, but others propagate rapidly
to volve a large portron of the pulmonary artetial tree
Signs and symptoms —There 15 a charactenstic severe, stabbuag
pain wn the chest which taakes breathing extremely difficult. It 1s
genesally considered to be of pleusal ongin. Although onset of
the pun 15 sudden, there 1s often reason to beheve that the infare-
tron has been wn position fot as long as 24-36 hours before the
pleurs 55 mvolved and hence before the pain becomes acute.
Hemoptysis may follow the onset of pan assocsated with a cough
Some patsents never have this type of pan. Nenvousness and ap-
preheasion with increased pulse rate are common. There may be
10 fever, or the temperature may nse as high as 104 F (40 C ),
but 1t wsually substdes rathet promptly, A fricuon rub may be
heard, but 1t is unwise to ask the patient to breathe deeply dunng
a physical foll g one pul ry embolus since the
associted neganve pressure may produce another. The typical
wedge-shaped shadow often seen 1 *-13ys may be entirely lacking
ot vety diffuse Its absence does nat exclude an infatction,
M:‘Xl;h'::\:\f: emboli the patient shows evidence of extreme shack,
il )M}:md, cyanosts, pal}or, sweating, weakness :A‘nd a definite
b e Kf}:es;:xe asssxxated with a weak and r:l;.nd pulse. Pan
Satteced o nim ¢ rl:;omment afl‘d pulsating Vomuting may occur.
PR 15 increasgng) ;":‘ o ‘Z e ety hc-“d Pleusal
study reveals extegnive d‘e’dm femopegas s promin ent. Xesay
ouding of the lung, and nat infrequently
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fluid accumulates. The diaphragm on the affected side may be
elevated

It is smportant that the severe form be clearly differentiated
from acute coronary thrombosis and acute Iobar pneumonia Con-
fuston with coronary thrombosis is relatively common because the
electrocardiographic changes are somewhat simular. However, they
can usually be differentiated The characteristic pattern of acute
cor pulmoenale associated with severe pulmonary embolism follows
The S wave in lead I 1s promunent and often widened. In lead JI
the S-T mterval usually takes off below the tsoelectric line. The
T wase 1s diphastc, 1soelectric or upright In lead III the RST

1s not ¢l d or 1s €l d shightly. Characteristically
the T wave 1s inverted and may be covelike In lead CFIV the ST
mterval 1s usually unchanged and the T wave may be either neg¥
twve or posttive In lead CF, the T wave 15 usually negative. In the
Wolferth lead the normally averted T wave 1s upright. The pres-
ence of these changes depends to a latge degree on the size and
location of the pul bol. Electrocardtographi tracings
must be made repeatedly because the changes may not appear for
48 hours and are usually transtent, returning to normal somewhat
more raptdly than one would anticipate for equally marked
changes on the basts of a coronary occlusion.

The changes just described, when carefully analyzed, usually
are not suggestive of coronary occlusion with myocardual infarc:
tion The possibility that pulmonary emboli may arise from the
right stde of the heart must not be forgotten, This most frequently
occurs from fibnllating hearts but may be secondary to endocat-
diis and to myocardial infarction with development of 2 mural
thrombus

Prognosis—If the embolism 1s massive enough, death may
occur within minutes, At the other extreme 1s absence of any re-
action, with no signs or symptoms The coutse with nonfatal em-
boli that cause definite symptoms lasts four to 10 days, during
which the patient shows steady improvement. Occasionatly pleural
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pain persists fot a long time. Multiple emboli are mmmon-nnd
must be anticipated. Secondaty infection ot abscess may complicate
the pictuce, and for this reason it is usually wise to give large doses
of pentaillin for prophylaxis. o

Treatment —In general, like Lightning, the embolism which is
recognized does not kall; but, unlike lightning, this condition does
oftea strike more than once 1 the same place The most important
aspect of therapy, therefote, 1s to elymnate the source of ll{c
embolism This 15 done by ligation and anticoagulant therapy if
the thrombophlebitis 15 1n the veins of the legs. Otherwise one
must lean on anticoagulant therapy alone, whether the source be in
the veins or 1n the beart For the technic of anticoagulant therapy,
see eatlier pages i this chaptes.
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caren xxn- Aoute Axiu:\ry or Subclavian
Venous Thrombaosis

ACUTE THROMBOUS of the axllacy or subclavian vein ocouts tela-
tely infrequently and in most cases independently of thromba-
phichitis elses hete in the body.

Erioroay

It useatly 55 secondacy to trauma of tuld but repetitive nature
and often becomes 3 medicategal of industrial compensation prob-
fem For example, 1 have seen the condition in several individuals
who worked a5 faboters shoveling gravel or dist. Another patient
worked at moving large shects of cardboard, with 2 co-worker

supporting the opposite end, from one pile to another. In a
woman, aallary venous thromb devel

{ from straining as
she attempted to taise a heavy window that was stuck. In another
patient st developed after he had played 2 strenvous baseball game,
1this meapacitated professional baseball pitchers 1t is fairly com-
men 1 acobats, especnally thuse who work on the trapeze and

horizontel haes We have had the opportunity of studying several
such cases

CLINICAL MANIFESTATIONS

Charactersstically, atteation 15 fitst atftacted to the condition by

sensations of stiffness of the arm a0d swelling of the hand, In

several cases a friend o co-worker cafled the Patient’s attention
a3
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to swelling of the hand, Pain in the axillary area is not conspicu-
ous; a few patients complain of a dull ache. The extremity soon
beg.ins to feel heavy when it 15 allowed to reman in the dependent
position,

Examination reveals a swollen, puffy hand, often with pitting
edema, milder swelling of the arm to the shoulder, and 2 dusky
cyanosis nvolving the forearm and hand, seen in most patients
but not all. There is increased prominence of the supetficial veins

o mee af m e o Ua sana o shenmboss Of B
- - . . wotrast retum

- rast genurmng
. lateral veins

of the upper arm, deltoid area and, partscularly, the pectoralis re-
gion (Fig. 97) This represents an attempt of the collateral cit-
culation to compensate for the blockage of the vessels. There i
often an increase in the sutface temperature of the extremity. A
cordlike mass is palpable if the thrombosis extends from the axil-
Jaty down into the brachial vemn, It is not palpable in all cases

The condition, which arises suddenly following mild :epeated
exercise or sudden mild strain (apparently produced by pinching
of the subclavian axillary vein between the posterior susface of the
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davicle and the anterior sutface of the first 1ib or between certain
muscle groups) must be differentiated from blockage of the sub-
avian weins or superior vena cava by 2 medisstinal tumar or mass.
X-tay study of the mediastioum and venography by injection of 3
radiopaque substance into the veins of the cubital space may clarify
the duagnosts Figuee 97 cleatly shows that when the man axilary
subelavion trank is unobstructed the dye proceeds rapidly through
the main channel without involving the colfaterats. With blockage
the collateral cirulation 15 used and the dye does not pass through
the mun trank

Why 2 patrent tan continue at the same type of occupation fot
wmany years before suddenly developing thus condition is not cleatly
understood. Many of the patients T have seen have been middle
aged or older. 1t is possible that with agmg changes in the relabion-
ships of the muscles of the shoulder gitdle permit pinching or 2
tendency to sagging of the clavicle against the first nb. Some cases
do occur fn pessons under age 25.

This type of thrombosis has considerable iy 1 industey
b«f«{ue return of the patient to s former oceupation er one re-
quiring similar muscular achion almost invariably precipitates an-
other attack, and therefore rehabiitation to another type of work
must be seriously considered Rudolph Matas, who described the
:::ﬂl(;m n detail, emphasized this phase of the problem. One of
hadl; ::?Ss::;o developed this syndrome while wsing a shovel
How t}iﬂ tmmonths fater when.hc returned to the same work.

ght to do automobile upholstery, which seemed 2

sufficiently different type of work, b
vork, but the strain of pulling the
matetial tight caused another selapse peng

TREATMENT
Rest with the 5
e elev: N
edema and overdi) mod{’:he:’ffml to prevent increase of the

Py P y venous channels
moist packs a5¢ apphied oves the entire arm to the shoulder
s
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and anticoagulant therapy is administered (p 423). Antioage-
lant therapy usually should be given for three or four weeks
Procamne blocks of the cervical area have been used to induce
relaxation but are seldom necessary Ligatton or section of the sub-

Fi6. 98—A Foley sleeve worn on an arm swollen as a result of axillay
venous thrombosis  (From Medichrome Series MM—Vascular Duseases, by I S
Wright and W T Foley )

clavian vein has, 1n our experience, proved to be detrimental be-
cause edema 1s aggravated

The continued wearing of 2 specially made elastic sleeve (Fig
98) designed by my assoctate, W' T. Foley, is an important past
of the follow-up therapy. In some cases it defimtely decreases the
lymphedema. 1t may be necessaty for the patient to add a rubber
surgical glove if the fingers are swollen This compression may .be
necessary for from three months to a year and in some cases in-
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definitely. 1t is equally helpful for Yymphedema of the hand and
amn,

Even 1n the most favorable circumstances the ultimate prognasis
for this type of thrombosis 15 not very good in terms of complete
immunity to relapse. In some patients there 15 3 petsistent tendency
for the hand to become edematous on dependency. The risks of
xtension of the thrombus 1to the supenos vena cava and of the
development of pulmonary of cardiac emboli seem to be much less
than with other types of phlebothrombosis and thromt phiebiti
although ocaasionally these complications do atise.
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and anticoagulant thetapy is adminsstered (p. 423). Anteoagw
lant therapy usually should be given for three or four weehs.
Procamne blocks of the cervical aea have been used to induce
relaxation but are seldom necessaty. Ligation ot section of the sub-

Fie, 98 —A Faley sleeve worn on an arm swollen as a result of axillag
venous thrombosis - (From Medichrome Series MA—Vascular Diseases, by I §
Wright and W T Foley )

clavian vein has, 1 our experience, proved to be detrimental be-
cause edema is aggravated,

The continued wearing of a specially made elastic sleeve (Fig.
98) designed by my assocrate, W. T Foley, 15 an amportant part
of the follow-up therapy. In some cases 1t definstely decreases the
lymphedema. It may be necessary for the patient to add a rubber
surgical glove if the fingers are swollen. This compression may be
necessaty for from three months to a year and in some cases in-
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disease common to Aagpole stters—swollen legs. Large blisters
developed on tus feet from which fluid constantly dripped.

“There would seem to be three pownts of pomblc cbstruction of
the vessels- (1) the popliteal space, where the knee foldsy {2}
the postersor sutface of the thigh, where the pressure {rom sitting
iterferes with the venous and lymph return flow, and (3) the
fold of the prown, where obesty and tight undersear miy cruse
enough pressute to umpede teturn faw.

{ bme teeated six women m whom this syndrome with
thrombophlebutss developed aftet fong automobile trips during
which they wote tight gidles that folded tightly 1 the ingunat
regon The same syndrome developed n two after fiping from
Rio de Janewwo to New Yotk sittmg up wuth a tight girdle on.
Since the first edstron of this book T have seen numerous additional
examples of this syndrome after aur, tran or automobile travel
Most of them have been 1 women who wote girdles during these
nps Durcag travel that requires prolonged siing, the necessity
of movng frequently and remoring grrdles and otber clothmg
that bindy at the key pownts should be emphaszed Progressive

trsvel ageats of aw, bus and el liaes would do well to 2dwise theie
pateons regarding these p

Although both venous and Iymphatic channels may be temporar-
Iy obsteucted, 1t 15 probable that the only serious potentiabity is
atuad thrombosts of the venous channels  Most patients recover
withun 2 day ot two of rest and normat activity. Out patients
wham serions thrombophlebitis developed have recovered follow-
‘(?u:::::md Cases have been teported 1n which fatal embols
— :L evelopment of shelter foat, but 1 have not seen such
ot xd ! € Thotner has teported to me the case of a man who
. 1: setious pulmonary embolism after a three day rideona

TS: u:n {mucmgulmzs have been used when mdicated,

0( th:[ eat, if the condition is mild, resolves itself into elevation
egs for 2 few hours and moderate activity. ¥f there is evi-
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KNIGHT DISCRIBLD the edema observed m mndividuals who had
been sitting up all night in air raid shelters, especially those who
had used portable beach chasrs constructed wath a rod that pressed
on the posterior sutfaces of the thighs. He called the condition
“shelter foot.”” This edema 15 particulacly likely to occur in
women with soft fatty tissue of the thighs The exact mechanism
1s not clear, but it 1s thought to be due 1n patt to thrombosis
or at least to pressure obstruction of the small, and 1n some cases
lasger, veins of the posterior surfaces of the legs. Obstruction of
the lymphatic channels no doubt also plays an mmportant role.
The edema may be muld or severe It is the pitting type and may
mvolve only the foot or extend as high as the groin. If pre-
domunantly lymphattc, 1t 15 pale; if venous, 1t is dusky.

We have seen at least 20 patients with a clearcut pictute of
a similat edema that followed prolonged sitting with the fect de-
pendent They had traveled for 24 or more hours in 2 “sit-up”
train, sat for 12-20 hours during a plane trip or taken an auto-
mobile or bus trip lasting 10-20 hours The development of this
syndrome on long train, automobile or plane trips has received
little or no attentron in the medical literature.

Perhaps the most unusual example of this phenomenon to be
recorded was that of a professional “pole sitter,” who sat on top
of a pole 52 days, 13 houss and 58 minutes to break all previous
records. Tt 1s recorded that he thereafter was Iaid up in bed with 2

«Dependency edema now scems a preferable term for this syndrome
)
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dsease cotmon to flagpole sitters—swollen legs. b’rgc blusters
dexeloped on his feet from which fud constantly dnppcd-‘

There would seem to be three pats of possible obstruction of
tha vessels. (1) the popliteal space, where the knce folds; ('2)
the postertor surface of the thigh, where the pressure from sitting
\terferes with the venous and lymph return fow, and (3) the
fold of the grom, where obesity and tight underneag may cwe
enough pressute to impede retum flow

1 hme treated six women in whom this syndrome with
hrombophlebitis developed after long bile trips during
Shuch they wore tight girdles that folded tightly in the inguinal
regon. The sume syndrome developed in tho after fiying from
Rio de Junewro to New York suting up with 2 tight girdle on
Sinxe the first edition of ths book T hiase seen numerous additional
exzmples of this syndrome after arr, tran ot automobile travel.
Most of thern have been 1n women who wote gudles dunng these
tops Duning travel that requires prolonged sittng, the necessity
of matmg frequently and removing gudles and other clothing
that bunds ar the key pomts should be empbasrzed Progressive
travel agents of aif, bus and rail lnes would do well to advise their
atrons ding these p

Although both senous and lymphatic chaanels may be temporar-
15 obstructed, 1t 15 probable that the only serious potentuality is
actusd thrombosts of the venous chaanels. Most patients recover
®thin 2 day ot two of rest and normal adtivity. Our patients 1n
#hom serious thrombophlebitis developed have secovered follow-
‘{1!? treatment, Cases have been reported in which fatal emboli
: lowed the developrent of shelter foot, but T have not seen such
‘;‘;D! M. C. Thorner has reported to me the case of a man who
- 'ped 2 setious pulmonary embolism after a three dy nide on 2

1’1}? s Asticoagulants have been used when indicated.
o m’i";“:‘:‘:‘:z‘*;:":::im is mild, resoles wself dnto elevation

and moderate activity. If there is evi-
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KNIGHT DISCRIBED the edema observed in individuals who hid
been sitting up all night in air raid shelters, especially those who
had used portable beach chairs constructed with a rod that pressed
on the posterior surfaces of the thighs. He called the condition
“shelter foot."* This edema 1s particularly Iikely to occur 1
women with soft fatty tissue of the thighs. The exact mechanism
1s not clear, but it s thought to be due in part to thrombosis
or at least to pressure obstruction of the small, and in some cases
larger, veins of the posterior surfaces of the legs. Obstruction of
the lymphatic channels no doubt also plays an important ole
The edema may be mild or severe, It is the pitting type and m3y
involve only the foot or extend as high as the groin. If pre-
dominantly lymphatic, it 1s pale, if venous, it is dusky.

We have seen at least 20 patients with a clearcut pictute of
a sumifar edema that followed prolonged sitting with the feet de-
pendent. They had traveled for 24 or more hours in a “situp”
train, sat for 12-20 hours during a plane trip or taken an auto-
mobile or bus trip lasting 10-20 hours. The development of this
syndrome on long train, automobile or plane trips has received
little of no attention in the medical Iteratute.

Perhaps the most unusual example of this phenomenon to be
recorded was that of a professional “pole sitter,” who sat on top
of a pole 52 days, 13 hours and 58 minutes to break all previous
records. It is recorded that he thereafter was Jaid up in bed with a

+Dependency edema now seems 2 preferable term for this syndrome
452



CHAPTER XXI1I Vanicose Veins; Clironic

Venous 111 S\[ﬂ"iC‘lCl\CY

VARICOSE VLINS

BY VARICOSE VEINS is feant simply dilated veins. The dilatation
may eccur anywhese in the body,

ETIOLOGY

Primary vasicose veins develop spantancously. It is believed that
in most cases there 15 a herediary weakness of the walls ot \}u:
valies of the veins Some develop as a result of congenital arterio-
venous anastomoses {dhscussed 19 Chapter XIT), This type of
vaticostty occurs when increased pressure is exerted within the

weskened lumen on prolonged standing, cough

ghing, ing, lift
Ing or straining or when there is increased fower abdominal or
pelvic pressute against the infensor vena cava at jlac veins with
abdominal obesity, large tumorts, pregnancy and similar conditions,
Pumary vanicose veins are attnbuted to an inbefent weakness
of the venous Jumens because certain marting factors lead to their
ppearance 1 some indwviduals and not 10 others. Futthermore,
the daca on the hered A imatel

y factor ate imp PP y
49 per cent of all indwiduals with varicose veins have a family
Bustory of varicosities The following family history from my prac-
fice 15 a steikiag example

1. The mother had vaticostties most of het Tife. She had five th-
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dence of thrombophlebitis, the treatment is that descubed in
Chapter XX.

REFERENCES
Editorial. Lancet 2 722, Dec 7, 1940.
Knight, B W : “Trench foot” 1n civilians, But M J 2 610, Nov 2, 1940
Life Magazne, p 27, Oct 4, 1948
Thorner, M C - Personal communication



cuarten xxir Varicose Veins; Chronic

Venous Insumcicncy

Varicost Vetws

BUvARICOSE vErNs 15 meant simply dilated veins The dilatayon
B3y ocenr anpwhere o the body

InoLoGy

Prmary \anicose seuns deselop spontaneously . It 15 believed that
10 most cases thete 15 4 hereditaty weakness of the walls or the
valves of the verns Some develop as 2 result of congental arteno-
YB0US anastomeses (discussed 1n Chapter XH) This fpe of

VnOSty ocours when increased pressure 15 exerted within the
Wedened lumen on prolonged standing, coughing, sneenng, bt
198 O steanung o whep thete w5 increased fower abdominal or
P pressure 2gunst the inferior yeny ava of e veins with
loming) abestty, Large tamots, pregaancy and sumalag condstsons,
M‘:;’l:!fry VaTCose seins ape attibuted to an gnherent weakness
e cestan wciting factors Iead to theyy

g e iduals and noy m others I‘utthc'rmorc,
9 b cent of oy :n dﬂag factor aze mpsessine Approxxm:tsly
5y of v ;;;c‘;:g “ith varwcose serns have & family
W g salang cxangly owing famuly hustory from my prac-

t T .
© mother had vancogyes ot of hee e She had five chyp.
Fite
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dren 2t ages 20, 22, 23, 29 a0d 32 She wore cl.\sxfc stochangs For 20
years and ded ax 62 of hypestensine cardronascular disease.

2 The father had mild varcosites for many years He died at 64
of carcmama of the sigmosd

3 A dmghter, A’:,mh:s ad thiee normal pregmantics. Vancostics
that developed (without phiebitss) during the fint pregranc were
apgranated by the subsequent pregnancies

4 A son aged 45 has had sanosties wince age 30 and (uoﬁmd&
episodes of thrombophlel Hotadz h ctomy at age 42

5 A daughter aged 44, unmarned, has had severe yancesties for
20 years They ace sggravated by prolonged standsng,

6 A daoghter aged 42 had 4 tawn pregning at age 25, followed
by sevete vangositses and chrone wnduratng edema A double aphenous
ligation periormed at 39 dsd not tprovs the condation

This hustogy 15 unusuatly smstrugtive Tro pacents % th varycosi-
teshad ta danghters i whom varose veins descloped follasing
pregnanty, one daughter with rancostes & bo had nerer been
pregnant and 4 son with varcosties, This strongly suggests that
mhertted wezksess of the veins was fesponsible, tather than other
fatturs such as pregnancy

We bave seen several indsvachuals who hiad congenital absence of
the valves of the vewns communicating butween the decp and the
superficzal system proved by pathologic studies Thes 1s probably
2 raze condition but does tead 1o varicossties of the supetficd wesns.
The chioweal dragnoss of congemtst sbsence of the valses of com.
TeRGANG vewns indy be suspected hut can be established only on
histalogic examenataan of the commumeating branches

The snedence of vatcostios 15 definrtely higher wn females than
wmales In study of a farge group of department stare emplayes
working gt simlar acenpatians, Lake, Pratt and 1 found a con-
Spicwously hugher wadence of vancose veins m women than i

men who had been at the sam
£ occupatton, such as standu
3 Counter, over an averas . e

20 of 17 years At first it was thought that
l:i 3}4&5{ be due to the fact that many women had been pxgegmnt
o the pregnancy group fad been temoned from the szmsi
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tical series the women still showed a much higher percentage of
mncidence than the men (Tables 18 and 19).

Some witers have advanced the hypothesis that the difference
in sex inctdence is in part due to endocrine factors—a rather in-
definite term. We suggested that repeated congestion of the pelvic
area during menstruation may have a role, and that the rather
thin, nonmuscular walls of the veins have relatively Jess support
from the surrounding soft tissues 1n women than in men.

TABLE 18 —INCIDENCE OF VARICOSE VEINS *
'VARICOSE VEIXS
No. k3

Men 305 125 41
Women
Never pregnant 133 89 67
One or more pregnanctes 98 8

* From Lake, M , Pratt, G H, and Wright, I S. J A M A, 119 692, June 27, 1942

TABLE 19 —INCIDENCE OF VARICOSE VEINS BY SEX AND OCCUPATION *

Mzn Waoxn (Nxvex Parcnant)

Total Wik VYV Total Wb VoV

Standing 89 36 (40%) 63 47 (74%)

Walking 129 53 (41%) 28 19 (68%)

Sitting 40 20 (50%) 42 23 (57%)
Climbing stairs 47 16 (34%) [

*From Lake, M, Pratt, G H, and Wright, I S.: J. A. M. A 119 692, June 27, 1942

Secondary vanicose veins are due principally to thrombophlebitis
which causes damage to the walls of the vein and destruction of
the valves of the involved vein as well as of the communicating
veins between the deep 2nd the superficial system. Destruction of
each valve throws additional back pressure on the walls of the
vein peripheral to that valve and on the valve below it. If 2 num-
ber of valves are destroyed n any area, the total head of pressure
built up when the patient is erect increases greatly and with it the
tendency to varicosities.

Secondary varicose veins can, in alf probability, devefop without
congenital weakness of the vein walls in the presence of sufficient
back pressure, as in some instances of pregnancy, abdominal
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tical series the women still showed a2 much higher perceatage of
inardence than the men (Tables 18 and 19).

Some writers have advanced the hypothesis that the difference
in sex incidence 1s 1n part due to endocrine factors—a father in-
defintte term We suggested that repeated congestion of the pebic
area ducing menstruation may have a role, and that the sathet
thin, nonmuscular walls of the vemns have relatively less support
from the surrounding soft tissues in women than in men

TABLE 18 —INCIDENCE OF VARICOSE VEINS *
Vaszcose VRIS
No, %

Men 305 125 41
Women
Never pregnaat 133 89 67
One or more pregnancies 98 78 7%

* ¥rom Lake, M.: Pratt, G IL, and Wright, I 5. JA M A, 119 692, June 27, 1542

TABLE 19 —INCIDENCE OF VARICOSE VEINS BY SEX AND OCCUPATION *

xzGIANT)

Total M“‘mb v.v !r\?:x“ (e S.m vy

Standing 89 36 (40%) 31 47{4T)

Walking 120 53 (41%) 28 19 {68%)

Suting 40 20 (50%) 42 23 (579%)
Climbing stars 47 16 (34%%) 0

« From Lake, M , Pratt, G. IL, and Wright, I § J A, AT A 119 692, June 27, 1962

Secondary varicose veins are due prinapally to lhrombophlcbiﬁs
which causes damage to the walls of the vein and destruction of
the valves of the involved vem as well as of the communicating
veins between the deep and the superficial system, Destruction of
each valve throws additional back pressure on the walls of the
vein peripheral to that valve and on the valve below it. If 3 pum-
ber of valves ace destroyed n any ares, the total head of pressure
built up when the patient is erect increases greatly and with it the
tendency to varicosities.

Secondary varicose veins can, in all probability, develop without
congenital weakness of the vein walls in the presence of sufficient
back pressure, as in some i of | y, abd !

5 "
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and severe night cramps, Infection may be a factor when the lesion
is complicated by edema, eczematoid dermatitis or fungus infec
tion.

It is not commonly recognized that massive varicose vems in
the legs may aggravate cardiac failure to a marked degree One
case may be cited as an example.

A man, 60, had had rheumatic heatt disease with a double mutral le-
ston for many years. For two years heart failure had been Jntractable
Little response was noted to digitalis, mercurial duretics, ammontum
chlonide, aminophylline or a low salt dict. Relative comfort could be
obtained by rest 1n bed, but almost ymmediately upon ansing acute
dyspnea and precordial pan became unbearable. Examunation showed
the heart sze markedly increased. Characteristic murmurs of mutzal
stenosis and sufficiency were heard There were hepatic enlargement
and pronounced edema of both ankles Most stuking were extremely
large varicosities of the veins of both legs In many areas they were 20
inch 1n diameter It was obvious when the patient stood that a large

provement was to elummnate the great \enous pool. This was done by
Dr Jere Lord, who operated on onc leg at a time Although the patient
had a somewhat stormy time after the sccond operation from the View-
pont of cardiac farlure, the end results were excellent. He wears knee-
length elastic stockings for additional support. Dyspnca and precordul
pamn on standing have disappeared and his status 1s generally quite
satisfactory on 2 cardiac régime that previously was ineffectual

Examination discloses a variety of pictures ranging from the
small sprder of tocket-burst type of varx, common in women,
especially obese ones, to varices of different sizes involving
branches of the saphenous vein up to huge tubes and saccular
varices with numerous bulging “blowouts” at the points where in-
competent communicating vesns discharge into the superficial sys-
tem 1nstead of carrying the blood into the deep system. Edema,
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pitting 20d nonpitting, cczems, fungus infection, pigmentation
snd varicose ulcers ase frequent comphications. The ulcers may be

B 100§
o enous ulcers produced by i
o v v Koo of e Gas B By 8

induated and chy
sonue (Fig 100), som
foraslong a5 25 and even 46 yca)xs e 10 aur series heng open

The site
may be dﬂ:;‘::le:dwzncus obstruction and of incompctent valve:
delenborg, ¥ vatious tests, among them the }.‘!rody-Trcns~

Perth
erthes and Pratt tests (For details, see Chapter I1.)



4062 VASCULAR DISEASES

The information gained is important for successful ligation and
tnjection treatment. Venograms are rarely helpful,

PREVENTION AND TREATMENT

In many instances varicose veins can be prevented or reduced to
2 mimmum by the avordance of constriction by tight garters, gir-
dles and other clothing which tends to obstruct venous return flow
and thus increase venous pressure. Care and thought should be
given to the prevention of vanicose vemns during pregnancy, With
evidence of their development the patient should be kept from
prolonged standing Elimination of tumors and other obstructive
lestons 1n the pelvis and abdomen may relieve the tendency to
vanicostty. A supportive ot elastic bandage or stocking worn by 2
patient with varicosities when he is going to be on his feet for
long pertods will prevent aggravation of the condition. By means
of an elastic support the venous flow 1s forced into the decper sy
tem so that the deep veins can handle the return flow without
Further pressure on the superfictal ones. The foot of the bed should
be elevated 10-12 1. to mimmize venous pressure during the
sleeping hours. -

The most important therapeutic measure for varicose vewns is
their surgtcal ligation, with stupping technic for removal of neces-
sary. The injection of sclerosing solutions to produce chemical
thrombosis is used as adjuvant therapy. Many technics for injec
tion and surgery have been presented since the time of Galen. The
objectwve 1n all instances is to obliterate permanently that portion
of the venous tree under treatment. Oftentimes 1njection per s¢
does not accomplish the purpose, for although there is an immedi-
ate obstruction, within one month to five years recanalization takes
place and the varicosity returns.

Multiple ligation at suitable levels appears to be most satisfac-
tory treatment. In the presence of severe vancosity of one of the
saphenous veins, ligation and rescction or stripping of the majot
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seguent of the vein is the most commonly used technic. After the
reaction 20d tesulting obliteratian of the weated poction of the
senous tree, search should be conducted for any vasnices ot’bkfv«'
outs cagsed by incompetence of the valves of commumcing
veins 20d brsnches These may be treated by local injection of
ligation accordung to indications. R

Injection may be used for very small varicose veins but, 2s pre-
vioasly meationed, is seldom pesmanently satisfactory for fasges
vacices. Recugrences involuing new sets of veins ate common aftes
il procedutes, s0 1t 15 well not to give the ptient a “lifetime
goarintee” thay hewill not have mote varicose veins.

There ate some contraindications to the use of sclerosing solas
tioas, Sammetimes they cause Jocal and occasionally generatized re
atiogs. Serjous diseases, including cancer, Bright's discase, con-
gestive heast fasluse, myocaedial infarction, acute cellulitis or
Tymphungitis of the leg, severe blood dyscrasias, tuberulasis and
setious bhepatic disorders, contraindicate sclesosing therapy cithet
because the general prognosts does not warrant the local treatment
o because: 1t may further complicate the genera condition. In the
preseace of certain other diseases it is necessary 1o treat the gen-
enal condytion fisst and be certain thut it is under cantrol before 4
sderosin solution s wnjected. These include hypothyroidism, dia-
Bets, any acute infections disease and active thrombophlebitis, In

8 . o
mn:st:nc'neful thought should be given to the patient’s general

Quinine and urethan may i
. y produce the symptoms of cinchonism,
induding transitory flushing, drzzuness, tinnitus and a seasition of

wasoth in the throat, na i
h used, vertigo and intestinal or utering
W 20d, in some women, y

4 vaginal bleeding, Major allergi
@ises have occurred with Specilly i by,
ey with circulatory collapse especially in hyper-

mmm:“ Pat:uents are seasitive to sodium morthuate, which s the
Beoerally used sclerosing solution, Y have seen 2 sudden death
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The formation gamed is important for successful ligation and
injection treatment. Venograms are rarely helpful.

PREVENTION AND TREATMENT

In many instances varicose veins can be prevented or reduced to
a minimum by the avoidance of constriction by tight garters, gir:
dles and other clothing which tends to obstruct venous retura flow
and thus increase venous pressure. Care and thought should be
given to the prevention of varicose veins during pregnancy. With
evidence of their development the patient should be kept from
prolonged standing. Elimunation of tumors and other obstructive
lestons 1n the pelvis and abdomen may relieve the tendency to
varicosity A supportive or elastic bandage or stocking worn by &
pattent with varicosities when he 1s going to be on hes feet for
long pertods will prevent aggravation of the condition, By means
of an elastic support the venous flow is forced into the deeper sy5°
tem so that the deep veins can handle the return flow without
further pressure on the supetficial ones. The foot of the bed should
be elevated 10-12 . to minimize venous pressure during the
sleeping houts. . )

The most important therapeutic measure for vancose veins is
their surgreal ligation, with stripping technic for removal if neces:
saty ‘The injection of sclerosing solutions to produce chemical
thrombosts 1s used as adjuvant therapy. Many techaics far injec-
tion and surgery have been presented since the time of Galen The
objective in all mstances is to obliterate permanently that portion
of the venous tree under treatment. Ofteatimes injection per €
does not accomplish the purpose, for although there is an immed-
ate obstruction, within one month to five years recanalization tahes
place and the varicosity returns. .

Multiple ligation at suitable levels appears to be most satisface
tory treatment. In the presence of severe vaticosity of one of E'W
saphenous veins, ligation and rescction or strpping of the majof
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segment of the vein is the most commonly used lc{hnic.' Aftes the
reacton and gesulting obliteration of the treated postion of the
sénaus tree, search should be conducted for any VATICES af bhfw-
outs caused by incompetence of she vahves of commumicating
verns and branches. These may be treated by local injuction of
Iigation accosding to indications.

Injectton may be used for very small vasicose yeins but, as pre-
viously d, 15 sejdom p ty satisfactoty for farger
vacices Recurrences invotving new sets of seins ase common aftes
all procedutes, so it is well not to give the patient 2 “hifetime
guataatee” that he will pot have more varicose v¢ios,

There are some contraindications to the use of sclerosing solu-
tions, Sometimes they cause Jocal and occasionally generalized se-
actions, Serious diseases, ncluding cancer, Bright's discase, con
gestive heart farlure, myocardial infarction, acute cellulitis of
1ym.yhmgitu of the leg, severe blood dyscrasias, tuberculosis and
serious hepatic disorders, contraindicate sclerosing therapy cither
because the general prognosis does not warrant the local treatment
or because 1t may further complicate the general condition. In the

presence of certamn other duscases it is necessaty to treat the gen-
fm tondition first 2nd be certain that it is under control befor:

e3
lia-
0l cases careful thought should be given to the patient” -
i given to the patient's general
m:)l\:mne and urethan may produce the symptoms of cinchonism,

uciog transitory fushing, dizziness, tinatus and a sensation of

Wary

!stl::ha;r; the throat, nsusea, vestigo and intestinal or uterine

o ha\e’ n sun;e w;mcn, vaginal bleeding. Major allergic
® have occurred with arculat ally i

e e atosy collapse especially in hypee-

So .
mmn;:npahrlmts ate sesitive to sodwm morshuate, which is the
eally used sderosmg solution I have seen a sudden death
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The information gained 1s mportant for successful ligation and
injection treatment Venograms ate rarcly helpful.

PREVENTION AND TREATMENT

In many instances varcose vens can be prevented or reduced to
2 minimum by the avordance of constriction by tight garters, gir
dles and other clothing which tends to obstruct venous return flow
and thus increase venous pressure Care and thought should be
given to the prevention of varicose veins during pregoancy. With
evidence of their development the patient should be kept from
prolonged standing Elmunation of tumors and other obstructive
lesions 1n the pelvis and abdomen may relieve the tendency to
varicosity A supportive or elastic bandage or stocking worn by 2
patient with varicosities when he is going to be on his fect for
long periods will prevent aggravation of the condition By mesns
of an elastic support the venous flow is forced into the deeper 55
tem so that the deep veins can handle the eturn flow without
further pressure on the superficial ones The foot of the bed should
be elevated 10-12 in. to minmize venous pressure durng the
sleeping hours .

The most important therapeutic measure for varicose vens is
their surgical ligation, with stripping technic for removal if neces:
sary, The injection of sclerosing solutions to produce chemucal
thrombosss 1s used as adjuvant therapy Many technics far mjecs
tion and surgery have been presented since the time of Galen. The
objectwve in all instances 15 to obliterate permanently that portion
of the venous tree under treatment. Oftentimes injection per S€
does not accomplish the purpose, for although there is an smmeds-
ate obstruction, within one month to five years recanalization takes
place and the varicosity returns .

Multiple ligation at suitable levels appears to be most satisfac-
tory treatment. In the presence of severe varicosity of onc of the
saphenous veins, Iigation and sescction of stripping of the major
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segment of the vemn 15 the most commonly used technic, After the
reaction and resulting obliteration of the treated portion of the
venous tree, search should be conducted for any varices ot blow-
outs caused by ncompetence of the valves of commumcating
veins and branches These may be treated by local injection or
ligation according to indications

Injection may be used for very small varicose veins but, as pre-
viously mentioned, is seldom permanently satisfactory for larger
varices Recurrences involving new sets of veins are common after
all procedures, so 1t 15 well not to give the patient a “lifetime
guarantee” that he will not have mose varicose veins,

There are some contraindications to the use of sclerosing solu-
tons, Sometumes they cause local and occasionally generalized re-
actions Senious diseases, including cancer, Bright's disease, con-
gestive heast failure, myocardial infarction, acute cellulitis or
Iymphangitss of the leg, sevete blood dyscrasias, tuberculosis and
setious hepatic disorders, contraindicate sclerosing therapy either
because the gencral prognosis does not wasrant the local treatment
or because 1t may fusther complicate the general condition, In the
presence of certain other diseases it is necessary to treat the gen-
eral condition fiest and be certain that it is under control before a
scletosing sofution 1s injected. These include hypothyroidism, dia-
betes, any acute infecttous disease and active thrombophlebitis In
all cases careful thought should be given to the patient’s general
condition,

Quinine and urethan may produce the symptoms of cinchonism,
mcluding transitory flushing, dizziness, tinnitus and a sensation of
warmth m the throat, nausea, vertigo and intestinal or uterine
pasm and, in some women, vaginal bleeding  Major allergic
cases have occurred with dirculatory collapse especially 1n hyper-
tensne Ppateeats.
m:::’z:n}:i:ints are seasitive to mfimm morrhuate, which is the

y used sclerosing solution. 1 have seen a sudden death
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that was attributable to it. It is therefore important that a patieat
be given a test dose of 0 2-0.5 cc. intravenously 1224 hours before
treatment

For injection into a small vein without ligation, the patrent stands
on a table in the best position to permut the physician to reach the
vein. The average dose is 2—4 cc of a 5 per cent solution of sodn'un
morrhuate ot of 315 per cent of sodum nanoleate m patients sensttive
to sodium morrhuate Treatments may be given every day. If the Jocd
reaction 1s unduly severe, 2 cc. may be given twice a day. With the
appearance of any systemic reactions whatever, further injections should
not be given,

A local chemical phlebitis 15 desired to obtan satsfactory obstruc-
tion Injection 1s usually made with a 2—5 cc. synnge using 2 23 giUge
needle. It 15 important that the needle be frec i the lumen of the
vein 5o that surrounding tissues will not recenve the 1ritating substance
Therefore the plunger should always be drawn back to mahe certain
that venous blood returns easily before the solution 15 injected. Any
local swelling of the skin during the injection indicates that the solu-
tion 15 leaking 1nto the surrounding tissues and the mjection should
be stopped tmmediately and a tight binder applied to the area Usually
the patient will complamn of pain if the solution 15 spilled into the tis-
sues Injection of 1 or 2 cc. of phystologic saline solution may dilite
the sclerosing solution 1n the tissues 1f this seems necessary.

After 1njection of the sclerosing solution a sterile gauze pad is 2p-
plied to the site of injection and moderate pressure mamntained by ad-
hesive tape or a bandage. The pad should be worn for two or three
hours

Nonallergic substances which are sclerosing mclude dextrosc,
invert sugar and invertose

The technic of surgical ligation of veins is not within the scope
of this volume.

The reader who wishes further discussion of the subject of
varicose veins 1s referred to the eacellent monographs of FOOI‘L'
of England, Mattorell and Puulachs of Spain and Pratt of this

country
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CuroNic VENOUS INSUFFIGENCY—VARICOSE ULCERs
ETIOLOGY

Cheone vesous insufficiency may be due to thrombophlebstis
which has i ohed cither smald segments of the veins of the legs
(Jess frequently of the arms) or larger scgments of the venous
tree up to the hofemoral or even infenor vema cina segments. it
iy afso folfow the development of vanicose vawms from any cause
or may be due 1o congemtal o1 acquited asterionenous nastomases
whuch cause scresse n pressure and dilatation of the veuns.

The development of chrome nsuificiency followang thrombo-
phlebutss or the appearance of congenilal vafose veins rests on
the dasuge to the valves of the larges vessels or the absence of
these valses, The mechanism 15 the establishment of back pressute,
with stasis a0d lack of propet downward geadsent from the arterial
to the »engus side of the msnute vessels In additton, with an at
tack of thrombophichitss and damage of many of the small veins,
the walls become more permeable to tissue fnds Homans has
also emphasized the damage of the fymphatic channels which ac
companses that of the vewns and which may result i sox ere nter-
fexeace with retura of ymphatic fiwed from the extremsty

CLINICAL MANJFESTATIONS

The condition 15 charactenzed by edema and dusky cyanosis,
dilatation and prosunence of the vews, and chronuc ulceration in
some cases The edema may not be present when the patient gets
Up sn the morning but progressively accumulates dusing the day.
In some patients, however, the edema does not disappear during
the mght This becomes wdreannply senous with the passage of
tme a0d the Jajing down of fibroblastic cells 10 the intercellular
spates :s a zesult of stagnation of fluid Dusky cyanosis appeass on

P y of the The ds and prominence of the

vetns vary widely, Chronsc uleers develop around t kle i
bt ety P ke ankle in some
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Most patients have conspicuous varicosities In some the veios
are extremely large. In others there are many small plexuses of
veins which are superficial, but tests disclose marked insufficiency
of the deep veins This is also mamfested by the development of
discomfort 1 the extremity after prolonged dependency and relief
on elevation. The discomfort 1s most severe after long periods of
standing. It is relieved by walking, especially if the patient 1s wear:
g an elastic stocking to support the veins and aid them 1 moving
the blood along by pressure on muscular contraction.

The sevetity of the condition depends to a considerable exteat
on postphlebitic care. Patients who wear elastic support for the
first year or two after an attack of thrombophlebitis and who slcep
with the foot of the bed elevated will have far less chronic 1eaous
insufficiency over a pertod of years than those who do not take
these precautions. It 1s the physician’s responsibility to see that the
patient 1s mstructed and encouraged 1n this regard

With the passage of years the edema becomes more fixed with
fibrous tissue proliferation and becomes the nonpitting type. The
tissue then 15 especially susceptible to secondary mfection. Not in-
frequently, repeated erysipeloid attacks mvolve the extremuties,
sometimes serious, with high fever and severe general reactions.
Eczematord eruptions and ulcers are often seen, and secondary
fungus 1nfection 15 a common and often protracted complication
The ulcers may become deep, indurated and chronic; I have seen
a number that had been present for more than 25 years and one
for 46 years.

Pigmentation of the skin 15 often present in the regions with
chronic edema and congestron, but rarely does the physicran ob-
serve these areas carefully enough to note that many pckcchial
hemorthages may be present, particularly after prolonged stand-
ing. These extravasations of blood into the tissue leave hemo-
siderin, which is responsible for the pi, The petechial
hemotrhages are usually due to the back pressure which, becoming
too great for the damaged walls of the minute vesscls, causes them
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to supture. Some patients have the addstional complication of sub-
chinicat or clinical scurvy, The inclusion of as much as 300 mg, of
sitamin C datly fo the dict has resulted in abmast complete cossa-
bos of the hemorrhages and in some cases healing of otherwise
intractable wlcers (Fig 101). To determine the sigmificance of

Fi6 101 —Vancos sems and avtamenons C A, beke
, befare thecapy Capitlary
Ifﬂsdary test shawed aver 150 petechiae, plasma ascorbie and content was 0 27

;llth Fenetalized disturbances 1 any case st 15 wise to make capil
; ;{ Lfﬂsxiuy tests (Chapter 11) and study the vitamm C blood

TREATMENT

;‘i;:;umm; of chronic insufficiency iacludes the ligation, if
P . of veins which ate extensively vancosed, elevation of
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Most patients have conspicuous varicosities, In some the veias
are extremely large. In others there are many small plexuses of
vewns which are superficial, but tests disclose marked insufficiency
of the deep vemns This is also manifested by the development of
discomfort in the extremity after prolonged dependency and telief
on elevation The discomfort is most severe after long periods of
standing It is relieved by walking, especially 1f the patrent 15 %.ear
1ng an elastic stockng to support the veins and aid them sn moving
the blood along by pressure on muscular contraction.

The seventy of the condition depends to 2 constderable extent
on postphlebitic care. Patients who wear elastic support for the
first year or two after an attack of thrombophlebitis and who sleep
with the foot of the bed elevated will have far less chronic venous
wsufficiency over a period of years than those who do not take
these precautions. It 1s the physician’s responsibility to sce that the
pattent 15 1nstructed and encouraged n this regard.

With the passage of years the edema becomes more fixed with
fibrous tissue proliferation and becomes the nonpitting type- The
tissue then 15 especrally susceptible to secondary 1nfection, Not 1+
frequently, repeated erysipelord attacks mavolve the eatremitics,
sometimes serious, with high fever and severe gencral reactions.
Eczematord eruptions and ulcers are often seen, and secondary
fungus infection 1s 2 common and often protracted complication.
The ulcers may become decp, indurated and chronic; I have secd
a number that had been present for more than 25 years and one
for 46 years.

Pigmentation of the skin 1s often present in the regions with
chronic edema and congestion, but rarely does the physician ob-
serve these arcas carefully enough to note that many petechial
hemorthages may be present, particularly after prolonged stand-
ing These extravasations of blood nto the tissue leave hemo-
siderin, which 1s ble for the pigs ton The petechial
hemorrhages are usually due to the back pressure which, becoming
too great for the damaged walls of the minute vesscls, causes them
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1o rapture. Same patients have the addidonal complication of sub-
liaicat or clinical scutvy. The inclusion of as much as 300 mg of
\tamin € dady to the dict has resulted in almost complete cessa
tian of the hemarthages and in some cases healing of otherwise
intractable lcers (Frg. 101). To determine the significance of

@ om0 g Hree s 3 daf foc o wecks
pullacy fragshaty test shrued esgh e 2 daf Weeks
[ it peterhuae, plasma as actd coak

12 mg pet cen, The ubter of the maleolus ”’"Pbui ; cochuc actd content was

s;:(h fgem;“hzed distusbances 1 any case st is wise to make capil-
53,
l;?;x gility tests (Chapter 11} and study the vitamun € blaod

TREATMENT

pr;i‘:; :\:&:&;ﬂ:n: of chrome smsufficiency includes the ligation, if
+ OF veins which are extensively vasicosed; elevation of
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the foot of the patient’s bed 10-12 in ; the wearing of a knee-
length elastic stocking at ail times when the patient is not in bed,
and the avordance of prolonged standing without intervals duriog
which the leg can be elevated, A fungus infection may be treated
by potassium permanganate 1:5,000 soaks for 30 minutes eery
other day or with other fungicides. Tests for capillary fragility
may suggest that vitamin C or rutin may aid 1n the prevention of
petechral hemorrhage and ulcers. An eczematord or other skin te-
action should recetve appropriate local therapy i

In the presence of varicose wlcers the treatment should be in-
tensified. The ulcers are usually slow to heal whle the pznent' 1
ambulatory. The first step should be elevation of the leg for drain-
age and reduction of edema. The ulcer should be exposed to the
arr to dry uniess ths 15 too panful, 1n which case wet dressings of
peniciilin 1n 0.05 per cent solution or tyrothrian may be used. A
varicose vemn draining out of the ulcer should be ligated before 2
permanent result can be hoped for Skin grafts may be used for
large ulcers, but if draining veins are not competent or Iigated
the results are usually poor. Drsed human blood celis (Lyogte
powder) have been recommended to aid tissue regeneration. Thl.s
preparation 1s dusted on the ulcer once or twice daily. Our exper
ence with this substance has been encouraging, but conclusive eval-
uation 1s difficult ACTH and cortisone are being studied for
their effect in encouraging epithelization.

Other technics that have proved useful are the application of
rubber sponges, bound firmly over the ulcer area for five to 25
days by means of a rubber or elastoplast bandage; Unna's paste
cast (when edema 1s not present), changed each five to 10 days,
and mecholyl ion transfer three times a week.

Whatever the preliminary treatment, experience has demon-
strated that elastic stockings or rubber bandages should be worn
for one or more years whenever the patient is out of bed, pmvidc'd
the skin can tolerate them. Sometimes chronic edema prevents their

use for long periods.
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CHAPTER XXIV Hypertensive Tschemic

Uleers of the Leg

IN soME cAsks of hypertensive discase the artertoles of the skin be-
come sclerotuc, just as are the retmal sessels, and small areas of the
skin may develop infarction Rarely, the ischemic nfarct breaks
down 1 the form of an ulcer of the skin In 1945 Martorell
described four cases of ulcer of the lower leg assoctated with hy-
pertension. Biopsy revealed arteriolar changes which produced
ischemic areas tn the skin  Such lesions had been described by
Haxthausen 1n 1940 Hines and Fatber of Mayo Clinic described
11 such sschemic ulcers, all i the lower legs of women with hyper-
tension and artersolosclerosss  In each case the skin of the leg was
normal elsewhere and did not show edema There was no evidence
of vatscose vens or thrombophlchitis and the large vessels were
patent and actively pulsating

The first abaormahty noted 1s a panful red plaque, which be-
comes blue and then purpursc in a few days. A small flat area of
blussh dsscoleration, usually over a malleolus, develops 1to a
hemorthagic bleb and breaks down to form a superficial ulcer
which slowly enlarges to a diameter of 1~7 cm The pain 15 mod-
erately severe Granulation 15 not active and little or no exudate
appears 'The ulcer may heal 1n six months with rest of the ex-
tremuty and allowing the ulcer to dry ACTH, used cautiously be-
cause of hyp may hasten epithel of some

In tissue sections the artenolar walls are seen to be thickened

'
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\enous arculation, the severe retnal changes, the characteristics of the
ulcer and the presence of severe hypertension, the diagnosis of hyper-
tensne ischenic ulcer of the leg was made.

The patient was hospitalized and the teg was placed in the horzontal

e :m 102 —Hypestensive 1schemsc ulcers in 2 mman, showing sites of former
s over night antenior tibial area and right mternal malleolus, and present ulcer
over left internal malleolus

Yosmou The ulcer, which was a purplish, moust, sharply demarcated
éf“m’ was sozhed daily 1n normal saline for a half-hour, followed by
mc application of dried human red cells (Lyocyte powder) to caver

e lesion, The ulcer healed to about one-half its ongnal size in 10
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and the lumens narrowed, The number and stze of the nucler and
the media are increased, with hyaline degeneration. Intimal pro-
Liferation and periarteritis are also noted.

It is important that these ulcers be clearly differentiated from
those of pernio, which are apt to be deeper and more painful,
occur in cold weather and rarely heal until hot weather armves

The first case of this syndrome recognized by us was in a man.
No doubt other cases 1n males will be identified in the future. A
typical history follows.

The patient, aged 41, first seen April 8, 1947, had been known to
have hugh blood pressure for at least five years. During this penod it
bad averaged approxtmately 200/140-130 and become 1ncreastagly
severe. About two yeats after the hypertension was diagnosed, ulcers
developed that iavolved the anterior tibial portion of the right leg.
The ulcers first appeared as an area of redness of the skin rangtng from
1to 8 am across Following this, bleb formation took place. The skin
pecled off and ulcers developed which lasted from six months to tso
years In each mstance the lesion was eatremely painful. The scars
persisted (Fig 102).

Ten days before we saw him he had a transient cerebral vascular
spasm with paralysis, numbness and tingling of the left side of the
body which lasted a few hours On examination the blood pressure was
205/140 He was a plethornic individual who appeared older than his
age The heart was enlarged to the left. The aortic second sound was
greater than the pulmonic second sound and was sharp. Examination
of the fund: showed marked retinal arteriolarsclerosis. There were no
hemorrhages or exudate

Examination of the lower extremitics revealed scars of the formet
ulcers and on the left leg an open ulcer about 1% n in diameter OV
enng the medial malleolus There was no pallar on elevation of rubor
on dependency of the extremities. The dorsalis pedis and posteriof
tibial arterics were easily palpable. Oscillometric seadings were within

normal limuts:

Ricur Lere
Foot 05 03
Above ankle 30 21

dence of venous insufficiency of either extremity. No

There was 10 evi i
1d be seen. In view of normal major arterial and

varicose veins Cou
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senous circulation, the severe retinal changes, the dmr:\(t:r:lsucs ’0f the

wleer and the presence of severe hypertension, the dragnosis of hyper-

tensive ischemsc ulcer of the leg was made. i "
The patient was hospitalized and the leg was placed in the horizont

Fic 102 ~Hjpertensne 1schemic ulcers 1 a man, showsng sites of former
uleers over night anterior bl area and right wternal malleslus, and prescat ulcee
over left 1ntesnal malleolus

position “The ulcer, which was a purplisk, motst, shaeply demarcated
lesion, was soaked dasly in normal saline for a half-hour, followed by
the application of dued human red cells (Lyocyte powder) to cover
the lesion The ulcer healed to about one-half its orsginal size 1n 10
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days, then ceased to improve. Therefore typhoid vaccimne was given in-
travenously according to the technic described on page 202. Healing
progressed rapidly and was complete exactly 28 days after beginiog
treatment. Pain, which had been almost unbearable, was completely
elimmated He returned in 1950 with a larger ulcer of the same type
Blood pressure then averaged 260,/150. The ulcer healed m exght weehs
with rest in bed and ACTH gnen cautiously because of lus high blood
Ppressure

We have since obsetved three additional cases which we felt
met the ctera for this diagnosis, and other workers have regoﬁed
additional examples of this syndrome (see the references).
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CHAPTER XXV: Polycyt]lcmia ‘fcm as a

Vascular Disease

ALTHOUGH POLYCYTHEMIA vera s essentially a hematogenous
disease, 1t frequently produces syndromes related to vascular dis-
ease, For this reason, discusston of this combination of conditions
1s believed appropriate. Numerous patieats with polycythemia vera
have first been referred to specialists in vascular diseases because

of the occurrence of an arterial occlusion or, more frequently,
thrombophlebitss.

In several instances there has been confusion in the diagnosis
between polycythemia and thromboangitis obliterans The follow-
10g is a case in pornt.

A man 37 years old was hospitalized with a diagnasis of thromb
anglitis obl Physical disclosed gangrene of the toes
of the right foot associated with marked rubor on dependency. The dor-
salis pedss artery was occluded and there were classic local signs of
lhmmboanguns obliterans. It was noted, however, that his complexion
wis extraordinanly ruboric

Although the spleen was not palpable, blood study revealed red
cells 8,560,000; hemoglobmn content 158 per cent; hematocat 69 per
cent. It was necessary first to treat the polycythemia vera. This was
done by means of phicbotomy and the admumisteation of 0.1 Gm, of
acetylphenylhydrazine three or four tunes per week. By this approach
the gangrenous area healed and the patient was 1n good health from
1931 until 1940, when he died of pneumonia. Constant guidance was
fequired regarding the dose of acetylphenylhydrazine.

Pethaps the commonest vascular complication of polycythemia
475
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vera is thrombophlebitis All patients with phlebitis should have
a complete blood study. On numerous occasions we have deter-
mined the correct diagnosts of polycythemia because of a red blood
cell count as high as 11,000,000-13,000,000 which had not pre-
viously been noted owing to the physician’s concentration on the
phlebitis and his fadure to make a complete blood count.
Thrombophlebitis, however, is appatently not dependent solely
on the height of the red blood cell count Repeated thrombotic
episodes may occur in some patients with the red cell count well
below 5,000,000, There appears to be what might be termed 4
critical level 1n each patient I have had the opportunity of study-
ing a most remarkable example of this.

In a man with polycythemia vera, with an original red cell count
over 9,000,000, extensive thromboses developed each time the re
blood cell count was allowed to exceed 4,000,000 When the count
hovered around 3,000,000 no thromb: occurred, he felt well and was
able to carry on his occupation as butcher This phenomenon was 1e-
peatedly demonstrated It was first discovered accidentally when a8

dose of acetylphenythyd brought the red cell count to 2,500,
000. Then for the first time he was completely free from thrombotic
episodes. Because of the low red cell count he was given 2 transfusion
and acetylphenylhydrazine was withheld. When the count seaches
4,000,000 thrombosis recommenced, with severe involvement of the
brachral vein. It has been necessary therefore to keep the red cell
count below 4,000,000 over 2 persod of years

1 know of no other teported case of this type. The explanation
is not clear, but the case suggests that the thrombosing tendency
in polycythemia vera may depend to some degree on factors other
than the increase of cell content. This appears to be an important
concept to bear in mind. o

Arterial thrombosts 1s another common and serious complication
of polycythcmia vera, Where the thrombi occur is purcly a matter
of chance. The cerebral or coronary arteries or those of the ex-
Lremitics may be mvolved, and the symptoms vary Afcording to
the site. One must be constantly on the look-out for this combina-
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tion of diseases and be prepared to treat the patient accordingly.

TREATMENT

Control of the polycythemia must be attempted by the various
methods available. These include roeatgen irtadiation 2nd therapy
with radioactive phospk aad acetylphenylhy drazine. The use of
the fitst two should be lunuted to those with spectal training. The

dmuni; Iphenylhyd requires care and thought.
The dose 15 01 Gm, and the frequency of administration varies
with different patients. Some have required 0,1 Gm. three or four
times 2 week to keep the blood count within normal limits; others
need a dose only once 1n 10 days. Frequent blood counts are essen-
tial to regulate the treatment, which 1s not without some sisk of
productag profound anemua. Transfusions may rarely be necessary
to counteract the effects of overtreatment.

Phlebotomy should be actively used whenever indicated to pro-
duce prompt response. It should be remembered that while phle-
botomy reduces the total amount of blood it somctumes fails to
reduce the cell concentration per cubic centimeter of blood and

;X;exefme may have relatively little effect on the thrombosing ten-
ey

of acetylpheny

Treatment of the thrombosts should be essentially that cutlined
1 Chapter XX For example, thrombosis in the veins of the legs
should be treated by warm moist packs and elevation Anticoagu-
laat therapy 15 10dicated, although the use of Dicumarol, Tromexan
and hepatin in this type of case 1s morse difficult than m the usual
case of thrombophlebitis. For some plawed reason the pro-
thrombn level in these patients 1s subject to unusual fluctuations
undes therapy  We have treated a aumber of thrombophiebitic
;::mms with polycythemia. In most, there was no problem, but in
b::& anticoagulant treatment was exceedingly difficult However,

hv.se st may be life-saving, the nsks must be taken and the
fn)slmn should be willing to assume the sesponsibility in order

presetve the patient’s health and even hus life.




CHAPTER XXVI Tln‘oml)ocytic Acroangio-

thrombosis (Tllroml)otic Tlxroml)ocy-

topenic Purpura)

THIS SYNDROME was first described by Moschowitz in 1925, and
since then about 30 cascs have been repotted Most of them have
not been diagnosed or even suspected until autopsy, and the
charactenstic findings are outhined here so that the syndrome may

be co

dered in patients exhibiting them The most common and

umpressive chinical and laboratory findings have been

1.

ESURS

® N

11.

Listlessness and malaise; arthralgia

Fever, chronic and persistent.

Anemia, severe, out of proportion to known blood los's.
Purpura, frequently hematura, prolonged bleeding time,
but usually a normal clotting time.

Increased capillary fragility sn most cases.

. Thrombocytopenia
. Hyperplastic bone marrow.

Focal neurologic changes frequently involving the central
nervous system and cranial nerves.
I ly, not universal,

H.
T1epatosp &31Y>

. Jaundice

Frequent assocration with sensitivity phenomena.

PATHOLOGY

Although the presence of all or a majority of these changes
should lead to the suspicion that one is dealing with a case of
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thrombocytic acroangiothrombosis, the syndrome cannot be diag-
nosed at present without the histologic demonstration of wide-
spread and characteristic changes in the walls of the minute vessels
with thrombosis.

The mutial changes consist of an accumulation of vacuoles, the
content of which 1s not known. Granylar material which stains
red with leukofuchsin is deposited 1n the intima and near the
internal elastic Jayer, which subsequently disintegrates. The minute
sessel wall, usually of an arteriole, may rupture externally, pro-
duang a hemorrhage, or mternally, where platelets, endothelial
cells and fibroblasts and other comp of the blood may form
a propagatng thrombus along the vessel wall. Local aneurysmal
ddatations have been reported. The granular material has oo
lipid cantent, but its exact composition is unknow .

PATHOGENTSIS

A sunple statement suffices here the pathogenesis is unknown
Stace the condition rarely has been recognized 1 life, many studies
for infectious agents, bacterial, viral or rickettssal, have been in-
adequately carrsed out.

Sensitwity to a vanety of agents and drugs has been suggested,
but no defimtive evidence has been advanced to support this hy-
pothesss,

TREATMENT

Since the cause and fundamental mechanism of this disease are
unknowa, therapy can only be palliative
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CHAPTER XXVI- Tllrom[)ocytic Acroangio-
thrombosis (T]fxroml)otic Tl'xroml)ocy-

topenic Purpura)

Tuis SYNDROME was first described by Moschowitz in 1923, sad
since then about 30 cases have been reported. Most of them have
not been diagnosed or even suspected until autopsy, and the
charactenstic findings are outlined here so that the syndrome may

be c

ed 1 patients exhibiting them, The most comumon and

unpressive chinical and laboratory findings have been

1.

U]

® N oW

10.
11

Listlessness and malaise; arthralgra.

Fever, chronic and persistent.

Anemia, severe, out of proportion to known blood loss.
Purpura, frequently hematuria, prolonged bleeding time,
but usually a normal clotting time.

. Increased capillary fragility in most cases.
. Thrombocytopenia.
. Hyperplastic bone marrow.

Focal logic changes frequently involving the central
nervous system and cranial nerves.
1 1 1
Hepatosp -galy, not
Jaundice.

Frequent assocration with sensitivity phenomena.

Parnorocy

Although the presence of all or a majority of these changes
should lead to the suspicion that onc is dealing with a cas¢ of

e
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1ol

ytic acroangrothrombosis, the sy d cannot be diag:
nosed at present wathout the histologic demonstmicfn of wide-
spread and charactenstic changes in the walls of the minute vessels
with thrombosis,

The wmitial changes consist of an accumulation of vacuoles, t}lc
content of which 1s not known. Granular materal which stains
red with Jeukofuchsin 15 deposited 1 the intima and near the
wternal elastic layer, % hich subsequently disintegrates. The minute
vessel wall, usually of an le, may rupture lly, pro-
ducing a hemorrhage, or internally, where platclets, endothelial
cells and fibroblasts and other components of the blood may form
a propagating thrombus along the vessel wall. Local aneurysmal
dilatations have been reported The granular material has no
Iipd content, but its exact composition is unknown

PATHOGENESIS
A simple statement suffices here- the pathogenesis 15 unknown
Since the condition rarely has been recognized in life, many studies
for infectious agents, bactersal, viral or nickettsial, have been in-
adequately carried out.
Sensitivity to a variety of agents and drugs has been suggested,

but no definitive evidence has been advanced to support this hy-
pothesis

TREATMENT

Since the cause and fundamental mechanism of this disease are
unknown, therapy can only be palhiative
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CHAPTER XXVIf: Lympllec! ema; Lymplmngitis

OF THE THRLE major portions of the citculatory system, the lymph
system 15 the least understood. Little was known about the anatomy
and physiology of the fymph vessels uatil Draker, Field and other
workers preced together a pictute which, although wcomplete, has
provided some understanding of the function of the system and
the pathologic processes which result in Jymphedema

Lymph vessels are for the most pact munute. They possess aa
unbroken endothehal himing bathed in the tissue fud which 5
found outside the blood and capiiaries and 1 celfular mterspaces.
When there 15 an sbnormal accumulation of thus fluid n the soft
tissues the result is swelling, calied Iymphedema. Blood vessels are
dccompanied by lymph vessels which have valves not unhke those
of the verns.

In the legs the Lymph vessels are divided wmto deep and sapet-
ficial systerns, with smajor communications at the poplsteal region
and the segion of the inguinal lymph nodes. Most of the lymph
vessels penpheral to the knee deain snto the popliteat Iymph nodes,
from which a relatively Jarge lymph vessel courses afong with the
femoral vessels in Hunter's canal, then through the pelvisto end in
the externst thiac nodes just distal to the bifurcation of the sorta.
Many of the Iymph vessefs of the thigh drmn mto the inguinal
Yymph nodes which 1 tusn dran through lymph vessels smto the
xerned shiac nodes Deeper fymph vessels in the muscle sheaths of
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the thigh drain into the large iliac nodes. In some places lymph
trunks are embedded in the adventitia of the walls of blood vessels
The superficial and deep vessels of the hands and arms pass up into
the axitlary nodes, sometimes interrupted by a cubntal lymph node,
at which point the supeficial and deep lymph vessels are connected.

If 2 large lymph vessel 15 interrupted, circulation may be carnied
on by collateral vessels Regeneration of cut lymph vessels is gen-
erally rapud, although there are numerous instances 10 which scar
tissue has interfered with regeneration, especially 1 the region of
the major groups of nodes. The waterruption of return flow of
lymph may then be serious enough to cause Iymphedema. This
complication not infrequently follows resection of the axillary and
ingunal lymph nodes, as, for example, in radical surgery for can-
cer.
The endothelium of lymph vessels is highly permeable and ad-
mits material forced upon its outer surface Lymph 1s moved aloog
as a result of active and passive contraction of the musculature The
rate of flow of lymph is more rapid than is generally realized. For
example, trypan blue injected 1nto the Iymph vessel of the foot of
a dog reaches the receptaculum chyli in 10 seconds, On exposuse
to air lymph clots more slowly than blood because of deficiency of
thromboplastic matenial which is supplied to a large degree by
platelets that are present 1n the blood but not m lymph Average
clotting time by the Lee-White technic is 10-20 minutes

1t is interesting that removal of the iliac and ingwnal lymph
nodes of zpumals does not lead to edema, whereas tn man lymph-
edema is likely to be a permanent result of surgery which intefrupts
|ymphatic channels, Although frequently thought to be a sequel
of complicating infection, this has occurred in patients in whom
no evidence of infection was present at the time of or after surgery.

Numerous factors may play a part i the production of lymph-
edema, but the mechanism of obstruction is essentially the same re-
of etiology. The first step 15 obstruction, due either to 2n

gardless
o a tory or to an il y process or by lymphan-
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gectasis, With obstruction there is a backing up of lymph, with
wcresse of pressuce and dilatation of the lymph vessels perpheral
to the pamt of obstruction This snterferes with proper drainage
from the tissues and the lymph pools tn the tissue spaces, Nature
attempts to find new channels, but there are noae constructed to
curry away hymph, especially against gravity, and inadeguate valves
peevent seroval of the fluid, The protein content of the lymph
mncreases and fbroblasts profiferate, increasing the amount of
fibrosis and causing fusther obstraction and stasis, so that & vicious
gle 135 established.

Repeated attacks of an erysipeloid nature often complicate the
puctuse by producing obstruction of the lymph vessels

Thare studied & male patient who has had more than 90 erysipelad
attscks in the past 31 years Bach artack has been chazacienzed by
genesad smalaise, high fever, feukocytoss, redness of the leg and m-
creased smelling He bas a severely edematous leg up to the growm at alt
bimes and may e entually cqure 2 Kondoleon operation, though nsky
because of the chranue mflammation Only one leg has been wnalved

Alate effect of this type of process 15 thickening of the skin and
subcutancous tissue with seplacement of the tela subcutanea and
adipose ussue by enlargement of lymph spaces and extensive
prohif of lymphoblasts. Ordnardy this does not affect the
muscles, except as the rondstion hemts muscolar achwiy and
produces secondary atrophy.

DONINFLAMMATORY LYMPHEDEMA

Primary Vo phedema ( precox}—Ths term 15 apphed to the
Bymphedema whch develops spontaneously early in lfe, usually
n females between 7 and 30 1t 15 most often noted shortly after
Puberty. The Iy mphedema may be due to congenital underdevelop-
Ment of lpmph vessels or to an unexpluned obstruction of the
lymph nodes or lacger Iymph vessels at the time of puberty Un-
tecognized infection no doubt plays 2 part in some cases classified
0 this geoup,
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The disturbance is especially noticeable after the patieat has
been standing for long periods. It is most pronounced in warm
weather. There frequently appears to be an aggravaton of the
condition about the time of menstruation, probably owing to pelvic
congestion and ncreased back pressure, In most patients, only one
extremity is involved 1 the early stages  With the passage of tme
one or mote additional extremties may be affected  The condition
usually progresses over a period of years, but may develop rapudly
and 1 a few months be severe.

As an extremity (usually a leg) grows progresstely larger and
looks unstghtly 1t becomes heavy and uncomfortable, but pain 15
rare. About 15 per cent of patients have recurrent attacks of
Iymphangitis or celluliis of an erysipeloid nature. One of the
most distressing features of lymphedema 1s the psychologic effect
of the conspicuous swelling. Young women often develop emo-
tional depression of varying degrees of severity because of 1t One
young woman told me that her husband threatened to leave het
unless her swollen leg could be cured.

Congenstal lymphedema—Simple cong ymp
found in only one member of 2 family, whereas hereditary con-
genital lymphedema (Mlroy's disease) affects a number of mem-
bers of a family One fanuly in our series has four members 10
whom the condition developed during adolescence without ap-
parent cause, such as inflammatory or obstructive processes Fami-
lies with many more cases have been reported. In one child, the
right wist was swollen at birth and remained so

The subcutancous fat s replaced by fibrous tissue and the lymph
vessels ate greatly dilated Until lymphoblastic proliferation 15
quite advanced the edema pits slowly on pressute and the size¢ of
the extremuty can be much reduced by prolonged clevation De-
tails of treatment are discussed later mn the chapter.

Secondary lymphedema —This occurs frequently after surgt-
cal excision of the nodes or interruption of the large lyfnph chan-
nels. Why it occurs in only a relatively small proportion of pa-

PTIR hed, n
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tieots is not always und d, but 1t 15 undoubtedly refated to
i of the \essels avazfable for the dranage of lymph from
the hmb. It may oceus wathout evidence of infection, but unrecog-
mzed infection may play a role

Lymphedema often foliows occlusion of the hymph vessels by
metastases or by direct extensson of a growth A variety of mahg-
nant diseases, including the ymphobl may be responsibl
for this syadrome. To mention a few, lymphedema 15 commonly
assoctated wath malignant diseases of the breast, uterus, prostate,
bladder and testes and with Hodglun's disease, or lymphosarcoma,
Fellowing surgery for malignancy the extremities may be free
from fymphedema for years, then it may appear without explana-
on and without evidence of tecustence of the growth It may be
due to scasting and fibrosis producing obstructive pressure on the
lymph channels. Lymphedema also may follow treatment with
sadium o x-rays. Here again there 1s a question whether 1t 15 pro-
duced by the disease for which radtotherapy 15 given or by fibrosts
secondaty to szradiation

INFLAMMATORY LYMPHEDEMA OF UNRNOWN ETIOLOGY

Patients with inflammatoty lymphedema generally give 2 his-
tory of recussent attacks of acute cellulitis and tymphangss, fre-
Quently diagnosed as erysipelas or esysipelond attacks. The attacks
are charactenzed by sudden onset, the relatively severe and gen-
eralized teactions which accompasny them and the self-lumbing
tharacter of esch attack The mvolved extremtly becosmes ted and
hot, and red streaks are apt to extend out of the area with an esy-
sipeloid appearance. There may be slight efevation of the edge of
the wffamed ases, but this 15 not constant. The patient frequently
suffers 2 sevece ciyll and 15 nauseated, and the ternperature may
15 to 106 F. (41 1 C). Sometimes the cull and fever appear
before the redness 15 noticeable The fever 15 likely to subside
withat three to five days with rest i bed With recusrences the



nphedema becomes more severe. The attacks apparently repre-
it successive steps in the progression of the disease.

In the United States the condition is usually attribured to strep-
occl, which ate frequently found on cultute of the skin, but the
ulanity of the attacks of mnflammatory Iymphedema and those
fetimes seen with filarjasis cannot be overlooked. The differ-
ial diagnosis may be extremely difficult

Ine example 15 the case of a patient from the Dominscan Repeblic
s woman, 48 years old, had for 24 years had a succession of
cks similar to those just described. She had severe bilateral lympb-
ma The attacks occutred on an average of twice 2 month A sefious
stron, repeatedly considered, was whether she was suffering from fl-
sis of a streptococcus infection  Repeated studies failed to reveal
12, but that 15 not uncommon Followmng pemaillin and sulfonamide
apy the attacks subsided in a few daps, but since this 15 the
cal course without treatment, 1t was difficult to determine whether
therapy mfluenced the attacks 1n any way

a0tly after seeing this pattent I observed 2 young gul 10 whom
te lymphedema developed after being bitten by a so-called grass
in Massachusetts The bite was secondanly infected The history
almost sdentical with that of the first patient. The flea bite may
: been merely coincidental,

1 the light of present evidence, the etiology of this condition
11d be regarded as unknown and should not be definitely at-
ated to streptococci, which seems to be the present trend.
econdary mfl 'y lymphedema—It is generally accepted
thrombophlebitis may be associated with lymphangitis and
this may be followed by lymphedema. The combination of
yus and lymphatic stasis is frequently scen in medical practice
association of di hytosis and Jymphedema is also strk-
A possible explanation for the rofe of dermatophytosis ap-
s to be that a splitting of the skin petmuts the sccondﬂl:)’
ding orgaaisms to gain access to the lymphatic vessels. T!us
ther clearly d ted by acute infl y processes with
iks of lymphangitis extending from the infected atea. Infec-
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tious diseases such as typhoid fever and pneumonia are often com-
phicated by lymphangitis and lymphedema Certain ifections
spread rapudly through the Iy mphatics to the regional lymph nodes
Notwceable among these are tularemm Cat scratch fever spreads
along the lymph channels but seldom breaks down the penipheral
groups of Iymph nodes

FILARIASIS

Filariasis formerly had comparatively slight importance this
country. During World War 11, however, 2 large number of sol-
diets n the filariasss areas of the Pacific were nfected with the
panasite Filatia bancrofti, Many showed typical temporaty swelling
and mflammatory reactions. However, it 15 impressive that very
few cases of lymphedema persisted True elephantiasis has been
encountered in practically no patients who have returned from the
endemic areas. It appears that these patients recewved too few 1n-
oculations by mosquitoes carrying Falaria bancrofti to produce the
elephantiasss that is so common among the natives after many
yeass of daily remnoculation by mosquitoes. It does not seem likely
that filaniasis will become an important problem as a result of the
return of these soldiers to the United States

Careful, repeated searches of the blood for evidence of filarias
have been notable for their negative results Almost without ex-
ception the solder-patients we examined 1n Pacific Coast Army
hospitals had already lost all evidence of the disease, although in
the Southwest Pacific area just one to three months before they
bad had munor swell and slight infl reactions

SPOROTRICHOSIS

A relatively uncommon disease that nvolves the lymphatic ves-
f’ls 1s produced by infection by the sporotrichum, a fungus which
is found widely 1n matwve moss, but especially mn peat and other
mosses commonly used 1n cultivation Commonly mitrated in
gardeners or farmers by 2 puncture wound from a rose thota or
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other sharp object, the primary lesion is a low grade abscess. Afte
a period of weeks a second abscess may form an inch or so proximal
to the first, later a third, and so on, proceeding up the extremity
along the Iymph channels but not localizing in the lymph nodes
We have treated a woman with about 50 such lesions extending
from her right thumb to the axilla Seven chimcians and two
pathologsts had failed to make the diagnosts or even to make the
special fungus cultures which make the dragnosts easy Diagnosts
15 vital, for treatment is very satisfactory. Saturated solution of
potasstum 1odide 1n doses of 5-20 drops to tolerance three times 3
day 1s speatfic and curative.

LiPODYSTROPHY

Lymphedema should be carefully distinguished from lipodys-
trophy, which is also common among women and has a somewhat
similar appearance. There is no pain or inflammation and it 15
aggravated by standing and warm weather. Lipodystrophy is char-
acterized by generalized obesity, especially over the hips and
thighs. Although 1t 15 generally panless, 1n many instances there
1s deep tenderness on palpation. Cellulstis is not typical of lipodys:
trophy, nor is pitting on pressure unless there is accompanying
edema.

TREATMENT OF LYMPHEDEMA

Medical treatment is sufficient 1a mild cases An affected ex-
tremity is elevated to the point where maximal reduction in size
is obtained It is frequently necessary for the patient to be in bed
with the extremity elevated to a 45 degree angle for as long s
10 days. The objective is to permit maximal emptying of the
fymphatic vessels and tissue spaces. With the cxnemirx elevated
the fluid tends to migrate toward the areas where the tissues ar¢
drained by normally and partially functioning lymphatic :h.mn.cls.
Once the size is reduced to the fullest extent possible, the patient
should wear a support whenever he is out of bed. This may be 2
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properly fitted, heavy elastic stocking ot a pure rubber roller band-
age measuring 3 m. by 15 ft. applied over a lisle stocking The
foot of the patient’s bed should be elevated at least 12 in and he
should always sleep with his bed 1n this position 1 order to permut
sustained, continuous mghtly dranage of the extremuty

Fic 103 —Operation for chronic jymphedema Outline of wncision Shin 15
undesmined for 75-100 per cert of leg s ucumference, and supetficial and deep
2512 with outhined shin removed en masse Cross-section _shaded arez outlined
by dots shows section of shin and fascia ta be removed (Figures 103-107 from
Pratt, G H, and Wrght, I 5 Surgical treatment of chromic lymphedema
{elephantiasis), Surg, Gynee & Obst 72 244, Feb 1, 1941 )

For patients with pronounced lymphedema or venous edema of
the arm the Foley elastic sleeve, which extends from the axillary
Area down to a haif-glove over the hand, 15 helpful If the fingers
are swollen a rubber surgical glove may be worn 1n addition This



Fic 104 (abore} —Outhned shin and superficial and deep fascra bung re-
moved en masse from two thirds of total area of leg

Fio 105 (belou j ~Broad-based pedicte tube gratt being preparcd, with base
1n buttock abote area of cutaneous lymphatic blockage.

490
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has helped to reduce edema in many patients, but failures do occur,
depending on the process causing the obstruction {see Fig 98)

These measures should be begun as early i the course of the
disease as possible and continued indefinitely Some patients show
marked improvement, but for many there is no complete cure.

m‘f;i 106 ~d4, graft 1n place B, after plasuc operation to complete leg ex

The am of therapy, therefore, 1s to minumuze the degree of swell-
g This 15 extremely important, since otherwise edema of disfig-
uang or even disabling proportions may develop later

The repeated attacks of cellulitis and generalized systemc te-
attions are treated by rest in bed and such chemotherapeutic and
tibiotic agents as seem indicated Continuous sulfonamide ther-
2py prophylactically i severe cases may be worth trying Autog-
nous ‘>?ccines have failed to give satisfactory results

Surgical treatment does not come withun the scope of this book
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It 15 worth mentioning, however, that in extreme cases a modified
Kondoleon procedute, developed by Ghormley, Pratt and others,
sometimes 1s satisfactory (Figs 103-107) The longest petiod dur-
g which T have observed a patient after this operation s six years,
and improvement 1a the size of the leg was persistent This pa-
tient's leg, prior to the surgery, was enormous, measuring 35 1
1 arcumference at the ankle (Fig. 107, A) Following operation

Fi6 107 —Chronuc lymphedema 1n man, 21 A, leg citcumference above ankle
35 1 before operatton B, leg three months after operation, arcumference 10 10
Three years later reduction of leg circumference was maintamed despite actne

daily work

by Dr. Pratt the circumference was reduced to 10 1. and remamned
50 {B). In other paticats thete has been a recusrence of the swell-
ing within five years,

This proceduse should be reserved for patients with severe in-
volvement. They should be carefully prepared by prolonged cle:
vation of the leg and administration of sulfonamides or pemallin
empirically. “The skin is undermined until three fourths of the
arcumfetence of the extremity 1s exposed. The muscle fascia 1s
100 per cent removed so that the skin can bccox:ne directly at-
tached to the muscle and hence the lymph can drain through the
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rusculas Iymphatics, Thus 15 of great wwportance. For details re-
garding surgery, see the reports by Ghormley, Peatt and others
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CHAPTER XXVIII Tumors of tlle Blood nlld

Lymp}x Vessels

GroMus TUMORs

THE MINUTE arteriovenule shunts known as glomera ate subject
to nonmalignant growths which have been called glomus tumor,
angiosarcoma, penthelioma, painful subcutancous tubercle, glo-
mangioma, tumor of the myoneural-arterial junction, subungual
tumor and angioneuromyoma, Masson and Barté first described
this pathologic entity 1 1924.

The cause of glomus tumors is unknown. ‘They may follow 1n-
juty to the area i which they are found, but ordinanly no signifi-
cant history 1s avalable Most of the subungual and finger tumors
reported have been in females Rarely, the growth is maltiple

PATHOLOGY

The tumors are seen 1 vivo as minute, bluish, subcutaneous
pomts. They seldom elevate the skin, They are most frequently
found under the nail and appear through the nail as a slate-gray
spot (Fig 108). They may occur in many parts of the body, super-
ficial and deep. The linings of joints are occasionally inmvolved
When resected they are fitm and encapsulated and richly supplied
with minute blood vessels.

Microscopically the tumor consists of a fibrous capsule filled
with masses of "glomus cells” and vascular spaces (Figs. 109 and
110). Under high power magnification the vesscls are found to
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be Juned wath a single laye of eadothelial cells with a sussounding
fibrous layer. Xrsegularly arranged around the vessels are masses
of cuboid or sounded tumor celfs which Masson described as epr-
thelioid. Mixed with these cells are smooth muscle fibers, eithee
uell developed of in cmbryonal form Masson believed that the
afferent vessels have more ordetly muscular coats than the other
tessels in the yumor.

The glomus cells are large aad hase well defined outlines, each
with 2 Jarge central nuclews The cytoplasm is pale and often vac-

glomus

Fic 108 —~Common wte of glomus tumors

uslated. Some cells contan short smooth muscle fibers 19 the 3o
plasm Mutotic figures are ocaastanally seen The collagen fibers
“huch form a meshwork between the tumor cells are contnuous
i the tissue stroma which separates patts of the mass Bundes
of myelinated qerves enter the fumor with the afferent artery and
ae distributed without mychn sheaths among the masses of glo-
s cells (Fig 111) “The fibers usually termmate m end-plates
ta the stroma and i the cytoplasm of the tumor cells (Fig 112)

T:he farge collecting s enule 15 made up of single-walled endo-
thelium usually with rather swoflen, closely placed cells The tu-
D 35 crossed with valves and may be subdvided by septums

(Fig 113),
SYMPTOMATOLOGY

The t_iuculored mass may be present for some time and, unless
traumatized, cawse no discomfort Pasn, the outstanding symptom,



Fi6 109 fabote) —Encapsulated glomus tumor showing vascular spates and
masses of tumor cells

FiG 110 (below) —Diagtam of structure of glomera from which glomus
tumors develop (From Popoff, N. W« Arch Path 18 295, Scptember, 1931;
reproduced by permssion }
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15 exquusite and severely aggravated by pressure on the tumor.
Occasionally 1t 1s not present. If the tumor is in a finger the pan
usually radiates upward, frequently to the shoulder and neck.
Paroxysms of distress may occur without trauma and last for mun-
utes or hours They may be mutiated by changes in temperature

o

o4

e T

Fic 113 —Glomus tumor sinus with valves and septums dividing it

and especrally by cold. The tumor is usually 3-5 mm, 1n diameter,
one of 3 cm. has been reported Vasoconstriction or sometimes
vasodilatation of even major vessels of the extremity 1s often asso-
cated with the attacks of pun Horner's syndrome occasionally
occurs on the affected side when the lesion 1s 1n the upper ex-
trerity. Burning, warmth and sweating of the upper extremity
and half of the face on the affected side have been reported.
Subungual tumors are in general more painful than subcutane-
ous ones. The symptoms usually become progressively more severe.
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DIAGNOSIS

The history of agomzing pan and the presence of a minute,
nonelevated mass, frequently reddish or bluish, are usually suffi-
cieat to make the diagnosis Pan and tenderness are not mvari-
ably present Microscopic demonstration of the process 1s necessary
to confirm it. Reflex changes 1n the vascular bed associated with
the pain, such as vasoconstriction as demonstrated by reduced osal-
lometric readings, lower temperatures or increased sweating on the
affected side may accompany the lesion.

Superficially the tumor most nearly rescmbles the slate-gray
mak left by puncture of the skin with a lead penail The latter
fepresents a form of g and 15 not | ly painful
Such 2 wound must be borne 1n mind 1a differential diagnosis of
lesions of the hand, although I have seen lead penal marks also
on the skin of the face and trunk. Other conditions from which
these tumors must be diff d are. (1) 1 which
are usually mote ted, more superficial and painless, (2) fibrous
tumors of the skin, which are more elevated, not tender and less
vasculaz; (3) neoplastic skin tumors, (4) exostoses of the bone,
which cause pain, tenderness and localized swelling but aze easily
Wentified by x-ray, (5) melanomas, with their black pigment,
(6) neuromas without muscle or vascular elements; (7) sarcomas
of the blood vessels, (8) subungual papillomas, which are not
discolored; (9) subungual cotns, which are usually very paimnful
but not discolored, (10) subungual enchondromas, which are usu-
ally multple; (11) sub 1 angic , which grow rapidly
and are radiosensitive, (12) Boeck’s sarcosd

TREATMENT
The only successful treatment 15 complete surgical excision,
Adair described the procedure 1n a report of 10 cases in 1934
In many cases the nail has been curetted away and the tumor ex-
posed, with severe aggtavation of symptoms Because of the mi-
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aute size of the mass, careful dssection 15 necessary. Local anes-
thesia of the finger 15 dangerous owing to the high degree of
vascular spasm, so nisk of gangrene following removal should be
avorded by use of a gencral anesthetic Complete reltef of symp-
toms follows correct surgery. Histologic studies should always be
made of the tumor to verify the diagnosis.

Since nothing is known of the etiology and aggravating factos,
no advice can be given the patient regarding the prevention of
development of more tumors, but multiple tumors are rare. Re-
currence of the excsed tumor 1s unlikely if it 15 completely re-
moved

Two illustrative cases follow.

Care 1 —This represents the more common type of glomus tumor
The 44 year old wife of a physician complained of agonizing pain and
tenderness unvalving the right fourth finger of four years’ duration
The pain was 5o severe that she had been unable to do her housenork
and spent most of het time protecting her hand from any form of ia-
juty. She had seen 22 physicians, most of whom had diagnosed asthritic
or theumatic nsolvement. Among various other conditions suggested
were peripheral neuntis, gout and tumor of the bone She had also
been classified as an extreme psychoncurotic, and one physician had
suggested amputation of the finger for relief of the pan

Careful questioning and examination disclosed that the source of
pain was the nail area and that pressure on the nail caused radiation of
excrucating paa up to the neck This 1s charactensstic of subungual
glomus tumors Close search revealed a small, slate-blue spot about
2-3 mm. in size under the nail at the level of the nail fold where it
was somewhat difficult to see Pressure with the tip of a pencil on
other paits of the nail did not cause a severe reaction, but pressure on
the spot caused the patient to withdraw her hand violently and to ¢ty
Pain radiated from that tiny point up into the neck A complete tri
angular excision of the area down to the penosteum of the bone gave
immediate relief The next day the paticnt was free from pan. The
sorencss of the exaston persisted for a few dags, but since then she
has had no discomfort

Case 2.~This case rey an unusual festation of glomus
rumor While in the Army I was asked to review the case of 2 soldier
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with 2 dugrosis of psychoneurnsis for which he was about to be
sepassted from the senvice. His complaints were of extrerne tenderness
1d pain in the right popliteal space that hept hum from dnlling or
tdung other physical exercise involving the use of hus legs.

Enminution faled to reveal any abnommulity, aad for this rexson
be hud been classified as 2 psychoncurotic. With the tip of a penal,
konever, oac tender pomnt was found from which pun rduted with
extrese severity. A diagaosis of passible glomus tumor wm the poplitel
22 was therefore made. An exploratory opetation disclased a glemus
tumor about 1 cm. in diameter, about 2 cm. below the sarface of the
shun, 20d the Jdizgnosis was confirmed by histologic study. The patient
wis completely free from the severe pun within 24 hours. He made
what sppeared to be an uneventful recorery wathia six days and was
returned to duty.

Three months later he was agun seen, complumng of essentully
the sume excrucating pam n the same general arex Although the
fnst glocmus tumor had apparently been removed completely sad the
esitre capsule was enclosed in the pathologic specumen. 1 second glomus
fumar was suspected This would be an exceptional occurrence. Becruse
of the seventy of the symptoms, a second surmeal explonation was
endestihen and a second glomus tumor, th time sbout 0.5 «o. @
size, w25 found and removed. Thus dugnosis alsa was established by
TICresCopic examination

One month liter the patient returned with the same symptoms, 1nd
had two glomus tumors not been proved pathologrally, the dignosis
of psychoneurasis would huve been more senously entestuned. How-
ever, agiin an expl peration was d and z third glomus
tumor was removed. Two tmore glomus tumors were removed from
this patsent within the next three moaths—all in the same pophiteal area.

This is 2 rare and remarkable case, but does iltusteate the pas-
sibality of multiple tumors. In general, multiple glomus fumors,
when present, do not occur in such close proxunity to exch other.
and seldom are glomus tumors n pasts of the body other than
the nail bed as teader and painful as those of thus patient. Occa-
sionally, however, excruciatingly painful glomus tumors are ea-
countered in the hning of joint cavities, and in the event of
extreme teaderness in a jomt cavity the posatbility of a glomus
tumor must be considered
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TELANGIECTASIA (HEMANGIOMA SIMPLEX; VASCULAR NEVUS)

Telangiectasia occurs i many dermatologic syndromes, includ:
ing xeroderma pigmentosa, acne rosacea and lupus erythematosus,
on simple exposure of the face to wind and sun and on exposure
of a portion of the skin to radium or x-rays. Four types of local
importance are recognized

Spider nevus araneus —This leston arises from a small, pra-
pont to pinhead size, red spot with fine vessels tadiating in many
directions, hence the term “spider” nevus. The lestons are usually
multiple and may be found on many parts of the body They ate
common i the skin of the face, along the lower anteror margin
of the nibs and in the thighs, especially of women Most of them
occur without explanation An increase (n number assoctated with
liver disease is frequently obsetved Occasionally they are attrib-
uted by the patient to nsect bites, but this cause 1 questionable.

Spider news ate often confused with petechae, but pressure with
a glass slide will demonstrate that they fade easily whereas pe-
techiae do not.

Ordinanily they are of such shight sigmficance that no therapy
1s indcated If because of the large numbers or increased size the
patient wishes to have some of them removed, this may be done
by injection of a sclerosing flurd such as sodm morshuate 10 mi-
nute quantities (0 1-0 3 cc ) directly nto the central point of the
nevus with a 26 gauge ncedle The use of a fine application of an
electrocautery necdle to the central vessel 1s also satisfactory

Sendle ectasia (senile vascular nevus ) —These are slightly ratsed
lesions, usually scen 1 elderly or middle-aged persons They ep-
resent marked dilatations of munute vessels of the skin. They may
appear anys here on the body, but the anterior suzface of the trunk
is the usual locatron, They are purphsh or red and range in size
from 1 to 10 mm. They have slight clinical significance and re-
quire no treatment unless for cosmetic reasons, in which case fulgu-
ration is the treatment of choice.
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Hereditary hemorrbagic  telangiectasia  (Rendu-Osler-Weber
syndrome ) —Thus syndrome 1s charactenzed by famiial mnadence
and the develop of small multiple tel tatic lesions of
the skin and mucous membranes. There is a strong tendency to
bemorrhage from the mucous membranes Many females with the
disease have i rual bleeding and frequent

F

A patsent was referred to us with a diagnosts of multiple petechial
spots on the shin of her hands and fingers (this 15 a common site of
hemorrhagic telangiectasia) For this reason she was bemng carefully
observed for possible subacute bactersal endocarditis. Oa superficial
examination the lesions did appear very much like petechial spots, but
pressute with a glass slide caused blanching and careful 1nquiry con-
firmed the diagnosis There was a famuly history of a sumilar type of
lesion and also of frequent epistaxss and intermenstrual bleeding. As
15 usual in this condition, there was no defect 1n any of the clotting
factors in the blood

Occasionally no famuly history can be obtained because the con-
dition may skip a generation.

Electrocoagulation, radum therapy and application of chromic
acd and other caustics have been used in treatment of the lesions
It has been reported that blood transfusions have been necessary
to combat the severe anemua resulting from frequent bleeding I
have not encountered a case sertous enough to require transfustons,

Pulsating telangrectasia { pulsatmg hemangioma) —Thss sela-
tively uncommon condition 15 characterized by elevated red or pu-
plish lesions from 2 to 5 mm 1n dameter which pulsate quite
noticeably. Williams and Snell pointed out that the syndrome 15
frequently associated with hepatic disease, and 1t has also been
noted with pregnancy and lymphosarcoma

HemaNGloMA

Ewing defined hemangioma as a bemga tamor composed of
newly formed blood vessels, thus differing from hypertrophy or
dilatation of blood vessels already existing In general, hemangio-
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mas grow slowly and do not metastasize. More than 70 per cent
of hemangiomas are present at burth, and more than 85 per cent
have appeared before the end of the first year. These ate consid:
ered congenital and probably are due to development of embry-
onic islands of mesodermal tissue. There 1s strong tendency to
growth into connecting canals, which become solid cords of cells
They are usually connected with nearby normal blood vessels by
efferent and afferent vessels. There are several clinical and patho-
logic types of hemangiomas

Nevus vinosus (port-wine stan, birthmark)—This 1s one of
the commonest forms, It 15 a circumscribed or diffuse dilatation
and new growth of cutaneous capillaries and venules. The over-
lying skin 15 usually thin and so reveals a dark purphish spot. It 1s
usually congenital It 1s said that about one third of the chuldren
botn have a small nevus vinosus of the ocapital region. Many
disappear as the chuld grows older, but they may extend to ivolve
other areas of the body.

Plexiform angtoma (capillary hemangioma, strawberry necus, )
—This 15 2 new growth of dilated arterioles, capilaties and veins
which results 1 2 definite enlargement and tumor of the subcu-
taneous tissue and esther flat or warty projections of the skin They
may be extensive. The colot 1s usually bright red or purple It 15
difficult to blanch them on pressure These too are considered
congenital, It 15 not uncommon to find them 1n mixed connective
tissue tumors such as k grolip and I bromas,
and occasionally they are seen mixed, as capillary hemangiolymph-

angiomas.

Cavernous hemangioma (nevus cavernosus; cavernonma) —
\When the vascular channels are highly diated and the tissue sep-
tums become thin, hemangiomas are called cavernous. Almost any
organ and tissue may be involved and there are often mulbiple
hemangiomas. If superficial, they are dark and may be flat or ele-
wated. arcumscribed or diffuse and may be warty in appearance.
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They may be erectile and pulsating. When close to the skin the
tumors ate scen as bluish, soft nodules not unlike dilated veins
Frequently they collapse on elevation of an involved limb Throm-
bosis aad calcified phleboliths may occur.

The growths may appear at any age and may be circumscribed
or extend slowly to large dimensions, involving an entire Jumb ot

Ei6 114 —Fluctuant mass which appeated i supraclavicular area after the
patient fell off tus tucycle It was thought to be due to rupture of the thoracc
duct, 2 hemangioma or 2 hematocele and proved ta be the last Two tappings with
a simple size 18 needle and syringe resulted 1n complete recovery  (From Medi-
¢hrome Series MM—Vascular Diseases, by | 5 Woght and W T Foley )

organ In the aged, large bers of small h g may
be seen (Fig 115)
M s

3 C: or cellular may be
2ad cause death from internal hemorrhage or anemta
Common locations are the face, neck, extremities, lver, bone,

stomach and ntestines. I have seen several 1n the atea of the but-
tocks

One case, Iy d, was because the patient
some months before had fallen heavily on a pile of cracked rock, land-
ing on the buttocks This mjury had given nise to an artenovenous
fistula whach chinscally resembled a cavernous hemangioma until auscul-
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tation revealed 2 loud double bruit, which clarified the diagnosts of a
fistula * The dignosis was confirtmed at operation

Diffuse hemangioma is a closely related tumor, It has sumilar

structure and may 1nvolve an entire limb Both tumors consist of
markedly dilated blood sinuses which appear to represent thin

Fi¢ 115 —Cavernous hemangiomas mvolving left side of trunk and feft arm
Seven years prestously this patient began having jacksoman cpileptic seszures be-
liesed to be due to sumlar hemangiomas 1 the left cortical area of the bran
(From Medichrome Senies MM—Vascular Diseases, by I S Wright and W T

Foley )
walls of veins It 15 frequently necessary to differentiate them from
multiple arteciovenous fistulas, in which case search for bruits and
increased oxygen content of the blood i the sinuses may clanify
the picture However, several cases have been seen 1n which both
conditions were present In older patients x-ray study may reveal

—
# Rarely, malignant cavernous hemangiomas esode bath arteries and vems to
produce anastombses with a double bruit,



ENDOTHELIOMA 507

calafication 1 the form of phleboliths scattered th i the
tumor; thrombosis is not uncommon.

Racemose or cirsoid bemangroma—This lesion is a dilatation
and complex mtertwining of altered and newly formed vessels of
small caliber with subsequent nvolvement of normal vessels It 1s
often seen on the head 1a connection with the Jarge carottd artery
Vizchow compared the lesion to a mass of pulsating earthworms
It begins externally, extends over the neck and scalp, erodes the
skutl, penetrates the cranium and may avolve the cerebral or men-
ingeal vessels. A vanety of pathologic changes may be seen, in-
cluding fatty degeneration and hypertrophy of any or all of the
coats of the blood vessels mvolved

TREATMENT

The treatment of hemangiomas 1s frequently unsatisfactory but
15 worth attempting because of the occasional good result. Some
show spontaneous wvolution, but these are relatively rare The
most effecive procedures are radum therapy, surgical excsion,
electrocoagulation and injection of sclerosing solutions These re-
quire the skidl and equipment of speciahists, therefore the details
will not be dscussed

ENDOTHELIOMA

This tumor may anise from the Living cells of the blood and
lymph vessels as well as from cells elsewhere in the body Heman-
gioendothelioma may include, according to Ewing (1) the doubt-
ful endothelioma of corpus cavernosum, (2) Mark-Wald's mul-
tiple endothelioma of the bone, {3) a slowly growing tumor of
the skin 1n which a moderate number of blood vessels are lined
by many layers of endothehum, ( 4) an intravascular endothelioma
an’smg n hemorrhoidal and other dilated verns; (5) fibrocellular
tumors of the thyroid and ovares in which the vessels are too
scanty and the cells too numerous for angioma and many endo-
thelial cells have become dissemnated from the vessel
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The treatment of these tumors—surgery, x-ray and radium ther-
apy—s highly techntcal and should be left to specialists,

PLRITHELIOMA

This tumor anses from epithelsal cells and 15 a specific variety
of angiosarcoma Although originating from blood vessels, it dif-
fers 1n structure from both angioma and endothelioma These
tumors artse 10 the subcutaneous tissue, especially around the anus,
in the orbit, axilla and popliteal space, but not the more exposed
regions They ate also found in the pra mater, bones, breast, ova-
ries, kidneys and carotid glands. Treatment, including surgery,
x-rays and radm, 1s highly specialized

Kaprosr's SARcOMA

This rare condition, described by Kapos: in 1897, has distinctive
clinical and pathologic features Various possible ctiologic agents
have been considered, including infectious agents, trauma, €xpos-
ure to cold and fungi, but there 1s no definite evidence that any of
these is significant. It 15 seen more frequently 1n Russia, Poland
and northern Italy than elsewhere, but 1s not limited to members
of any race Ninety per cent of the cases have occurred 1n males
and generally 1n older people.

‘The first change ts 1n the form of hemorrhages under the skin
at various depths This 1s followed by dilatation of blood vessels
and deposition of hemostderin The next step s nfiltration nto
the layers of the skin, the predominating cells being the so-called
Iymphocytoid cells of Marchand Following this are extensive pro-
liferation of vascular endothelum, formation of new minute ves:
sels and infiltration by lymphocytes and plasma cells Spindle-like
cells are found. In a late stage a definite nodular sarcomatous
appearance may be noted, associated with numerous mutotic

figuses.
The lesions are most common 10 the hands and feet, but may
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be found elsewhere. They begin as small, discrete, bluish-red or
reddish-brown, flat nodules Thrombosis may be noted in the su-
petficial veins. Metastasis is common to any organ of the body,
especially the liver, lungs, gasteoiatestinal teact and lymph nodes.
The proguosis is sertous, death usually occurring in one to 10
years Treatment may prolong hife but does not save it.

LYMPHANGIOMA

This 1s 2 tumor ansing from and composed of lymph vessels,
thesefore composed principatly of endotheltaf cclis 2nd connective
tissue The group includes a vatiety of slowly growing, usually con-
genital, single or multiple growths of the skin, subcutancous and
deep tissues and muscles of the neck, trunk, lips, tongue, eye, orbit
aad mediastinal and retroperitoneal regrons They were subdivided
by Ening into | phangi simplex, 3a network
of spaces and vessels of small and medum calibee, ly mphangioma
Cavernosum, a system of lymph spaces supported by thin walls and
septums, and lymphangioma cystordes, 2 coilectron of large and
small masses of Iymph tissae

Lymphangroma cavernasa —These tumors usually appeas at
birth or shortly after and grow rather stowly. They are considered
ongenital, Ocrastonally they become very large and may nvolve
R eattse entremity Most of these tumors occur in the skin or sub-
¢utaneous fissue. Numerous groups of what appear to be deep-
seated vesicles are often present Puncture causes drainage of large
amounts of clear fymph that may continue a long ume Cavernous
lymphangiomas of the mucous membranes and tongue may be
greatly enlarged and disfiguning. Infection 1s 2 common complica-
tion of Iymphaagioma.

Cystic bygroma or Iymphangioma cystoides —These also are
congenital. Mast of them accut n the neck and grow toward the
<arotid gland and ear or down to the mediastinum 2nd axillary re-
gion The mass 15 thin-walled, eastly compressible 2nd transtitumi-
nates well As is true of moast of the foregoing tumors, thempy
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should be in the hands of experts in the treatment of tumors and
malignant diseases X-rays, radium ot surgery, or more than one,
may be utilized. In general, the results are not very satisfactory
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cuarren xxix Industrial and Medicolegal
Medicine: Its Relation to Periplleral
Vascular Disease and Injury

IN A HIGHLY 1ndustrialized country such as the United States 1t 15
1mportant to recognize the health significance of mdustrial aca-
dents and their relation to previously existing disease Problems
requiting careful study and considered judgment constantly arise.

All injury of a measurable degree results in some disturbance
of the arculation of the blood or lymph systems and frequently
of both The seriousness of the disturbance depends on the type,
the degree and the site of the mjury It 1s inevitable that if major
vessels are involved and the damage 15 severe, the results will be
more sersous than those of slight and superficial trauma, the excep-
tions being the unpredictable development of nfection or other
complications in the presence of slight 1ajury

The general constituteonal and psychosomatic make-up of the
Ppatient has particular bearing on the management of injuries This
has specral sigmificance 1 vascular disease, since many of the find-
ings are largely subjective and m some mstances objective find-
ngs cannot be correlated with the patient’s complaints We en-
counter jndividuals m whom the objective findimngs are shight and
the subjective complamts severe and, less frequently, individuals
with clear objective evidence of circulatoty impaitment but scarcely
any subjective symptoms.

511
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The vatiation in the ability to endure pain from one mdividual
to another and even 1 the same individual from time to time has
been well established. Some types of peripheral vascular syndromes
present excellent examples of such variation and, like some in-
stances of low back pain, offer unusual opportunities for malinger-
mng. As will be sllustrated in the cases included in this chapter,
each patient should be subjected to 2 complete survey of the vas-
cular system 1 accordance with the technics cutlined in Chapter II
It must always be borne 1n mind that a local injury which fails to
heal or responds poorly to treatment may be a manifestation of 2
generalized vascular disease which is not prominent enough to be
apparent to a casual examiner

For the most part, a careful physical examunation with emphasts
on the nervous and vascular systems 1s sufficient. There are times,
however, when elaborate nvestigations are required to establish
a correct diagnosis The following cases are illustrative.

Case 1 —A man caught hus right foot tn a stamping machiae and fell
over backward 1 a distorted position Immediately the foot and leg be-
came swollen, indurated, discolored and painful. The diagaosis was
severe laceration, tearng and straining of muscles and ligaments and
rupture of the blood vessels of the foot, ankle 2nd calf. Dunng the next
few months the signs slowly disappeared, but extreme tenderness -
volving the entite foot to the ankle remained Satssfactory examunation
was impossible and could not include pailpation because of extreme ten-
derness of the skin. Dunng the next five years this man was scen by
more than 50 physicians who submitted varsous dragnoses, including

] various orthopedic cond: of the foot (not confirmed
by x-ray studies), vascular disease (proper examination was never pet:
formed) and neuritis.

He was referred by the State Labor Comnussioner for a differeatial
dragnosis. At the time of the first examination there was no evdence
of vascular disease elsewhere 1n the body. The appearance of the foot
was normal There was no pallor on elevation or rubor on dependence
—two cardnal signs of vascular disturb Palpation was fac-
tory because of constant winang and withdrawal of the foot. The pos-
terior tibial arteries were present bilaterally, but the dogsalis peds
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artery of the left (opposite) foot could not be felt. Oscillometic read-
ings showed 025 degree excursion over the arch of the normal foot.
They could not be taken for the injured foot because of protestations
of extreme pain and seasttivity. The temperature of both fect was low,
that of the taes averaging 24-25 C. (76 F.) X-ray study for bony or
artenosclerotic changes of the legs and feet showed absolutely no ab-
normality, not even evidence of disuse atrophy. The followmng study
was then undestaken and a technic was developed which has been found
useful 1a other cases,

Teihnic for evalusting pan —The patient was prepared for general
anesthessa Control temperatures of the toes were recorded and repeated
The a3 erage temperature of the toes of both feet was 24-25 C (76 F )
Cydopropane anesthesia was then begun. Immediately on completion of
wnduction, motion of the njured foot was found to be free and 1 no
%ay imited An oscillometer was applied over the arch, and although
the dorsalis pedis could not be palpated the reading was 0,25 degrees
Inview of the same reading 1n the opposite foot and mability to pal-
pate the dotsalus pedis of the left foat, 1t was concluded that the dorsals
pedis acteries were probably blaterally abertant Sucface temperatuce
teadings repeated at this time showed no change Carbon dioxide m-
duction was then undertahen The blood pressure, previously 120/80,

180/100 It then began to

=ssure reached its peak, vaso-

6 -4 ting for the fall With vaso-

dilatation the tempetature of the fect tose rapidly to an average of

30-31 C (87 F) for the toes. The oscillometic readags for the -

Jured foot teached 0 75 degrees and for the normal foot 0 50 degrees

of swing The dorsalis pedis arterses were still nat palpable, but with

Such adequate response at the dilating pomt 1t was felt that absence of
Organic vasculas insufficiency had been established

The nest phase of the expeniment dealt with the question of malin-
8erng The anesthesia was lightened slowly, the test being made for
tesponse to pam by pressure on the supraorbital nerve at the site of the
groove At the pount whete strong pressure elicited 2 marhed pan re-
sponse evidenced by a restless defensive movement, but while the pa-
tient was still uaconscious, comparative pressures were made on the two
feet Pressure on the nommal foot elicited no tesponse, pressure on the
involved foot eliited a clearcut pain response, with withdrawal and
contraction of the body This convinced us that the patient was not a
malingeret and that he had real pam and tenderness, and by climmna-
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tion of vascular disease we arnved at the diagnosis of pamn of neuro-
gemc ongia

Whle he was still semiconscious st was possible to examine the sur-
face areas carefully and to map out what appeared to be the iavolved
zone This corresponded to the distribution areas of the fifth Jumbar
and first sacra] nerses X-rays taken of the corresponding section of the
spine showed the fifth lumbar vertebra displaced anteriorly, with sharp-
entng of the articular border. It appeared, therefore, that mal
organc vascular disease and perspheral neuritis had been eliminated and
that the diagnosis was mnjury to the lawer portion of the spine, m ail
probability incutred at the time he fell over bachward in the distorted
position Faor five years the attention of many physcians had been fo-
cused on the localized pain 1n the foot

Cuase 2—This llustrates a stmular type of study The patient was
struck by an automobile while nding a bicycle He was thrown to thf

Several teeth were loosened and his bridgework was bent out of shape
The handle of the by cle struck against his abdomen

At the time I examined hum he complained that when the night wrist
was placed mn the dependent position 1t swelled markedly, remamed
stiff and was cold and pamful He also complained of pasn in the grom,
abdomen, chest, neck and face and of pain on urination and with bowel
movements The right testicle was extremcly tender He also stated that
be had severe burning pain 1 the nght forearm and sharp pans 1n the
precordum and that all food upset his stomach

Buefly, the physical examunation disclosed no obvious evtdences of
pathology The patient complained of pain and tenderness whesever s
attention was focused There were two aress of extreme tenderness
which on pressure produced a marked protective reaction the night
testrcle and the right ankle Complete laboratory and x-ray studtes also
failed to disclose a pathologic process

The test for evaluation of pain (p 513) was therefore undertahen
Cycloprop b was ad: I and then lightened untl
pressure on the supraorbital nerve or styloid process clicited 2 defimte
pain response. At that point no pain responsc could be eliaited by pres-
sure on either the nght testicle or the nght ankle The patient was
allowed to regun consciousness After two minutes of consciousness,
pressure on the supraorbital nenve chiated 2 clearcut sesponse The
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same amount of pressure on the nght testicle and the mght ankle
ehicsted none After five minutes hus reactions to pressure in these areas
returned,

The imptession was that the problem was largely psychogemc He
did not have organic vascular or ather organic disease so far as 1t could
be d d and I rec ded rehabil: occupational therapy
and psychuatnc The probable diag was ¢ hys-
teria The patient then left the hospital, and instead of having psycht-
atnc treatment went to a surgeon who, taking his complaints at face
value, operated on both testicles. The pathologist of the hospital 1n
which the operations were performed reported “no evidence of pathol-
gy 1n the tissue submutted.” The patient was returned to me by the
Industrial Commi with all symp greatly exaggerated

Ancther test for pain response was then performed with the same
fesults, except that this time 1t was 10 mnutes after consciousness was
Teganed before pain response was obtained by pressure on the right
testicle The impression was the same as 1t was on his previous admis-
sion except that the situation was exzggerated by surgery which had
focused attention on the male gemtal area Careful study by a com-
Petent psychiatrist confirmed the ymp The rec d
was made for (1) psychiatric therapy, (2) occupational therapy and
(3) a lump sum settlement.

Ths test for the evaluation of pain, which I first described some
years ago, may well be put to more widespread use mn the study of
tases of this general type.

INJURIES INVOLVING ARTERIES, VEINS AND LYMPH VESSELS

Cutizng angurres —With cutting inyugses one of more blood or
lymph vessels may be partially or completely severed The ymme-
duate problem 1s hemorthage. After the hemosthage 1s stopped,
serotts constderations ate whether the vessels can be re-opened and
whether the extremity will suffer as a result of circulatory ympats-
ment due to thrombosis or complete occlusion of the asteres, veins
or lymph vessels. An important related question 1s whether severed
nerves 1n the injured area may comphcate the prcture later. Asterio-
venous anastomoses are not uncommon following cutting wounds
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A metal worker, aged 46, was cutting sheets of Allegheny metal with
shears when the metal coiled back, cutting the dorsum of the right fore-
arm just above the wrist, Tendons, nerves, veins and a few small arter-
tes wete sharply severed. The surgeon sutured the nerves and tendons
and higated vessels that were bleeding profusely.

I saw the patient about a year later, when he complained of mathed
enlargement of the night hand, forearm and arm, especrally after de-
pendency. There was extreme dilatation of all the superficial veins of
the entire extremity, and the engorgement extended over the pectoral
area A double brutt extending throughout the heart cycle was clearly
heard at the site of the injury The night hand and arm had become
definutely weaker than the left although the patient was fundamentally
rght-handed and the right arm had formerly been extremely strong
When the hand was held below the heart level it became practically
useless because 1t would swell Iike a ballaon tn three to five munutes
Oxygen saturation studies showed the oxygen content of the venous
blood to be nearly equal that of the arterial blood and much greater
than that of the venous blood of the left arm This was cleatly demon-
strable even without elaborate laboratory procedures, for tn the test
tubes containing blood taken from the vetns of each arm, the blood
from the right arm was much brighter red than that from the left arm

Artertographic studies showed 2 network of artertovenous anastomoses
at the site of the injury so complex that the vascular surgeons hesutated
to attempt surgery. The surface temperature of the rght hand and arm
averaged 3 degrees (C ) higher than the corresponding ateas of the
left atm Despite the | ! difficul 1f cardiac enl,
common complication of arteriovenous anastomoses—should occur, an
attempt at eltmination of the arteriovenous anastomoses or even ampu-
tation of the extremity may be necessary.

“This is an example of a clearcut 1njury and subsequent disability
These 1s no queshion that this patient is entitled to total disability
compensation because he 1s unable to carry on his usual occupation
or any work for which he is trained

Penetramg wounds~—These are common causes of mcno.\c-
nous anastomoses. Hundreds of such instances were scen during
the war and they are not uncommon industry and evea in non-
industrial pursuits in cnviban life. One of the more interesting
cases | have scen was ina child.
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While the child was ruaning along a steect, a patr of scissors fell
from the window of the third floor of an apartment house The blades
wete open, and one stabbed the pophiteal space The blade was with-
drawn, and despite considerable temporary bleeding the wound healed
faly promptly. A month later the 1nvolved leg began to iacrease 10
size The veins became engorged and swelling appeared 1n the popliteal
space A brutt was heard over the area and the diagnosss was obvious
Surgical exarsion of the fistula and, 1f necessary, of the adjoinung seg-
meats of the popliteal veins and astery was advised Because of a great
tendency for collateral crrculation to develop in the atea of arteriovenous
anastomoses, aurculatory msufficiency seldom occurs after this operation

Crashmg inpuries—Arteniovenous anastomoses may result from
a crushing tnjury.

For example, a man fell on a pile of crushed rock from a height of
about 12 ft. He landed sitting down Both buttocks were bruised. Noth-
1ag more was thought of the nadent until several months later, when
1t was noted that the night buttock was becomung much larger than the
left The diagnosis was tumor of undetermined type. When I exam-
ined the patient a loud double (to-and-fro) brust could be heard over
the entise right buttock, My diag was
due to a crushing injury which had produced a fistula between an artery
and vein 10 the buttack area, Surgical excision of the fistula was recom-
mended The operation confirmed the dragnosis

Details regarding the differential diagnosis of arteriovenous
anastomoses are given tn Chapter XII.

Stramng or tearing of the vascular tree—Such 1njury may occur
n 2 wide variety of circumstances It frequently results from a
blow by a heavy object, as by an automobile. As the victim falls,
the leg may be twisted 1nto an awkward position, producing sud-
den, severe tossion on the extremity and the body as a whole This
kind of acerdent 15 wsually associated with other serious immediate
damage, including severe subcutaneous hemotthage of the injured
patt Free hemorthage does not occur unless the skin 1s broken
Secondary vascular complications may 1aclude thrombosis of an
attery or vein, aneutysm, phlebitis, atteritis, edema on 2 venous
or lymphatic basis and occastonally an abscess o hquefying clot
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Arteriovenous anastomoses are not very common in this type of
mjury. The following case 1s illustrative.

A man aged 56 was crossing the strect when he was struck behind
the kaces by the bumper of an bile. There were considerabl
strain and brutsing, but apparently no serious mjury. About a year later
a pulsating mass appeared behind the right knee and gradually sncreased
1n size. Dunng the next several years the mass became larger, but the
patient would not permit treatment. About six years after the accident
a sudden pan occurred 1n the nght foot, The enture foot became cya-
notic and the tips of three toes became gangrenous. There were eatreme
pan and tenderness in the lower Jeg, which became swollen. It ap-
peared that amputation was inevitable.

The diagnosis was poplitesl aneurysm and the patient was ad’mmzd

. P

Lirs wmemean wemnr e o

Pressute caused by the swelling cumphcngd the pictuse. Exploration re-
vealed the popliteal (tibial) nerve stretched tightly over the bulging
mass, which turned out to be a firm clot walled n by the popliteal
structures. In other words, a false aneurysm had been formed The
entire posterior wall of the popliteal artery was eroded for over an
wnch A Matas obliterative procedure was performed.

The tip of the gangrenous fifth toe was amputated, and the patient
never had pamn in hus foot thereafter He was kept on a Sanders osal:
lating bed and the foot was put under a thermostatically controlled
cradle at 96 F. Recovery was uneventful, At the time of operation 3
small aneurysm of the oppostte popliteal artery was noted, It was de-
cided to keep this under observation rather than to operate then.

Attetrosclerosts may well have played a part in the preparation
of the artersal wall for the aneurysms In view of the frequency
with which aneurysms ace precipitated by injuty it seemed hikely
that in this case the injury had been at least an aggravating factor
Agaiast this hypothests is the fact that a year elapsed between the
accident and tecogmition of the ancurysm. In addition, there is
the fact that the process is bilateral.

Another case tlustrating the effects of injury follows.

A man aged 32 was lifting a heavy box which shpped and fell back
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agumnst his legs, producing a severe strain on the muscles and soft tis-
sues Following recovery from a bruise, phicbitis of the left saphenous
ven developed This spread to insolve the penipheral branches and also
proamally to mnolse the femoral vein and veins of the trunk Two
pulmonary and one renal emboli were hnown to have occurred, but
after 18 months the process quieted down and recovery took place The
aftereffects are venous edema with a tendency to vancosities of the
saphenous tree.

Similar cases have been seen following such accidents as spramed
ankle and twisted knee,

Mechamical or chemical erosron —Tins may either imtiate vas-
cular pathology or aggravate an existing vascular disease

Case 1 —A 32 year old laborer had a job carrying bundles of chipped
slate shungles. The chips were sharp and ultimately wore down the shin
of the ﬁnger»hps, producing ulceratson When first seen there was an
angry, infected erosion of the tip of the nght fifth finger He was 2
heavy smoher The process d thromb 15 obl Ar-
tenographuc studses venfied the presence of a process resembling throm-
boangutss, with peripheral obhiteratron beginning i the smaller artersal
and venous radicles and extending centeally to mvolve the palmar arch
The erosion was an aggravating factor superimposed on an early or
latent case of thromboangutts obliterans

Case 2—A man aged 55 had been occupted for many years as a
wpter of music The work necessitated the use of black ik Strong
Pressure against certain areas of the fingers was inaidental to grasping
of the pen Three or four times a day an ink eradscator was used on
the same areas to remove 1nk stans Gradually ulcerations began to ap-
pear at exactly the areas involved by pressure, 10k and ink eradicator,
mmely, the tips of the first and second fingers and the approximating
surface of the third finger at the level of the distal phalangeal jont
Evidence of arternal thrombosis developed The process wmvolved the
palmar arch, then the radual artety, and despite the use of vasodilators,
ncluding typhoid vacame, abstinence from tobacco and other therapy,
the thrombus, now easily palpable, steadily ascended the arm 1nto the
brachial artery

When after theee months the thrombus reached a pomt about 3 m
below the axilla 1t was felt that a radical procedure was essential An
Operation was performed by Dr Robert Ackerly, who removed a prox-
imal segment of the brachial artery A thrombus about 10 in ltong
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extending into the axillary artery was Joosened and removed and the
artery was ligated proximally, The patient recovered satsfactorily, Six
months Jater there had been no extension of the process and the am
functioned faiely well. Sections of the artery showed changes about
which the pathol ) d to commut themselves T hol

he

process was sunilar to thromboangtts oblitesans, The hnstory‘and onset
were not typical Again one cannot be certain that the condstion started
n 2 normal vascular tree The wrnitating factors no doubt either pre-
cipitated or aggravated the active pathologic process

PRIMARY AXILLARY VENOUS THROMBOSIS
This 1s not an uncommon occupational disease. The following
case is a notable example

A man aged 32 worked in a printing establishment where be was
obliged to lift bundles of large sheets of paper weighag 40-70 Ib and
swing them across to a second pile. While at work a co-worker asked
“What 1s wrong with your right hand? It 1s bigger than your left one.”
The patient examined 1t and realized for the first time that the entice
right extremity was larger than the left one and was stiff. The next day
the swelling was greater, thete was pain, and a large thrombotic mass
was seen 1n the axillaty vein Supetficial vewns became dilated in an at-
tempt at compensation and mcreased steadily 1n size, This was especially
noticcable over the biceps, deltoid and pectoralis areas Months of rest
resulted 10 slow canalization of the thrombus, but four years later there
were still stiffness, weakness and marked compensatory diatation of
the collateral veins of the arms, shouldets and chest The patient was
unable to do any physical work requiring use of his arm

In most instances axillary thrombosts does not result from a
single serious 1njury, being more apt to follow constant xepctxtan
of a type of motion and strain which traumatizes the axillary vein
and encourages thrombosis This may be due in some cascs to
pinching of the subclavian axillaty vein by the structures of the
shoulder girdle, e.g, between the clavicle and the fiest b, It s
important to realize that, although these patients may recover s'uf-
ficiently to be free from discomfort and edema, any occupation
[cquixing actwity resembling that of the origmal one 15 very apt
to prccxpl'tﬂte a recurrence of the syndrome.
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This was exemplified in a laborer who worked with a shovel (pre-
iously mentioned on p. 449). An attempt was made to rehabiditare
hum by teaching hum to upholster the seats of automobiles. 1t was
thought that this would be sufficient change from lus original occupa-
ton of shoveling to permit satisfactory rehabilitation. Howeves, the
muscular action of stretching the matersal over the automobile seat
appareatly traumatized the axillaty vein and thece was prompt recur-
rence of the axllary thrombosis.

For the most part these patients must be re-trained for com-
pletely sedentary occupations that do not require further wmsult to
the involved part if they are to be rehabilitated.

FRESSURE OCCLUSION OF ARTERIAL CIRCULATION

Pressure on an artery must also be considered an important
compltcating factor following trauma.

For example, 2 man suffered a sumple fracture of the tibra and fibula
just above the ankle A cast was applied. The next day his physician
noted that the foot was discolored and removed the cast, The dorsahis
pedis artery could not be palpated at first and the foot felt cold, but
after 2 while the color and warmth retutaed and pulsation could be felt.
The cast was reapplied and the patient allowed to go home, The next
day the patient was suffering from severe pain and was admitted to the
hospital, where the cast was temoved The leg was found to be markedly
discolored and cold and no pulsation could be felt above the popliteal
attery This obsetvation was venfied by osallometric readings. Blebs
began to form and the temperature rose to 103.5 F He was very sephic,
since all vasodulators were tmeffective and high amputation appeared to
be the only recourse to save his life. Histologic study showed no definite
thrombosis of the artery, the damage having apparently been done by
pressute of the cast on the popliteal artery and the collateral vessels of
the popliteal space Necrosss of the soft tissues was evident throughout
the leg The patient’s life was saved, but at a high cost.

TRAUMATIC VASOSPASTIC DISEASE (PNEUMATIC HAMMER
DISEASE) AND RAYNAUD'S SYNDROME
For the development of traumatic vasospastic disease, two con-
ditions appear to be necessary. (1) the hand or fingers must be
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exposed to repeated, excessive trauma over a period of years, and
(2) the individual must have 2 neurocirculatory make-up which
makes him susceptible. The disease is usually ascribed to the use
of apparatus with high vibration rates (2,000-4,000 strokes per
minute) such as a pneumatic hammer or a shoemaker’s pounding
or lasting machine. I have, however, seen cases in typists, in two
concert pianists, a telephone switchboard operator and a handball

Fic 116 —Traumatic vasospastic disease due to a single injury. (From Medi-
chrome Series MM—Vascular Diseases, by I § Wright and W T Foley )
expert, in each of whom a typical vasospastic picture chasacteristic
of Raynaud’s syndrome was produced. In each case it was difficult
to produce the reaction when the body was warm but was rela-
tively easy in a cool The only was change
of occupation. The concert pianssts had to give up their careets.
(See Chapter VI for further discussion.)

Although repeated trauma scems typical of this syndrome, trau-
matic vasospastic disease may follow a single injury, as in the fol-

Jowing cases.
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In July, 1945, a man's left hand was injured by an exploding hand
grenade. The fourth finger was amputated. Three years later the re-
maining fingers easily became cold and cyanotic and, 1 addibion, fre-
quently showed evidence of typical attacks of Raynaud's syndrome
(Fig 116). .

Recently the patient’s brother mnjured hs lefe hand in the acaidental
fiing of a nfle The bullet passed through the palm, no fingers were
last The wound heated, but traumatic vasospasm developed that was
quite sumilar to that in his brother’s hand. This either 15 an extraor-
dinary comadence or indicates that, 1 this family, wjunes of this
type are apt to cause vasospastic phenomena.

THROMBOANGIITIS OBLITERANS

Thromt 1s obl is frequently confused wath the late
effects of trauma The disease may be present and slowly progres-
stve for many years without symptoms, signs or recogmtion. Thus
has been demonstrated by careful vascular examunation, cluding
atteriography, 1n extremities previously assumed to be free from
any vascular disease. Trauma, even though shight, may intiate 2
Pprocess which progresses from a nonhealing ulcer to local or mas-
sive gangrene, The question which presents itself to the doctor
concerned with compensation or industrial medicine 15 whether
the injury or underlying thromboangutss obliterans 1s
for the ultimate condition,

It must be conceded that when the wound progresses without
nterruption from the time of the injury, the trauma 1s at least an
aggravating factor and as such 1s compensable under the laws of
most states When the wound heals, only to break down later, or
there 15 no evidence of a serious condition uatit weeks ot months
after the accident, the problem is mote difficult to evaluate A defi-
fute selationship does not seem hikely 1f no signs or symptoms
whatever are present for approximately three months or more be-
tween the time of the acaident, or the time of healing of a very
muaor injury, and the onset of symptoms When symptoms appear
wa shorter persod the rell fup 1s debatable because thrombo-
angiitts obliterans is a low grade process which may be active for

P
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some tiume without causing enough discomfort to focus a patient's
attention on an involved area, Conclusions in each case must be
reached only after careful evaluation of all factors. One should
always remember that most males i1n the susceplible age group
(20-50 years) smoke, and the use of tobacco in itself may aggra-
vate or, indeed, initiate the disease. Selected cases may illustrate
various aspects of this problem.

Case I —A man 42 years old caught his left third finger 1n an ele-
vator gate. The finger was badly cut A large thrombus developed in
the soft tissues and the physicran made a further incision to release the
clot. After more than two years the lesion had not healed Meanwhile,
several incisions in other parts of the body had healed rapidly On the
left third finger was a sharply demarcated, dry, paisful ulcer that -
volved most of the sutface of the tip.

Osallometric readings showed marked reduction of oscillations in
the left wnst (the affected side) Both radial arteries responded rather
sluggishly to the Allen test, and 1t appeared that the functronal capacity
of the left ulnar artery was definitely reduced. Study of the circulation
of the lower extremities showed lack of pulsation of the dorsalis pedis
artery on the night side and of the posterior tibal and dorsalis pedis
artenes on the feft. The feft foot showed 24 rubor on dependency,
14 pallor on elevation; the nght foot did not show these color changes
The blood sugar content and cell count were within normal limits
Sed rate by the W method showed a 60 mm drop
1 one hour.

In view of the generalized evidence of vascular disease, it was be-
lieved that this pattent had early but fairly widespread thromboangutis
obliterans and that this explained why the lesion of his left finger had
failed to heal Nevertheless, 1f we accepted his statements that he had
no symptoms puior to the acadent, that lesions in other pasts of his
body had healed while the finger remained uphealed, and that his
current disability was confined to the lesion of thc'ﬁng:r, we x'nyst t‘:ﬂ'

side:
case
the 1

RTre—— - . . S
ob)Iu:rznsA It was recommended that active attempts be initiated to heal

the lewion, including total, permanent abstinence from tobacco, admin-
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sstration of typhord vaccine and application of warm soaks. The prog-
nosss 15 good if the patient follows this régime preasely

Case 2—A man gave the bustory of having struck hus nght hnee
aginst 3 table 15 months before he was scen The hnee was moderately
painful at the time, but he continued his work During the next night,
at watk, the leg paned hun sevecely and he asked to be allowed to go
home He was away from work for the greater part of five or six weehs
The knee was swollen the day after the acaident and 2ppeared slightly
brussed, but there was never an open [eston. The hnee was strapped and
short wave diathesmy treatment gnen The symptoms disappeared

At the tune of lus first visit to our e 15 months later, his com-
plunts were referred to both feet, especially around the areas of the
first toes. The discomfort was of recent orgin. His feet felt cold and
numb, They developed 2+ rubor on dependency but no marked pallor
on elevation. The left dorsalis pedis astery could not be felt The nght
dacsalis pedis artery and both posterior tibil artenies were palpable.
The radsal and ulnar arterses were actnve bilaterally There was 2 marked
dimtaution of the oscillometric readings for the left leg

It was our impression that this was an early case of thromboangutis
obliterans unrelated to the acaident to the knee The reason for this
decision was that the symptoms 1n the injured hnee had completely
substded, 15 months later symptoms had developed 1 the tips of his
toes and there was defintte evidence of occlusne vascular disease. It
was felt that he did not have a compensable lesion at the tume of the
examinzhion

At times, thromboangutis obliterans figures in malpractice suits

For example, 2 man aged 29 had what appeared to be 2 sumple
paronychial nfection around the left first toe The surgeon decided to
establish surgical dramage and as a prelimunary procedure mstituted a
procaine block around the base of the toe, using the standard procaine-
epmephrine solution After the injection the entire toe promptly turned
dead white and never regamned normal color The next day st was black
and mummification had set 1n After the anesthesta, and not uatid then,
the surgeon palpated for the dotsahs pedss artery and found 1t occluded
The toe finally demarcated and was amputated The patient was suffer-
1ng from thromboang; b which was und diy present be-
fore the opcut:qn With the deeper vessels occluded, the 1jection of

pinep ubc pp ly reduced the potential circulation
to a level incompatible with life of the tissues
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The lesson in this case is obvious. No surgery, however simple,
should be undertaken on the extremities before the status of the
pertpheral arculation 15 determmed. The surgeon who neglects
this precaution lays himself open to malpractice suits

A similar case was scen in which a surgeon lost the second
finger of his right hand because of insufficient study of the circula-
tion before a procaine-epinephrine nerve block was established at
the base of the finger.

BLOOD DYSCRASIAS
Occasionally hematologic disturbances confuse the picture

For example, a panter slipped and fell down a few steps, strking the
tight knee, three years before our examination. The knee was scratched
at the time of the accident but did not cause appreciable pain The
foreman sent him home and the patient painted the wound with sodine.
That night the knee began to be warm and uncomfortable and the next
morming st was very red and swollen. Three days later, when a physicizn
first saw 1t, anfection was rapidly spreading Shortly thereafter the pa-
tient was admitted to a hospital, where he was repeatedly operated on.
For some months there was a considerable amount of purulent drainage
After about five months he began to wotk but was unable to continue
for more than a few days at a tume For three years he repeatedly at-
tempted to work but had been unable to contiue

At the time of our Ius leg was defimtely swollen He
complained of fatigue, extreme nervousness and weakness, After a few
hours he would feel unable to continue his work despite the fact that
his fellow wotkers considered hum psychoneurotic. This fusther de-
pressed him. Duning examunation it was noted that the mucous mem-
branes were plethoric. Blood pressure was 132/98. The splecn was
alpable but not extremely enlarged. Oscillometric readings were nor-

fml and the artenal pulsations could be felt at all normal points, In
ordet " .

day v -

CLETS v wanm =opm . .

5 -
iag. There was a slight, certainly not pronounced, increase i siz¢
:‘fc;::gkgs, The most significant finding was a red blood cell count of
8,400,000 with 21 G, of hemoglebin. Further study disclosed typical
400,
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polycythemia vera which was not due to the original injury It yielded
sather promptly to therapy

This is another ple of the imp e of ing the pa-
tient as a whole rather than concentrating exclusively on the his-
tory and site of the mjury.

ARTERIOSCLEROS!IS OBLITERANS

Arteriosclerosis obl Iike thromboangutis obli may
be present for years before it is recognized. Frequently an open
lesion from a major or even a very minor injury will not respond
to therapy of any kind, From even the most trivial leston, serious
complications may be anttcipated, including nonhealing ulceratron,
local gangrene, secondary infection, more massive gangrene, pos-
sible amputatton and, not infrequently, sepsts and death There-
fore any leston 1n an older person must be cated for with the
greatest of detail, and 1t is essential that an over-all study of the cir-
culation be made 1n order to evaluate the relationship of the gen-
eral vascular status to the local lesion.

It must be remembered that sudden occluston in an arterio-
sclerotic attery may occur at any time. The ndividual may be
walking down stairs or he may be i bed It 15 mnevitable that a
certain percentage of such occlusions will occur while the individ-
ual is at work These episodes, which are past of the natural history
of the disease, are not constdered compensable under present laws
Therefore, all details regarding any injury may have legal sig-
nificance

For example, 1t was claimed that an arterial occlusion that occurred
shortly after a man's foot shipped while he was gowng up a flight of
stairs (although he fell back only one step) was due to that incident.
Gangene of the toes ultimately developed, followed by sepsis and death.

At autopsy the major vessels of the legs and aorta showed profound
arteriosclerosts, and all branches of the aorta showed an eccentric thick-
entng of the intima with some narrowing of the lumen. The thiac artery
showed advanced atherosclerosis, and the coronary ateries also showed
severe atherosclerosis, with almost complete obliteration of the left
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coronary and evidence of an attempt at canalizatron. It seemed likely that
the patient had generalized, severe artenosclerosis obliterans, and the
fact that hus foot slipped back one step could hardly be considered the
cause of hus death, although this was clasmed in court

SYPHILIS, VASCULAR DISEASE AND TRAUMA

Syphilis may be the underlying disease complicating trauma
A gumma may develop in a slightly traumatized area. Syphilitic
wmfection may be responsible for aneurysms thought to be due to
jury  Frequently an inclustve differential diagnosis 1s not cnti-
cally considered as in the following case

A man in hus early forttes was referred by the Labor Department
About six weeks before, during a very cold spell, while dtiving a bus
hus foot suddenly slipped off the clutch and he struck hus left shin, He
rested for about a week and then returned to work ageinst hus physician’s
advice Seventeen days after the accident he suddenly felt a sharp pain
10 hus Jeft foot and calf The foot became mote painful and the follow-
ing day several of the toes became gangrenous He was hospitalized.
Absence of pulsation of the dotsalis pedis artery was noted, and the
diagnosis was trauma or frostbite superimposed on astenosclerosts oblit-
erans ‘Treatment was conservative Fourteen wecks later, the gangrene
was still present although alleged to be improved

Careful observation before the pattent was touched revealed an im-
portant paint, hrtherto unrecogntzed, namely, that the enture left leg and
foot moved regulacly with each pulse wave. Palpation of the popliteal
space disclosed a walnut-sized popliteal aneurysm. Further exammnation
revealed a definite aneurysm of the right popliteal attery, aneurysms in
both axillary arteties, and evidence of aortic aneutysm, which x-ray
examination later confirmed. The logical explanation for absence of
dorsalis pedis pulsation and gangrene was that a small portion of clot
from the left popliteal aneurysm broke loose and descended the artery
to occlude it.

It is improbable that the episode with the clutch or the cold weather
affected the course of the disease, since sudden peripheral embolic
phenomena frequently take place in the presence of popliteal ancurysm
without trawma  Syphilitic ctiology was considered in view of l.hc

patient’s 2ge and, cspccl‘all)', other aneurysms. )f-m)s of the extremities
failed to reveal any evidence of arteriosclerosis However, the blood
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Wassermann reaction was reported to be negative, and reaction of the
spinal flurd was also negative. An operation for obliteration of the
popliteal aneurysm was recommended, but this was refused About eight
months later an amputation was necessary Detailed study of the aneu-
sysmal tissues gave no clue as to the etiology of the aneurysm It was
quite unlikely that the condition was on a syphtlitic basis. It probably
was due to congenital weakness of the walls of the acteries and a ten-
dency to aneurysmal dilatation sn multiple areas It could hardly be con-
stdered due to a compensable njury

SYNDROME GOF THE SHOULDER GIRDLE

For many years cervical nbs were considered responsible for

the synd of tingling, b, and pallor, trophic
changes of even gangsene of the fingess Lates, attention was called
to the scalenus anticus synd The vascular synd due to

prolonged hyperabduction of the arms, which I ongnally de-
scibed, has been encountered in persons obliged to work with
their arms 1n that position Examples have been seen 1n persons
who rivet the under surfaces of aurplane wings, pant cellings,
work in repair pits under automobiles and at sumlar occupations.
1t 15 often serious enough to require change of occupation These
conditions are discussed at length i Chapter X

‘THROMBOPHLEBITIS

Pressure per se may be sufficient to produce phlebitis, A typical
example 1s thrombophlebitis 1n a vein of the dorsum of the foot
durectly under shoe laces tied so tightly as to produce severe pres-
sute of the vein agamnst the bones of the arch of the foot In
one pattent aged 34 the result was migratoty thrombophlebitis
that eventually involved both legs, both arms and hands, the ab-
dominal and spermatic vemns and m all probability the cotonaty
sinuses The condstion continued for more than 10 months before
subsiding,

Thrombophlehitss 1 frequently intrated 2nd aggravated by in-
luries, many of which seem insignificant. Why this is so, 15 duffi-



530 VASCULAR DISEASES

cult to determine. The following hypothests has its advocates. The
trauma may initiate a reaction 1n the intima of the vein with local
toughness of the intima and increase in thromboplastin (thrombo-
kinase). This may cause adherence of platelets, white cells and
later ted cells to produce a thrombus, In migratory thrombophle-
bitis bits of clot, bacteria or viruses apparently break off and settle
elsewhere One explanation of why this migeation seldom follows
arterial injury rests on the direction of blood flow. In the arteries
the blood flows peripherally and has limited distribution, whereas
in the veins it flows centtally and can have widespread distribution
If this theoty should be cotrect, why do we not have multiple ar-
terral mvolvement with migratory thrombophlebitis? It seems to
be a specific disease of the venous tree alone. The insignificance of
an injury that may be the wnating cause of thrombophlebitis 1s
ilfustrated in the following case, previously referred to

A nurse aged 23 struck the external sucface of the calf of her leg
agawnst the crank handle of a Gatch bed. A small brutse appeared which
she 1gnored for several days It persisted, however, and 10 days later
presented evidence of local venous thrombosts, with redness, heat and
cordlike swelling The patient was put to bed and cold packs were
applied, but despite months of rest, the process continued locally At
the time, antic lants were not lable, The disease spread to 10-
volve most of the venous system of the bady, including bath arms and
legs, the mesentery, abdominal wall, cerebral vens and probably the
coronary vemns The patient became a complete invalid as a result of
what appeared to be a very mmor but defimite mjury.

Innumetable cases could be cited of more severe injuries that
have initiated prolonged invalidism from thrombophlebitis. One
patient was catrying a box that slipped so that the edge fell agamst
hts right thigh. Another patient had a simular accident while he
was carrying a large swordfish. A third received the full impact
of a large netful of crude rubber which was being swung off a
ship's side. Severe crushing of his abdomen led to multiple throm-
boses and serial thrombophlebitis.
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The type of thrombophlebitis known as primary axillary venous
thrombosis, which does not tend to spread, is discussed in Chap-
ter XIL,

CAPILLARY FRAGILITY

Capillary fragility may be increased by numersous potsons and
chemicals 1 industry. The list of possible agents is long 2ad not
yet completed, and the subject 1s menttoned merely as a reminder
that vascular ifestations of such poisoning should be kept in
mnd, In dragnosis it must be remembered that capiifary fragiity
may be increased by infections, vitamin C deficiencies and other
factors to which the pattent is exposed away from his occupation.

LYMPHEDEMA

Lymphangitts and lymphedema may be a consid n some
nstances If a company sends workers into an area where filarasts
1s endemic, the responsibiity for development of the disease
should be clarified A problem of this type recently arose. An -
ternational company wished to send an executive wto a filariasis
area for three years During the past war the employe had had
filatsasis with constderable edema of the left ankle, some of which
remains. Despite his destre to take advantage of the opportunities
which this assignment presented, we could only advise strongly
aganst P himself to 1nf and the nsk of much
more extensive disabihity,

It 15 smpossible to discuss here all the hazards of mdustnal life
wth reference to theur effects on workers 1n the infinite variety of
envitonments encountered today. An effort has been made to pre-
sent some of the problems encountered 1 our experence and
to provide a suggestive guide to physictans who may be faced with

suntilar situations in their own patients or 1n sorkers i sndustrial
plants.
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CHAPTER XXX Amputation; Psyclmlosic

and Physical Care

UNFORTUNATELY, MANY paticats with occlusie asterial disease
stild face the loss of one or more hmbs  For many the realzation of
this loss results m 2 sexere psychologic shock, from which the pa-
tient may go into 2 depresssve state. Recosery from this depression
may be slow and dsfficult for the patient and the famaly

Although the techales of operatne proceduses ate beyond the
scope of this volume, there are certan frequently neplected aspects
which fall within the province of the famly physiasn.

PREPARATION OF THE PATIENT

‘The physicuan who has observed the patient for weeks or months
and has watched a himb become progressvely gangrenous rs usually
aware of the probabulity of amnputation well s advance of the ime
for final deciston  Qur experience has led us to beheve that it s
uswise £0 discuss the matter with the patient until the final decision
has beea aznved at from the medical powt of view  Obwvious 10
decssion on the part of the physiian during several weeks may place
the pattent in a senous psychologic state, resulting wn anorexia,
malnutahon, depression and, 1f diabetes 15 present, disturbance of
the dibetie control  Such a situation may jeopardize the success
of the amputation of even the patient’s ife.

When the deasnion seems clear from the medical pownt of view
the faouly and the patsent shoutd be told The fitst question the
patient usually asks 15 “how high?” It 15 dsfficult for laymen to
understand that afthough only one or more toes may be gangre-

333
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nous the only wise procedure 15 amputation below or even above
the knee. This requires careful explanation that it 15 unwise to
amputate below the level of a blood supply which will permst
healing and that such a procedure might Jead to multiple ampu-
tattons, which are very undesirable. We have found that the fol-
lowing statement 15 generally most acceptable. “The surgeon wll
save as much tissue as he can He will try for a low amputation,
but 1f the blood supply 1s too poor he will have to go high enough
to insure healing. Preliminary studies, mcluding osallometric
readings and arteriography, as well as clinical observations, are
not as satisfactory as actual observation of bleeding vessels at the
time of sutgery for the final deaision.” Most patients are satisfied
with this explanation.

The second question 1s usually “Will I ever walk agan®” or,
stated negatively, “Now I'll never walk again ” It s the phystcian’s
responsibility to overcome this negative reaction  We have found
it helpful to recount the facts about the thousands of amputees
from World War 1I who have learned to walk with a modern
prosthests and the many who are accomplished 1n certain types of
athletic competition, Many patients who requize amputation be-
cause of occlusive arterial disease are 1n the older age group, and
we tell them about patients over 75 years of age who have learned
to get about and enjoy life despite their prosthesis This 1s very m-
portant. If the patient does not get over this first psychologic
hurdle, he or she may be a needless mvalid for many years. Wom-
en are apt to be more sensitive than men regarding this problem,
but they too can be brought to accept the situation phalasophically
The responsibility of the phystcian does not end with amputation
1t includes restoration of the patient to normal or mear normal

actwvity.
PREPARATION OF THE STUMP FOR A PROSTHISIS
The operation must be so performed as to lcave a good stump

with adequate, firm flesh covering the bone Patients frequently
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complan of pan and tenderness, but time and proper conditioning
will result in a tough and useful stump capable of bearing weight
for many years without breaking open under strain or chafing.
We have seen an 88 year old patient who had an amputation at
, age 13 and has worn a prosthesis for 75 yeats without trouble.

The petiod of mactivity before and after the operation usually
leads to atrophy of the muscles of the stump, These must be
strengthened to permit use and coatrol of the artificial limb. As
s00n as the stump 15 healed sufficrently, all jouats which will be
mvolved in the use of the artifical limb must be exercised for
periods of 10 or 15 munutes to a total of two or more hours a day
The joints should be moved 1 2ll directions possible, and exercise
against pressure 1s excellent. General muscular exercise and reduc-
tion of any excessive werght become more impostant than ever as
the patient begins to move about, first on crutches or a walker,
then on the artificial hmb.

It 15 also vitally impostant to produce shrinkage of the stump
from the very b This 15 accomplished by the application
of elastic (Ace type) bandages, with reapplication several times a
day to keep constant pressure oo the stump. If the shrnkage is not
complete by the time the prosthesis 15 applied, the limb will
shrink afterward, necessitating repeated addition of extra padding
within the stump socket This 15 seldom satsfactory and often a
new upper section must be made at considerable additional expense

cessavely tight above, pxoduang a tourniquet effect

A word of waraing about the risk of contraction should be in-
cluded. The tendency of the thigh to contract anteriofly and the
leg to contract posteriorly is a natural one If this 1s allowed to
persist, the use of a prosthesis may never be possible. When ex-
erases are begun, someone must help the patient to extend the
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stump and to learn how to do this himself The patient must then
continue to work at this 1n the lying, sitting and, especially, the
standing positions. The good leg must also be strengthened, since
it must be prepared to bear an extra burden. Deep kaee bends
while the patient supports himself on a walker or the backs of two |
chaits will help with this problem.

When the patient first tries to use an artificial hinb he 15 very
apt to become discouraged The following factors are common
causcs of this.

1 General weakness and weakness of the stump
Lack of balance
Lack of skill 1n use of the prosthesis.

The unaccustomed weight and feel of the appliance
The tenderness and phantom pain, which usually wears off
m a few weeks or, at the most, months

6 Final realization that, astde from the pain, this 15 an -

revocable situation,

Here too the physician must supply the needed encouragement
and moral support to tide the patient through this crisis Walking
must be practiced until 1t 15 a smooth, well co-ordinated move-
ment, with the patient well balanced throughout the entite action
When this has been achieved, the pattent will usually be well ad-
Justed and the physician will have fulfilied his responsibilty

Mos W N



sresnoix- Method for Dctermining
P Iasma Protllroml)in

{LINK AND SHAPIRO MODIFICATION OF QUICK METHOD)

Reagents
0.1 M sodium oxalate
Anhydrous, reagent grade sodium oxalate, 13 4 Gm, per 1,000 ml.
of distlled water
©85 per cent sodmm chioride
Reagent grade sodum chlonde, 85 Gm per 1,000 m} of distilied
water
0025 M caloum chloride
Anhydrous, reagent grade calcum chleride, 277 Gm per 1,000
ml of dsstified water
‘Thromboplastin-caloem chlorde miature
To 50 mg. of Maltine thromboplastin i a smali ¢ ge tube,

add 2.5 ml of 0 85 per cent sodm chlonde St unttf 2 uniform
suspension 15 obtained. This suspension 18 kept (with constant stur-
nag) at 5455 C. 1n a water bath for 10 minutes Cool to 25-26C
Add to this suspension 2.5 ml of 0.025 M calcium chlarde solu-

sightly tuzbid supemmnt Auid and use dus sohmon 1w the de
Ampules of t should be stored in the

e box.
Apparatus
1 Water bath, constaat temperature 375 C, (Machlett $484-410
metal, or A H. Thomas £9925-A glass, constant tempecatuse
water bath)

-
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2. 100 X 12 mm. test tubes

3. Copper test tube racks (Atmy Medical type to hold 100 X 12
mm, test tubes)

4. Stop watch

5. Folin-Wu mucro blood sugar pipets (Normax, graduated to con-
tain 01 and 0.2 ml

6. Kahn viewer (if Machlett $A84-410 type water bath 15 used)

Procedute

Blood samples are taken by muxing 4.5 ml of blood quickdy with

0,5 ml of 01 M sodwum oxalate The oxalated blood 15 centrifuged

at 1,700 rpm for 10 minutes. The clear plasma 15 transferred with 2

pipet ta a test tube Clotting time should be determined at once, but

if stored 1 2 refrigerator will temain farsly stable for several houts.

1f prothrombin times are to be determined on 12 5 per cent diluted
plasma as well as whole plasma, make dilution 1 another 100 X
12 mm. tube by diluting 01 ml. of whole plasma with 07 ml. of
085 per cent saline. Mix by tapping the lower end of the tube with
the index finger

The 0.2 ml portions of thromboplastin-calcium chloride suspension
are transferred nto 100 X 20 mm. test tubes with 2 0 2 ml. micro
blood sugar pipet These tubes are placed in a rack along with the
test tubes containing whole plasma or its dilution As soon as the
contents have reached the bath temperature (usually 60 seconds)
the clotting time of the plasma 1s determined as follaws

With a micro blood sugar prpet transfer 01 ml. whole or diluted
plasma to a tube ¢ 02 ml. of thromboplastin-calcum chlo-
ride suspension The plasma 1s quickly blown mto the thrombo-
plastin mixture while at the same time the stop watch 1s started. The
tube 15 tapped sharply to mix the solutions A small Nichrome wire
sturter 15 1ntroduced and the solution stirred at such a rate that the
stirrer sweeps actoss the test tube from one side to the other two
times per second. The process of stirting may take place out of the
water bath and viewed under the magnifying glass of a Kahn viewer.
The end-point, which is the ton of a fibrin clot, 1s that powt
at which the fiban clot is sufficiently stable to be drawn to one side
by the stuser, thus bringing to view a dlear arca, Record seconds
required to form the clot The clot 1s usually turbud, since the caloum
oxalate formed on calafying the oxalated plasma 15 enmeshed 1n the

RNy
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Norwal standards
Whole plasma, 13-17 seconds
12,565 drlution, 35-42 seconds

tamned easily and qmdd‘yA -
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NoTe —Asterisk (*) indicates reference to illustrattons

1n trench foot with gangrene, 344
Anastomoses, asteriovenous, 310
aterography 10, 64, 318, 3194
Iosure spontaneous, 318
31

2
dnﬁexenml dxagncsxs. 312

A
Acetylphenylhydrazine for poljcythe-
mua, 477
h h bocs tic, tal
478 f
Acracyanosis etiology, 310

differentiation from Raynaud s, 372,
376

etiology, 372
hypethidrosis in, 376
livedo l'cucu];ms with, 377
pathology, 374 f
signs and sympmms 376 £
treatment, 377
Acmsdrrosns see Sclerodesma
ACTH the
mmphcatmns [xom, 280
for lupus, 278 f
1n polyangutss, 261
for scleroderma, 247
for thromboanguutis, 203
for ulcers
of chronic pernso, 357
of Livedo reticulans, 364
Alcohol
1n artersal occlusion therapy, 387
1n artertosclerosis therapy, 138
1n atherosclesosts etiology, 1o f
1n thromboangustss thetapy, 20
Allen test for radual and ulaar zn:nes,

1 thromboanguts, 293
Allesgy
d polyangutis, 254
:: tniac{o sznd thromboangutis, 166
Amputation
n ancnosc]uuns.

management, 3
mmors with lhmmboanguns 210

154

540

multiple, 315

pathology, 312 ff

signs and symptoms, 316 if
sites, 316, 317

surgical, 319 ff
1 youth—comphications, 316
Anastomoses, intracapillary, 50*
Anesthesia
1a dragnosis of vascular discase, 58
patavertehral, for artersal occlusion,

388
Aneurysms, arterual, 302
artenosclerotec, 120%, 121, 129, 302,
305

stgns and symptoms, 307
1 clavscular arci—sxgns. 35 ¢
disseeting, 303,

of thoracic uea—sympxums, 06
ctialogy, 302 f
false, 303

10 poplitcal pac, 64, 3048 309
fusiform, 303, 3

pathulogy, 303
pophteal, 28, 1209, 121, 129, 528
saccular, 303,

signs and symptoms, 306 ff
treatment, 34 8

Angiography, 60
Angioma_ plexiform, 301
Antibiotics, for infections
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0 antenosclerosts, 142
1n thromboangutis, 206
Anticoagulant therapy, 417
foc artenosclerosss, 142
complications with, 419 ff,
for embolism, 390 ff
indications for caution, 423
technic of admunsstration, 423 £
foc thrombophlebius, 417 ff
Antiseptics
in Raynaud’s syndrome, 245
1n thromboangutis, 205
Aorta

<Coarctation—pharyngeal sign, 22
thoracic—aneurysm:
dissecting, 306
nondissecting, 308
Argyna nail color wth, 50
Arms

0 acute axllary or subclavian ve-
nous thrombosis, 447 f

blood pressure 1 hyperabduction,
290

congenstal anastomoses, 313
examnation, 36, 37

Arsenic poisoning” and Raynaud s, 227

Artenies

with aging, 105
of arms—obliteration by hyperabduc.
t1on, 292
1n arteniosclerosis
diagaosis, 126
pathology, 113
0 atherosclerosss, 102
coronary—calafication 1n youth, 104
diseases—classification, 14 ff
dorsalis pedss
palpation, 42 £
variations m course, 43*%
10 erythermalgua, 380
i frosthite, 333
of hand, 37¢, 3o
of head and neck, 33+
1 mmmersion foot, 344
n Livedo reticulans, 363
of lower extremities, 41%, 43%
popliteal—palpation, 41¥, 42
fadtal—Allen test for, 38
0 Raynaud s syndrome, 227
temporal, 11 cranial artentis, 265,
266%, 270%
0 thtomboangs
closure, and palpation of, 192
pathology, 178 ff

541

ulnar—Allen test for, 38
of upper extremties, 37*
Artersography, 60 ff,

1n artenioscleross, 63, 133

10 artenovenous anastomoses, 64,
318, 319%

with radiopaque medium—technic,
614

soft tissue techase, 60
10 thromboangnts, 64, 193
Artenioles
1n acocyanosis, 374
diseases—classification, 14 f
1 immersion foot, 344
1 Inedo reticulacss, 363
1n sclerosss, 120
Arteniolosclerosts, 103
Artersosclerosis aneurysms due to, 120,
121%, 129, 302, 305
Arteriosclerosts obliterans, 100 ff
artersography 1, 63, 133
ateophy 1n, 124, 125%
climate and, 105
diet and, 109
differentiation from thromboanguts,
191

edema i, 126
exeraise 1, 107
gangrene of, 127
incidence, 101
localized, 100
Moncheberg’s, 102
artenes i, 117
nomenclature, 102
and occupational trauma, 527
oscillometric readings, 129 f
pain of, 121
pathogenesis, 103 ff
pathology, 112 f
racial incidence, 105
sex madence, 106
signs and symptoms, 121 ff
temperature changes with, 123
surface studies, 130
treatment, 135
surgical, 152
ulcers of, 126
venous flling tme 1n, 126
x-ray studies, 63, 133
Artentis
necrotizing, causing aneurysms, 302
syphelitse, 305 £
treatmeat, 308
temporal, see Arteritis, cramal



hiiind AaNLBia

Artentis, cranal 1 thromboangutis, 178

rom with paw, 184
265, 267 30d trauma, 311

etiology, 264 n traumatic vasospastic disease, 242

pathalogy, 264 tumors, 494

symptoms, 265 ff classification, 19

treatment, 267 £ Brodie-Treadelenburg test, 93 €
Ascorbic aad  for arteriosclerosis, 150
Asphyxia reticulans, see Livedo reticu- C

arts
Asthenta, neutcairculatory sk color  Calcinosis
of massive vitamun D dasage, 232

Atheromatosis, see Atherosclerosts with Raynauds and scleroderma,
Atherosclerosis, 100 ff 230, 238

age and, 103 Calcrum metabolism 1n Raynaud's syo-

cholestero] and, 107, 108 f drome, 227

1n dabetes, 111 Capillacies

diffecentiation, 102 arculation, 79 £,

lesions of, 102 factors influenang, 83 §

liprd metabolism and, 109 £ 2 munute flow test, 82

nutrition and, 108 f diseases—classification, 22

pathogenests, 103 ff fraguaty, 74 &

premature, 103 negative pressure test, techaic, 76

sex dufferences, 107 positive pressure test, technue, 75

treatment, 1335 ff st for, 78

and vitamin C deficiency, 78 f
B 1 Jupus erythematosus, 273
1n Raynaud s syndrome, 227, 228

Back exammation, 35%, 40 1n traumatic vasospastic disease, 243
Baths, therapeutic Cervical b differentiation  from

for arteniosclerosts, 139 f thromboangutss, 198

for thromboangutss, 205 Chilblains, see Pesmio
Bed efevation for arteriosclerosss, 136 Cholesterol _and atherosclerosis, 107,
Beds, osallaung, 145 108 f

for arteral occlusion, 388 Choline for artensoscletosss, 150

for arteniosclerosts, 145 ff Circulation

for thtomboangutss, 207 of capillanes, 79
Benadnyl for ¢old urticarsa, 331 examinations and tests for, 48 ff
BL3, see 4-Hydroxycoumaria tume, 85
Blood fluorescean test, 88

‘coagulation—mechanssms, 398 Macasol test, 86 £

diseases, and  occupational injury, sacchann ether test, 87

26 sum cyanide test, 83, 87
penpheral, oxjgen tent. , for, 91 1
73f &lling time, 93
i thrombophlebitrs peessure, 91 f
count, 408 Claudication, intermuttent
sedimentation rate, 408 pan of, 122

Blood vessels from pressure on femoral artery, 44

10 dependency edema, 432 tesponse 1o treatment, evalution,

diseases—classification, 13 135

of heat—ssushization, 66 ff tests for, 350 £

1n polyangutss, 236 £ 1 thromboanguts, 182
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Codeine phosph: Isaliylic acad
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for thrombophleb

for thromboanguitis, 201

and acrocyanosis, 372

hypersensitivity to, 324 ff
cyogiobulinemia, 224, 357
duagnostic procedures, 325 ff
hustamune desensitization, 330 £
treatment, 330

and Raynaud's syndrome, 223

and naumnuc vasospastic  disease,

Cold hcmagglulmms 224, 358
Lolor, see Skin colo
Cortisone therapy
mmphuuum fmm, 280
far lupas, 27
for pnlyanglms 261
for scleroderma, 247
for thmmbusnguh& 203
for ulce
of cheamic pernio, 357
of Swvedo reviculanss, 364
Costoctaviculas syndrome, 284 §
Eennual dmgnosns, 298 f
amps,
with deep wessel phlebius, 406
quinine for,
quog\obuhncmxa, 224, 357
nd,
Cutis mumoula, see l.w:do reticulans
Cyanosus, see alto Skan
true, contrasted Wlth zxgynl 50
D
Demerol for thromboangstis, 201
Dermatophytosts

0 artersosclerosis, 118, 143
aad lymphedema, 4

or h
prognosts, 422
results, 419 ff

Diet

and atherosclerosss, 108, 150 £

for arterroscterosis, 150
Duodrast

1n antenogtaphy, 61

reactions to,

1n venography, 65

1n visualization of great vessels, 66
Dr:ssmgs wet  for thromboanguts,

204

rugs
erythema nodosum from, 366
use—sigruficance i diagnosis, 27

E

Ear anenmenous anastomoses  1n,
Ectasia, s:mle, 502
Edema

with acrocyanosts, 376

with artertosclerosis, 126

of chromc venous insufficiency, 165,

d:pendemy,
with xmmc(smn fool 343
pitting, causes, 47
test for, 47
with thromboangutis, 188
with thrombophlebitts, 407
causes, 403
Embolism, see also Occlusion
anucua,zulant therapy, 390 ff
during Dicumarol lhzmpy 419
massive—surgery for, 389
pulmonary, 439
differential dxagnom &42

n th(ombophltbms—theﬂpy. e
Diuabetes and atherosclerosis, 111
Dx;gnosns record form for, 29%
D
for aﬂencsduo“s, 149
for chmmc pernio, 356
Dicumar]
for embnlxsm 390 ff
embolism dunng therapy, 410 ff
indications for caution, 42
mechanism of effect, 418
ymphylacn: c use, 418
techns

i,
progaosis, 439, 442
signs and symptoms, 441
after khmmbcph]ehms, 400
Hreatmen
with v.hmmho\:hl&bms 409 £
multiple, 4
Emotion and Raynaud s syndrome, 224
Endocarditis_verrucous, 1 lupus, 272,
73, 274%

Endothelioma, 507
Eoscophilis 10 polyangutss, 254, 258,
261

51, 52%
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Ergotism

convulsive, 216

epidemic, 216

gangrene of, 218, 219%

symptoms aad signs, 217, 218

therapy, 220

and thromboangntis, 174, 219
Etysipelas wuth lymphedema, 483, 485
Erythema induratum

differentration from erythema nodo-

sum, 367

pathology, 369

therapy, 370

tuberculous and nonlubexculous, 369
Erythema nodosum, 366 ff

clinieal picture, 367

differentiation from erythema indura-

tum, 3

etiology and pathology, 366

and rheumatic fever, 366

treatment, 368
Erythermalgia

chimeal pictute, 379

diagnosis, 380

sdiopathue, 379

secondary, 379

treatment, 381

INDEX

Filanasis, 487
Fingers
multiple anastomases (a, 319%, 320
prints for (ecordmg dmh.hly, 24g*
" white,”
Fmgemps !empeu!ure on smokung,
162 ff

Frosthute, 331 ff
gangrene of, 338 f
pathology, 333
and penpheral vascular discase, 333
prophylanis, 337
symptoms, 334
treament, 337 ff
Furmethide to cause sweating, 89

G

Ganglionectomy
for asteriosclerosts, 152
for chromic petnio, 356
for frosthite, 338
for Raynaud’s syndrome, 248 £
Gangrene
arteriosclerosis, 127
treatment, 138, 153 f
with cold hemagglutiuns, 358
Wit

tee h
Etamun, see Tetracthylammonrum chlo
nde
Ether for arteriosclerosis, 150
Examination, physical
after injury, 512
1 thrombophlebitss, 409
for vascular disease, 27
Exercise
10 arterioscletosis etiology, 107
after thrombophlebitss, 429
Exercises, therapeutic
for artentoscleross, 136
for byperabduction syndrume, 300
for thromboangutis
Allea s, 207
Buerger s, 206
Extremites, see alio Arms and Legs
elevation n thrombophlcbitis, 414

¥

Feet
colot changes 12, 26
examination, 45‘
thromboangutss,
Pe::x \ruzh thmmbophkblm, 408

35
from ergot, 218, 219*
of frostbute, 338 {
of polyangutis, 260
m Ra)nauds syndrome, 228 f, 238,

lhmmbomgulxc 190 ff
pam of,
thmmbophkbmc, 407
of trench foot, 340
Glomus tumors, 494 ff
multiple, 500 £

H

Hammer paeumatic, causiag +150spas-
tic disease, 241
Haads
i acute axillary or sub(lz\un ve-
nous thrombosts,
care with lhmmbazngum 199 £
color changes, 26
examunation, 37%, 38, 39*
1a Raynaud s syndrome, 236 £
i scleroderma, 230, 239*
s traumatic vasospastic discase, 241
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Head examtnatson, 31
eart
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for thrombophlcbitis, 418
Hygroma, gystic, 309
i1}

with . 516
auniculat fbndlation and aneaal cm-
bol

decompernisation.
capllaty flow with, 83
arculation tune 10, 87
falure
differenniation from vena cava ob-
structson,
wath vancuse veans, 360
venous pressue i, 92
wn tupus, 272, 273, 274%
rheumatic fibollating, and acute ar-
terial occlustont, 383
sclerodeema of, 232
wisualuzation of great vessels, 66 A
Heat senuinsty to, 330
Heat therapy
for artenal oclusion, 388
for antersosfetosis, 140 £,
cradles, 141
plastic themical container for, 416
for thrombuangntss, 203 £
for thrombophlchitis—technic, 416
Hemangioma, 503 ff
pulsating, 303
simplex, 502 £
Hematogele. tranmatic, 305*
Hemorrhage
causing artenosclerosis, 117
dusing Dicurarol therapy, 421
sath Rapost's sarcoma, 508
petechyal
with chromic venous msufhiciency,
467

tests for, 75 £,
wath vascular diseases, 74

Hepanin

for embolism, 391 £

techme of adminustration, 424 £.
Hesedity

and atherosclesosis, 112

and vancosities, 435
Histamine

! of cold hyp.

3 ‘syndrome, 283
'Siffesentral diagnosis, 298 £
case, 287
occypitian and, 289 £
pathologic changes, 394 -
and Rl)njl{ld s s?‘g\lmmt. 288, 29
surgeey for, 2
sl(tpm;:y position and, 183, 286"
treatment, 297
Woght test for, 290 ff
Hyperemsa, ihtermttent venous
aF:r antensosclerosts, 145
for thromboangutis, 209

of acrocy anosss, 376
of grench Soot, 332
weatment, 342
Hjperteasion
ebemic ulcers of leg with, 4
vepous pressure in, 92
Hy perthyroidism: arralaton »
&7

1

Immersion Joot, 333
prophylaxis, 333
treatipent, 346
Infcctions
causiag gneury<ms, 302
causing atheroscleross, 111
causiog theomboangutts, 176
Infra ted photogeaphy, 72
Inositol for astertoscletosis, 150

K

Kudneys in polyangutis, 235%, 237
Kondoleon operation for lymphedema,
489", 490%, 491, 492
Kussmaul Maer disease, see Polyangt

s

L

tivity, 330 £,
18585 11 acrocyanoss, 374
Histamne ﬂa‘:?nig 593
0 antenoscleross, 134
Histdine for arteniosclesoss, 150
4-Hydroxycoumania No, 63 (BL3 )
dosage, 426

Legs 40
Libman Sacks disease and Jupus, 275
Lap: meno.vmuus anastomoses ¥,

7

Lipemua, and atherosclerosss, 109
Lipid metabolism  and athecosclerosis,

109
Lipodystrophy, 488
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Livedo racemosa and annulanis, see
tvedo reticulans
Livedo reticulans
with acrocyanoss, 377
classification, 362
clucal pacture, 363
ifra-red photography i, 72
pathology, 363
and perate, 363
treatment, 365
ulcers with, 364 f
Lupus erythematosus dissemunatus,
272 ff

clinzcal picture, 276
pathology, 275 ff
skin changes, 277
symptoms, 276
treatment, 278

Lymph clotung ume, 482 N

INDEX

Microscopy, capullaty, 79 £,

1n thromboangutss, 196
Morphine* for thromboangutss, 201
Mouth examination, 32

N

Nails
capillaries 1n fold—recording, 80 f
«aamination, 3
glomus tumors under, 494, 495*
1n Raynaud's syndrome, 229
1n thromboanguts, 189
Neck
congemital arteriovenous anastomo-
ses, 320, 321%
examuination, 32, 33%
Nephritss
acute—capillary flow wath, 83
, 259

Lymph nodes disease

21
Lymph system, 481
and trauma, 511
Lymph vesscls, 281
diseases—classification, 21
i legs, 481
tumors, 507 ff
classification, 20
Lymphangioma, 509
Lymphangitis, 481 ff
Lymphedema, 481 ff
congenital, 484
Foley sleeve for, 450, 489
inflammatory, of unknown cause, 485
differential diagnosis, 486
secondary to infection, 486
nomnflammatory, 483 £
and occupational assignments, $31
primary (precox), 483
secondary, {8
treatment, 488 ff
medical, 488 ff
surgical, 491 ff

M

Mecholyl son transfer
for chronic petnio, 356
for naym&xd's and scleroderma,
6

24y
technsc, 246
Me!hado:: for thromboanguus, 201
Methemoglobwemia  skin_ color with,
30

n
Nerve block
for frostbrte, 338
for hyperhudrosis of trench foot, 342
paravertebral
for arternal occlusion, 388
1n thrombophlebitis, 417
sympathetic—contraindicated during
anticoagulant therapy, 388
Nerves
1n polyangutss, 258
1 thromboangutss, 181
Nervous system  autonomac—and acro-
cyanoss, 373
Neuritis, 1schemic
complicating acute artersal occlusion,
385

with thromboangutis, 259

in polyangutss, 259
Neurosts, postphlebstic, 412

evi

cavernosus, 504

vinosus, 504
Nicotine to cause sweating, 90
Nutzates for arteriosclerosis, 148
Niutroglycerm  sublingually to elictt
pulse tn actenies not organically
occluded,
Numbness stgarficance 1n diagaos:s, 27
Nutotion
1n atherosclerosis etiology, 108
local—in arterjosclerosis obliterans,
24
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o

acute artersal, 382 ff
anticoagulant thesapy, 390 ff
chronic auncular fibnllation and,

38
differentiation from thrombophle-

etiology, 382 ff
with fibrllating rheumatic heart, 385
sigos and symptoms, 384 §
surgery for, 386, 389
after trauma, 521
treatment, 386 ff
venous—tests for, 93 ff
Osallometrie studses, 51 ff
1 artenosclerosis, 129 f
10 thromboanguus, 193

P

Pamn
of acute arteral occlusion, 384
alcohol for, 201
of azteriosclerosts, 121 ff
at rest, 123
of cransal arterstis, 265
duagnostic significance, 25
of dissecting aneurysm of thoracic
aorta, 307
of glomus tumors, 495 £
in jomts 1n polyangstss, 260
of occlusion (sudden), 184
with pulmonary embolism, 441
technuc for evaluation, 513 f
of thromboanguts, 181 ff
at rest, 183
of thrombophlebrtis, 404
apavenme
for artenial vectusion, 387 £,
or arteriosclerosts, 148
antra-artenial injection—techauc, 388
for Raynaud s syndrome, 248
or scleroderma, 248
for thromboangutis, 201
Parathyrodectomy for scleroderma,

Partol
action, 426

for thrombophlehit:
Pﬂflltlllm phlebitis, 418
or
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for immersion foot, 346
for thromboangutic anfections, 206
Penarteritis nodosa, see Polyangutis
Penthelioma, 508
Pernio syndrome, 347
acute, 347 £
treatment, 348
chronic, 348
differential diagnosis, 355
patbology, 350 ff
treatment, 355
differentiation from erythema nodo-
3

sum,
and hivedo 1eticulans, 363
Perthes test, 94
modification, 93
Phenylindanedione
dosage and evaluation, 425
for thrombophlebtts, 418
Phlebiis
multiple, 405 £
with thromboangutis, 189
Phlebodymia, epidemic, 434 f
Phlebosclerosis, 435
Phlebothrombosss differentiation from
thrombophlebitis, 397
Phlebotomy for polycythemua, 477
Pigmentation with chronic venous -
sufficiency, 466
Pulocarpise to cause sweating, 89
Plethysmography, 73
neumatic hammer disease, se¢ Trau-
Mmalc vasospastic disease
Polyangutss, essential, 238 ff

»
g
8
8
5

diagnosis, 260 £
differeptiation from cranial artentss,
265, 267

etiology, 234 £

gangrene 1n, 260

nadence, 253

necves 10, 258

organs avoived, 257

pathology, 256 &

and theumatic feves, 258

shun changes, 259

symptoms, 258 £
zé’dommal, 259, 260
treatment, 2

Polycythemua, 473 &
capillary flow with, 83

142 ”

I diagnosts, 475 £
and occupational 1njury, 526
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treatment, 477
Postphlebitic syndrome, 411 £

neurosis, 412

treatment, 428 f
Potassium odide

for artenoscleross, 150

for sporotrichosis, 488
Potentiometer, 55, 56*
Pratt’s test, 95
Pressuze-suction, 143 {

contraindicatons, 144

for thromboangutss, 209
Priscolie

for arteriosclerosis, 149

for Raynaud's syndrome, 247

for thromboangutis, 203
Procaine

for cranial arterstis, 268

1n diagnoss, 5

for frostbute, 339

nerve block—dangers, 525 {

for trench foot, 343
Prothrombin time

1n anticoagulant therapy, 423, 427

method for determimng, 537

INDEX

pathology, 227 ff
scleroderma n, 229 ff
sex inaidence, 226
and shouldet girdle syndromes, 226
signs and symptoms, 235
stages, 235 ff
from sympathectomy, 249
and trauma, 522
treatment, 244 ff
medical, 244 ff
surgical, 248 f
trophic changes, 237
ulcers of, 237
Reflex vasodilatatron test
10 arteniosclerosts, 130
1n thromboangitis, 194
Refrigeration of extremuty
1 arteriosclerosts, 155
for embolism, 393
1n thromboangutis, 264
Rendu Osler-Weber syndrome, 503
Rest
for artersosclerosts, 136
pai duning
1m arteriosclerosts, 123

reporting of, 427 1 thrombophlebitis, 183
Py and 373 for 199
Purpura, b i for bits, 415

478 f Rheumatic fever
Pyubenzamne: for cold urticaria, 331 and erythema nodosum, 366
and polyangutts, 251
Q Rib, cervical, 282 ff
differential diagaosts, 198, 298 f
Qunine for muscle cramps, 152 Roniacol
for arteriosclerosts, 149
R for Raynaud’s syndrome, 247

Raynaud s disease differentiation from
thromboangutis, 194
Raynaud’s syndrome, 222
calainosis 1n, 230, 238
capillanes 1, 83 £
charactenstics, 222 f
cold as causative factor, 223
color changes, 22, 236
early, 235
etiology, 223 f
gangrene 1n, 227 £, 238
and hyperabduction syndrome, 226,
288, 297 ta 225
lusive arterial disease 1,
gg:upluanal factors, 224, 241 f1,
521

for thromboangutis, 203
Rutin
for capillary fragility, 78
for petechial hemorrhage and vari-
cose ulcers, 468

s

Salicylates for erythema nodosum, 368
Saline solutions
for arteriosclerosis, 147
for thromboangutis, 208
Sarcoma, Kaposi's, 508
Scalenus anticus syndrome, 282
diffesentsal diagnosis, 298 £
Scalp examimnation, 32, 33%
Sclerodactylia, see Scleroderma
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Scleroderma, 229 ff
capilfary flow 1n, 79
course, 237
systemic 1avolvement, 231%, 232 f
treatment, 244 f,
suzgical, 248
Serum sichness  causing polyangutss,

Shelier foot, 452
Shoulder gurdie 1
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Spine ruptured nucleus of ceryical por-
tion—differentiation, 298 .

Sporotrichosss, 487
Sulfanamude therapy

1n artenosclerosis, 142

capsing polyangntis, 254, 255
Sweat, secretion, 89

cobaltous chlonde test, 89

drugs causing, 89

syn-
dromes of, 287 ff.
differential diagnosss, 298 £
and Raynaud s syndrome, 226
surgery for, 249
Shin
n acrocyanosss, 374, 376 £
in acute petnia, 347
freening of, 333
10 lupus erythematosus, 277
m polyangutis, 259
1n scleroderma, 237 £
Skn colot
10 acute artertal occlusion, 384
diagnostic significance, 26, 28
n frosthute, 334
1n linedo reticulans, 362
tmechanism responsible for, 45, 49
with obstruction of superior vena
cava, 436
with postural changes, 48 ff
10 artenosclerosis, 124 £
test for, 49
10 thromboangutis, 187 f
wath pulmonary embolism, 441
mn Raynaud s syndrome, 222, 236
1n thrombophlebutis, 406
Sleeve, Fonle{‘ elastic for lymphedema,
., 48
Smoking >
in artenosclerosis oblitesans, 137 £
and atherosclerosis, 111
diagnostic sigmificance, 27
a0d Raynaud s syndrome, 247 _
and temperature of finges-tips, 162§
2nd thromboangnus, 161 §F , 200
oaks.
for astenosclerosts, 140
with potassium permanganate, 142
for thromboanguts, 205
odium morshuate
admuistration technse, 464
for spider nevus, 502
Soptanol for dermatophgtosss, 200

to control, 90

see also Hyperhudrosis
Sympathectomy

for artersal occlusion, 389

for artertosclerosis, 153

to control sweating, 90

of trench foot, 342

for livedo reticulanss, 364

tumbar, followed by vasospasin, 249
Syphilis

aneurysms due to, 302, 306

differentiation from thromboangutss

(case), 176
and occupational trauma, 528

T
“Tachycacdsa with thrombophlebitss,
408

Telangiectass, 502 f
hereditary hemorrhagic, 503
“Temperature
i arteniosclerosis, 123, 130
surface
1 arteriosclerosis, 130
1 chronic peraio_350
1 diagnosis, 54 f
i erythermalgra, 380
test for reflex vasodilatation, 59
tests for, 55
s)ndn)u?i;r produced by changes of,
2

in thromboangntys, 186 £
Tettacthylammonium chlorde

for astessal occlusion, 389

for artenosclerosis, 149

fot chronic pernio, 356
Thorotrast 1n arteriography, 61
Throat examunation, 32
Thromboangutss chliterans, 161 &

age inadence, 177

anteriography 1n, 63, 193

cold as cause, 174

course, 198
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diagnosts, 192 f,

differentsal diagnosss, 194 ff
artenosclerosss, 191
cervical nib, 198
embolt, 197
poljcythenua, 475
Raynaud s discase, 194 ff
thromb, 197

ergotism and, 174, 219

etiology, 161

gangrene of, 190 ff

mdusmalﬁand medicolegal aspects,

3

1infectious origin, 176
nteemuttent claudication 1a, 182
occlusion (sudden), with pain, 184
oscillometric readings, 193
pamn of, 181 ff
pathology, 177 ff
raciaf incidence, 175
sex ncedence, 169
stgns and symptoms, 181 ff
surgery (munor) m—dangets, 210
temperature changes with, 186
thcombophiebitrs with, 178
tobacco 1n etralogy, 161 f
trauma as cause, 174
treatment, 198 ff

medical, 199 ff

surgcal, 209 £
venous damage as fisst sign, 63

‘Thrombophlebitis, 395 f

cases, 430
chronic venous msufficiency from,

classification, 395 f
complications and sequelse, 409 &
with dependency edema, 452
differentration
from phlebothrombosts, 397
from polycythemua, 476
embolism with, 410 ff, 432%
‘pulmonary, 409, 439 &

mechanism, 39

migratory {case), 434, 530

and occupational trauma, 529 ff
athogenesis, 398

’;mmlog;c phystology, 403

pastoperatuve and obstettic—Dicuma-
ol prophylaxss, 418 £

INDEX

postphlebitic syndrome, 411 £
treatment, 428
recurrences, 411
signs and symptoats, 404 ff
with thromboangutis, 178
treatment, 413 ff,
with anticoagulants, 417 ff
meducal, 413
surgical, 429 #
vanicose veins from, 458
1t yaung males—sigatficance, 26 £
Thrombosts, se¢ alro Thrambophlebitts
acute artenaal, see Occlusion
arteri:
coronaty,  youth, 103 f
edema with, 403, 407
pathogenests, 398 ff
with polycythemia, 476
venous—acute axillaty or subclavian,
447 F

chinical manifestations, 447
euology, 447
as occupatonal discase, 520
treatment, 449
venous—with  dependency edema,
453

venous pressure test 1, 92
Thrombus
1n artersosclerosts, 119
sste an superior vena cava obstiuc-
tion, 436
Thyro:d m acrocyanos:s, 373, 377
Tmofax for dermataphyfosis, 200
Tobacco, see also Smoking
and thromboaagatss, 161 ff
Tocopheral (dlalpha) evalvation,
426

Toes examinagion, 45
rauma.
aneurysms due to, 302
and arteriovenous anastomoses, 31
significance 1n diagnosis, 26
Traumatic vasospastic disease, 224 f,
241 ff, 521
Trench foot, 339 ff
etiology, 339
gangrene of, 340
pathology, 340
prophylaxis, 341
Raynaud’s syndrome with, 522 f
symptoms, 340
teeatment, 342 ff
with gangrene, 343 f.
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walk xwml of, 343
Tmmcx

dosage s:}u-dul:. -azs

for embolism,

ior mwmbophk'mus, 418

nf blmd vessels, 494 .
casuficayon, 19

slomus, 494 fi,
multple, 500

of lymph vessels ;nd tissues, 507 ff.
chassification, 20

T?ho id vaccne

or chronc pernio, 356

for thromboangutss, 2!

for trench foot with szngrzne. 343

and vasomotos ndex, 59

u

Teers
atenoscletotic, 126
treatment, 153 f
hypertensive ascherns 1ff
with lneda rmmlans 564 365¢
of pernio, ACTH fo
1 Raynaud s syndmmc, 237
management, 245
\hmmhoar\g\mc
n of, 183
ery for, 211
vznmse 46[ 465 ff.
nmmem ‘468
vitamn C for, 467
Jmcam fmm cold, 324 ff

v

Varcose veins, 455 ff
and avitaminosis C, 467
1 heart failure aggravated by, 461
Brevention, 462
Pamary—etology, 455 f.
secondary—etiology, 458
sex ipadence, 457
signs and symptors, 459 &
from thrombophlebitss, 458
treatment, 462 ff
sclerosiag myections, 463 £,
susgical higation, 462
Vascufar disease
from chemical or mechanical ero-
sien, 519

diagnosis, 24 ﬂ
fustory In, 23 £
mduscml ;nd m:dmolegal aspects,

pcnphml—»ml frosibite, 333
physical examunation, 27
Vasculitis, see also Polyangnus

snflammatory~~¢nythema  nodosum,
366 ff
nodular
and chromce pernio, 335
erythema adutatum, 369

Vasodilatation, reflex fests for, 130
Vasodiators

for antenusclerons, 148

for Rajnaud s syndrome, 247

for scletoderma, 247
Vasomotor index test with nphod

accne, 39
Vasospastie diathesss sk color with,
Y

Veins
chroni¢ nsufficiency, 465 £
treatment, 46
arculation—tests for, 91 ff
congenital absence of valves, 457
deep—tests for occlunion, 93 .
dilatation 10 p(noml arex, 36
directions of flow, 456*
duseases—classificatian, 17, 395 &
filling time—test for, 93
of Jower extremiues, 41%
i polyangutss, 259
pressure—tests, 91 f
1a thrombosis,
saphenous—tests fo! competence,
93
0 Lhrornboanguus, 180
of upper extremuties, 37%
varise, see Vancose veins
Vena cava obstruction
infenor, 436 £
superior, 437 &
iffcrential dugnosls 436
trestiment, 418
V¢na5hmm, 433
Venogtaphy
sa acute axullary ot subclavian vengus
thrombosas, 448%, 449
technics, 63
Venous filling tune
0 atteniosclesosts, 126
test, 93
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Venous occtusion, intesmittent
for astenosclerass, 143
for thramboangattys, 209
Vitasuns
Zciv‘deﬁaency and acpacyanosss, 373

and capMlasy fragthty, 78
for vatscose ulcers and hemor-
1hage, 467

and atherosciesosss, 108
calcinous of, diffcrentiation froar
that of Rayaaud 5, 232

w

Wark tests of capaauty far, 50 f.
w asterosclerosss, 133






