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Preface

The recrude cence of intere t m the treat
ment of peripheral va cular diea e engen
dered by the development of a large number
of synthetic drugs makes the present volume
most timely It 15 theroughly up to date and
becau e 1t 15 o comprehensne covening all
the mam a pects of peripheral 1a cular di
ease 1t should I beheie not only be useful
to medical tudents 1n general and particularly
to workers directly concerned with this field
but 1t should al>o prose imvaluable to pract
tioners of general medicine

The first part of the hook deals thoroughly
with the pertinent anatomy and physiology of
the va cular sy tem together with a detailed
deseription of both the very simple clinscal
te ts of the circulation and the more compl
cated laboratory procedurcs The econd part
gnes an unusually well organized de cription
of the patholagie alterations that can occur

2 well as a rather complet. enumeration of
the resulting di case entities of the peripheral
crculation  both arterial and venous The
third part ets forth the physiologie va cular
adju tments which ari e 1n re pon e to the
various pathologic tate  while the fourth sec
tion presents an up lo date summary of the
available means of management of arterial and
venous diea e both medical and surgical
This well planned arrangement will thus pro
vide easy acce s for both tudents and prac
titioners to the particular points i which they
are intere ted

The special fifth ection should prove es
pecially rewarding to medical students and
nvestigators interested n basic science as
pects of this field as hould the extensne b
liographie that appear throughout the volume
and form an integral part of it

J Murrsy STEELE M D
Professor of Vledicine New York
Unteersity College of Medicine
and Director New Yort Um
rersity Reseatech Serice



Intioduction

Tm: INCREASING INTEREST 1n diseases of
peripheral blood ves<els and the Ikew: e
increasing tendency to provde a sound phys
10logic basis for therr proper eialuation and
management have led to a large volume of
new mvestigatne work 1n this field the de
selopment of new methods of mvestigation
and the applicatron of these methods to chinteal
medicine  Such fruitful though widely cat
tered studies call for a re evaluation of the
problems facing the student of peripheral ur
culation and the disease states stemming from
1ts disturbances

This book 1s an attempt at such re evalua
tion Conscquently pathologic mamife tatrons
have been correlated wherever pos ible with
disturbances of spectfic physiologic mechan
1ms less emphasis has been placed on nigrdly
labeled classifications of the peripheral va<
cular dieases  Manyv workers mn the field
beleve that all too frequently such detailed
cla ifications are not supported by <ufficrent
pathologic and hi tologtc evidence

Moreover knowledge of the ba 1c anatomy
of large and 1mportant parts of the vascular
tree has been far from complete The recent
work of Dr Saunders and his co workers on
the anatomy of the blood channels supplying
human keletal muscles and on the peculiar
functional di tnbution of these channel with
1n the musculature fill i ome of the gaps m
our knowledge Dr Saundcr  hndings have
been incorporated 1n thes book as 2 pecial
and scparate scction becau c they represent

at present the most accurate demonstration of
the fact that physiologic deductions can be
based on structural information only if such
information 15 complete  This neceseity for
basic facts of cour e apphes to pathologic
conditions as well or even more

It 1s nece sary to realize that changes and
dsturbances 1 peripheral blood Row are not
necessarily assocrated with demon trable struc
tural changes and, esen more important can
not always be easily correlated with such By
now 1t 1s common knowledge that morphologic
finding  even 1f <ecured through biopsy do
not necessarily reflect functional changes n an
organ Moreover ob erved tructural changes
may be compatible with ntact physiologic
functions and disturbed function may be
found 1n the ab ence of any demonstrable
<tructural changes Thi< of course does not
mean that a structural classification should or
can be entirely disposed of It remains a ne
cessity for didactic purposes however such
a cla sification  hould be supplemented with
and supported by correlation of di ea e mam
festations with demonstrable changes in phys
10logic function

Except for Dr Sazunders section llu tra
tions have been imuted to such anatomic and
phy<wologre charts and diarams as appear 1n
dispen able for betier under tanding of the
ba ic mechanisms of penipheral blood flow
My trations of apparatu as well as of clnical
manfe tatons of vascular di ea e have teen
omitted



Part I Basic Aspects of
Peripheral Blood Flow

Citar 1 ANATowy AND PHNSIOLOGY OF TIIF
VascLLar SYSTEM

‘The vascular tree and its nnerva
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Yasomotor re ponses in the ex

trenutie
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Chapterl Anatomyand Physiology of the Vascular System

THE VASCULAR TREE AND ITS
INNFRVATION

A LENGTHY DESCRIPTION of the entire vas
cular system 1» obviously beyond the
scope of this book  such informaton 1s read
ily obtamable from any tandard text on anat
omy Howeser a better under tanding of the
subjert sequires at least a shetchy review of
the vascular tree with emphasis 1o a greater
orle er degree on uch of its branches as are
concerned with the eirculation 1 the extrerm
ties !

1 Blood Supply of the Upper Ex
tremats  The primary artersal channel to
the upper extremuty 1s the avllary artery

which 15 the direct continuation of the ub
clavian branch of the zorta After giving off
1ts branches o the muscles 1n the houlder
girdle and the upper arm and tho e that form
the anastomoses with the branches from other
arteries m the che t at the lower end of the
aulla 1t continues directly into the brachial
artery Accompanted by two brachial vemns
and the medan nerve the brachial artery
pa es downward beneath the brachial fa e1a
n the medial lieapital groove to the cubital
fov 2 where 2t hes upon the tendon of 1 er
tion of the brachiabs mu cle covered by the
lacertus fibro us Its branches upply all the
muscles of the arm and the humerus Tt
alo gives off the superior and nferior ulnar



arteries which supply nerghboring muscles
and termunate by forming the cubntal artrcu
lar rete At the bend of the elbow the brachial
artery dnides 1nto two terminal branches the
radial and ulnar arteries At first the radial
artery runs between the lacertus hbrosus and
the tendon of the biceps 1t then passes to the
ulnar side of the superfictal radial nenve
under cover of the brachio radialis and runs
downward 1n the groove between this and the
forearm flexors first in front of the tendon of
the pronator teres and then between the bra
chtoradialts and the flexor carpt radialis It
re ts for <ome distance on the flexor polhes
longus and for a hort distance on the prona
tor quadratus and 1n the lower third of the
forearm it 1 cosered only by the antebrachial
fascta and hes accordingly quite superficially
m front of the stylord process of the radiwus
Below this it bends under the tendons of the
abductor polhicis brevis to the dorsum of the
hand, traversing the radial faveola and there
pasag between the two heads of the first
dorsal 1nteros eous muscle to the volar sur
{ace of the hand to form the deep valar arch
The ulnar artery the other and larger ter
mmnal branch of the brachial artery cunes
gradually toward the ulnar side of the volar
surface of the forearm bewng <ituated on the
onigin of the flexor digitarum profundus and
behind the median nerve and the superficial
flexors It comes to hie on the radial side of
the ulnar nerve remains cosered by the flexor
digitorum  sublimis and flexor carpr ulnart
until the lower fourth of the forearm where 2t
Ties between the tendons of the e two mu cles
clo-e beside the ulnar gerve Wath this 1
runs over the radal urface of the pr tform
bone between the volar and the transier e
carpal hgament and <o covered at fir t In
the palmans bresis to the palm of the hand
where t become« the chief con tituent of the
uperficial volar arch
Branches from the radral and ulnar artenie
upply the mu dles of the forearm the radin
ulna and carpal bone  and therr finer ramufi
catsons from varion reba around the elbow
and about the w1 t joint

PERIPHERAL CIRCULATION IN HEALTH AND DISEASE

The blood supply of the hand and fingers
15 derned principally from the branche- of
the superficral and the decp volar arches
which are formed by the anastomoss of the
termmal branch of the ulnar artery with the
superficsal volar branch of the radial and of
the termunal branch of the radial artery with
the deep volar branch of the ulnar re pec
tnely  The common volar dimital artenes
from which the proper digital arteres arr e
and the volar metacarpal artenies are derned
from the e artersal arche

After further subdividing nto branches of
increasingly smaller cahiber they ultimately
form the artertoles beyond which the mu
culaniy 1s lo t and the va cular tree cons ts
of endothchal tubes the capillanie 1ts mall
et umt Through the capillary wall gaseous
and metabolic exchange with the t1 sues takes
place Through the capillary beds blood 1s
carnied 1nto the finest units of the venous por
non of the arcolation  The ¢ e ebs m tum
jomn one another formng channels of mncreas
m, sizes

Va cular drainage of the upper extremtty
1s accomplt hed through a superficial and a
deep et of veins The cephahic vem staris at
the radial 1de of the dorsum of the hand
from the dorsal venous network and the digt
tal venous arches It recenes tnibutarres from
the volar surface of the hand the intercapitu
lar sein  and pas es up the radial side of the
forearm a far as the bend of the elbow where
it ana tomo ¢s with the basibic vern frpa e
up the upper arm as 2 rulc  omewhat smaller
than st 1s m the forearm 1n the lateral be
apital groove to the deltordespectoral tn
angle where 1t pierces the fascia to open mto
the axilary ve:n  The basilic vemn ari es on
the ulnar 1de of the dor um of the hand It
runs upward on the ulnar de of the volar
urfate of the forearm to the levc! of the bend
of the elbow + here it umites obliquely by
mean of the median cubital vemn with the ce
phalic It continue upward in the npper arm
in the medial brespitat groove and at about
the middle of the arm pieree the bry hyal
fa a2 and opens mie the medial }ra heaf
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vein which 1 wually 1ts direct continuation

The deep veins of the upper extremuty ac
compan; the artenies a2 paired venae comites
Thev take ongn 1n the deep and uperficial
volar venous arches and terminate with the
brachial vein. from which the axillary xen
1 formed They are connected by numerou
ana.tomo-es with the uperficial veins and
during their cour<e along with the artenie
the members of each pair are frequently con
nected by tran verce ana tomo-e<

The axillary vem runs through the axilla
medial to and n front of the axillary artery
to open into the ubelavian sein which 1n
turn drains 1nto the innommnate vein  The
right and left innomrmate sveins unite to form
the uperior vena cara

2 Blood Supply of the Lower Ex
trematy At about the level and 1n front of
the body of the 4th and 5th lumbar yertebrae
the abdomnal aorta bifurcates to form the
two common :hac arteries which run for 5-6
cm along the medial horder of the p oas
mucle crossed by the ureters and divide 1nto
their two termmal branches the external and
nternal ahac arteres without guang off any
other branches of even moderate 1ze The
mternal 1hac (hvpoga.tric) arterv  upplies
pomanly the pelvic vicera the perineum
and the mu cle of the pelvic girdle  The ex
ternal 1hac artery termunates on the border
of the proa mu cle beneath the inguinal (Pou
part s} ligament, where it pa ~e< directls into
the femoral artery after giving off ome
branche to uppl the lower abdomen the
inguinal region and the pub:  The femoral
artery runs uperficially through the ilio
pectineal fo~ 2 and the femoral tigone cos
ered by the fa.cia lata at fir t lateral to and
then 1n front of the femoral vein and medial
to the femoral nerve It then enters the ad
ductor canal covered by the artorus muscle
and pa <es through the adductor hiatu 1nto
the popliteal fo< a 1o become the popliteal ar
ters It gives off mu cular branches to the
mu cles of the hipand thigh nutrient branches
to the femur branches 1o the Lin of the lower
abdomen and of the pubL to the external

gemtalia 2 well as branches to the gluteal
ana tomoses and the artenal retra about the
knee joint and the femoral trochanter

The popliteat artery begins at the adductor
ata and run through the middle of the
popliteal fo~ 2 resting on the femur and the
po~terior urface of the knee jomnt and <ome
what medual to the vemn pa -es between the
two heads of the ga trocnemiu muscle over
the postersor urface of the popliten mu.cle
and under the popliteal arch of the oleu
and 1n the popliteal canal divide 1nto its two
terminal branches the anterior and po-tenor
tibial arteries It branches upply the t1 nes
1 the lower thigh, knee and upper leg and
contribute largels 1o the ana tomo e= around
the jomt

The po terior tibial artery pa -es downward
with the tibial nerve between the oleus and
the deep flexors and in the lower third of the
lez emerge from under the medial border of
the ofeu and comes ta lie beneath the fa c1a
1t then runs belind the medial malleolus
under the laciniate ligament to the <ole of the
foot where 1t dinides mto ats termmal
branches the medial and lateral plantar ar
terie< the latter joming with the deep plan
tar branch of the dor al pedal artery to form
the plantar arch It gives off nutnient branche~
to the ubiz fibula and the tar al hones
branches to the oft b ues of the leg and
ankle as well as ana tomotic branches to the
region of the knee the lateral and medial
malleol and the calcaneal retia

The anterior tibial arters which upphes
Ju tabout the ame tructures a. the po~terior
tbial arters pa <e< between the tibra and
fibula and runs downward on the antenior ur
face of the intero~-eon membrane It Lie at
fir t between the tibialis anterior and the ex
ten or halleer longu accompanving the deep
peroneal nerve It pa e~ under the cruciate
ligament resting on the bone and the cay ule
of the ankle jomt when 1t reache the dor
um of the foot 1t become~ known a the dor
al pedal arters which pa <es upon the dor
um of the foot between the tendon of the
extenor hallucts longus and the exten or dig:
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torum longus and resting on the dorsal sur
faces of the tarsal bones rakes a straight
cour ¢ 1o the first metatar al space where 1t
drades 1nto s two terminal branches the
first dorsal metatar al and the deep plantar
astery
The oot and toes thus derne therr blood
supply from the plantar metatarsal and plan
tar dignal branches frem the plantar arch the
medhal and lateral plantar artertes from the
postertor tibral artery and the tar al dorsal
metatarsal and dorsal digital branch of the
dorsal pedal artery from the anterior hibial
artery, which branches also from the doral
pedal rete and contnbutes to the lateral and
medial malleolar and calcaneal retia
The e arteries subdnide into increasingly
smaller branches untl they form the arterioles
which 1 turn give off the capillaries The e
minute vessels then unite with one another
formin,, the ininal portions of the venous sys
tem  Subsequent unions of the e ve sels form
mcreasingly larger venous channels
As n the case of the upper extremutres the
venous drainage in the lower extremities may
be dinided into 2 superfictal and deep set
The great <aphenous vemn the large t super
ficral vein 1 the body ares on the dorsum
of the foot from the dorsal venous rete and
from the medial end of the dorsal venous arch
It recenves some vemns from the plantar re
gion and then pa es up the medial urface of
the lower leg and thugh inclining toward the
anterror surface i the upper third of s
coure It pa e over the faluform border
of the fa c12 lata and cmpties into the femo
ral veim  On ats way 1t recenes numerous
branche tho e of the thigh being the larger
and just before its termmation 1t recetves the
uperficial epiga tric and  uperfical eircum
flex 1liac vesns and usually also the external
pudendal  The other large uperficial vein
of the Jower extrennty 1» the mall saphenous
vein which ari es on the lateral side of the
dor um of the foot 1t a cends belund the
lateral malleolus on the po tertor urface of
the lower leg and 1a the groove betneen the
twa heads of the ga trocremius at prerces the

fa cra to open wto the popliteal vem 1n the
popliteal fos 2 Before its termnnation it re
caves a ven from above the femoropophiteal
and by this and other anastomoses 15 brought
to connechion with the great saphenous
1t 1s also connected with the deep vems of the
lower leg by a strong branch

The deep <et of veins has 1ts ongin from
doubled anterior and postertor tibial veins
that umite to form the popliteal vemn which
15 double only i the lower part of 1ts course
The popliteal vein follows the course of the
popliteal artery through the popliteal fos<a
ling behind and somewhat lateral to 1t to
become the femoral vesn In the Jower part
of 1ts course in the adductor canal 1t hes be
hind the artery but pa es medually as 1t as
cends and 1n the regron of the fossa ovals
and below the ingumnal higament 1t 1s medial
to the artery It recenes the deep femoral
vein the great saphenous and usually a num
ber of small branches corresponding to the
branches of the femoral artery These last are
double as 1s al o the deep femoral though
this usually becomes single before 1ts termi
natron

In the lacuna rasorum the femoral vemn
continues directly to become the external ihac
vemn  recerving two trbutaries the fenor
emgastric and the deep crreumflex thac and
pa cs upward medial to and behind the femo
ral artery to form with the hypoga tric {1n
ternal iliac) vein the common ilac vein an
terior to the acroac artrculation  The two
commen thac vemn are the prinapal parnetal
tributaries of the inferior vena cava

3 Ihstology and Innervation of the
Vascular Tree The vessels constituting the
vascular bed differ widely in their calibers in
dfferent regions and on the basis of therr
size structure and phy 10logical relattonships
are disible into four main groups the ar
tenes artenoles capillanies and vein  # The
arteries eem constructed to with tand hugh
pre sure  Their wall are thick and contain a
larger proportion of ela e t ve a mallar
proportion of mvoluntary mu cle filers an
outer sheath of connective bis ve and an mner
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limng of endothelial cells the three coats
from without inward are called the tunica ad
venhiit media and sotima The elements of
the tumca adientitia gradually merge with
tho=e of the surrounding loo ¢ connective tis
sue which acrompanies every bood ve sel The
relatine proporiions of mu cular and elastic
1 sues vary with the size of the arterv The
wall of the largest arteries (eg the norta)
differ from the wall of arteries of medim
caliber (eg the radal artery) by s ab o
Yute thickness and by 1ts structure The mddle
fayer of the largest ve s cuch as the aorta
and the pulmonary artery are relatnely poor
m mu cular ti sue but contam a large pro
portion of ela ic fibers The medum sazed
arteries contain a relatinely lar.e amount of
miu cle and le s elastic tissue while in the
<maller ves ebs the mu cle 15 greatly 1n excess
The walls of the avteries are supplied with
minute vescels — the vasa vasorum -~ which
ramify 1 the outer and nuddle coats  The ar
teal walls are abundantly provided with
nenes  As the artenal sy tem s traced pe
npherally the ves el are found to break up
into innumerable branches who e cali} ers br
come reduced with ucce snve dis 1ons While
the cahber of the artertes oradually decreases
as they recede from the heart the sum of the
diameters of the umens of all the branches
of the e artieries inerea es greatly the further
they are from the heart

The smallest arteries 03 mm n diameter
or maller are usually grouped in a separate
cl1s and are called arterioles These arte
tolis sary 38 e but on the average are
about 02 mm 1n ther outude diameter
There wall are relauvely thick and are com
posed afmost entirefy of smooth muscle Tined
by 1 endothelial layer and sheathed by 1
seanty advinuia The mu cle fibers are nchly
«upphied with nerve fibers After a cource of
vartable length the artenioles lose thewr mus
enfar and connectnie nt ue coats while the
mner endothehial tube that remam are con
tinued as extremely fine haithke ve el —the
capilfaries In the tran ion between the ar
fenoles and the capillanes some authors dis
tingwsh precapllary arterioles

The capullaties, sescral of which ance from
a .l artersole are from 2 to 1¢ mucrons
dhameter (in man  avcrage 8 microns) de
pending upon volume of blood flowing
through them and from 05 mm 10 10 mm
tong A network of reticular fibers forms a
thin membranous heath around the capil
lanies and separates them from the elements
of the other bissues Usually capillanes are

d by fixed phages probably
differentiated cells of hymal origin
and a few cattered merve cells which can

only be 1dentsfied throu.h the u e of peaal
I tological methods In amphibians and cer
tain other cold blooded sertebrates a catter
ing of peculiar cells wath & number of long
proges es 13 seen lying upon the outer surface
of the capillary walt [hese are called Rouget
cells after therr di coverer  The processes of
the nerghboning Rouget cells joun with one
another to form a foo e we hwork thit en
clo es the capillary These cells have been
seen to contract under electrnic tmulahon
They have been de eribed by come workers on
the wall of human camilaries ¢ others have
not bren able 1o confirm ths ¢ The capil
laries form mazelike plexu es with one an
other and connect the artenial 1nd venous sys
tem

The capilaine arre from the termunal
branches of artenes aud drawm inte the he
gmning of the venous sy tem they form ex
clu ne networks by their frequent branchings
and es Thee ks th ghly
penetrate the vanous tissues thev noun h
{n 1o t 10 tances the me hies of the capiary
networh adjushing them eles to the available
free spaces between the elements of the us
ues have a polygonal hape and are of ap
proximately equal 1ze 1n all planes

The only component the capillary has in
common wath all other parts of the vascolar
tree including the heart 13 the endothelium
Mo t workers a tually beliexe, that the whole
capillary tructure con 1 1s only of the endo
th hal tube Recently however Kisch has
found 1+ 1th the electron micro cope that this
endothelia) tube 1 much more complirated a
tructure than heretofore a umed®
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% Schemattc drawing of cro s section through a capillary  Note depiction of the concept of
a mple tube formed by a syncytrum of endotheltal cell

B Schematic draving of lonnudinal a pect of a caplary depicting Rou,et Meyer cells ad
Jacent to the tube with rregular excre cences of th cytopla m (hasket cell formation)

In the Jining amimal 1t 15 usually possible
to distinguish the endothehal nucler <cattered
along the outlmes of the capillaries  After
fixatron and staimng the wall of the capillar
1es stands out clearly as a thin homogenous
membrane, withtn which the endothelial nu
cler are located at vanous distances from onc
another

The caliber of the capillaries 1 1ariou
parts of the body sartes withm narrow hmit
rcdated to the stze of the red blood corpu cles
In man 1t averages around 8 nucrons Dat
ent thin capillarses through which only blood
plasma crrculates probably do not exrst al
though great number of the capilaries are
collap ed when the organ or i ue 15 resting
When the organ begins to function actriely
these collap ed capillaries may open up and
blood then circulates through them

Studic  made on Mg blood vesels mn
chamber 1n erted 1n 2 rablnt  ear indwate
that s1apllary contractihts m the mammal
dacs not depend on the Rouget cell  Micra
dt cetion tudtes have shown that the endo
thelial cell may contract after direct me chany
cal tmulapon Capllary erreulation has al o

been ob erved ap the my entery of the rabbit
the wing of the bat and the web of the frog

Vonwiller™ 1 man and Chambers and
Zwerfach?™ 1 an the amimal have shown that
changes m the diameter of the capillary lumen
are dependent upon the state and <hape of
the endothehial cell  rather than upon any
contractile elements

The tran ition between artertes and capil
laries and between capillaries and vuns 1<
gradual  This applies to the tructure of the
wall as well as the cahber of the v¢ sel How
over capillaries are often found which pro
Jyect directly from small arteries before a com
plete ramification of the latter has taken
place  similarly  accessory capillaries fre
quently enter directly mnto a will deseloped
mall vein

It ha al o been shown that yr addition to
the capilars netsorks aboie described there
may be secn artertovenou anastomo es which
connect an arteniole directly to the venous
3 tem without undergoing finer subdn) sons
It appears that phy iologically they do not
play an 1mportant role 1n ga tous and mta
bole exchange but rather act as shunte that

|
i
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Fic 1 C Electron micro cop photae aph of cro  ection through a capillary (h art of guinea
pigy Note (1) one sin le cefl forms the capiliary wall {2) the no leus 1 di uncily seen the
¢3toplasm 15 of varying thickne  an{ has protru 1ons of various shapes 1to the capillary lumen
1 whi hared cell s/een (3) theresadit ¢ rath r mooth outer membrane™ anda d tnet

inner m mb ane” whi h vanie n thickne ¢ (TFe electron micr scopic photo raphs shoun in
firs 1C D and E were taken by Dr Bruno Risch Directo of the Electron Microscope Labora
tory of the dmercan College of Card: logy the autho s are deeply indebted to Dr Kasch and
® sh to express thewr thanks and app eciation )
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Fic 1

A Schematic drawing of ero 5 ection through a capillary Note depiction of the concept of
asimple tube formed by a synestium of en lothehial cell

B Schematc drawing of longuudinal a ject of a capillary deputing Rouget Meyer cell ad
Jacent to the tube s jth arregular excre cences of the eytopla m (1a ket cell formation)

In the hving antmal 1t 15 u ually possible
to di tn,ur h the endothelial nucler cattered
along the outhnes of the capillaries  After
fixation and staiming the wall of the capillar
tes stand out clearly a< a thin, homogenous
membrane within which the endothehal nu
cler are located at various di tances from one
another

The caliber of the capdlanies in sanious
parts of the body varies within narrow limit
related to the size of the red hlood corpu cle
In man it avera es around & muerons Pat
ent thin capillarie  throngh which only Bood
pla ma circulates probably do not extt al

becn ob erved m the me cntery of the rabbit
the win, of the bat and the wb of the frog

Vonwiller™® 1n man and Chambers and
Zwelach 1 an the ammal hase hown that
changes m the diameter of the capallary lumen
are dependent upon the state and hape of
the endothelial cell  rather than upon am
contractile elements

The tran ttion between arterics and capil
lartes and hetwcen capllartes and vems 1
gradual  Ths apphes to the tructure of the
wall as wcll as the caliber of the ve e Hov
ever capillane are often found which pro
ject directhy from mall arterses before a com
plete fi of the latter has taken

though great numbers of the capilk arc
collap «d when the organ or ti sue 1s re ting
When the organ begin to function activels
the e collap ed capillaries may open up and
blood then crreulates through them

Studics made on lnin,. blood vesels m
chamber 1n erted n a rabbits car mdicate
that capillary contractiity 1n the mammal
does not depend on the Rouget cell  VMicro
dv ection tudie have hown that the endo
thelial cell may conteact after direct mecham
cal tmulanon Capilary eirculation ha al o

PMace  stmlarly  acces ory capilaries fre
quenth enter directly mio a well developed
mall semn

It ha al o becn hown that i addition to
the capillary nctworks above de erbed there
may be een arteriovenous ana tomo es which
connect an arteriole directly to the venou
sy tem wrthout undergoing finer ubdiv 1on
It appears that phy iologically they do not
play an important role 1n g2 cous and meta
bolic exchange but rather act as  hunts that
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Fic 1 E. Flectron micro copic photograph of cro s <ection throu h a capillary (heart of

gumea pig) In addition to the features described under C the triangular large nucleus of a
Rouget Meyer cell 13 shown sitteng on the capillary wall Filiform exere cences of the cytopla m

wirtually engulf the capillary
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Fic 1 D Electron micro copic photograph of oblique section through a capillary (heart of
gutnea prgl  In addition to the featares d cribed under C ¢ 0 nuclear cro s ections ate et
whi h may repre ent either 11 o nuclet or a single nucleu cection d twice
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ties the proximal inervation 1s suppled by
postgangltonic nerve fibers from the aortic
plexus 1n the abdomen The e fibers follow
the common and external thac artertes to the
thigh and termmate at the proximal parts of
the femoral artery The di tal nnervation to
the smaller arterie arterioles and capillaries
i the lower extremity 1s comeyed through
po tgangliome nerve fibers running through
the nerves of the lumbo <acral plexus

The exnstence of va odilator fibers 1 amt
mal 15 well establiched In man howeser
they have not been demonstrated but therr
existence 15 very strongly suggested by clim
cal and experimental evidence? 1* Vacodila
tor mmpul es emerge from the central nervous
system at three levels The highest level 15
through the cramal outflow of the parasym
pathetic division of the autonomnc nervous
system where the rmpul es are comeyed
through the chorda tympam the glo o
pharyngeal and the vagus nerves The ec
ond level 1s through the thoracico lumbar out
flow where the vasodilator fibers presumably
pursue the same routes as the vasoconstrictor
fibers The lowe t level 15 through the sacral
outflow where the fibers are conteyed through
the pelvic nerve  Antidromic  vasodilator
mmpulses are al o conveyed through the pos
terior spanal nerve roots ™

Asde from the va omotor nerves other
nerve fibers may be een 1n the walls of the
blood ve< els  These are medullated fibers and
are afferent conveying sensory (pamn) m
pulses from the vessels as well as antidromic
(dilator) 1mpul es

The appearance of the first smooth muscle
cells or denser collagenous fibers n the ve sel
wall indicates the beginming of a mall vemn
The concept of artenial and venous capil
laries 1n man 1 rather indefinite and 1t 1s
often 1mpossible to distinguish them by the
width of their apertures from ordinary capil
laries *

Their venous ends converge to form first
the maller vein or venules By the conflu
ence of these to form larger channels and the

uecessive junctions of veins of ever increas

11

ing caliber the blood 1s finally poured into
the night auricle by two large trunk  the <u
penior and inferior venae cavae Thevemns have
much thinner walls than the artenes but like
these they po <ess three coats nbma media
and adventita The muddle coat 15 only a
fraction of the thickness of that of a corre
ponding artery It 1 compo ed of a rela
tively mall amount of un triped muscle and a
large amount of connective 1 ue the elastic
b ues canty The outer coat of the ve el
15 di proportionately thick being everal times
thicker than the tunica meda The valies
present 11 ome of the larger verns are formed
by foldings of the tunia intima

THE CONCFPT OF VASOMOTION

The mo t basic phy<iologic character1 tic
of any organ or structure within the hing
ammal organism 15 1ts particular type of re
sponse to stmul  Blood vessels mn general
respond by changing their (cireular) lumen
the Jumen hecomes either narrower ot wider
The physiologic proce s of change of lumen
1n blood vessels 15 called vasomotion When
ever the direction of va omotion 1 toward
narrowing of the lumen the term va oconstric
tion 15 u ed whenever vasomotion tend to
widen the ve el lumen the term va odilation
15 ued The end resnlt 1n the latter ca e 1>
mostly referred to as va odilataton This
termunolozy has been used rather glibly and
ha been accepted too uncntically It 15 nec
eseary to define more clearly the structural
substrates of the e physiologic events

The differences 1n  tructure of the various
segment of the arterial tree—the relatne pro
portion of mu calar and elastic tis ues vary
g with the size of the artery (more elastic
tis ue 1 the larger and more mu cle 1o the
maller) —indicate differences i function and
physiologic behavior within the artenial sys
tem 1t.elf

It may be ju ttfiably as umed from direct
obsersation as well as from functional te t
ing that blood ve sel of artersal nature that
are charactenzed by the po e 1on of a
clearly discermble mu cular coat can narrow
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can allow the blood to pass through the part
with lesser or greater rapdity which at trmes
may even causc the total short ciremting  of
the circulation 1o the exclusion of other parts
of the organ or tissue ® A third, and <eem
gl antermediate type of capillary 15 een es
pecially i the shin At the bases of the der
ma) papllae, the artersoles are seen to gue
off endothelial tubes which ascend 1nto the
papillac and turming upon themselves jon
neighboring Joops to form collecting venules
These capillary Joops are casily demonstra
ble at the base of the fingernal where they
are seen arranged 1n horizontal rows of harr
pin shaped vascular structures '8 Each capil
Jars Joop consists of an ascendm, afferent
(arterial) Iimb an arch or transition prece
and a de cendin,, cfferent (venous) hmb In
tracapillary pressure has been shown to differ
significantly i the varous parts of the Joop
The collecting venules anastomose with one
another to form the ubpapillary venous
plexu es which 1 turn dram into the deeper
vens  For detatled correlation between anat
omy and physiology of the minute circula
tion the reader 1s referred to the special ec
tion of this book (Part V)

The entire vascular tree 1s mnervated by
the autonomic neryous sy tem  Va omotor
impulses are controlled by vasomotor centers
{a vasoconstrictor and a vasodilator center)
that are located bilaterally in the floor of the
fourth ventricle There 1s evidence that higher
vasomotor centers are found in the hvpo
thalamus and even in the cerebral cortex 13

fibers to enter the corresponding ganglia n
the vertebral sympathctic chan through the
white rami commumcantes  These pregangh
onic fibers symapse with cells m the corre
sponding gangha as well as 1n tho e of other
lovels  Postganghonie fibers which are non
medullated an e from all the vertebral gan
gha and jown the <pinal nerses through the
gray ram They tinu

peripherally and are distrbuted to the van
ous parts of the body together with the other
{somatic} fibers n the sptnal nerses Vaso
constrictor mmpul es to the blood vessels of
the upper extremities are conveyed through
pregan liontc fibers emerging from the firet
through the erghth or mnth thoracie segmeat

of the spinal cord synap ing with the cells in
the vertebral sympathetic gangha and trans

mitted through postganghonie fibers arr ing
from the middle and infersor cervical and firet
and <ccond thoracie gangha  Vacoconstrictor
1mpul es to the ves els of the lower extremity
are conveyed through preganghonic fibers
emerging from the tenth thoracie and firt
and <econd lumbar pimal egments and
through the ganglia by way of po tganghome
fibers from the twelfth thoracic through the
fourth acral gangha The ¢ nenes are dis

tributed to the vescels egmentally In the
upper extremuties po tgangliome nonmedul

lated fibers from the mtddle and nferior cer

vical gangha pass to the ubclavian artery

where they form a plexus ke tructure 1 the
outer coat of the ve el and its branches

meluding the axillary artery These hbers

which the proximal innersation of

Vasomotor nerves con st of v tctor
and vasodilator fibers The constrictor fibers
artse from nerve cells in the lateral horns of
the exghth cervical or first thoracic to the sec
ond or tiurd lumbar se,ments of the cord
{often referred to as the thoracico lumbar out
flow which constitutes the sympathetic dinx
sion of the autonomic nervous sy tem) These
preganghonic fibers emerge from the cord
through the anteriar roots of the thoracico
Jumbar <pinal segments as fine medullated
fibers from which they <oon eparate to
gether with other somatic medullated motor

the vessels do not extend beyond the proxi
mal portions of the brachial artery Dr tal
parts of the ves els are innersated by post
sanghonic nenve fibers which are conveyed by
way of the (somatic) nerves of the brachal
plexus These fibers terminate at various levels
m the artertes up to and includin, the arte
rioles and capillanes  In the ves el wall the
came fibers form three di tnct plesuses one
1n the outer coat or tunica adsentitia another
in the mu cular and a third betneen these

two layer  Smmlarly n the lower extremn
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Jrenal

In general the symy va oditator
fibers an thohmerpe e setion 18 meds
ated through the hberation of acctylcholine
In ome species adrenergic vasoddator fibers
have been demonstrated the relationship of
the tran muitor <ub tance {acetyichohne) Wb
ernted upon therr  tmulation to the adrena
bnlke ub tance mediating va con trehon
15 tnknown

Insestigation of the resperine roles played
by the cerebro pinal and antonomic systems
tems to wmdate that the ympathcue path
wavs and m parhonfar the adrenerge fibers
are out tandingly respon 1ble for maimtaining,
artennal ve e} n general at a certmin degree
of con inchon thy 15 suppo edly expres od
m tomate of the v els and thus the term

‘o omotor tonw  has hecome well estab
hshed 1*

acreased vasomotor lone 1s con equently
4 ooated with 1o owenstnetion while va o
dilatation repre ents 2 tate of relaved vaso
motor tone While the fore, omg hypothe 1
1+ appheable 10 the orlcmal part of the ar
culabion 1 s not as well (stablished for the
venous sy tem © and st can hardly be applied
to the nuoute circulation wheve neither the
estence ol contractible efements or sympa
thee nerve nbers has been conclu wvels
proved

The neural mechanism scems to dominate
rascular beds 1n varymg degrees It <eems
that the shin bed 15 almo t entreely controlled
by 2t but this doe not apply to the skeletal
mu lar bed® or to the vascolar bed 1o the
Byer €% To what extent 1t controls blood
flow 10 the hidneys and the heart 13 not yet
tmown Cerebral flow eem to b quite inde
pendent of autonomic va vmotor control

2 Humtotal [o the lght of tncreasn,
hnowledge of newrohumoral tran m» sion 2

T «f this type of fim,, mechan
1m from the plamhy  neural becomes diff
eult However the o curtence of vasopres of
and depres or uh tonces and the provenva o
motive autton of certan hnown endocrine &
«retions ancludimg the demon trable effects
of the catecholarmn 5 adrenabive and not

make such separation manda
tory 8 4%

A vasomotor effect of humaral factors nat
duectly related 10 the function of the neural
mecham m«  eers therefore  demon trable
only on the minute tireulabon  Recognition
of the postbly preat importance of the ac
tion of catechol amines or other humorat
agents 1 the \a omotor mechant m concern
wng larger caliber ve els hinges on further 1n
vestigation  Such investigation should be—
and no doubt will be—~directed at (1) prov
m,, or ds proving the existence of an enzy
matic mechanim of neurohumoral transmis
won of 1a omator tmyrulces o the emooth
mu cle coat of artenal ves els sumlar 10 that
proven for the neurohumeral transmussion of
motor smpul ¢y to skefetal museles and (2)
determimng the role 1f any of the catechot
amunes i such a mechamsm

3 NMetabolie  Since the cla yic demon
<tration of the tuple re ponse*® and the as
umptien of the ex1 tence of metabolites act
sng as  Hhke <obtances no further real
advance has been made m clanfving the sub
trates of a metabolic vasomotne mechan
wm §tis by quite indirect methods that at
can be demon trated that blood flow through
Reletal mu cles 1n man seems to depend upon
work performance rather then upon sympa
theti, 1anervation 03 4

VASOMOTOR STIMULY

Vasomotor responscs may be choited essen
nally 1 two ways ether dueedy or via a te
flrx When asscssing the effects of stimali
producing 1 changze 1 ve ¢l calther 1t 15
nece afy to realize that generalized or unt
directional respon es of the vascolar system as
one entity cannot and do not exi t  [he re
sponses of \arous vaseular beds may differ
either quantitatively or quahtatively depend
g upon the natvre of the Dhrmules, 3 % 3
304049 where a part, such as an extremty
contmine more than one,vascular bed, st be
cames necessary 10 take that differenniation
wio account when as essing blood flow 1o the
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their fumina by way of contraction (constric
tion) of this arcular coat of smooth muscula
ture and widen their lumina by way of rdaxa
tion of 1t

This assumphion cannot be madc with the
ame ¢a e concerning ve scls of venous type
There, the smooth mu cular coat 15 thinncr
and arranged 1n a more comphicated manner
and the testing of sasomotion 1 still more dif
ficult than on the arterial side *

The question of the existence of actine
vasomotion in the ves els repre enting the
minute or capilfary cireulatron which 1s
desoid of erther ¢lastic tissue or muscular ele
ments has been debated for decade  While
narrowing or widening of the Jumina of my
nute blood vessels has been observed and dem
on trated 3 the evidence sems to indicate that
vasomotion here 1» medated through a mecha
msm that 1s different from tho ¢ that activate
the arteries It appears that narrowing and
widening of the lumina m mnute blood ves
cels are brought about respecinely by swell
g and flattening of the cells comprising the
endothehal tube with the role of the cement
ing substance to be stll more defimtely es
tablished

Ju t as the structural proce s takmg place
duning vasomotion s different in the three
maun parts of the sa cular tree so its physio
logic «igmficance s obviously different If
effected on the arterial side constriction
means curtailment n supply of oxygen and
nutrients while dilation means the opposite
On the venous side vasomotion mght be ex
pected to influence drainage from the part
w the minute crreulation  constriction logt
cally suppresses metabolic exchange wiule
dilation enhances 1t * ¢

Stnce these differences eust concerntng

the vasomotive process in the three matn parts
of the vascular tree various combmations of
narrowing and dilation may be expected to
oceur under \arymg conditions A further
complication anses from the fact that the
vascular upply to a speafic organ or organ
system usually responds as a physiologic
wnit These units for which the term vascular

bed 1> used are largely independent, more or
less in thesr svasomotie respomses 1?2 28
Thus one and the same stimulus may sumul
t.’meouely produce constriction 1 one vascu
lar bed and dilation 1 nother while fading
to produce any re ponsc n a third ™

THI MECHANISMS INVOLVLD IN
VASOMOTION

In general a response mn a target organ
may be eltcsted 1n as many ways as there are
mechamsms by which the sumulus or stimuh
arc comeyed to it Where more than one
mechantsm 1s working at any one time the
net response depends upon whicheyer of these
mechanisms 1s most active at that time Three
types of mechanism are known to play sig
ntficant roles n controlling vasomotne re
ponses

1 Neural The best known and most ex
ten vely studied of these mecham ms 15 one
mediated by the nervous system—through the
1asomotor nerves There are two types of
vasomotor nerves the vasocon lrictor nerves
which cay e contrachion of the antenolar mus
culature and the vasedilator nerves which m
hubit the former and therebs cause relaxation
of the muscular rings  Vasoconstrictor fibers
reach the artertoles by two drstinet routes
{Todd & Kramer Woollard) through the
sympathetic fibers of the autonomc nervous
ystem (which fibers do not extend beyond
the larger vessels of the mb) and through
ympathetic fibers which run with the omatic
nerse trunks (reachun, the arteries at differ
«nt levels down to 1ts smallest branches)
There 15 good evidence to indicate that va o
constriction 15 1 all prohability medsated
through the hberation of an adreaaln ke
substance at the nerve endings

The sympathetic sacodilatars are of two
types tho e which bring abont thewr effect by
the lberatton of acctvlcholme (chohnergic
fibers) and tho e who ¢ action 15 mediated by
an  adrerahnhke  ubstance  {adrenergic
fibers) The presence of sympathetic vaso
dilators n the human skin 15 1n dispute *3
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Chapter 2 Evaluation of Blood Flow

The mea urement of rate of blood flow to
an organ or organ sy tem lends 1tself to many
u es the primary one bewng as an mdex of the
functional tapacity of the organ By the came
token 1t1su ed to estimate the degree to which
such function has been affected by certain dis
eae tates or how 1t may be influenced by
certamn therapeutic measures whether the Iat
ter be designed prec: ely to correct ava cular
derangement or admini tered for other pur
poes

Apphed to the extremities measurements
of blood flow are u ed for diagno tic prog
no tic and therapeutic purpoe  Vanous
elaborate methods have been de 1gned for this
purpo e each one 1n turn having been de
seribed as accurate and preci e only to be
shown sub equently to fall hort in one way
or another of what was expected of it The e
methods are of von iderable ime tigatne
terest and will be described n detail but they
have not replaced certam chmrcal tests and
procedures The sumple clinical approach that

Pain  Important details to look 1nto are
(a) 1ts exact location 1n respect to the extrem
ties wnvolied  (b) 1ts on et whether m 1dious
and progressne or udden and acute (c) its
character—it may be a di comfort or a pain
of varymng de cniption {d) 1ts everity which
may range from an abnormal en aton to
excruciating mtractability  {e) the circum
tances that provoke ity appearance—it may
follow a traumatic mjury or occur in the wake
of another y<temec diea e 1t may be pro
voked or exacerbated by effort or exera e or
1t may appear even atre t 1t may be produced
by a sumng certain po stions 1t may appear
at certain time under certamn clumatic con
dittons and (f} the circumstances that bring
about 1ts relief or alleviation—rest or exerc: e
heat or cold change of position or certan
drugs In general pamn due to vascular dis
turbances 15 attributed to anowia of or the ac
cumulation of metabolite 1n the i sues In
ome 1n tances 1t 15 atinbuted to neural dis

L re uling from fe with the

till retains 1ts place 1n the armamentarium of
the chimeran a» well as the inve tigator will
be taken up fir t

CLINICAL METHODS 1 HISTORY AND
PHYSICAL EXAMINATION

The climeal ha tory of the condition mu t
be taken and the general phy rcal exammation
of the patient done with the ame thorough
ness a» with other disea es Vany sy temc
dermatologic neurologic and orthopedic dis
ea es may mamfe t them elves in the extremn
ties mimicking conditions that eem attribu
table primantly to va cular di turbance De
tailed differentiation 1n that re pect 1s not
within the scope of this book  the reader 15 Te
ferred to the textbooks mn the various fields
There are some symptoms and 1gns which
myst be inve tgated 1n greater detal becau e
of therr association with airculatory di turh
ances The e symptoms nelude pain clauds
cation fatigue and uch en ory disturbances
a burmng numbness tingling and feeling of

cold

blood supply to nerves

Intermutent Claudicanon  This term has
been widely u ed to denote a symptom which
when pre ent 1f properly a certained 1 pa
h for arterial b The clas
steal intermuttent claudication 1s a eramplike
pamn usually in the lower extremitie  brought
about or intensified by walking e-pecially if
done rapidly or by climbing up tawrs and
promptly rehieved by re t The location of this
pamn depends upon the ves el molied For
example occlu ton of the aorta at its bifurca
tron ( Leriches Syndrome ) cau es localiza
tion of the phenomenon 1 the hip or hips
while the common 1te of occlu 10n at the pop
Iiteal branching produces 1t in the calf In
ome ca e the patient complain of pam at
rest occurring often in his leep which 15 re
lieved by his getting out of bed and ma aging
the part Thi indicates a more advanced patho
logic state of the ves el 1n queston The
parallel to angina of effort and angna de
cubitus 1s striking
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part %5 From the differences in morpho
logic structure as well as i functional per
formance 1t might be expected that the three
main parts of the vaseular tree also differ 1n
their responses to stimul t 3 2

1 Phvstologic Stmuli Changes 1n en
vironment primanly affect the vaseular bed
1n the <kin  In general cooling produces yaso
constriction, while warmng produces vasod:
lation 1n both artertal and minute ves<els ° 4*
#38 Heat production n the body and vaso
motor responses 1 the vascular beds of the
ntegument are governed by phy<cal, nervous
and neurohumoral mechanisms 1n such a man
ner s te mantain body heat within physto
logic limits When the body 16 ¢xpo ed to ¢x
cessie cold ancreased heat productron and
vasoconstriction of the surface ves els oceur
Excessive heat production 1s followed by va o
dilation of the «urface veseels and mereased
heat Joss 23 37 9 Deep nspiration causes re
flex vasoconstriction of the cutaneous yessels 1%
In the ammal expersments stimulation of the
me entery pentoncum and abdomnal viscera
15 followed by a vasedilator response and fall
n blood pressure In patients with high tho
racic and cervical transection of the cord dis
tension of the urinary bladder and other ab
dominal viscera evokes vasocon triction of a
patchy type n the tocs and fingers and a
marked vasodilation in the upper trunk shoul
der faceand neck While there 1s marked vaso
constriction in the va cular bed of the skin of
the fingers the blood flow i the vascular bed
of the muscles of the forearm 1s greatly in
crea ed In low trancection of the cord thert
15 vasoconstriction sn the lower Imbs includ
sng the tocs and vasodilation above the level of
thelesion e pecially the finers* Duringsleep
there 15 a decreased heart rate decreased car
diac output peripheral sasodilation and re
duced hlood pressure In sleep that 1s di turbed
with exciting dreams however there 1s
creased heart rate elevated blood pressure and
peripheral vasocon triction * Pam evokes a
pre orrespon e Thi may be medrated through
the excitation of psychic centers and the Ithera
tion of adrenaline by the pamful tmuh £
Work and exercise, at their very inception
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cause constriction of the splanchnic ve sel

Durng exercise there 1s vasedilation of the
vascular bed 1n the muscles resultng from lo
cal action of the metabolic products formed in
the mu cles them elves Cutancous vasodilation
and possibly a reduction in the degree of

planchmic va oconstriction ocetr as the exer
1 ¢ continues 13 Peychogume  hmol suek ay
anger or f{‘ﬂr may €au € cutaneous \Vasacon
striction medated through hormonal mechan
t ms On the other hand embarrassment cau es
the familtar blu b al o mediated throu h cen
teal ncrvous pathways Bl hing 1s cau ed by
vasodilation of the mo t superficial mmute ves
tls mn the blu h areas  of the body notably
the face neck upper che t and sometimes on
the hand and feet Its occurrence however
doc not neces ttate the pre ence of vasodila
tron of the larger artersal channels and hence
does not indicate an increase in blood flow to
the part as 2 whole Flushing results from pas

ne distension of the minute ves els and may
ovcur when the artersal flow 1s increased when
the venous drainage 1s ob tructed or when the
mmute vessel lose their tone Like blushing
flu hing mav occur without va odilation of the
main arterial channels and increase of hlood
flow to the part may be pre ent without pro

ducing the flush or the blush ®

2 Pharmacologic Sttmuls

drugs hasve been u ¢d to produce va omotion
In some of them there 1s good expertmental
evidence to show mfluence upon the blood ves
sels 1n others such evrdence 1s lacking but
chmcal experienct has proven their useful
ness %8 A vasoactine drug may produce vaso
dilation 1n one vascular bed and vasoconstric
tion m another a2 drug may be va oactive in
one part of the vascular tree and wert 1n an
other segment a drug mayv cause dilation n
one concentration and constriction m an
other 88 It therefore appears that the use of
the terms 1a odilator or 1a oconstrictor
drugs 1s msleading since these terms would
connote a unner al effect Desionation of a
drug as vasoactne i one direction or the
other seems possible only 1n connection with
speatfic data as to site and modalities of s
action

Varous
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motor and va cular disorders and may be therr
pre enting mamfestaion In artenal insuff
ciency blanching 1s eauily indured by eleva
tion of the part while in va omotor disorders
1t may be produced by exposure to cold ar by
ome emotional di turbance Sudden pallor of
an extremity 1s a common finding 1mmed:
ately following embolic or thromb ocelu
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Tho e due to pecific etiologies must be ruled
out However if they occur or recur follow
ing mnimal trauma or 1f they show no tend
ency to heal de pate therr appatent mall 1ze
or 1f they present gangrenou changes a so
called 1 cherme ulcer with vascular impar
ment as the underly ing physiopathology must
be

s1on of the arterial channel supplying the part
Pallor as part of a generalized condition such
as n various anemic states must of course
be ruled out

Nodules may be felt under the sk
patients with polyarteriis (periarterstis no
dosa) There distrihution more or less along
the courae of the arteries may be of diagno tic

This 1s

Cyanosts a blush du ky discols

of the kin results from deficient oxygenation
of the blood As such generalized cyanosis oc
curs whenever artenal oxygen saturation 1s
subnormal as i states of respiratory or car
diac fallure I ocalized cyano 15 on the other
hand sugge ts inadequate or slow arculation
in the part as a result either of vaso pasm or
mmpairment of drainage with Jocal peoling 1n
the minute ve els Cyanoss oceurnnginvase
pastic tates 1s transient In occlusive vascular
disea e 1t may occur tran 1ently as part of a
equence of color changes-—pallor on elevation
which persists for the first few seconds on de
pendency of the hmb {followed sooner or later
by redne s that deepens to a purple hue and 1s
commonly referred to as rubor on depend
ency  Persistent localized eyanosis as a rule
mdicates a more serious or more permanent
vascular di turbance When a pers: ent cyan
os1s develops rapidly to a marked degree and
1> associated with coldne s of the parts in
volhed 1t usually portends a very grave situa
tion 1mpending gangrene

d Shin Iesions Lesions due to dermato
logic conditions are not considered here Hem
orrhagic extrarasstions eg petechae and
purpura may be seen m acute thromboarten
tis polyartentr  (penartenitis nodo a) and

hromt Large
ugillations at pressure points are not uncom
mon i elderly arterioselerotics  they have been
called  enile purpura 6

Ulcerations per se do not

bhiched by biopsy
Nodules of vanious appearance are een in the
Xin (2 va cular tumor) erythema nodosum
{a ensitrity reaction) and several conditions
not directly related to vascular di ease

Blebs Patients with va cular dsease
are prone to develop blebs and blisters because
of burns scalds or undue exposure to heat
Al o 1n areas with mo1 t gangrene resuling
from acute artenal occluston blistermg 15 com
mon However patients with artenal dicease

develop blebs 1y these
present very characten tic feature well de
cnbed by Rramer 8t They appear suddenly
and develop rapidly usually overmght and
frequently are fully developed when fir t no
ticed  As ociation with trauma or the other
common cau e>1s demed They most commonly
occur on or about the toes ranging from 1 em
to 6 cm 1n diameter The inflammatory reac
fion 1s immmal and except for shight atching
burmng or mimmal pam they are for the
most part ymptomless The fluid content 1s at
first clear and colorless becoming turbid and
discolored but not frankly purulent within 24
to 48 hour after which time a <maller or
greater area of gangrene 15 een at 1ts ba e
The subsequent course 1s that of a gangrenous
le 1on  Occasionally we have seen such bl1 ters
filled with dark hemorrhagic flud

2 Palpauon

a The peripheral pulses Itis cu tomary
to palpate for the brachial and radial pul es

prima facie evidence of va cular insufficiency

n the upper and for the femoral
the popliteal the pe tertor tibsal and the dox
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Fangue This symptom may be very sigmifi
cant 1f 1t specifically affects the extremities, of
1t 15 related to cffort and of 1t recurs persist
ently As hramer® pomts out, 1t may be the
first indrcation of beginning vascular di ease
Fatigue as part of the chmcal picture of a sep
temic disorder or due o a neurologic i case
must, of cource be ruled out

Burnting  Numbress Tingling Coldness

Sensory di turbances usually assocrated with
neurologic disorders are frequentiv een in
pattents with vascular disease A burning
tneation  or  burming pamm may be com
plained of by patients with such diergent dis
orders as erythermalgra thromboangutis ob
literans or obhteratne arteriosclerosis The
phenomenon however 1s <pecially characterss
tic for erythermalgia a vasodiator disorder
associated with redness and warmth of the
part aggravated by dependency of the extrem
ity or by appheation of warmth and relieved
by elevation of the part and cold In throm
boangutis obliterans and obliteratise arterio
sclero 1s on the other hand there may be some
color changes but the part 1 cold to the touch
and the symptom f anything 15 aggravated by
elevation of the extremity

Numbness and tingling are common com
plamts but they are frequently overooked be
cause as an 1 olated complamnt they are usu
ally attributed to <ome neurologic disturb
ances while as an a <ociated symptom they are
mo ty arerchadowed by pamn or burming At

tention ha been called to their occurrence pre
ceding pain and other stgns and symptoms of
sudden artenal occlusion

The subjectine fechng of coldness 15 very
common 1n occlusive vascular di orders How
ever 1n the ab ence of any other mantfestation
1t igntficance is questionable The part may
even be actually cold 1o the touch and yet there
may not be any demonstrable vascular pathol
ogy Duappearance of coldne s following
treatment howeier may be the first indication
of an improved crculation 1 patients with es
tabh hed arterial nsvfficiency

In describing the physical findings an at
tempt will be made to clasxfy them according

to the branch of the vascular tree apparently
mvolved the arterial the munute or the
venous cireulation

THF ARTFRIAL (IRCULATION

1 Inspection

a Asymmetry of the o sides The two
sides are unequal n the presence of arterto
venous fistulas the imvolied Jimb being larger
than 1ts fellow 1n one or more dimensions An
other condibion causing undue enlargement of
the invohed hmb 1 unilatera) Yy mph stasi> as
in elephantizsis  Limbs surviving arterial oc
clusion without the deselopment of gangrene
usually <how ome muscular atrophy Extra
vascular condittons causing asymmetry of the
limbs are neurogemc muscular atrophy (eg
m pohiomvelitis) and disu e resving n de
crease 1n <ize of the hmb or neoplastic condi
tions causing 1ts enlargement

b Condution of the Skin and Its Appen
dages In Jong standing arterial insufficrency
one may note considerable atrophy of the ub
cutanreous tissue  Abnormalines of the naibs
thpyertrophic stunted or deformed brttle
lusterless) and hair (scanty thin Justerless
and brittle) are very common Specific changes
producmg a tight wavy atrophic <kin are seen
in scleroderma and to a certan degree 1n
haynaud dieae

¢ Color Changes Erythema or redness
tn varying shades may be seen in the distal
parts of an extremity or in some of u= dignt
imolving the greater part of an extremty
both upper or both lower extremities or some
other pattern Purely dermatologic condinons
mu tbe considered and sub equently ruled out
Aside from the locahization of the finding—
and whether 1t 1s transient or permanent—
a ociated symptoms (burning pan etc ) the
pre ence of coldne s or warmth of the invohed
part  and the conditions that exvcite or aggra
\ate it (expo ed to cold warmth dependency
of the part emotional disturbances) must bt
considered

Pallor or Blancling like redne s and

cyanosis 1s a very common finding n vaso
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lated capillaries and angiomata which are
bentgn vascular tumors do not cau e chm
cally significant ds turbances 1n blood flow

THE VENOUS CIRCULATION

Color changes It has been shown that bar
ring the naturally occurring pigment the color
of the shin 1s normally dependent upon the
amount and color of the blood in the subpapil
lary venous plexus (a nich plexus formed by
the ana tomosrs of numerous collecting venules
which 1n turn are formed by the unron of sex
eral venous imbs of adjacent capullary loaps)
1n tead of that in the more superficial capillary
loops 2t An explanation offered for this is the
anatormeal fact that the plexus presents a
greater area parallel to the kin surface com
pared to the capillary loop which are mo tly
disposed at right angles to 1t ¥ Lews demon
<trated that pressure applied to the kin pro
duces first collapse of the venous plexus which
in turn causes blanching this 1s not appre
crably increa ed by subsequent compression of
the capallary loops through further pressure 4
It 1s very Iikely that the vasomotne capacity
of the collecttng venules and subpapilfary e
nous plexu es 1s even poorer than that of the

terminal caprllary loop Measuring the gra
dient of pressure in the capillary loop Lan
dis®® 97 found that this was least in the venous
Limb the average pressure at that segment be
g only about half that found at the sumrmt
of the loop These findings suggest that vaso
motion 1n the e venules and venous plexu es
15 more or less pa stve i response to the hemo
dynamec forces at play m the artenal (and
capillary) sy tem as well as 1n the rest of the
venous tree Hence they dr tend whenever
the artenial inflow exceeds the venous outflow
and collapse when the reverse takes place
reflecting 10 a certam degree the vascular sta
tus of the part obsersed

Tt hould be noted tn view of the above that
by and large pallor or blanching redness or
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manly 1n the other portions of the vascular
tree They do not occur as a result of organic
or functional disturhances mn the e ves ebs
proper but merely as a passne reaction to
hemodynamuc forces in the arterial circulation
(v13 2 tergo) and the rest of the venous syy
tem (v1s a fronte)

Cyanosis The basic cavse of cyano 1s 15
subnormal oxygen aturatton of the blood As
mentioned n a presious ection it may be een
In certan arterial di eases Obviously 1n e
nous & orders that cau e dammng back or
sluggs hne 5 of the circulation a» 1n venous
obstruction  cyanosts may be a prominent
feature Y= of cour e applies equally to con
gestive heart failure where there 1s 2 general
1zed 1mpairment of venous return A bemgn
condrtion charactenized by an inten e local
1zed cyanosts nvohang predominantly the big
toe and attnbuted to vemospasm has been

de tnibed ®

Erythema Localized erythema formung part
of the picture of inflammation, may be seen 1n
phlebitss or thrombophlebitts 1nvohing the su
perficral vemns  Thrombophlebius 1nvolying
deep vemns may not exibit any superficial ery
thema but rather palpable tender cord with
wfiltration and edema of the surrounding tis
sues

Edema Thi results from the exudation or
e cape of itind from the mrnute crrculation into
the intercellular pace It occurs in the pres
ence of unduly increased intravascular pres
sure increased permeability of the ve< el wall
or physico chemical di turbances in the com
position of the blood Localized edema occurs
followmg yenous ob truction primarily be
cause of the resulting congestion and increased
inravascular pres ure and n all probability
also from 1ncrea ed vascular permeabiity
Lymphedema 1s a brawny infiltration of the
tercellular spaces due to lymph  tasss following
obstruction of the lymphatic channel In
I 1

erythema and cyanows though fested
through the 1zl segments of the senou sys
tem actually reflect only the pathologic and
Thysiopathologic responses takmg place 24

d \enous P s
that 1mobing the large venous trunks lymph
1a91$ 15 supenimpe ed on the edema ooner or
Tater
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salis pedss artery (or ats proximal part, the
anterior ibnal} 1n the loner cxtrermtie  The
presence or absence of pul ation and 1ts force
fulness are noted the precence of <clerolc
changes by the hardnes elasticity or beading
of the artenal wall 15 ascertained  The pres
ence of strong pul ations indicates adequate
matn stem or primary circulation at the point
of 1ts detection  Its complete absence may 1n
drcate an embryologic anomaly or maliorma
ton or an obstructive process mnolving a
proximal egment of the primary arterial
channel We are using the term  primary ar
tersal channel advisedly nstead of refernng
to the regronal circulation as a whole Com
plete absence of a peripheral pul ¢ even 1f re
sulting frem cbliterative artertal disease 1s no
absolute gauge of the adequacy of the over all

arculation The primary antenal channel
P

ma o pastic and m occJusive vascular dr or
ders occurring transiently m the former and
persistently 1n the latter Aside from concom
miltant color changes there are usually asso
crated symptoms of vascular insufficrency

Coldness of one extremiy or parts of 1,
cvaluated best by companson of it with the
other side, 1s almo ¢ mvarably 2 mamfesta
tion of rascular pathology which may again
be erther vasospastic or occlusive i nature
one bemng dictingus hable from the other by
the associated signs and symptoms

Warmth as a localized physical finding by
and large imphies the presence of inflammation
In uncomplicated obhteratrve vascular cond:
trons despite gn assoriated finding of redness
or erythema and the complamt of a  burming
sen ation, the mvolved parts are cold to the
touch In these ca &s warmth or heat indicates

P

may be blocked but there might be <uff
econdary or coll 1 ch s 1o

an 4 reachiontoa ! see
ondary nf

an adequate blood «upply to the distal p1rts Pe
nodic disappearance of the pulse 1s character
1stie of vasopastic <tates  Diminutson 1n force
fulness of a pul e previously noted to be nor
mal 15 usually indicative of a developmg ar
terral obstructive pathology The permanent
disappearance of a previou ly palpable pulse
15 a dagnostie feature of embolic or throm
hotic occluston  An abnormally Jocated pul a
tion may he felt over well developed collateral
es els when the normal primary chacuel 15
ob tructed  An abnermally located pubsation
assoctated with g thnll a brust and/or a mur
mut 15 a cormmon finding over arterio venous
fistulae if the e are encountered over a ma s
which al o exlibrts pul able expansion they
are almot pathognomonic for an arterral
aneurysm

b Changes tn Surface Tempereture Cold
nesw of extrermities 1f hilateral and symmetrs
<al may be a normal finding  Even marked
coldnes may be an expre sion of a primaniy
nenrologic rather than a a cular drsturbance
In these cases aside from the du tribution and
the absence of symptoms  there 15 often as o
crated hyperhidrosis On the other hand b
lateral and symmetrical coldness may be found

The only va cular disturbances exhibiing
abnormal warmth 1n the mmohved parts mn the
b ence of mflammation are arteriovenous fis
tulze and erythermalgra the latter character
1zed by usually bilaterally and symmetrically
warm red and burming extremmes

3 Percussion and Auscultation

The e methods of physical examnation are
very rarely u ed 1n the detection or ealuation
of rasrular pathologic conditions  An excep
tion 13 the confirmatory finding of a bruit or
murtmur on auscultation over the su pected
site of an arteriovenous fistula or an aneu
rysm

THE \INUTE CIRCULATION

Petechiae and Furpura Minute extravasa
uons of hlood may oceur as a result either of
embolic phenomena infectrous or nonmfec
tous or capillary wall damage (defect n 1n
tercellular cement substance) While the e le
stons may oceur mn pathologic lates where
there 1s a va cular dt order they do not nec
es anily reflect the extent or the magmtude of
that diorder

Tel

whuch are ab Hy

3
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ing of the sclected vemn the hmb 1s lowered
to the horizontal position and the tume for re
filling of the elected vern 1s noted Normally
this takes 5 to 15 seconds a delay indicate
mmparred artenal mflow  Obviou ly the te t
as de enibed 15 of no value 1n the pre~ence of
raricose verns with defective vahve and venous
m ufficiency due to concequent backflow of
blood However where the defect i< limited
to the superficial et of vemns (not imvohang
the deep et or the communicating veins) the
test may  Ull be of value af the backflow of
blood 1s preented by placing an easily re
movable rubber band around the leg ju t be
low the hnee before the Itmb 1s lowered 1n
order to occlude venous crrculation

e Reactire kyperemia test The b to be
te ted 1s elevated until the ve< els are emptied
of their blood content a evidenced by max
mal blanching produced (this 1 best appre
ciated on the palmar or plantar surfaces) A
cufl or tourniquet 15 then placed high on the
limb and pres ure above the j tohe 1 ap
plied to occlude artenial arculation  The hmb
13 then lowered to the honizontal level and the
pres ure released The time 1t takes for the
blu h {reactnne hyperemia) to oceur 1s noted
as well as the ume 1t takes for the normal
color to et 1n A more elaborate te t utiliz
mng this prineple 15 de cribed by Pickering ¢

| The artertal pressure Direct measure
ment of arterial pres ure imvolves the mtro
duction of 2 medium  1zed needle into the ar
tertal fumen the sy tohc and dia tolic pres
sures are registered by a manometer attached
to the sy tem There are a number of in tru
ment asaulable that permat direct recording
of the pres ures

The indirect method using the phygmo
manometer (Rnva Rocer) 1s ba ed on the prin
ciple that the pressure neces ary to suppress
flow n an ela bic tube 15 about 1dentical with
the pre ure under which flow through the ves
sel occurs A pres ure cuff 15 placed around
the hmb and inflated unul iterruption of fow
through the artery has been a certained The
pomnt at which blood flow 13 resumed 1s the
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moment when intra artenial pressure equals
the applied pre~ ure This can be detected by
“the appearance of an au cultatory ound with
each pul e wave over the portion of the ar
terv Ju t di tal to the obstruction when the cuff
15 lowly deflated The value of the apphed
pres ure at the firt appearance of 3 ound
1 taken to be equal to the <ystolic pres.ure
On further deflation of the cuff the ound
change in character and finally di appear This
end point 2 recorded as the dia tolic pre< ure
Steele > ha hown that this be t approximates
the directly recorded dia tolic pres ure The
direct method 15 upertor as far as objectiity
and accuracy are concerned However for
daily practical u e the indirect method 1 per
fectly adequate
g Radiography Aortography and Arteriog

raphy With plain radiography the presence
of caleificatron 1n va.cular wall 15 v1 ualized
Th procedure alone however does not pro-
vide the examianer with any nformation as to
the patency of the ¢ vessel the presence or ab
<ence of ob tructine pathology or the pre ence
(let alone extent) of compensatory collateral
channel  Vore information howeser includ
g that concerning the exact 1te of the ob

truction mav be obtamned through the ue
of radiopaque <ub tances The e are 1njected
percutaneou 1y or through a cut down inte
the artery then swualized radiologically as
they course through the vamous artenal
branche The ub tance may be injected mto
the aorts (aortography) or into the maller
arterial trunks (artenography) Varous sub

tances have been emploved for this purpo e
Diodra t Neo Jopax and Swed: h Umbradil
have been found mo t au factory

TESTS FOR THE MINUTE CIRCULATION

a Postural Color Changes and Reactue
Hyperemie While po-tural color changes and
reactive hyperemna are u ed as gauges of com
petency of artenal chaunel the reaction ac
tually ob erved a previou ly mentioned con
1 ts 1 changes produced in or reflected by
the minute circulaon  In a broader en e
therefore wherever uch a tet can be per
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Varicose Veins Vanicostres of the superfy
cial veins are essily seen and palpated as prom
ment, cngorged and tortuous  worm like”
structures just beneath the overlying A but
rased bheyond 1ts level Varico ¢ veins are
usttally the result of congenttally weak vales
and vessel wall incompeteace of the valves of
the deep and/or commumicating veins or the
presence of artcriovenous fistulae, they may
represent extensne collaleral channels follow
ing obetruction of main venous trunks
Findings char
aclenzing these ulcers are aside from there
indolence and res1 tance to treatment, the se
quelae of prolongcd venous stasis increascd
prgmentation edema and often the presence
of uperficial varico ¢ vem  These ulcers are
distinguished from ulcers due fo specific
causcs trophre or pre sure sores and 1echemic
ulcers

Taricose or Stasis Ulcers

CLINICAL METHODS 2 TESTS AND
PROCEDURES

There arc numerous chuical tests and pro
cedures that are employed to determune the
competence or adequacy of the cireulation 1n
the extremitics Some are very simple white
others are relatively complicated the ease or
difficulty of their performance bemg no sndex
of their relatne chimcal u ofulness These pro
cedures will be deseribed briefly grouped ac
cording to the portian of the vascular tree they
are mtended to test

TESTS EQR THF ARTERIAL CIRCULATION

a Postural Lolor Changes % % Charactens
tic color changes may be produced at will in
Iimbs with arterial wsufficieney  With the pa
tient lying on hus back elevatron of the leg and
Toot produces blanching of the part best appre
cated an the plantar surface of the toes and
the <oles of the fect W hen the patient «its np
with hus feet dangling down the side of the bed
the pallor 15 soaner or later reptaced by a red
dish or purplish crythema that may be diffu ed
or mottied 1n appearance Jn normal per ons
with unmpawed artenal arculation, shght

PERIPHERAL CIRCULATION IN HEALTIl AND DISEASE

blanching may occur on elevation this will
give way to normal color within 30 seconds
on dependency In the patient with artenial in
sufficiency, return of normal color on depend
ency 15 ether conaderably delayed (1 minute
or more) or the pallor 1s immediately replaced
by rubor, as described above
b Posturel Pan This 1l present accom
panies the postural color changes  With eleva
tion of the hmb the action of gravity further
depletes the already insuflicient arterial blood
supply to the part causing the blanching pre
wously described and at the same time pro
ducing pain
¢ Changes on Evercise 1f the patient 1s ly
1ng on lus back with hes limbs elevated he 1s
made to exerct e by alternately flexing ana
extending his ankles and toes (or wrists and
fingers) 10 to 60 times per munute  Blanching
( plantar 1schemia test )™ and pain mcreace
m the presence of marked arterial msufliciency
wiule 1 its abeence or m well compen ated
cases normal color may be restored through
excrcice
Claudication Trme  The panent 1s made
to walk at a regular fa t pace {120 steps/mn )
or fo chmb a fight of stairs unb] pan or
claudication appears The time that elapsed
fram the start of the te t to the appearance
of the pam is noted ay the claudication time
A teeadmull or a physiologic bicyele have been
u ed for the same purpo ¢
Claudication Distance  The test 1s per
formed a< above except that the di tance
rather than the hme before claudication oc
curs 1s measured as a criterton
Rusch Test Agamn  either claudication
tme or distance may also be determined
with the patrent lving flat on his back and exer
cistng the imb from this possiion by rhythmi
cally flexing and extending the extremuty at a
rate of 30 trmes per minute
d 1 enons Filling Tyme ? One of the promu
nent superficial veins on the dorsum of the
foot 1s watched carefully Wauth the patient 1n
2 supine po ttion the limb 15 elevated to dran
the vewns of therr blood content  After empty
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roundm,, flare and wheal formanon The red
reaction 1s a red band which appears shortly
{315 econd ) after symuolation on the hine of
troke DPale lines on both <ides of the red
band may alsa he een Both reactions appear
to result from divect timulation of the rapil
Jary wil) which cau ¢s dilation of the ve sel
where the mechamcal tumulus was greater
and con trchion where the stimulation was less
inten & Their appearance 1s not dependent
upon nervous mecham ms or the tatus of the
larger \a cular channels 1f the stimulus 1s
greater in antensity or 1> apphied repeatedly
o flare or a preading flu h tarts 1o surround
the local red reaction shortly afterward s
outla ted by the local reaction The flare re
sults from arteriolar dilatation due to an axon
reflex et in motion by the sumulus  Occluston
of the antenial eirculation prevents the orcur
ence of the flare  Upon still more intense or

vepeated " 1 1 a blanched
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e ponses This concept awsumes the presence
of a neuro humoral mechamsm with hasta
mnlike sub tances respon bl for the red
reaction and wheal production by direct action
on the capillary wali and acetylcholine® re
lea ed by the excitation af the avon reflex re
sponsible for the artenolar dilution that causes
the flare

g Saline W heal Test When physiologic
saline olution (02 cc of 085% alution) 1s
jected d {ly a wheal 1s produced at
the sile of mjection  Normally this wheal dis
appears m 30 to 60 minutes It has been dem
onstrated that m the presence of vaccular
di case there 15 ronsiderable reduction of the
dt appearing tme 995 A flaw m this test s
the need to make multiple moculation sites—
a very mnconyvement procedure for the patient
Evaluation of the te ts actual sigmficance 1s
difficolt becance of the many nomva cular fac

and raised lesion appears at the site of the
ted reaction completelv replating 1t {wheal
formatton)  The lesion at first harply de
marcated from the surrounding normal shin
oon spread out and decreases 1 height grad
ually disappeaning after a few hours The
wheal recults from a loralized mcrea ed per
meabibity of the capillary wall and at> produc
tion 1> not dependent upon a nersous mechan
1smi

Yenis has demon trated commengly that
this trple 1e pon e results from the produc
tion of a histarmn hike substance by the under
lying cells The action of the<e substances 15
tery sumilar to that of hi tamme which al o
produces the triple response when imjected
wtradermally This production of an  H hike
sub tance has similarly been invoked to ex
plain the cutaneous reaction ob erved follow
g, vanous physical smul such as burning
freeczme electrical simulation etc as well as
tho e whuch compri e the cardinal signs of 1
flammation This 15 al o true of the cutaneous
le 1ons ob erved in disturbances of the pos
terior ot sensory root of the central nervous
ystem (v12 anty dromac impulses) # They are
on dered the basie \a cular lesion m allergic

tors nfl absorpion

TESTS FOR THE \ENOUS CIRCLLATION

a Posturel Changes 1In the presence of ve
nous m ufficiency resulting from deep venous
occluston with or without sarico tties swelling
or edema of the extremty 1s produred or ex
acerbated by dependency and relieved by ele
vation of the part  Sinafarly pain that 1s wsu
ally charactenzed as a dull ache or a heaviness
may be expenenced on dependency of the part
ot after prolonged standing  Relief 15 obtained
by recumbency or elevation of the part

b Tests for T enous nsufficiency (Presence
of block or of incompetente) Lotahzed ve
nous nsufficrency results from obstruction or
narrowing (secondary to thrombophlebitis)
or from weakened vascular walls or incompe
tent valses (main can es for the development
of varicosihes) These pathologic conditions
may imolie either the deep or the superficial
vemns In the presence of <uperficial vanicose
veins locahization of the exact source of venous
backflow 12 nece ary In the deep venous sys
tem varices hardly occur but incompetency of
the valves mav be encountered The most fre
quent cause of incufficiency of the deep veinsis
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formed at all the capillary syctem must be
adequate or competent

& Capiilary Pressure A method to meas
ure blood pre sure 1 mdnidual capiliary
foops by micromanipulation inserting a glass
canula into either of s bmbs has been de
serbed by Landis® He reported changes
i capillary pressure produced by altering the
distance {level) between the heart and the ves
sel being examined the application of heat
venous conge tton production of a histarine
flave application of cold and 1n Raynauds
desease '7 This procedure does not find chim
cal application becau ¢ of the need Ior very
<pecialized apparatus and techmeal skt §n
durect methods using a mucro capiflary tonom
efer measure enther the amount of pressure
that empties or the pressure that permits refifi
ing the capillary loops as obserred under a
capillary microscope

¢ Capdlary Resstance  Rumpel Leede s
test A tourmiquet or a sphygmomanometer
cuff 15 placed around the arm and positave
pressure to obstruct venous return 15 apphied
mrdway between the systohc and diastole
pressures for 10 mimnutes The number of pe
technae appeanng in a sclected area distal to
the obstrucion (usually i the forearm) 15
noted  The degree of camllary res tance 5>
taken to he 1ver ely related to the number
of petechiae produced

Hecht Dalldort s te t  In ths procedure the
production of petecinae 2 mduced by the ap
phication of neganve pressure to the skin This
15 done by means of a yacuum pump connected
to a small <uction cup that i1s applied to the

kin for one nunute Capillary resistance 1s
mcasured and expres ed mn terms of the least
negatne pressure required 1o produce pe
techiae This lest can be vers easily performed
with a peteck 2 simple apy con
sistng of a bell connected with a suction syr
inge arrangement  Altempts 1o quantilate the
test have not met with impre sne success

@ Capillary Miscroseopy A drop of cedar
ol placed on the ¥in renders the surface ho
mogeneous and tran parent enough to perrmt
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sisualization of capilaties and the blood flow
through them by opaque sllummation with
a strong hght under a mucro cope {Lom
bard }® The capiMary system may be thus
visualized at any place in the integument
cluding the acce wible mucous membranes (hp
cheeh gums conjuncina) The number size
and configuration of the loop the relation
p between s artenal and venous Limb

the veloeity and charactes of the blood stream
through st and the response to the vanioms
stimult mayv best he ob ened at the nat
bed where the wnduidual Joops are long and
run harizontally  The conjuncinal capiflanes
may hkewt e be observed with the u e of the
hit lamp mucroscope The po sinhues of this
procedure as a diagno tic too} are guestion
able despite reports mn the hieratvre de enb
ing abnormahties n the capiflary loops as o
crated nath yanons diseases # % Consequently

m pate of its relative <umplicaty the procedure
has not found the clincal appheatron 1t pos
ssbly deserves becau e a bast of correlanng
the sometimes ntrrgutng morphologic yana
tons with known clinteal entities 1s practically
uott exr tent

e Istamune Flare 4% 87 20 W hen histanune
{1 1000 acid phesphate solution) 15 priched
or myeeted (01 ce) intradermally a wheal
and 8 surroundwg flare develops at the site
of moculation The reaction 1s prompt begin
wing e 2 minutes and ending withm 10 min
utes A delayed or poor deelopment of the re
action has heen mnterpreted to sigmfy an um
pared circulation 1n the area te ted  Smce
the wheal results from a durect action on the
capsllary wall while the flare appears to resolt
from avteriolar dilatation produced through
an axon reflex the wheal 15 more significant
than the flare m view of the fact that the pro
duchion of the latter may be mfuenced by the
pre ence of ome nervous dr order

f Lewss Trple Response % If the kuwn 1
troked firmh with a pomted in trument the
following reattions may be eherted depend
sng upon the ntensaty of the tumnlus 2 red

reaction  (vasodilation) Jfollowed by a sur
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walking alone (wrthout the tourmquet) 1s akso
observed At those levels where application of
the tourmquet followed by exercise 1s not as
sociated with appreciable change 1n the fillng
of the vens 1t 1s presumed that the commum
cating and deep veins are incompetent

| Determination of Venous Pressure Ve
nous pressure may be measured direcily by an
troducing a needle 1nto the vein and connect
ing 1t to an upright manometer The vemn se
lected for the procedure must be placed at the
same level as the night auricle if this 1s not
possible or impractical corrections for the
level difference must be made in reading the
results  Venous pressure 1s usually expressed
1n centimeters or mllimeters of water the nor
mal range being 60 to 160 mm 101 102

Indirect mea urement of venous pressure
can be done with the use of more elaborate in
struments 1% 1  On the other hand very
sumple bedside procedurest®® yield fairly good
approuimate values With the patient lying on
his back the hand 15 lowered below the heart
level to i1l the veins on the back of the hand
The hand 1s then gradually raised until the

being carefully watched—collapse The

vertical distance reached between the dorsum
of the hand and the level of the right auncle
gves a good estimation of venous pressure

Venous pre sure can also be roughly esh
mated by observing the vemns on the undersur
face of the tongue These are normally col
lap ed when the subject 15 standing or sitting
but are distended if the venous pressure 1s
hugher than 200 em water 13

g Venous Fisuah atton The veins may be
made to stand out  and be visuahzed readily
if a fluorescent substance 1s mjected intrave
nously and the hmb obsersed under wood light
Exposing the b to an infra red lamp will
al 0 make the vems readily vistble With 1n
fra red photography a picture of such vens
may be taken

h Venography The venous system may be
visualized radiographucally As in contrast ar
phy Diodrast 15 I

The rad b,

ploy
may be duced
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1nto the veins 1n a number of ways Inindirect
phlebography 1t 1s 1njected into the arteral
trunk supplying the extremity roentgeno
grams are then taken at short mtervals This
method 15 theoretically the best but technical
difficulties and sometimes unpleasant side ef
fects are associated with 1t A sumpler proce
dure 1s to wmyect the contrast substance into
the venous system (direct phlebography) with
a tourmquet apphed to occlude venous return
1 the mvestigated extremity Because of the
generalized distnbution of the injected sub
stance and despite the tourmquet visualiza
tion 1s sometimes poor Acute thrombophle
Iitis 15 a contraindication to phlebography

The contrast medium may also be intre
duced directly mto dilated cuperficial or vara
cose veins The high concentration of the sub
stance and the presence of venous stasis in the
area make the ves els stand out beautifully

Varcose vemns due to mcompetence of the
superfictal set alone may be differentiated
from those due 1o deep venous nsufficrency by
phlebography unless there 1s incompetency
of the deep and communicating vemns they can
not be visualized by injecting the contrast me
dium 1nto the superficial vancosities 107

SPECIALIZED METHODS OF
MEASUREMENT

Some of the follwing tests and procedures
which are designed to measure and document
the behavior of the general circulation as well
as the phystologic respon es of the crrculation
1n the extremities are useful tools 1n 1nvestiga
tive studies  Since their performance requires
the services of specially tramned personnel and
the u e of complex apparatus these procedures
are rarely done mn climcal practice Good
clinteal examnation will suffice m most
stances to arrive at a defimitive opinion as 1o
diagnosis and management

GENERAL CIRCULATION

a Cardiac Outpur Changes 1n cardrac out
put are necessanily reflected 1n the entire vas
cular tree Where there 1s umpairment of ar

1

tenial ) as vascular
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partial or complete obstructron as a result of
thrombophlebitis  The resulting congestion
may wau v msuflicency of the valves of the
Wing vans ot the prod of col
lateral channd)  Euther condttion may m
wurn cau v superficial varicose vans that are
grossly indistingw hable from the ordinary
run of the mill variety which arise from con
gomtally defectine vahes
Various chnical procedures may be u ed to
deterrume whether the varicosities were formed
as a equela of duep venous disease or if they
are of the congemtal vanety The following
tests are commonly used to evaluate the situa
tron in cases of venous wmsuflicrency
¢ Modified Brodie Trendclenberg Test 9 97
Wath the patient lying on lus back, the leg 15
clevated to empty the vens mn the extremity
The patient 1s then madu to stand up and the
veins are ob erved closely the examner noting
the rapidity of fillin,, (filling tume) as well as
the dircction of filling whether from above or
below Normally the veins should fill slowly
from below Filling from above mdrcates that
the valves are incompetent  Roughly slow fill
g from above—where the column of blood
could be followed as 1t backflows 1nto the pre
viously emptied veins—sigaifies that only the
superficaal ve sels are involved Rapid filling
of the verns—where the <ource of backflow
could not even be localized-—mdicates incom
petence or nsufficiency of the deep or com
muntcating veimns
The procedure 1s repeated and the veins
emptied VW ith the leg sull elevated a rubber
tourmquet 15 placed hugh around the thigh or
pressure applied with the examiners fingers
to occlude the great saphenous vein as 1t emp
ties into the femoral vern at the region of the
fossa ovalis At the same time the small sa
phenous vemn 1s occluded by digital pressure
as the vessel drains mnto the popliteal vein in
the popliteal fossa The pauent 1s made to
stand up with the apphed pressures mamn
tained If the varico e vemns result from m
competence of the deep or commumicating
svems they fill de pite the applied occlusion on
the great and small saphenous vemns If they

remain empty then the defect myvolves either
or both of the supcrficial segment  The tourm
quct placed hugh around the thigh (or the pres
sure applied on the great saphenous vern) 1s
then released  If the vems reman empty, the
great saphenous vein 1s competent  If they fill
the great saphencous vein 1s the source of back
flow If the veins remamed empty even after
remosal of the tourniquet, but filled alter re
mosal of the pressure appled at the small <a
phenous vein only the latter ves<el 15 mcom
petent

Filling of the vems upon releasing the pres
sure on the great saphenous ven necessitates
a third performance of the procedure When
the pattent stands up the tourmquet is rc
tained but the pressure on the small saphenous
vem s relea ed I the veins reman emply
the incompetence 15 localized an the great
saphenous vein, 1f they fill both the smail and
the great aphenous veins are mcompetent

d Perthes Test”® A rubber tourmquet 1t
applied around the thih with sufficient pres
sure to occlude eirculation 1 the superficial
verns The patient 1s then made to walk about
the room If the dilated veins dummsh
size, 1t ndicates that the communicating and
deep seins are able to compensate for the 1
sufficrency of the superficial venous sets

e Other Tourmiquet Tests® **° Incompe
tent communicating veins may be localized by
modifications of these tests The Trendelenberg
test 1s done but after the verns have been emp
tied the tourmiquet 1s applied at varous level>
of the thigh and leg, before the patrent 1s made
to stand The defective ves el 1s mdicated by
the highest leved where application of the tour
niquet 1s followed by filhng of the vein when
the patient stands up The use of muluple tour
mquets to prevent backflow from proximal su
perficial vesscls or from other deep or com
municahing veins may yicld even more specific
nformation

In a modification of the Ierthes Test (Ma
hotner and Ochsner) the tourmquet 1s 2pphied
at various levels of the thigh and leg and i
each instance the effect of walking on the van
cose vewmns 19 noted The effect of exercise or



EVALLATION OF BLOOD }LOW

ARTERIAL CIRCULATION

a Osallometry and  Oscillography 131 138
This wethod of examunation 1s ba ed on the
prnciple that 1f optimum pressure (usuaily
betneen £0 10 150 rom Hg) 15 applied through
acuff placed nugly around an extremty the
pul ations of the underlying arteries sre trans
mitted to the enclo~ed air 1n the cuff By con
necting the cuff to a delicate needle arrange
went the pul ations are magnified and may be
sLudhized as oscillations of the needle 1n front
of a dial or recorded on a moked drum or
tracing paper  The amphitude of the observed
osallations has been taken as an mndex of the
adequacy of the underlyng large artenes
Hence dimimshed pulsations down to zero
teading” were interpreted as sndicatve of 1m
paired and i 1 5
the presence of artersal di ea e of ether spas
ticor occlusie nature

Ertoneous mterpretations of the rewults ob
taned with the procedure and sty nadequacy
to quantitate blood flow (due to the fmy ovuf f
1y of cahbrating the apparatus) have Feen
pomnted out repeatedly by various workers in
the field  One can fully agree with the state
ment that the procedure 1s u ~ful only for re
cording pul_ations in the extremities for future
refeence and for teaching purpo es  other
W€ 1t1s one of the lea t valuat le of all meth
ods of inye tization of the perirheral aircula
tion "139

The phy 1cal imtations «f the procrdure
make 1t unable to sndieate the presence of ab
‘ence of crrculatory insuffiesrney (whirh 1s beat
appreciated by the | resenting of cliniral mant
festations) and unreliatle 25 2 measure of arte
nalblood flow The anomalous enuree of even
medium 1zed supesficral arteres the presence
of ik ubeutanery gads 1n otese 1ndivid
uals and the preeenes of well developed but
non pul atile small artrnial collaterals ade
quately compen tng fes totally or partially
oecluded f imary artersal channels may render
Poor or aleent oo il metrie seadings meaning
less 1n the evalustirn of the circulatory 1tuz
tion

Sequential sellneraphy may however be
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useful 1n providing the examiner with v: val
evidence of the progress of occlusive vaccular
dieae Jtcanal o be useful in demon trating
the reopeming of occluded orginally primary
artenial channel f this <hould occur in the
cour e of therapy

b Calorimetry 140 14 The circulation plays
a con wdcrable role :n the regulation of body
temperature  Va odilatation of the surface
ve sels increa es the vascular area expo ed to
the external emvironment promoting heat lo s
by radiation Vacoconstriction does the oppo
site Thus there appears to be a direct relation
ship between heat loss from a body surface and
the vascular status in the same area  On the
basis of this ob ervation blood flow was esti
mated by mea uning the heat loss of an ex
tremuty  This was done by tmmersing the ex
tremities 1n water §clow skin temperature and
caleulating the heat lass from temperature
changes obmersed 1o the water as measured
[rom time to time

These an a wuml er of accegted objections
fo the methed The Fasie assumy tion that the
Haed fo the ooly source of heat 1gnonng the
fart that lieat §+ penerated for example by
the mu cular ty suen b evadently erroncous
Fustherme e the @ umytion that the aserage
temperature of the wates in the calonimeter
mav e taken ax the temperature of the senous
bload 1s accegtitle only within nasrow Limita
tians ¥ Finally the temperature changes ob
serve 1 obviousty reflect changes taking place
in the Hoad only within superfirial vesehs
(skin) while changes in the Hood apportioned
to the deeper i sues are haedly acccunted for
There were m reover many technieal diffien]
ties involved 1n the method which made st uze
imgrartical and with the difficulty of inter
pretng its resolts st was di carded unul re
cently resived by VMen Howizz ¥ who mndified
the method without entirely elimmating the
causes for objection

¢ Surface Thermometry Based on sizular
deliberations a those that led to the calorimet
nic methed, changes of urface temperature
various 2reas were observed, mea ured and
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disease a decrea e 1n cardiac output may
prove criical 1 producing artenal insuffi
ciency and 1ts <equelae  On the other hand,
some iascular disorders eg arteriovenous
fistulae are capable of influencing cardiac out
put directly even to the extent of provoking
heart failure

There are various methods to estimate car
diac output The principles mnvolved the math
cmatical calculations required and descrip
tions of the methods are readily available 1n
the iterature 18 108 117

b Cuculanon Trme1181-2 The shortest
time required for blood to flow from one
pomnt in the vascular tree to another 1s referred
to as the circulation ime of these points
Having established normal values 1t 1s pre
sumed that a prolonged or increased circula
tion time indrcates a slow flow of blood while
a shortened or decreased circulation tume n
dicates a fast or short circunted flow of
blood Using a systemic vemn eg the ante
cubital vemn as the staring pomnt, an ndi
cator substance may be injected intrave
nously and 1ts presence detected at desired

end powmnts lke the lungs and the tongue
measuring respectwely the armtolung and
the armtotongue times In the first m
stance ether (025 ml ) may be uced the end
point bemng ndicated by the coughing reflex
induced by the excretion of the drug n the
lungs In the second instance dechohn (35
ml of 2055 solution) or sacchann (25 Gm
1n 4 ml of water) may be used the end point
being indicated by the production of a bitter
taste (or sweet taste) m the tongue The dif
ference between the e two times 1s the lung
totongue time There are also methods 32
designed to measure pulmonary crrculation
tume One of these 1s to introduce a radioactive

1
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drug (which acts 1n the carotid sinus simulat
1ng respiratton) 1s njected (02> to 0.5 ml of
290 solution) mto the antecubital ven and
the time recorded with a pneumograph and
stop watch

The ‘normal values vary a hittle with the
different methods employed The arm to luno
time (using ether) averages 6 seconds (30 8
scconds) The arm to tongue trme {<acchann
or decholin) averages 12 econds (8 to 18 sec
onds) The armtoarm time (radioacine
substances) averages 7 seconds (2 to 14 sec
onds) The pulmonary circulation time (ra
dio active substance or sodium cyamde) aser
ages 11 seconds (7 to 14 seconds) Wath these
values the speed of blood flow 1n the systemic
and pulmonary erreutts may be estimated

¢ Cuculating Blood ¥olume Any change
m circulating blood volume may iniluence pe
nipheral blood flow and 1n turn be influenced
by peripheral vascular disorders The various
methods used are described in the ltera
ture 117 1206 180

d Blood Coagulation In certamn vascular
diseases where there appears to be some asso
ciated disturbance 1 the clotting mechanism
of the blood {eg recurrent thrombophlebs
t1s) studies of the vanous factors involved m
blood coagulation are indicated By and large,
such stmple procedures as the determnation
of bleeding coagulation and clot retraction
times are adequate for screeming purposes
Abnormalines 1n any of these values call for
a more thorough hematologic work up and the
performance of other tests including the de
termunation of platelet count red cell fragility
bloed Ca Vit K plasma fibrinogen prothrom
bin ime prothrombin consumption time plate
let adhesiveness heparin telerance plasma an
tithrombin activity and others

substance (radium or Na ,) mtoan b

e and to detect 1ts arrnval at the night auricle
and at the brachial artery at the opposite stde
with a shielded Geiger Mueller counter The
dufference between the arm to arm time and
the arm to heart time 15 a fairly good measure
of pulmonary arculation time  Another
method 13 to use sodium cyamde where the

e Ang diography The intravenous 1n
Jection of a radiopaque substance that permts
the radiologic visualization of the individual
cardtac chambers s very useful in the study of
varous congenital anomalies and valvular le
stons of the heart which may be associated
with g i or dary
changes 1n the peripheral vessels
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re ents the rapadity of artersal inflow per unmit
of ime or the rate of blood flow into the part
exammed This rate 1s usually expressed as
rlliltters of blood per 100 milliliters of tissue
{the volume of the enclo ed part diided by
100} per mmute
The medim w ed withun the syst m may be
water or axrr The type de cribed aboye 1s based
on atr displacement  If this method witended
to evaluate blood flow to an extremuty, 1s ap
phed to a digat (finger or toe) or hand or foot
the behavior of the arculation m the whole
Timb cannot be welt judged because of the ana
tomcal fact that the toes and fingers and
hands and feet are (exception made of the
bone) mostly kin with only very small muscle
mass while the opposite is true for the rest of
the extremity We have ascertained that the
skn/muscle rauo 15 about 0305 i the
forearm and Jower leg and 4—35 n the hand
and feet 1! Pesults obtamed with a large part
plethysmograph 1% which permits the study of
the whole foot foot and leg hand or forearm
and hand are obviously more representative
measures of blood flow to the extrennty Fur
thermore because of the anatomcal fact that
{exception made to the bones) the hand and
the foot are mo tly kin while the leg and fore
arm are mo ty muscle by determining blood
flow 1n these large parts (blaod flow to the leg
15 computed from the difference of the values
derved for the foot and the foot and leg)
the salves obimned may be broken down
e estimate separate shin and muscle flows in
the extremiy with more reasonable approu
matian  As Alten, Barker and Qines posnt ont
the method 1 hardly apphicable mn ordmary
chmcal practice but we findit a mo tadian
tageous method for imestigatton of the phy«
ology of the circulation and of the many
methods now available  doubtles the be t
a the above mentioned authors have tated 13
e Ergography ™ %" The ue of the er
gometer and the ergograph (equipped with re
cording fauhites) 1s ba ed on 2n attempt to
tandardize the determmanon of claudication
tme as an 1ndex of blood flow to the mu cle
bed of the extremity To test the upper estrem
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ities the patrent 1s made to clench the hand
agant a fixed resistance (provided by
springs) keeping time with a metronome To
test the lower extremities the patient 1> made
to flex and extend the foot at the ankle erther
voluntanly (synchronous with a timing de
vice) or by elertrical stumulattan Variatien in
re 1stance to exerci e 1s usually accomplished
with springs or weights An electrically pro
pelled treadmill or a physiologic bicyele has
also been used for the purpose  The tme that
elap ed Irom the beginmng of evercise to the
time when pam appears 1s noted as the claud:
cation ime  On the ergograph the force (am
phtude) and duration >f muscular contraction
may be recorded and elaudication time as well
as fatigue ime graphically demonstrated

| Deternunation of the Oxyen Content of
Pertpkeral Bloed The amount of ovygen taken
from the blood as 1t pa e through an extrem
1ty has been used to deternune the adequacy
of circulation to the extremty  Oxygen con
sumption 1 deternuned from the difference an
oxygen content of the artental and venou
Lloods 1a the extremity ( artetiovenous differ
ence J Y% The u efulne s of the te t1s hnuted
by the fact that O saturation of the blood 1s1n
fluenced hy various extravascular factors and
the narmal wide vartation obsersed 1n venous
ovygen saturahion even under constant envi
ronmental and phy sologic conditions An
oxymeter attached to the kin has heen con
tructed u 1ng color differences jucked up by
a photoelectric cell **% The method 15 rather
erude and bardly ments quantiation 1t abso
12 dependent upon many nomvascular factors
such as thickness totture and other quahities
of the <kin Since 1t 15 1 ed mn blu h areas
many elements enter that bear no dicect rela
tionship to rate of blood flow An apparatus
called the oxygen electrode®™ ecms to be
much more promismg  Its use 15 tll 1 the
experimental tage however steanlc v ed at
sarying depth and 1t appear te be by far the
mo t accurale sndcator of 0 consumplion
avatlalle st pre ent for tissues of the evirerm
ties

& Use of Radwactire Substances Sodium
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u ed as indices of blood flow Lor thrs purpose
various an truments and apparatuses have
been devi ed weluding the Dermatherm 4
the potentiometer 1ndicator 47 the Rubicon
shin temperature measuring device ** the elec
tromotive  thermometer % and the Derma
IOI' 149
By and large there 1s a definite correlation
bhetween a limb s urface temperature and 1ts
vascular <tatus - As mentioned previously vas
cular impatrment as a rule 1s associated with
coldne s of the part imolved While 1solated
temperature readings may not give any defi
mte information sigmficant temperature dif
ferences betwcen homologous parts of tnwo ex
tremities and m abrupt changes in those of
adjacent parts of the ame caremnty are n
dicative of vascular disturbance Such differ
ences may often be detected simply by the
palpating hand without the u e of any appara
tus and may even yield very uscful informa
tion  On the othcr hand the use of elaborate
mstruments to make the determination of tem
perature differences and changes may Jead to
erroneous conclusions 1f the value obtaied
are unqualifiedly taken as a measure of blood
flow to the extremity As experience accumu
lates the Lumitations 1n interpreting surface
thermometry as a mea urement of total blood
flow to the extremity become more and more
evident
The extreme lability of surface temperature
m the upper extremities 1n line with the lat
ter function of miute to minute adjustments
to slhighte t temperature changes n the 1nternal
and external environment ot the one hand and
the relatine  luggishne s of re pon e mn the
lower extremuties (bomng called upon to react

culatory status 1n the decper vascular beds
especially the muscls  Finally sympathenc
denervation of a imb  fixes its surface tem
perature at a cortan level (which persists for
as long as regeneration of the severed nerves
has not taken place) making the kimb ncap
able of exmbiing changes 1n cutaneous tem
perature despite changes 1 blood flow 1n re
<ponse to even powerful va omotor shmul: ¥

d Plethysmography 1f the rate of venous
return flow to a hmb or organ were to remain
constant or 1f 1t can be momentanly sup
pressed, the character of artenal inflow to
the part 1s reflected by changes 1n volume of
the part Qualitatively an increase 1n volume
of the part 1mplies an mcrease m blood flow
to the part and a decrease mn volume of the
part implies a decrease 1n blood flow  Quanti
tatively the rate of blood flow (inerease or
decrease) may be determined by the rapidity
or acutene » of this change 1 volume A num
ber of plcthysmographic methods! 1% have
been desised to measure blood flow all baced
on the above mentioned principles ¥4 In gen
eral the part to be evaluated 1s enclosed m an
a1r tight and leahproof box or compartment
which 15 connected throngh a nondi tensible
tube directly to a recorder A train gauge of
other electromc device may be mnterpo ed
Changes 1n pre sure mside the plethysmograph
box (cau cd by volume changes of the part of
the limb 1n 1de 1t) are then conserted by the
strain gauge mio electrical impulses which
are amphificd and recorded 1 an attached d1
rect wnter by the induced excursions of a
heated stylus  Occlu yon of the venous return
flow from the part 1s accomphshed with a cuff
applied around the part ju t provimal to the
pleth This cuff 1s ltoa

only 1n re ponse 1o o s emyy I tem
perature changes or to stron,, vasomator strm
uli}? © on the othcr makes the interpretation
of cutantous temperature changes 1 either
Jimb as reflecting total blood flow to the part
rather questionable Furthermore while sur
face temperatute may Jogically be expected to
reflect changes in the vascular bed n the skin
thes does not necessarily mean that 1t likewse
reflects (in magmitude or in direction) the cir

pressure rc ervour with facilities for sudden
flatton of the cuff to a pressurc alove ve
nous pres ure but below dastolic artenal pres
sure If the change mn volume of the extrem(y
(followng sudden venous occlu 1on) as reg
1 tered by the excur 1ons of the recorder stylus
1s recorded on ERG or other sutable paper
and run according to a et timing deviee the
slope of the resulting curve (flow cunve) rep
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Changes m temperature of the external eavi
ronment, like those of the internal environ
ment produce vasomotor responses predom
mantly in the surface vessels Exposute to a
cold emvironment causcs constriction of the
«urface vessels dummishing heat loss and
conserving body heat Exposure to a warm
environment 15 followed by dilation of these
vessels and heat loss

a Reflex Vasodiataton (Gibbon Landts
Procedure) Vasodilator responses in the ex
tremities may be ob erved and evaluated bv ex
posing the body or reasonably large parts of 1t
to heat or warmth ¥ 17 Thys or any exper
ment designed to test vasodilatation should
be done against the background of muld vaso
constriction  There are a number of pro
cedures descnibed 1n the Literature but we
have found the standardized method of Gib
bon and Landist™ most convenient and re
hable We use this procedure The patient
in a basal «tate lyin, comfortably on a bed
15 made to adapt to his environment in the
constant temperature room mantained at 20
C(£05 C and 55% humidity The patient
15 considered adapted when the surface
temperature at the plantar surface (glomus
area) of the hig toc has remaimned constant
for at least 30 munutes as recorded quast
continuou ly by a Speedomax recorder An
arm of the patient 1s then immer ed up to
beyond the bend of the elbow 1n a water bath
mamtamed at 43 44 C for a penod of about
45 munutes V. m the ex
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largely unknown It seems however undis
puted that the degree of peripheral vasocon
striction bears a relahonship to systemrc ar
teral pressure whether this 1s a function of

general peripheral resistance  of one or more
specific vascolay beds 15 under dispute

The effect of cold induced vasoconstriction
on systemic blood pressure m man has been
observed and u ed to determine 1asomotor
reactinity  Baseline blood pressure readings
are recorded then the ubject s other hand 1s
immersed beyond the wrist 1n water of 4 C
for one minute while the blood pressure 1s re
corded every 30 seconds After removal of the
hand from the water blood pressure 1s e
corded at 2 minute intervals  The maximum
nise of sy tolic and diastolic pressures 1s noted
as also the length of time before basal readings
are reached and rhe length of time 1t takes
for the pressure to return to basal levels after
immersion  An 1ncrease of 20/15 mm Hg
blood pressure a pre experimental period of
20 mmnutes and 2 post immersion period of 2
minutes are con wdered normal Values ex
ceeding these figures are nterpreted as an 1n
dication that the subject 13 a  hyper reactor
and that he has 2 hypercensitve vasomotor
system  The procedure 15 used more as a
screeming test to find  potential hypertensives
than to judge va omolor reactivity 1n patients
with penpheral vaseular disease

d Cold Test This 1s a simple tect where
the patient immer es b1 hand n water

tremuties are evaluated by periodic determina
tions of rate of blood flow measured with a
large part venous occlusion plethysmograph

b Reflex ¥ asoconstriction ™™ The op
posite reaction 1s achieved if a part of the
body 15 cooled 1ntead of warmed This
<hould be done agam t a background of mild
vasodilatation  For this purpo e as in any
type of experiment to test \a oconstriction the
constant temperature Toom s hept at 2526 €
with the humidity at 55%

¢ Cold Pressor Test 1% The various fac
tors that influence blood pressure are stll

dat 15 C ) If the test
15 positne a urticanal or an angionenrotic
edema like reaction occurs m the immer ed
part  There may al o be systemic mamfesta
tions which sugge t a hi tamin like reaction
Capillary micro copy reveals blurring or han
ness of the outlines of the capillary Joops due
to the production of edema probably re ult
g from increa ed permeability of the capl
lary wall This procedure 1s a test for vascular
hypersensittnty to cold rather than for vase
motor reactivily per e

3 Responsiveness to Pharmacologie
Vasomotor \genls Varous drugs have
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and 1odmated scrum albumen have beun
used 1717 Both are excellent measures of
blood volume n the part examined The 1n
lerpretation of peripheral pickup with a
Ceiger counter or a scintillation tube in terms
of blood flow however 1s rendered rather
difficult by the diffusion factors and the
physiologic shunting devices

TESTING OF VASOMOTOR RESPONSES

Under normal eonditions 1asomotor re
sponses are clicrted when the indrvadual s ex
posed to vasomotine forces The nature or dt
rectson of the response 1s spectfic for any one
sumulus although the magnitude may vary
within certain Itmits 1 different indivduals
and within narrower limuts 1 the same indi

e

1 Responsiteness to Changes in Tem
perature of the Internal Enrironment
Followng profuse hemorrhage or other states
characterized by foss of body heat a tramn of
physiologic events sets in seemingly devised
1o con erve heat and to prevent further loss
<urface vasocon triction lakes place The con
sequent cold <en atton has provided the term

chull  for the symptom complex represent
wng the attempt to restore body temperature
if the heat loss has been great On the other
hand 1n lebrile states where there 1s excessiie
production of body heat vasodilation of the
surface vessels takes place increasing heat
loss by radiation and convection Thus nor
mally actne tasomotion occurs at least in the
<urface ves els 1n re ponse to changes in tem
P of the mternal environment Lo s of

vdual  However this d 1 sp ¥
may be <ard to eust only n certain vascular
beds for other vascular beds in the body may
not only not re pond but may esen exhibnt the
opposite seaction to the same stmulus at the
<ame time such type of response n turn be
ing specific for these other beds Thus 1f vas
omotive shmul phystologie as well as phar
macologie, are clasaified as vasodilator or
vasoconstrictor 1t 1s most desirable that their
action be specsfied i respect to the vascular
bed or beds concerned Various phystologie
states and many pharmacologic agents are re
ferred to as peripheral vasodilators or pe
nipheral vasoconstrictors  because therr oceur
rence or admumi tration 1s followed by the
respective vasomotor response in the blood
vessels of the extremmuties Howeser until bet
ter methods can be desised <o that the blood
flow 1n the vascular beds of the skin and mus
cles can be separated more accurately the ad
dinve effect of their responses have to be
taken as the vasomotor re ponse of the ex
tremty as a whole On the basis of these
facts certam physiologic states have been ar
ufically mnduced and various pharmacologic
agents have been admimstered to evaluate the
vascular tatus of the extremity under the as
sumption that the va cular integrity 13 directly
correlative to the normaley {10 degree and 1
direction) of the 1a omotor response ehaited

responsisene » indicates di ea e of the ves el
or dri terbance n the regulatory mechanism
Injection of typhord vaccme which was
used i the treatment of thromboangutis ob
Iiterans has been employed by the same work
ers!73174 g evaluate the va omotor respon es
i the extremity The intravenous admimsira
tron of 50 to 100 nullion dead or attenuated
bacills 15 followed by a <equence of events
comprising (a) a latent period of about two
hours and (b) a evere chill with rapid nise
in body temy hang ats
within 1 hours and subsiding gradually to
normal The n<e 1n skin temperature and m
crease in motth temperature are noted as
well as the difference between those two values
(atiributed 1o perspheral vasodilatation)
The e are u ed 1n a formula the Va omotor
Index (Brown) presumed to be an expres
sion of the capability of the small peripheral
ve sels to dilate  The index 15 obtamned from
the ratio of the difference between the two
increases ol temperature over the increase 1n
blood (mouth) temperature a vasomotor in
dex  of 15 or more 1s taken to be mdicatne
of good vasomotor responsnene s The un
plea ant side effects and the dangers of the
dure have [ ted its wid, 1 use
2 Responsiteness to Changes in Tem
perature of the External Fnoironment

P
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e apphed to differentiate between L and
son e flow through multancou  mea ure-
ment 27 Simudar hrmtation and dfficuliies in
nterpretaton apply 2> 1 thermometry  The
procedute 35 perhaps better applicable to mu
de flow than to ki flow  ince 1t mea ures
Gvvgen cor uraphion and there doe~ exrt a
sery definte yelahon hip between work per
formance and mu cle flow
¢ Plethy mography ef large parts per
mus eparate e~umation of mu cle flow and
Yan flow by u g Forearm or leg for esima
tion of mu ofe flow and hand or foot for e<
omation of tan flow
The va cular bed of the Ln 1 predom:
nently concerned with heat regulation and
therefore yeadls ze-pond to change m both
the externaf and st rnaf enssronment The<e
re pon-es may be ehoted durctly a2 welf a5
by central yeflex and are almo ¢ entirely
dependent upon the sa omotor
ton 151 190
The va cular bed of the Leletal mu fex It
ha been hown in Grant!” andhui co workers
that 1 contea ¢ to the ki bed va cular re
pon = m the Keletal mu cles were chiefly
dependent upon the action of metabolites pro
duced during actisity  Bareroft and hus co
workers™ have acertzined that the \a emo-
tor centre can regvlate the ba al flow 1 my
ele but1 woable to mfluence the circalatory
changes duning actrsty  Thus fact 15 vnex
plained a5 3¢ the phenomenon of the ympa
thetic denersation of a limb increa ing ba al
flaw hut depruving the hmb of &t capability
to recere reflex increa e an blood flow through
bodv warming These unewplaned phenom
ena are mo t kel related Barcroft and s
as ociates even ponder the po< lality that

1anena
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there may be two eparate orculations mn
mu cfe one rontrolled by the va.omotor cen
tre and the other by metabolites” Be that 2s
st mas 1t obviou that the re-ponses of var
1ou 12 cular bed 10 vaomotor drum put
vary according 1o the regulatory mechan m
active at the partscular bed

3 Relason hips among Yarsous Yas
enlar Beds The fact that 12 emator e
pon es vary from bed to bed cau e tran
po wmon  of blood from one area to the other
Th:  Iufting of blood soluare witlun the air
cutatars 3 temr 1 olwiow Yy 2 rather tmpor
l:ml factor 1 hemodvnamics Unfortunately

3 <till sery plete and naans

a theory adsanced ostr the sear<s il awax
tng concly ne expertmental and climeal con
firmation  Probably the best way of gathenng
mformation on th:  problem complex 14 the
one employed by Skarpey Shafer and bt co-
worker ¥ 4 They have tudied the effect of
uch rapid method of changing cirenlation 2
altening the posture heating cooliny exerct e
and the Val alia marewer As far a- the two
mam va cular beds 2 extremunes are ton
cerned st appears mont Iikely that tafung of
blood from the st to mu cle and sice versa
does eccur Thr <eems te be mo ¢ plan 1ble
when we con der the difference- 1n apportion
g of blood to the hin and mu cle re~pec
tiely 1n re pon e to coakag warmung and ex
ercte 2 well 2 the 32 omotor phenomena
cannected with interruption of nenou regu
latory mechamt m™ * % The aceurrence of
hifung of blood betweer vaceral and pen
pheral bed in man 3 far from prosen to
ome workers it appear~ to be an almo~t un
avoidable po-tulate for explanation of certan
featvres of hock and hyperten 10n
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been used mn the treatment of peripheral vas
cular disease becau e of their supposed vaso
dilator or vasospa malytic properties They
are discusced 1n detarf 1n Past IV W ath each
drug physiologic experiments conducted un
dex well controlfed condrtions should he per
formed to demonstrate the alleged pharmaco
logac properties When investigating yasomotor
respon os 1t 1s of paramount importance that
the controiled conditions include ba al conds
tions of the patient as will a« the facilities
af a regulatable con tant temperature and hu
miduy laboratory

VASOMOTOR RESPONSES IN THE
EXTREMITIES

1 Relattonship to the Heart The heart
serves as the central pump that throws into the
vascular system a given amount of blood at
gnenantenals at a guen pre sure and with
a grven velouty it 1s obyious that changes 1n
the pumping mechamsm must be reflected
w the perpheral circulatton and that such
respon ¢ becomes measurable whenever 1t
reaches a magmtude suffivent to be docu
mented by the limitud methods available at
pre ent  (bincally the re pone in the ex
tromuty beds ta decrea « n cardiac autput may
be found to mantfest wsclf directly 1 two
ways 1n arterial constriction and n pool
mng of blood in the minute ves el When car
drac output remains markedly diminished for
a prolonged penod of hme as in cerian tases
of tight mutral stenosis the ensutng prcture in
the extremitics mught be almost indistinguish
able from that of pertpheral arteral msufft
ciency due to iinnsie occtusine penpheral ar
ternal dicease  This mcludes even such ex
treme mantfestations as marhed trophic
changts and gangrene both of which may oc
cur without the pre ence of a ball valve throm
bye 151 182

Conversely marked changes 1 the distribu
ton of blood volyme within the pertpheral
sascular system mu t neces artly affect the
mechanics of the heart 182 1%

2 The Vascular Beds within the Fx
wremuty  There are at least three distinet

PERIPHERAL CIRCULATION IN HEALTH AND DISEASE

vascular beds 1n the extremuty, namely, in the
bones the skeletal muscle and the hin The
vascular supply to the connective tissur found
between the indnadual muscle bellies and <ep
asating shin from muscle 10 certan place
scems of nunor if any sigmificance Va cular
supply to soft tr ue structures in and around
the jomnts 1s of great interest but there 15 no
method available to measure blood flow to
the<e structures 1 man  Blood flow 10 the
bones may be measured 185 however the
method 1s cumbercome and has not proven
revarding so far

There are three main reasons for separating
<km flow from muscle flow  {1) The rmpact
of vacevlar disea e may be equal on the two
buds but more often 15 found to be predom:
nantly on one of them at the ime (2) The

) h chefly r ble dif

fer in the two beds skin flow 1s to the greate t
part regulated by sympathetic mmervation
while rate of muscle flow mostly depends on
the rirculation and transport of metabolites 10
work performance (3) The respectne re
<ponses of the tno bed to the same stimulus
may differ quanutatnely or even direchion
ally

There are at pre ent three methods avarlable
that permut an approximate scparate estuni
tton of muscle Now and <kin Now m human ex
tremmbies

a Thermometry <tmultancou ly
thermocouples 1nserted mnto muscle bulbes and
thermocouples affived 1o the surface of the
tmb  Registration of surface temperature 1
an mdicatron of bload flow through the kmn
aunly under certan circum tances ¥ ¥ Lo
cal ¢ffects of insertion of the thermocouple and
the fact that merely loeal temperature s reas
ured 1 3 few places rendrer conclustons con
cerning blood flow to the whole muscular bed
of the part difficult ** Pastcally thermometry
cems better apphcable to the ~kin bed than to
the muscle bed stnce heat requlation 15 the
out tanding  phy 10logre  function of  hm
fow 182

b The u ¢ of the oxygen electrode may

u mng
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Part II Pathologic Alterations
Peripheral Blood Flow

Citar 1 AcuTe INTRInSIC Vascirar Disor Disease and Injury of the Nersous
DERS System
Arterial Segment Disturbances n tl e Endocrime Sys
Venous Segment Tem
Iinute Vessels Thyrod Adrenal Medulla and
Chromaffine Sy tem Adrenal Cor
Ciar 2 Curowic INTRINSIC VASCUtan Dis tex Gonads Pancrea
ORDERS Piturtary
Arterial Segment (hanges 1n General Circulation
Yenous Segment Abrormalit es of the Musculo Skel
Minute Ve els etal System
Cuar 3 ALTERATIONS 1N Broos Frow Due 1o Changes in the Composition of the
ExTmivsic Cavsrs Blood
Teaumatic Injuries Sen vty Reactions
AUSES FOR ALTERATION in peripheral Tissue necrosts (u ually called gangrene when

blood flow are of course mamfold Most
changes repre ent physiologic responses to
‘vanous needs ansing within the body s econ
omy 1 the fulfillment of hifes daily require
ments
Changes 1n penpheral blood flow due to
pathologic interference may be consemently
diyded into two main groups alterations
caused by and representing seguelae of mtrin
sic disease of the blood vessels and alterations
representating re pon e to and equelae of
pathologic proce es outside the vascular sys
tem
Pathologic processes affecting blood flow

the extremities are concerned) ensues when
ever the arterial blood upply to the part 1s
markedly impaired or totally ob tructed

When the venous part of the circulation 1s
affected drainage of blood from the part1s 1m
pared  This leads to stagnabion of blood and
accumulation of wate products mcluding
CO causing n turn diseoloration changes
1n surface temperature swelling prtuing edema
and pain

Fmally 1nterfercnce with proper function
of the minute circulation affects metabolic ex
change through the capillary wall and may
lead to 1ncreased capillary permeabihity local

may manmlet them ehes pred ly
one or more of the three maimn segments of the
vascular tree producing the equelae of inter
ference with the inherent function of the af
fected segment Thus pathologic proce es
affecung the artenal egment cause dimunt hed
or inhibited supply of arteral blood to the
part Jeading 1o privation in nutrients and oxy
gen this an turn cau es pan pallor change
m  urface temperature and trophic changes

41

edema d or loss of capillary respon ¢
to timuli (usually referred to as Jo s of ca
pillary tonus ) hemorrhage and cven ne
crosis

Alterations in blood flow may be acute or
chrome rever 1ble or irreversible  Obviou ly
where uch alterations result from extravaseu
lar pathologic proces es 4ll parts of the vascu
lar treec may be affected at the ame time
Morcover even in the ca ¢ of mitnnsic vascy
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ACUTE VASCULAR DISORDERS

thrombus forms locally on the basis of the
atheromatous ulcer 1 the vesel wall and at a
certain moment oceludes the ves.el lumen
Very frequentls atheromato 1s occurs m com
bination with oblteratne arteriosclerow  a
di~ea~e to be di cu edlater Likewise athero
sclerovis 1s frequently <upenmposed upon ob
Lteratne thromboangubs  (wspally  ealled
Buergers Diease ) Acute thrombouic ar
teral occlusion may al o eccur following an
acute inflammatory processin the artenal wall
Primary acute arteriis 15 a rare condition
but does occur e pecaally i ehildren  Two of
the ca es reported by Rramer®® were ob erved
m boys and a third n an elderly woman In
these ra es the condition appeared as a gener
alized artenitis  All the artertes both large and
<mall were molied although the medium
«ize and maller artenies showed the greatex
changes Pathologically there were swelling
and proliferatine changes 1n the mmima with
necrosis 1n some area  In other areas thrombi
were found on the intima with complete oblit
etation of the lumen 1 some ve sel  The me
dia was frequently 1 olved with wnfiltration of
all types of cell followed by hyahne degen
eration and fibroa  There was al o cellular
mfiliration 1n the adventitia and 1n the pen
vascolar b sues The symptomatalogy 1s es en
tially that of an acute infectious process with
a climcal picture of a severe toxeme state with
a udden onset remutent fever ramd pul e
headache malaie vomumg generalized
pamns 2nd paims 1n the extremuties of varying
mtensity  Purpunc hemorrthages may be seen
on the body or more prommently m the ex
tremties e<pecially in the lower limbs  There
may be gangrenous areas of varying 1zes de
pending on the caliber of the artenes imohed
When the larger trunks are 1mvohied the im
pairment of the penpheral arculation 1s quite
evident, with Jo s of the pul e coldne s of the
extremity  discoloration and ultimate exten
we gangrene  There 15 leukocytosis with pols
nucleosts platelet count bleeding and clotting
time remain normal
Secondary acute arterius may occur for an
stance when the vessel traverses an absce s

43

cavity the outer part of the vessel wall eems
10 have 2 marked re 1stance to bacterial wava
1on which account for the relativels rare 1
aidence of uch event When 1t occurs 1t
tarts as a pertarteniti with polymorphonu
clear [euhoeytic mfiltration of the entire ve <el
wall and destruction of the ela ue lamina
which 1 turn may result an evere or fatal
hemorrhage

Acute endartentts Jollowing lodgment of a
eptic embolus from 2 ephic thrombus or from
the vegetation of an acute or <ubacute endo
carditis may alo lead to acute artenti with
snflammation and wnfiltration of the whale ar
terzal wall the re-ultant <econdary thinning
cau es the formation of a myconic aneurysm
or rupture of the ve sel

Acute arteritis way abo occur secondary fo
generali.ed wnjections and wnflammatory proc
esses Disea es that have been mentioned as
mvolung artenes with ub equent development
of gangrene include typhus feser 3¢ influenza
diphtheria 3 streptococtic  ore throat, ery

ipelas3® anthrat gonococcal mfecthions 3° ma
{ania % and rheumatic fever ¥4 The symp
tomatology 15 neces anly domunated by the
primary di ease theva cular mvolvement pre
sents a compheation erther m the acute clmt
cal tage or dunng comvale cence Sympto

) ferable to the artenal comp

depend upon the e of 1voliement and var
1es m eventy according to the completeness
of 1ascular ocelu ton ranging from binghng
and numbness to actual pain with blanching
coldne  diccolorahion and gangrene of the
pact.

Subacute non pyogenie arteritis has been re
ported as a comphcation of typhoid fever and
epticemta (bacterial embol) 4% pneumoma
and scarlet feser {due to touic capillarv 1n
yury )4¢ and other general infection The lower
extremity ve< els are mostly imolved
Rheumatic arferitis 16 a well de enbed mor
phologic entity ivohing the mall artenes the
arterioles and the capiflarte 47 and has been
reported to imolve a vanety of such periph
eral ve «els as the cerebral pulmonsry ecor
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Yar diseases, in many 1nstances should the dis
turbance last for a prolonged period of time,
all segments ultimately participate to some
degree  Various types of pathologic processes

affeeting peripheral blood Rlow have of course,
vanous organs as sites of predilection Dis
cussion pre ented here will predonunantly con
sder blood flow to the extremties

Chapter 1 Acute Intrinsic Vascular Disorders

ARTERIAL SEGMENT

Acute arterial occlusion 1s the term used
for those merdents 1n which the man arterial
supply to the part appears 1o be cut off rather
suddenly Symptomatology may he instanta
neous but more often develops within minutes
to an hour In the extremities the presenting
symptoms are coldness (subjective and objee
tive} pailor and numbness The pallor soon
gnes way 1o a mottled cadaverous appear
ance and the numbness to mtense pan, the
affected part of the hmb becomes extremely
sensitive even to hight touch

Acute occluston m the arteral tree may be
caused by an embolus or bv local thrombus
formauon Differentiation 1s often difficult bur

hould always be attempted because of essen
nal differences’1n management The present
1 Sudd,

eases leading to cachevia mulnutrition are
factors to be considered in the development of
mycotic thrombi an peripheral arteries how
ever this ss extremely rare exeept 1 the pres
ence of acute or subacute bactenal endocard:
ngt?

Atherosclerosis® 1s by far the most frequent
ctiologie factor responsible for acute throm
botic occlusion of perspheral arteries® A

* Atherosclerosis or atheromato t  as 1t used to be
called s characlenized by a fatty change and fibrous
thickening of the ntima of the larger arteral ves
els With the more eflectie control of nfectious dis
ease and the re ultant Jengthening of the popula
tion 8 hfe span there is an apparent mcrease 1n the
cidence of degeneratne disea es” Thus athero
clerosis and artertosclerosts which had heretofore
been looked upon as barely more than stigmata of
aging are being con 1dered more and more for their
pathogenic potentialities Becaw e of therr relaine

once bltshed they represent per

mg symy logy 15 1d

of onset 1s not of great help since mn many
case only the complete thrombotic occluston
wath is dramatic equelae makes the patient

haps the most potent threat 1o that lengthened hie
C h 1 and !

have become the subject of atensive investrgation
while much snformation has been gatheced, their

and his surroundings aware of the pathol
while the preceding slow development of such
pathology may be entirely overlooked or
msinterpreted  There 1s a striking simiarty
of events (o those encountered mn many cases
of myocardal infarction due to thrombotic
coronary artery occlusion

The best lead to a decs 1on whether acute
occlusion of an extremuty artery is thrombotic
or embolic 1n nature s the evaluation of the
pahent as an individual ca e The presence of
heart disease especially of rheumatic etiology
i the abeence of penpheral mamfe tations
of vascular di ease speaks strongly for em

1

15 far from und d This book 1s
hardly the place to review these studies Two diserep
ant hypotheses regardng etrology might be mentioned
The most widely accepted “diet hypothests 3 3% pro
poses that due to a disorder of fat m tabobem an ex
cess of lipid material occurs in the blood stream
whe b in ture leads to fatty deposits in the artenal
wall The presence of such liprd deposits mduces re
acttve overgrowth of connective tigsue resultin, 1n
fibrous thickening of the artertal inima  On the other
hand proponents of the “thrombus” hypothesis think
that sclerotic lesions are altered thrombr mural
thrombosis 15 beheved 10 be posubly the conseguente
of some abnormality in the vartous factors related to
blood coagulatron 2 34 According to this concept a
mural thrombus that has formed i the vessel wall
becomes overed with endothehum and thus becomes

bolie and agawnst thromb: and
vice versa  Meticulous search into the history
15 of great ymportance Blood dyscrastas dis

4 into the ve el wall an{ with subsequent
organization fatty changes occur which misht lead to
softening ulceration and even caleification
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e tabli hed Attempts to differentiate phlebo
thrombo 15 from thrombophlebiti  at lea t
chmcally are unrewarding 1f not smpo thle
The mechan m of intrava cular coagulation s
not deardy under<tood For a di russion of the
ubject and review of the iterature, the work
of Welch™ 2nd Nygaard™ hould be referred
to Varnous factors ate known to mfluence or
to play a part in it production but the extent
of their re pestive roles 1s unknown  Among
them are 1njury to the ves-el wall* & ob truc
tion or slowing of the blond stream © change
n viseo 1ty and compo hon of the blood (x ¢
atbumtn content} *? and changes in the coagn
lative proy erhies of the blood ¢ ¢
Damage to the venous wall may be due to
1atrinsic dh €1 e {e-pecrally phiebo clero 1s) ox
3t may ke of infectious (e g poeumama wflu
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pach of enfarged lymph gland. 993 3 Pro
longed bed test & pecially in obe<e and elderly
mdniduaks s frequently a ocuated with ve
nous thtombo 12 1% 16

Supetfictal thrombophlebins 1moling the
saphinae v tem producing a vi 1bie and pal
pable pamful cord offers no dragmosuc prob
lemand s 2 arule of e 1gmficance fow
ever 1t may he of diasmostic smport in the hu
tory of obliteratine thromboangntrs

Deep 1renous thrombosts 15 a bother<ome
often panful condition with a tendency to ve
corrence nd 1o establi hment of chronie <¢
quelae Tts mo t erious a pect however 15 the
oceurrence of pmboli m  An estimated 80 to
90% of thrombo es oceur 1 the lower ex
tremittes most of them i the call verns 192 The

enza typhord ferver) (e g, Il
%

1 i

dag of deep venous thrombo 151 ba ed

msir 1on
chemcal (pernenous infiltration} or tumor
metastatic onigin * %% Iy may al o be produced
by direct exten son fromJocal uppurative focr
as 1n puerperal ep 13 mastoiditis and psteomy
el

Changes 1 toa,ulante properties of the
tlood occur under vanous orcam tances for
fargely unknown rea ons and thewr role
thrombu formation 15 not too well estably hed
Arceleration in the prothrombm actination
mechant m has been found to accur 1 po t
operatine and po tpartum tates °% and yhs
defert 1n the clotun,. mechanism ha been as
sumed to be one of the rea ons for the frequent
oceurrince of thrombo embolic ipl

on the descnibed errcum tantial esidence and
the 1gns and svmptoms due to impared ve
nous dramage deepmu cletenderne  painful
hot red and indurated crerdying han A po:
ine Homans 1gn {pain on doraiflexion of the
foat) 18 helpful 10 evtablt hung the diagno s
while a negatice test daes not exclude it by any
means  As 1s to be expected ma t embolic ept
odes an ing from thrombr 1 <y temic vews
orcur mthe lungs  Paradovieal emboh mio
the bram or to the extrenuties may oceur 1 the
pre-ence of a patent foramen ovale A patient
who enher has mamfc t peripheral venous
thrombosts or 11 whon ote or more of the pre
&1 poain,, factos are pre ent hould be u

after childbirth and major urgery

Slowin,, of the blood flow eem to bme a
rather trikine relation hup to thrombus forma
tion Three very common condiions frequently
assocrsted with intrava cular thrombo 1s might
be menttonrd here 1 Slowing of the systemie
blood flow a ocated with congestive heart
fature parucularly wn mutral teno w» or fol
lowin,, myocardial infarchion ¥ ? g3 well as
that eon equent to sudden drops i arteriat
pre ure 2 Loval impediment to blood dram
age tesulting for example from pre sure upon
the fermoral ve ele by » pregnant wterus or a

pected of a pul y eraboli m m the ocLur
rence of a sudden increa ed heart rate v wh or
without 11 ¢ m temperatute  Cough 15 u patlv
an early sign  hemoptyst may or may not fol
Yow Pamn that accompanies pleural imolie
ment by the pulmonary infarct 15 especially
marked 1n ba al lesions  Fever and <econdary
paeamonitis often appear two or three day
later Ma< we pulmonary emboli m may cau e
sudden death or be foliowed by the 1gns and
symptoms of acute pulmonary heart deea e
Subacute ca es mav pre ent as conge tine heart
farlure a tery mall emtoh m may be ea iy
merlocked
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onary and mesenienc artertes 42 as well as
those of the hidneys, ovaries testes and the
penirenal and perradrenal fat4® 1t 1s deseribed
as a panarleris with occasronal secondary
thrombosis 4* Rheumatie arteritis 18 character
1zed by nfl 3 lestons bl
those of the pericardium and cndacardlum
with marked reparative processes and carly
sascularization of the thickened mtima so
that complete occlucion of the sessel never
occurs #7 despate the rather extensve mvolve
ment of the vessel wall Kramer and Bayhsstt
demonstrated severe exudation and necrotizing
arternitis in rheumatic fever and suggested that
severe myocardial damage may re ult from
the aarculatory disturbances caused by the ¢ le
sions In active cases the involved vessels show
prohferation of the fibrous and elastic tissue
similar to that of arteriosclerosts  Oddly en
ough there have been no reports of rheumati.
arteritis of the extremities nor have there been
reports of a no ologic entity attributable to
rheumatic lestons in this part of the sascular
tree

PERIPHERAL CIRCULATION IN IIEALTIl AND DISEASE

enough causes constderable repercussions m

the general circulation
The most common causes of the condition
are gunshot or penetrating wounds from other
causes and the ves el most frequently n
volved are the femoral brachial and carotid ar
teries Locally, the affected b <hows venous
engorgement 1ncrease of surface lemperature
and somctimes edema Pertpheral 1schemic
symptoms may predominate and the toes may
be unduly cold or even gangremous A ma
chunery murmur and/or thill are elictted over
the lesion #* The blood flow mn the affected
Limb 1s vanable apparently reduced in recent
cases but mcrea ed 1n old ones, while the blood
flow in the unaffected limbs remains normal
The effect on the general carculation 1s mant
fested by tachy cardia, elevation of yenous pres
sure increased pulse pressure ncreased total
blood volume 1ncreaced stroke volume and car
dizc output and ultimately cardiac enlarge
ment If the shunt 1s large enough symptoms
of conge tive heart fatlure (high output fail
ure) may eventually develop If the shunt 13
Is obl d by digital pressure oser

Traumatic causes of acute arterial occlt

include pressure from cervical mibs crutches
Iracture etc and other inpuries of the ex
tremtties °

5 Y romh

the leswn the pul e rate falls {Nicoladont Bran
ham sign) the blood pressure nises the ve
nous pressure falls shghtly and the cardrac

output decrea es wath accentuation of capillary
3 43§ 61 03

Thrombone Mic J: or
thrombocy topenic purpura 1s an acute throm
botic vascular di ea e characterszed by parbat
or I 1 of arteriofes
by hva]mc or granular thromb: with a certan
amount of endothelial reactton and sbsence of

il 3 cellular 1nfil Chincally
1ts manifestations include acute hemoly tic ane
mia thrombocytopenic purpura fever and il
defined ncurologic dt turbances The etiology
1s unknown The thromboeytopenia and oceli
<ion of vessels are generally beld to be due to
formation of platelet thrambi but the patho
genest s not under tood  Cases reported m
the hiterature have been untformly fatal & ¢

Acquired (tr ) art nous fistulae
are mentsoned here as a form of acute persph
eral acterial di turbances because the acutely
etablished  artesiovenous  hunt  1f large

VENOUS SEGMENT ACUTE PHLEBITIS
AND VENOUS THROMBOSIS

Inflammation of peripheral vemns as a disea ¢
entity occurs in the course of various often
minor infections It1s charactenized by tender
ness redness pan sweling and ncreased
warmth of the part Inflammation of the vein
ar phlebiis wsually recedes within 21 10 45
hours However 1t may persist for several days
and when 1t does 1t 15 mnvanably becau e of
an as octated thrombus formation producing
the entity known as thrombophlebiis  The
occurrence of phlebo thrombosis or mntrasas
cular thrombus without any primary or second
ary mfammatory changes 1 the ve sct wall as
a clearly defined climeal entity has not been
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the athcromatous plaques undergo hyalne
changes and necroas with calerum deposi
tion 2nd even bone formation  In both condi
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Oblueratire ertertosclerosisy a mamfe ta
tion of generahized arterio clerost 15 the mo t
frequent cause of chromc olten progressive

heral artenal , molvung prnt

tions the inhma 1s the site of m
volement and medial changes when pre ent
are mimmal and believed to be econdary This
1s seen mostly 1n the aorta and larger vessels
and smaller artenes including the coronary
cerebral and renal arteries Arteriolosclerosisy
1s characterized by subintimal hyalne thicken
g and narrowing of the lumen with subse
quent 1nvolvement of the mu culanis Ths 1s
seen to affect the arterioles {arteries of 100 m1
cra or less in diameter) of the kidneys pan
creas  pleen and adrenals Renal arteriolo
clerosis of which there are two ubtypes 1s
seen almost exclusively in hypertension One

mar:ly the medim sized arterie e pecnally
tho e of the lower extrerniuies It affects the male
population five to six times more frequently
than the female ! #17 and occurs 1n increasing
frequency with age especially after the filth
decade 30 Tts 1ncidence 1n the female popula
tion however increaces considerablv after the
menopau e Diabetes mellitus predi po es to
the occurrence of the disease 1n the former s
precence the latter runs a more {dmnant
cour & 131135

Histopathologically obliterative arterioscle
rosis 1s characterized by medial sclerosis
{Moenckeberg s arteniosclero 1s) with varying

associated with benign hyp 1s char
actenized by ubintimal hyaline degeneration
and elastosis or elastic hyperplasia and the
other een 1n mahignant hypertension 1s char
actenzed by intimal by perplasta® with cellular
and subsequent ﬁbmus nanowmg of the lu
men and lving the

degrees of mtimal thickeming as a result of su
perimposed atheromatosis or atherosclerosis
Herbut! ¥ descrbes the arterial changes as pre
dommantly of a fibrous nature with only mall
deposits of fat but with frequent vacuolization

whole thichness of the vessel Ma"

Intherr pure form these various types of
arteriosclero 1s appear to be distinct from one
another 1 etiology pathology and chimcal
manifestations However while such pure
forms do occur the two major types charac
terized by evenutal calaification—Voencke
berg s sclerosis and atherosclerosis—sery fre
quently occur together especially 1n the aged
although the extent of one proce s may have
no connection whatsoever with the severity of
the other W hether metibolic or humoral fac
tors or their disturbances may be the cause or
in some way influence the production of both
or exther and whether the presence and extent
of both or either may be demonstrable <hm
cally by chemical or physiochemical methods

till awaus elucidation

4S8y diffuse artenolar cleroms diffu ¢ hyperplas
ne  lerous

Syn  productive endartenitie, hyperpla tic arte 10-
o lero s endarterins fibrosa

tSyn  arterolonecrons mecrotizing arteriol ns

and calaif It would appear then that
the clinical mamfe tations of the dicease de
pend on the degree of circulatory impairment
cau ed by the mtimal thickening and po sible
intravascular thrombosis and the consequent
obliteration of the artenal lumen However
two facts must be mentioned here First an
athero clerotic plaque may he more damaging
1n some locations compared to other and ec
ond the ability of the body to develop collater
als may provide adequate blood supply to body
parts who e primary arculation 15 completely
obliterated by the sclerotic process while on
the other hand symptoms may occur even
when the pnimary circulation 1s not as badly

parred 1f adeq dary 1
fails to develop

Chimcally then obliterative arterosclerosis
as a disea e enuty implies interference with
artenal circulation to a degree to be apprecia
ble subjectnnely (internuttent claudication rest
pan) or objectively (di appearance or diminu
tion of penpheral pul es coldne s of the ex
tremity postural color changes muscular atro
$Sm

arteniosclerosis obliterans
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MINUTE VESSELS

Exanthemata and enanthemata observed in
various acute infections are clinical expres
sions of invelvement of the minute blood
vessels i these diseases This might be brought
about by toxic inury to the capillary wall
(scarlet fever )8 with necrotizing lesions
{smallpox) 1** or through bacterial emboh
zation (mcnmgococcemm, seplicermia  ty
photd) 1 4 195 The type of involtement of the
munute circulation 1 entirely reversible exan
themata has not been clanfied as yet despite
many interesting obsersations Therc has been
no satisfactory explanation for the pecular and

charactenisuc distnbution of the exanthemata
mn the various eruptise fevers nor for the pre
dilection for the skin capillaries over those of
the mucous membranes in some diseases and
their equal 1y oh ement in others 296-108

Lattle 15 known about the behavior of minute
vessels in the parenchymatous organs!®? 111 ex
cept perhaps the kidneys

Acute burns perout only an indirect study
of capullary regeneration 1 the course of skin
grafng ! Acute cold mnjury erther at frecz
g (fro thite} or subfreezing (trench foot
mmmersion foot) temperatures has been stud
ted extensnely 113 124

Chapter 2 Chromie Intrinsic Vascular Disorders

ARTERIAL SEGMENT

term that, freely translated means loss of elas
ety thickening and hardening of the arteries

Any of the acute d d d

the precedng chapter can become chronse
whereby esther restitution or ultimate sequelae
are delayed and symptomatology persists for an
wdefinte trme thus varying widely from case
1o case

In addition there are conditions of the ar
terzal system that are characterrized by an n
srdious onset and a chronic course which may
or may not be interrupted by acute bouts

Arteriosclerosts For all the current interest
n arteriosclerosis and atherosclerosts and the

amount of mt research be

ing conducted 1o understand the etwology and

path of these d there 1s not
much to show to negate Chfford Allbutt's re
marks causes of ! to

the effect that our path 1s cumbered with
guesses presumphions and conjectures * 3 To
enumerate let alone discuss the vartous theo
rtes and hypotheses would be beyond the scope
of this book suffice 1t to say that current con
cepts tend to ympheate primanly some disturb
ance 1n cholestero} {Itpid) lipoprotetn metabo
Iiem Pathologically however there 1s much
w agreement and a brief review of the various
terms and what they sigmfy would be i
order 4™ 3 6 120 Anenosclerosis 1s a genenc

Obviously this de<cnptmu 18 on the gross path
ology level and would be applicable to any of
the various condthions of the artertes where
such physical properties are demonstrable
Such condions m turn are differentiated
from each other histopathologically Moencke
bergs clerosis * considered tobe es emally 2
enile change 1s charactersized by degeneration
of elactic tissue and fibros:s of the smooth mus
cle 1 the tumca media followed by calafica
von producing the gooseneck or pipestem
arteries due to localized and ometimes encire
ling calerum plague along the course of the
vessel The intima may show no change or may
how a moderate degree of thickenmg without
however matenally mterfering with the ciren
lation This may occur 1n all arfertes mclud
ing the aorta but 1s most frequent n the arte
ries of the extrenntres Atheromatos:s refers to
a condition of the artery characterized by pealy
formed connectine i sue and focal yelowish
thickentngs or depostts n the intrma composed
of gruellike or pultaceous hipord material Ath
erosclerosist 1s a more advanced state where

medial

Syn  seme arteriowclerosis media sclerost
cal ino s
1Syn  nodular sclero 18
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large arteries and veins may have their share in
the late stages of the diea ¢ Becau e of the
extense inflammatory proce s imolang the
ve els and the perna cular tisue 1t 1s not
unusual to see the artery vein and nerses bound
together by fibrous tissue on biopsy mn ca es of
long standing

The diseace affects men predominantly
mo tly 1 early adult kie The deep arteries
and vemns of the legs are the ones u ually m
volved although tho e of the upper extremities
and other ves els in the body may be involved
especially 1n severeca es ! 1 1 In about 405¢
of the cases there 1s al o early involvement of
the superficial veins  een chmically as panful
red pots or treaks and lasting from one to
everal weeks with frequent recurrences thi
has been termed  uperficial mugrating phle
bitis

As 15 50 commonly seen 1n <lowly developing
conditions the patient often does not complain
of any symptoms attributable to the early
stages of the di eave except m the nstances of

superfinal migrating phlebis  The really
trouble ome ymptoms occur late 1n the dr ease
and are imanably the con equence of artenal
msufficiency due to marked impasrment of the
primary channels or to disturbances in the ec
ondary or collateral vessels or both

Chnically thromboangiuis obliterans 1s very
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able one It 15 apt to gne the impre s10n that
1t repre ent a defimte di ea e entity which 1s
certainly not the ca e And furthermore nor
1s the process an mflammatory one but rather
productive 1n type

The various condittons where 1t 1s <aid to
occur mclude*? certain physiologic tates such
as (1) obl 1 ue prolife
tion of the mntima <een in the nmbilical and
hypoga tne ve els and the ductus arteriosus
1n the child oon after birth  (2) that eenin
the ves els of the exual organs in old age and
{3) that observed n the uterine ves els after
partunition  Di ease states where 1t occurs 1n
clude (1) the intimal thickeming een 1n ves
el 1n the neighborhood of any form of chronic
inflammation as for 1n tance 1n the ba e of
a gastric ulcer (2) syphilr  where 1t 1s sup
po~ed to an e from active penartenitis caused
by the spirochaetes ! (3) cavernous tubercu
los1s of the lungs where extensive thrombosis
usually change e elsinfoalmo t old cords
(4) Ayerzas dt ea e where there 1s marked
thickenng of the mntima with narrowing of the
lumen of the mall arterzes and arterioles in the
lungs concomttant with dilatation and scle
10 15 of the mam branches of the pulmonary
artery a ocated with pulmonary hyperten
«ion and (5) ergohism It 1s interesting to
note that advanced va cular changes produced

frequently confu ed with obl arterto

clerosis A dilferential diagnosis between the
two conditions 3s therefore nece ary (See
Table 1)

Cases of thromboangnlis obliterans and ob
Lteratine arteriosclerosis have been called
from time to time endarteritis obliterans
However with the more extensive morphologie
studies of the e conditions the practice has
been gradually abandoned

Obliterative Endarteritis Semantically this
de 1gnation connotes an inflammatory proce »
mvoluing medium 1zed or small arteries
with occlusion or narrowing of the lumen of
the ve el The wnadequacy of the term to de
note a peafic no ologic entity becomes ev:
dent 1mmediately As Boyd pomnts out the
term  although 1n common u e 13 not a desir

exy 1ly mn the rats tail by acral mnjec
tions of ergotamine are ind: tingu1 hable mor
phologically from those een 1 thrombeang
ttis obliterans 1 man?3 It may be only a
matter of ime when as in the ca es of TAO
and OAS better and more defimtive tudies
of these conditions will develop a more appro
priate term for each of them and the term en
darteritis oblteran  having outhved its u e
fulness will be relegated to the pages of Ins
tory

Another mtere ung entity that mught be
mentioned here 13 Temporal Artertns This
condition was fir t described by Hutchin on
and later more clearly by Herton Magath
and Brown! ! ® who sugge ted 1ts term des
1gnation Sub equent ca ereport howeser es
pecrally of evere fatal ones have hown that
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phy tropine changes 1 the kim and ils ap
pendages ulceration and gangrene} It might
indeed be well to refer to this elincal symptom
complex as scleronic peripheral artertal m uffi
tiency 1 tead of obhiterative artenosclerosts,
which nerther de cribes accurately the patho
logic changes nor sugge ts whether or not clin
1eal s1gns or symptoms may be expected

Inmo tca es 1t 1s po sible to ascertain other
evidence of artertosclero 1s or athero cleross ,
such as aortic sclerost  arterto clerotic heart
dicea ¢ coronary di ease cercbral arterioscle
ros1s or nephrosclerosis Since arterio clerosis
15 usually well advanced when it imohes the
cerebral arterses the retinal artertes which con
stitute a part of the cerebral hed may possibly
provide a clue to the <tatus of the vascular tree
as a whole

While pathologically, obliterative arterioscle
rosis 1s usually bilateral the non umformity of
the degree of athero clero 1s and the inconstant
occurrence of atheromatous thrombotic ocelu
sion with 1ts equclae may cause the mantfes
tations of artertal nsufficiency to be evident
only on one 1de to the tota) exclusion of the
other

Thromboanguus Obluerens * This s the
next most frequent cau e of peripheral arterial
msufliciency  Samuel s review of this di ease s
hi tory —which has been ob erved for ren
turies—seres as a detailed reference 13° The
first indicatron that the disea e was recogmzed

year old man who had an amputation after a
12 year symptomatology a condition Von Win
wearter called endarterstis and endophlebitis
of theleg  Such changes are charactentstic of
the condition we now call  thromwboangutis ob
Iuerans 4! Many reports in the early literature
that appeared subsequently eemed to deal with
thromboanguus obliterans In 1903 Ersing ¥
1n a ca<e reposted before the New York Patho
lo1cal Society, directed attention to the aggra
sating nfluence of smoking on the disease ¥
In 1908 Buerger s first paper on the pathology
of the disea e was publy hed *¥ uggesting the
use of the term thrombo angutis obhterans *
and m 1909 Parkes Weber, in England re
ported simular studies 245

In his book 118 Buerger described in minute
detarl the gro s and nucro copic findings in the
disea e as well as 1ts various pathologic and
cltaucal tages and he discus ed hus concept of
1ts pathogenesis Since these classic descrip
tions  thrombo angittis obliterans’ has been
establi hed as a definte clintcal entity often
called Buergers Disea e 1n recogmtion of
that scientist < excellent contribution to it>
pathologic 1dentification

As Buerger pomnted out the essential le jon
was not a degeneratrie process but an wmflam
mation of the vessel wall with con equent
thrombosis mvohing both artenes and vein
The leston occur egmentally with the throm
bus occluding the vessel !y m ome

as a eparate and di linct ennty may be as
cribed to Ballmg who 1n 1830 alluded to a
Juvemle type of gangrene 3 In a report on
lus study of pontaneous gangrene in 1872

part with mntersemng normal portions wiich
are free from lesion of any detectable degree
Ab ence of suppuration and necrosis 1> charac
tensttic  The intensive organization of the
thrombus and ubsequent fibro 15 with the can

Leffas advocated a con ersame of
the condiion 3% An mflammatory proce » 1n
the arteries with msvoliements of the mtma
and ub equent thrombo«s and obstruction
was desenibed in 1876 by Quinche *? In that
same year Friedlaender u ed the term  Ar
teritss Obliterans to tefer to an inflammatory
lesion of the pulmonary ve els 14® It remained
for Von Wimmarter in 1879 ro make the first
detailed de cription and llu tration of the ar
tertal and \enous changes m the leg of a 57

Syn  Buergers D1 ea e Tresenile gangrene

alization that may occur to ome degree mght
give the ampre sion of a thickened wtima 1n
the cut section A more critical examination of
the lestons with the use of ela tic tissue fat and
calerum stains however eaaly determunes the
true nature of the obliteraune proce s In any
event calesfication i nvolied vessels i elderly
ubjects does not rule out the disease since
superimpo ed artertosclerosis 1s very frequent
in the e cases The medium sized and malf
ves els are the ones chiefly imolied but the
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from the artery to its accompanying vem
through an abnormal opening or channel with
out passing the capiliary bed 1t may be con
genital or acquired  The congenztal type 1s usu
ally multiple and re ults from failure of the
vessels to differentiate and separate letel

51

and increased pigmentation as well as 1n
creased hairiness of the hmb There 1s 1n
creased warmth of the part Thnil and brutt
are easily detected over the lesion Due to the
resulting venous msuffictency staus ulcers are

not 1 s

during therr embryonic development from a
common anlage This may occur mn any part
of the body but 1s most {requently seen 1n the
e P bly due to d o
culation 1n the 1mvolved extremities there 1s
iwncreased growth of the hmb including the
bones and not mfrequently 1t 1s out of pro
portion not only to s opposite member but
to the rest of the body as well This condition
produces what 1s known as  giant imbs  In
creased growth of hair and undue warmth
of the part are commonly observed Vancose
vewns are present as a tule and their pre ence
m early hfe may erve as a lead to the diag
nosts of the conditon Ulceration and gan
grene may occur as a complication of the
condition presumably attributable to chromc
venous <tasis and to relative artenal ansuffi
ciency due to shunting of blood away from
parts distal to the lesion

As mentioned earlier acquired arterrove
nous fistulae are traumatic in origin  When
sufficiently large vessels are mvolved normal
hemodynamics are interfered with rather ab
ruptly the rep 1n the card 1!
system are dramatic and may be of serious
nature If the acquired shunt 15 not corrected
and the patient survives the acute stage with
1ts immedaate complications the cireulation ul
timately adjusts to 1t and there ensues a chronic
compensated state where the patt )l

The effects of a sufficently large arteriove
nous <hunt vpon hemodynamics are mam
fested by an augmented venous return and
elevated venous pressure 1ncrea e of blood
volume and cardiac output and sub equent
dilatton and hypertrophy of the heart which
might eventually lead to  high output failure
with the symptomatology described above
Diagnosis of the condition 1s established by
the history of the onginal mnjury the above
physical findings arteriography and by the
fact that oxygen saturation of venous blood
taken from the inolved limb 1s constderably
higher when compared to that taken from the
normal side

The so called collagen or fibrinoid dis
eases must be mentioned here because of the
distinct and pathognomonic vascular lesions
een . ome of the di ea es of this group
Folyarteriis nodosa® 117 15 considered to
be a primary vascular dicez ¢ occurning fre
quently m males e pecially during the third
and fourth decades There 15 fibrinoid degen
eration 1mvolving medium sized and small ves
<el a5 well as capillanes Irregularly di po ed
segmental fibrinoid necrosis of the media as
sociated with leukocytic and eosinophihic nfil
tration of the ve sel wall s the basic pathologtc
picture  There 1s subsequent involiement of
the other vascular coats with intravascular

h
paysiolog;
effects of the vascular <hort crrcuit are present
to a degree dependent on the size of the defect
These effects may be easily demonstrated In
our discussion we <hall hmit ourselves to ar
teriovenous fistulae occurring n the extremi
ties

The involyed extrennty imncrea es 1n size and
length (:f the fistulae were acquired before
the closure of the epiphy 1s) Extensive ve
nous varicosiies may be well visible or easily
palpable There may be some degree of edema

thrombosts aneurysm forma
bon granulation and fibrosis with healing tak
ng place by scar trssue formation Vessels
throughout the body may be 1mvolved and the
pre enting clingeal picture depends upon the or
gan or organ s\stem most affected at the time
Imvolvement of the arterses of the extremties
pre ents with symptoms of arterial 1n uffi
ciency jomt and mu cle pams Cutaneons
mamifestations may 1nclude subcutaneous nod

Syn  penartenttis nodo a polyaneutis panarteritis
necrohzing angnt
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Table I

Th I} Oblteran

Obliteratise Art 1

Age and onset of symptoms

Young adult hfe 20 40 years

Usually over 50 years may also
occur however 1n youny adults
especial'y diabetics

I redomunantly in males

Predomunantly sn males in young
er age groups At past 60 oc
currence 1n females not unusual
especually in the presence of dia
betes mellitus

w

Site of myolvement

-

Occurrence of superficral or
migrating theombophlebitss”

First Jower evremities Upper
extremtties may le imvohed in
sdvanced snd severe forms of the
dieae Small and medum sized
vessels usually involved Large
artertes or vetns imolved only
advanced cases

Almost exclusisely the artenal
tree of the lower extremuties In
vohement of large artertes com
mon

Occurs mm 40% of cases

Does not occur This must be dif
ferentiated from secondary throm
bophlebrtis of superficial varicose
vens which might Le mistaken
for “migrating phlebins

@

Artersal calcification (by x
rays)

None

Frequent

ES

Complicating d eases
a Hypertension

Incidence not greater than in
general population

Frequent especially sy tolic hy
pertension

b Diabetes
Mellitus

Incidence not greater than in
general population

Frequent u vally associated with
a fulminant and severe course of
the vascular disease

¢ Other evidence of arterio
sclerosis

None

Frequent eg aortic sclerosis of
retinal arteries  presence of ar
cus or aiculus senshs  arterio
sclerotic beart di ease cerebral
artersosclerosis  non obliterative
sclerosis of other perpheral ar
teries eg the brachial and ra
dual arteries

the condition 1s a widespread one imvolving
mo t of the vessels of the body Characten tic
lesions een wn the temporal artertes show a

non suppuratn e granulomatous mftammation
with a pecular de truction of the elastic fibers
of the mternal elastic lamina with guant cell
formation 157 1 8 Wath extension of the proc
ess there 1s destruction of the mu de fibers 1n

the media inttmal necrosis or mtravascular
thrombosis Invohvement of the adventitia and
even the periarterial nerves occurs 1n severe
cases Healing takes place with granvlaton
and fibrosis ¥*7

Arteriotenous fistulae 87 ¢ 15917 This s
a conditron affecting, the larger artertes and
veins where artertal blood 13 shunted directly
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ups  Acro clero 15 follows ooner or later
and 1n ome ca es a chmical picture develops
that 15 not easily di tingw hable from general
1zed cleroderma The upper extremties are
mvolved long before the lower

While tht entity has previously been con
stdered a  spa tic di order due to primary
changes in the autonomic nervous sy tem the
mvestigations of Lewis Pickering and other
indicate the likelthood of 1ts being rather a
primary vascular di order affecting small ar
teries Ca cs exhibiting secondary Raynaud s
Phenomenon discus ed under primary nery
ous disorders do not ever eem lo progress
to true Raynauds di ea e Thus 1t would ap
pear rea onable to a ume that the va cular
changes (fibrouc thickening of <mall arteries)
ob erved 1n Raynauds di ea e are primary
and not a sequela of prolonged or repeated
<pastic vascular contraction

Erythermalgia® ** 19 15 2 vascular di or
der ot 1zed by abnormal 3 asodil
the extremties cau ing redne s and conge
tion of the imolved parts with elevation of the
<urface temperature as ociated with burn
mg and pamnful en ations The condition 15
provoked and aggravated by dependency and
exposure to heat The patency of peripheral
ve els 15 ummpaired with preservation or
even increase of palpable peripheral pul a
tions Chmcally two types are recognized
an 1diopathic type the ehology of which 1s
unknown and which occurs in otherw: e
healthy individuals who do not mamfest any
evidence of vascular or nervous disorders and
a econdary type where erythermalgia 1s as
sociated with other di eases eg polycythema
vera generalized 1a cular disease orgamic
neurologic di eae or heavy metal po1 oning
In the pnimary or 1diopathic type where there
1s ab ence of vascular in uffirency complica
tions uch as uleers or gangrene do not occur

n

Acrocyanosts™ 19 19 45 another vascular
di order who e etiology 1> unknown It 1s
characterized by va o pasm of the arterroles
and dilatation of the capillary and venou plex

Syn  enthromelal, a
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u es of the hands and feet Chnically the con
dition pre ent 1t elf as an unevenly mottled
blue or redd: h blue di coloration of the in
volied parts which 1s intensified by expo ure
to cold It 1s often a< ociated with ubjectne
and objectne coldnes  hyper hudro s 1s
common Interpretation of the clinical sigmfi
cance of uch vasomotor phenomena 1s duflicult
ince they are often found m per ons mam
fe ting emotional 1n tability

Litedo Reticularis® 1*3 ™ 15 a pecular con
ditton of unknown etiology characterized by a
reddsh blue motthng of the hin Tt eems as
sociated with proximal ob truction or pasm
of small arterial branches and with di tal ca
pillary dilatation The condition 1> per 1 tent
not dependent upon emvironmental tempera
ture changes and 1s occastonally a ociated
with superficial ulcerations

Cutis Marmorata®® s a term apphied to
a condition characterized by blur h marbleiza
tion of the kin on expo ure to cold Tts ap
pearance 1s very 1milar to luedo reticulanis
but 1 di tingm hed from the latter condition
by the fact that it occurs and di appears tran
siently depending upen the environmental
temperature The condition 1s not demonstra
bly related to vascular disease
Frostbite 13 19 193 Exposure to extremely
low temperature obiiou ly may cau e death
of t1 sues by freezing of the protopla m Ex
posure to somewhat higher temperatures
(14 F) however 1s followed by marked nu
tritional ymparrment of the tissues ufficrent to
cause their death and to lead to gangrene Usa
ally theu e of the term frostbite 15 limuted to
following such exp m caes
where there was no pre exs ing arterial dis
eze It tand to rea on however that rela
tne artenal 1n ufficieney which otherw: ¢
may reman undetected renders a person
much more hiable to damage through expo ure
to cold The acute pha e of the condition 15
characterized by intrasa cular thrombo 1s in
volung arterrole mall arteries and

Syn Inedo racemo a 1vedo annulan
reticulants

venule

aphyxa
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ules erythematous cruptions bullous lesions
purpura petechize livedo retscularss necrosic
Dusseminated lupus erythematosus sinlarly 1s
charactenized by lestons occurring in many or
gans particularly involung the blood ves els
Unlike polyarterins which pre ents 1 prcture
of inflammation its le<tons are mainly degen
erative  Furthermore 1t affcets only the very
small branches of the vascular tree namely the
artenoles and capillaries The le 10ns charac
terized by widespread fibrmnord degencration
with minimal leukocyhe infiltration, are also
not confined to the ves cls but are equally de
mon trable in the surrounding tissues  All the
arteriolar coats may be myolved with marked

thickening of blood vessel walls, occasionally
associated wrth thrombo s has heen described
Certamn capiflary changes have been deseribed
m the <kin of these patients that are indis
tnguishable from the gant capillary loops
observed in pattents wath Raynand s di ease 1 ?
Many patients with dermatomyositts and es
pecially with sleroderma also mamifest symp
toms of Raynaud s disease It 1s Iikely that such
capillary changes are demonstrable only 1n
those ca es which are afllicted with both i
eases

There 1s an increasing tendency to include
rheumatic fever and rheumatord arthnus
among the fibrinoid diseases The vascular

ol t in th fever has been de

wrtimal thick g True thromb howerer
wstare Chnieally the prinepal lesions are cu
tancous cardrac or renal The mmtial skin le
sion m typical cases 1s an erythematous
butterfly patch acro s the brid,e of the nosc
although 1n many 1n tance cutaneous lestons
may appear el cwhere without the imtial patch
In the heart there might be an atypical ver
rucous endocardits  (Libman Sacks  syn
drome) causing cardiac  decompensation
which may be mndi tingwshable chaycally
from ubacute bactersal endocarditis In the
kidney lesions n the glomerular tufts appear
as  wire loop capillartes and focal necrosts
cau 1ng <igns and symptoms of glomerulone
phntis Dragnosis 13 made by the finding of
L E cells  (neutrophls with engulfed
large round homogeneous basic staiming bod
1es) 1n the bone marrow or peripheral blood
by the demon tration of the L E phenome
non or by biopsy This disea e 1s much more
frequent 1n females and 1ts incidence 1s great
et in the .econd to the fourth duades of
Iife 47 176 178 [t 15 noteworthy that dicease en
titres such as LED 11 which the mmohiement
of the va cular system 1s not as prominent a
feature may presest 15  penpheral vascular
di order with the signs of occlusine di ease
and even peripheral gangrene This is e pe
cially o n the pre enct of <evere anemia
Dermatomyosis and Scleroderma do not
pre ent vascular lesions of any pathognomenic
aigmificance Increa e in connectne ti sue with

seribed earher m the chapter The vascular
changes in rheumatoid arthnitis are not char
actenisic However a  fibrinoud change 10
the fiber bundles of the thickened synovial
membrane may 1n a few instances be scen
with the picture of the rheumatoid nodule
This consists of a vascular granulation tissue
the arteriolar walls may be found te be
flamed or necrotic and to contan fibrinord
material A vascular basts a the starting pomt
for the morphogenesis of the nodule has been
postulated due to the occurrence of the fibrin
oid change and necross mn relanion to the ves
el suggestng that a necrosis producing
agent 15 flud borne 1nto the b sues from the
ves cls 180 181 Adyocates of this theory also
belteve that while arteritis found wn thus dis
ea e 15 not histologically pathognomonic it 1s
possibly a specific manifestation of the disease
They base this opinton on the description of
arterths in striated mu cles (in 105 of biopsy
pectmens'® ) and the exclustye inyolvement of
the very small artcnies and caprifaries Similar
vascular lestons have been demonstrated in
other tisue  mcluding the nerves!™ and
heart 1™

Raynaud s Disease'® 191 1s characterized by
frequent attacks of udden blanching in sev
eral finger or m the whole hand elictted by
expo ure to cold (Raynauds Phenomenon})
and followed <oon by the dexelopment of mul
uple mall pangrenous ulcerations at the finger



CHRONIC VASCULAR DISORDERS

and more lose its  venous pitting character
and become brawny There may be marked
collateral enlargement of the superficial ve
nous system or compheating ulcers may de
velop

Recurring thrombophlebits has been de
cribed 1n the Literature %% It appears to be of
an nfectious nature but the exact mechanism 1s
not hnown The superficial aphenae are most
frequently mvolved

The smaller seins may be affected second
anly mn syphilis Sinmlarly secondary mvohe
ment of the veins may occur by extension of a
tuberculous process from neighboring tissues

Migratory Phlebins This condition 1s char
acterized by thrombophlebitis of short seg
ments of many peripheral and visceral vemns
with muumal nflammatory reaction These
are not mvolved simultaneously but rather 1n
a skipping fashion  The veins of the extremn
ues the inferior vena cava and its tributaries
and the dural sinuses are sites of predil

S5

does not reflect the presence of deep venous
disease 1t 1s probably the result of postural
stramn 1n association with congemtally incom
petent or weak valies and/or a congemtal
weakne s of the venous wall (Ledderhose)

MINUTE VESSELS

Trench Foot * % 10 Prolonged exposure to
low but not freezing temperatures especially
under damp or wet conditions can cause se
vere damage to the kin bloodve sels ornerves
of the expo ed upper or lower extremities  Ex
posure to cold causes vasoconstriction and di
min: hed blood flow to the extremities Per
sistent hissue anovia In turn causes damage
to the captllary walls and vascular occlusion
In the chrome pha e of the disease *1® despite
recanahization of thrombosed blood vessels or
development of collaterals that obviate tissue
death and necrosis a residual impairment of
blood flow regulation and consequent difficulty
1n adjusting to temperature changes persist
A ble to claud:

Small red tender nodules along the cour e of
the vein may be seen with the peripheral le
sions  The etiology 15 unknown Some cases
are ascociated with carcinoma of the pan
creas ® As mentioned previously a superfi
cial mgrating phlebitis  may be the pro
drome of thromboanguus obliterans  Foeal in
fection has been mvoked as the cause of this
form of phlebitis 136 Obviously simple phle
bitis occurning mn vancose veins may partake
of this charactenistic  Another vanety of m
grating phlebitis that has a special predilec
tion for such visceral veins as the lungs heart
and brain has been reported in the litera
ture © 7

Faricose T ens As 1s the case in post phle
biic occlusion of deep vemns collateral en
largement of the superficial veins may also oc
cur in any condition where there 1s obstruction
of the venous flow eg 1n pregnancy pelvie
and abdomunal neoplasms These must be dif
ferentiated from superficial varicosities men
tioned above which represent collateral cir
culation 1n response to deep 1enous obstruc
tion  The ordinary run of the mll vanety

P T
c:mim 1 cold weather 1s also common and
In some cases signs of occlusive vascular dis
ease are evident

The presence or absence of pre existing ar
terial di eace at the time of exposure 1s a de
cisive factor n the chrucal course of the re
sultant condition By and large where there 1s
imparred arterial blood flow to start with there
will be little tendency to recanalization and
tissue death will ensue where the peripheral
circulation and 1ts regeneration were perfectly
normal one finds the signs of rapid canaliza
tion 1 most instances In the chromc phase of
the disease one may be guided 1n the climeal
evaluation of the patient by the principle that
the more discrepancy there 1s between the
intensity and duration of exposure and the
eventy of the le 10n the more likely 1t wall be
that the patient had diseased blood vessels al
ready when he contracted the thermal injury
the easier restitution occurs the more likely
it 15 that the subject had a healthy vascular
system before the exposure 1

Telangrectasia®™ 17 199 11 1 g 4 qerpy

Syn smmersion foot 1mmersion hand sh Iter foot
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small veins  Whale 1t presents the signs of oc
clusne artertal disea ¢ the carly trophic
changes are of a seventy evcecding what one
would expect from the degree of arterzal n
volvement compired with chromc occlusive
artertal disease ! It 1s uncertamn whether the
intravascular thrombosis that occurs under
these circum tances i1s due to the sustained
vasoconstriction and vascular stasis or 1s sec
ondary to the necrotic tissue changes

Pernio * 1% 199 Thys 1y a condition which
appears to be another reaction of the pen
pheral blood e sels upon exposure to cold
1t 15 not known whether 1t represents a variety
of frosthite However, most wnters classify
the two conditions separately and this might
be the be t thing to do unti] the e conditions
are better understood Chilblains are said to
occur 1n persons having feeble perspheral air
culation’ The acute form 1s encountered fol
lowing expo ure to cold 1t affects the exposed
parts of the body (hand feet shin ) and ap
pears as an erythematous patch u ually b
lateral and symmetrical blanching on pres
sure cold to the touch and attended by ten
derness 1tching and burming  There 1s infiltra
ton and edema of the affected part In more
severe forms a purpura hke ra h may be seen
and swelling and bleb formation are not un
common  Subsiding of the condition and even
tual clearing of the lesion 1s the rule although
a residual pigmentation in the area may re
man

If the susceptible indrvidual 15 repeatedly ex
posed to cold the chronic vartety may be pro
duced Ths form 1» characterized by season
ally recurring dermatits in the same expo ed
parts of the body as tho e imvolved 1 the acute
form The lesions are also een as erythematous
patches pre enting various shades of red yet
cold ta the touch and with much of the same
subjective manmifestations More severe forms
are hemorrhagic superficial ulcerations bemng
not uncommon There 15 usually subsiding and
cleaning of the le 1ons during summer months
with repeated recurrences during the cooler

ol iichi sl
+Syn. clulblains enthema permio

months, however permanent sequelae even
tually appear 1 the form of residual scars
from the ulceratsons and atrophy of the kin
and subcutaneous tissues at the sites of involve
ment

Erythema Ab Igne 1*° 2 the virtual paral
Il to chilblains s due to the opposite cau e
namely heat The anterior surface of the legs
15 usually involved although other parts of the
body which have been exposed to undue heat
may similarly present the lesions It 1s <een
m cooks stokers and other persons who e oc
cupations expose them to direct heat from
stoves furnaces and the like The lesions are
erythematous with varymng <hades of red at
first diffuse but ultimately presenting a reticu
late pattern Pathologrcally va odilatation oc
curs and with continued exposure and pro
gression of the condition secondary shin
changes take place including pigment depos
s an the snvoled areas Residual pigmenta
uon may persist even after subsiding of the
erythema

Aplasia or lypoplasia of peripheral arteries
arc rather rare congenital conditions They
are almost mvarably bilateral Generalevalua
tion of the patient 1s necessary to differentiate
the condition from acqured arterial di ease
The determination of the pre<ence or ab ence
of signs or symptoms of vascular msufficiency
1s of prime importance Where any doubt re
mans + hlich, the il

pby g

VENOUS SECMENT

Venous thrombosis (thrombophlebitts) may
resohve completely ( restitunio ad integrum )
Esen 1n cases with several recurrences of deep
thrombophlebitis there may be imtervals of
complete recovery In about half the ca e<
however there develops a state of permanent
deep venous blockade charactenized chnically
by piting edema heasmess of the imb and
impatred functional capacity with pain on ex
ertion This may conventently be called  post
phlebuie syndrome It may oceur after the
fir t bout of thrombophlebitis or after a2 num
ber of later bouts Ouer the years a Iymph
stasis supervenes and the swelling may more
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which makes 1t compre stble The e casernous
paces may directly connect with the larger
channel 1n the systemie eirculation m which
ca e they u ually behave like an arteriovenous
fitula  Vahgnant degeneration may occur
rarely

Glomus Tumor ®2 7 ¥ Glom are physio
logme structure  preent 1n large numbers m
the hin of the fingers and toes 1 maller
numbers 1n the hands and feet They are sub
cutaneous atlenovenous anastomo es with non
myelinated nerve fibers and connective tis ue
enclo ed by a mooth mu cle coat The e neuro
myo vascular <tructures erve as the bodys

thermostats  and play an wmportant role 1
peripheral circulation and heat regulation of
the body A glomus or everal of them may un
dergo bemgn hypertrophy and hyperplasia
producing small rounded elevated firm red to
blue extremely panful nodules 05102 cm 1n
dizmeter The ¢ may be found 0 vanious
parts of the extremities but mo t frequently
beneath the nails

Hemangiopericytomas 2 % 17 1% are sim
tlar to the glomus tumor except that here the
glomus arrangement 1s not pre erved they
are more vaned in their location and are quite
prone to become malignant

Lymphangioma1 7 1* Bemgn tumors of

the lymphatic channel are called lymphang:
omas Iike hemangiomas they are congenital
being msplaced remnants of fetal tissue that
have developed mto lymphatic networks or
paces which are wsually not continuous with
the normal channels The term simple lym
phangioma has been used to designate loral
dilatations of lymphatic ves<els as well as anas
tomo ing mall and medium sized ve- el sepa
rated by thin connectise tissue trabeculae
The elymphangiomata are mall warty excres
cences compo ed of lymphatic capillaries and
diagnosed by their lymphauc contents

A cavernous lymphangioma presentsat elf
as an il defined compre 1ble ma s of varying
size 1t may be located anywhere in the body

Syn  glomangoma  ang oneuroms

pamfal sub-
utane us nodule a giomyonenroma
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It 15 not continuous with the normal channels
but consists of a closed sy tem of freely nter
communicating spaces hined by flat endothe
Lium and eparated by thick epta of connec
tne tissue

A cy tic lymphangioma * may pre ent as
a frankly fluctuant mass due to the fact that 1t
const ts of smaller and larger ¢y thhe struc
tures lined by endothelum and filled with
lymph

Although generally bemgn tumors of lym
phatic channel may 1n the cour<e of extension
or enlargement produce various chnedl syn
dromes due to pressure on ‘ital tructures
They may cau e pressure on and obstruction
of vascular channel to which they are usnally
m timate anatomical relation

Malignant tumors®® 1 1* 39 ansing from
the blood ves els are called hemangio ar
those ansing from the lymph vessels

Iymphangio arcomas

The arcoma 1 15
va cular tumor that 1s usually large 1l deﬁned
often hemorrhagic and moderately firm 1n con
sistency It 1s composed of intercommunrcat
ng vascular channels lined by atypical endo
thehal cell  The e endothehal cells may al o
exist as sheets within the stroma or may be
found in heaps 1n the vascular lumina

KRaposi’s Sarcoma 147 1° 1 6 Thisy an
especially ntere ing form of hemangiosar
coma that mostly occurs late m hife While 1t
may arse in almo t any part of the body the
bl lesson u ually ongmates in the kin
of the extrerities The e lesions appear as
arcumscribed discrete or grouped irregular
red maculo papular lesions of pinhead to
bean size gradually they acquire more hemo
siderin pigment and become purpl h and even
tually black Purpuric le 10ns with va cular
thromboss al o occur The process starts with
lymphocytoid cells of Marchand and other ves
sel wall element  Soon the le 10ns exhibit

comas

1

Syn ey tc hyg oma
tSyn  hemaneo ndothelioma
$Syn muluple 1d opathi  hemorrhagie sarcoma

idiopathic maluple pigment sarcoma Kapo 1
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uscd to designate abnormal dilatations of cap
ilarses and other mmute <uperfictal blood
ve sels Such dilatations may be heredutary or
acquired developing during hfe The follow
mg five common chinical types ol erved 1n
the <kin and mucous membranes have been
tudied by capillary micro copy and described
1 some detail

a  Sumple telangiectasias  Seen as erther
red or blue 1n color not ray ed above the <kin
urface non pul atlle varymg i length and
diameter and mvolsing a smgle portion of a
sves ¢l They are found especially on the no e
and upper cheeks and occasionally on the up
per chest

b Arborizing telangiecta 1as Fxcept for
the presence of ome branch formations they
are similar to the stmple ty pe n charactenstics
and di tribution

¢ Spider telangiectasias  They present
asarule a pul ating central rai ed bright red
portion from which emanate fine radiating
branches that mea ure one to two centimeters
n diameter and a bright pink. capullary flare
between the radiating ves els By the exertion
of shght pressure with a glass shde one can
easily demonstrate pul aton which 1n many
instances may even be palpable Pre ure on
the central spot with a fine pomnt will cau e
immediate blanching of the whole le 10n They
occur chiefly on the upper rmb  the upper
che t and back and at the sites of the simple
and arbonizing telangiectasias  They are fre
quently observed 1n patients with eirrho 15 of
the liver or with nutritional deficiencies and
n pregnant women They also occur however
in healthy indinidual  and may be found n
as oc1ation with other va cular lesions

d  Papular telangiectasias They
round harply circumscnibed dark red papu
lar <igmata ‘varying n size {rom pmpoint to
10 em diameter Microscopically they are
cen as accumulation of tortuous capillary
loops with multiple and curly crossing  gving
the loop an almo t grapelike appearance  They
are most frequently een on the trunk espe
crally 1n elderly persons

are
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e Hereditary hunorrhagic  telanglecta
sias * This hereditary or congenital condiion
1 characterized by the presence of groups of
thin walld, abnormally dilated camllaries and
<mall veins found 1n the %in but mo tly 1
mucous membranes The lestons are mall
pinpornt to a few millimeters in drameter but
are multiple and usually coalescent Bleeding
occurring spontancously from come lesions
frequently gries e to  considerable blood
loss and marked anerma

Vascular Tumors ¥ 13 1 Bemgn tumors

of the vascular system are called hemangiomas
Primary tumors of the vascular system may af
fect blood flow mechameally by pressure or
obstruction or through the e tablrshment of
abnormal shant  They may mohe the ves
scls 1n any organ or tis ue of the body With
po sibly fuw exceptions vascular tumors are
Iistologreally similar to one another all being
composed of va cular channels and classified
only on the basts of the size and gro s appear
ance of the lesions They result from the fait
ure of the embryonic angtobla ts to form the
normal va cular channel

The capillary hemangioma 15 small rang
g from a few millimeters to several centt
meters in diameter It 1s braght red and made
up of thin walled capillaries It 15 congemtal
but becomes clinically noticeable at later age
W hen 1t undergoes retrogressive changes 1t
called sclerosing hemangioma

The portwme tan or nevus flammeus 18
pink to purpls h flat and blotchy compostd of
thin walled dilated capillaries

Spider are really telang
and not tumors they have heen described 10 2
previous ection

The cavernous hemangtoma 1s the biggest
type of bemgn sa cular lumor 1t wsually oc
curs tn the deeper portions of the <kin and sub
cutaneous tissues for which reason 1t appears
as an ill defined colorle s or blurthma It
conits of a mas of intercommunicating
cavernous paces hined with endothehal cell

*Syn famial Inoaid telangiectassia Renlu O ler
W eber dicea e
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Table 1}

Influence of 5 Standard Vasoddator Stmalus (Gibben Landis | racedure) on the Temperature
and Blood Flow of the Lower Extrenuties Under Ba al Conditions After
Adaption fo an Enstronment of 20 € and 53¢ Humday

Basal Readings

Patients Temp BlosdFlow  Temp O
Tnutisls (m}/ 100 m}

U foun)
M 210 6™ 320
W8 245 43 LS5
Ll 30 84 325
MG -5 67 35
E1l 215 166 230
MOE 50 39 60
EH 230 0~ 5
AR 265 64 310
CJ 20 55 330
n oy 2’5 107 310
ST 25 136 AD
cc 210 41 3-5
As Valus g1

Masumura e pon e

Natare of Re pon

Blood Flow Temp Blaa i Flow
{mi/100 m] (ml/100 il
e ue/muind 4 ve/rmn}
83 Tner BQ fner 18
72 Iner 30 Incr 29
1”3 Tace 935 Incr 39
100 Iner 100 Incr 33
355 Ince 65 Iner 189
43 Iner 70 Incr 04
155 Jner 25 Incr 48
e Iner 78 Iner 36
71 Jner 90 Incr 16
153 Incr 115 Incr S1
a7 Incr 15 Iner 121
45 Tner 85 Incr 04
1299 Tner 489

and m poliomyehtis are fully explaned by
disuse they are reversible and not a sociated
with altercd vasomator respon es ¢ 191

In Synngomyeha and i cextam eaes of
tabes dorsali  an element of sen ory di tuch
ance 15 added to disuse leading sometimes to
sa cular changes econdary fo trauma -

The effects of tran ecton of the cord upon
blood flow and vasomotor responses cem to
be enurely dependent upon the level and com
pleteness of the lesion ® which two factors
determune the degree of interruption of sym
pathctic pathways -3¢

3 Penipheral Nerve Lesions Section of
ather mjury of a peripheral nerve leads to red
derung and wormth 1n the uppbed Limb  As
Fewnst? <o clearly analyzed st The e are the
expeeted  equels of 1mple sympathectomy
After 210 3 weeks however there 15 a change
to the oppote the hmb becomes first cold
aund pale later shightly cyanotie If regenera
ton of the wijnred nerve 15 pos 1ble the e find
wgs may graduatly ds appear agmn I de
nervation persicts there may en ue secondary
2 rular changes ¥ [f there 15 loss of ensa
tion anjuries may had to evere sequelie re
mmndirg one of the indolent nlcers
sy rngomyeha

Cuusalgia 13 a term ongmally comed for

een in

cases with perspheral nemve mjury without
complete severance of the nerve which leads
1o an arntation rather than a degenerahion of
the postenior root system  the sequelze 2 burn

g pamn gate the name which should really
be cau talga  In recent years the term has
been widely apphied to all kunds of 1l defined
complamts most of them probably represent

mg conserston symptoms

4 Disturbances of the Auntononue
Nervous Svatem  The effects of sympathee
tomy upon penpheral blood flow and upon
Tasomotor responses are of great mterest Ob
Iterative artersal diseace of the lower extremn
ties does nat ey entially alter the reflex vase
motor respon es fo warming althongh basal
re t flow 15 con 1derably lower than 1 young
healthy adults while subjects of comparable
age groups without demonstrable v ascular dhs
ea e show mtermediate values

It 1s of snterest that respon e of surface tem
perature to warming 1s delay ed and takes place
10 a more gradual {2 hion 1n arternosclerotic
subjects  {See fig 2)

After sympathectomy rest flow and surface
temperature are uwrez.ed 37 8 Nfoot work
ers agree that sympathectom) alters vasomo
tor respon es ¢ ¢ 49 There 15 sugge tne
evidence that the neusal mechamsm dommnates



a
58 PERIPHERA! CIRCULATION IN HEALTH AND DISEASE

changes characteristic of captllary or caver
nous hemangioma  Infiltration of the sur
rounding tissues may produce an elephantiasic
appearance  As the conditon progres es the
ymphocytosd eells become replaced with elon
gated <pindle hke eells that fu e with and xe
emble endothehal cells producing 2 arco
matous appearance booner or later new Je
stons appear in other parts of the extremities
as well as 1n mucous membranes lymph nodes

and mo t any of the viscera notably the luer
intestines lungs and <pleen It 1s not e tab
hished whether the<e represent meta tatie Ie
stons or multiple primary foar  Hemorrhages
and sub equent anemia are common abo m
stances of hemolyic anemta some of which
are presumably due to lestons in the spleen
or n the bone marrow have been reported
The course 1s fulminatin,, 1 <ome and pro
tracted for years 1n others

Chaptes 3 Alterations 1n Blood Flow
Due to Eatrinsic GCauses

TRAUMATIC INJURIES

Traumatic 1njuries, with or without loss of
contmuity of the ki or tissue substance 1f
suflicsently extensive or severe, mescapably 1
volve the various va cular channels 1n the af
fected extrermty This may result directh
from the accident or from any superventng
fection Arteritis phlebius and arterial as well
as venous thrombo 1s may develop Second
ary artenial and venous pasm frequently de
selop under these circum<tances and occur
the blood vessels directly involved by the m
ury as well as other ve sels 1 the immedrate
vietmty  This may be due to a reflex mncrease
m vasomotor tone tn the body s effort to con
trol hemorrhage or 1o the accumulation of
metabolites resulting from the circulatorv 1m
pairment  Segmental arterral spasm has been
ab erved at the operaung table even under
minimal traumatic conditions ™%

DISCASE AND INJURY OF THE
NERVOQUS SYSTEM

1 Cerebral lestons {cerebrovascular ac
esdent= tumors) The e do not seem to influ
ence pertpheral blood flow and vasomotor re

ponses 10 amy preat extent unle.s one of the
\a omotor centers 15 ivolied  As a matter of
fact marhed va omotor alterations occurnng i
a case with a cerebral fesion strongly suggest
a hypothalame invelvement 28 The shight n

crea e 1n basal flow regularly ob enved m the
paralyzed extremittes of hemiplegic patients
does not seem to bear any relation to disuse ™7
Va amotor respon és to phy 1ologic and phar
macologic <timuli are presersed
Much attention has been pard to alterations

1n cerebral blood flow, since a great number of
cerebral le ons may be traced etiologically to
1z rular dieae ¥ ' Anterioscleross and
by pertension have a wide pread and widely
known impact upon cerebral circulation®

and brain metabolr m-3! and thus necessanty

upon bram functions 1t 1s accepted knowledge
that most strokes are etiologrcally duetoa.

cular di ease 3 The occurrence of cerebral
arterial  pasm has been more controversial
than that concerming “penipheral arteral
pasm™ It eem, that the evidence 1s m favor
of the existence of such a chnical entity=® 24
although perhaps not as clear cut as those con

cerming artenal channels m the extremties i1
would be outside the scope of this book to dis
cuss these extremely intere ting problems The
moliement of cerebral circulation by a rarer
type of vascular di ease such a- obliteratne
thromboangists  and the 1mp} of the
occurrence of congemtal and later developed
aneurysm ol cerebral ve sels may al o be men
tioned 1n passtng

2 Lesions of the Spmal Cerd Blood
flow changes obsersed tn muscular dystrophy
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Table III

Influence of a Standard V& oddator Sumulus (G L Procedure) on Temperature and
Blood Flow of Lower Extremutv Under Basal Conditions After Adaptation
to Fnvironment of 20 € and 55% Hunudity

A NORMAL SUBJECTS (YOUNG ADULTS)

TEMW] ERATLRE BLOOD FLOW
C (M1/100 M1 TISSUF/WIN)
Control Moximum Basal Maumum
Patient 1 cading Response Flow Response
1w 285 350 136 177
Sb 240 355 91 180
SI 220 400 32 70
MH 210 315 240 254
bs 225 365 209 305
EC 270 315 105 18
A0 275 335 160 216
sp 230 335 167 189
AS 760 330 15 244
EG 215 335 91 208
Average ¥alue 1379 1991

B EIDERLY SUBJECTS (NO DEMONSIRABLE VASCULAR DISEASE)

Fk 250 345 36 59
wF B0 350 34 65
HT 230 325 105 121
11 255 315 84 142
JIB 25 250 86 101
In 230 295 159 224
AMS 230 330 105 148
JF 25 57 99
EY 225 315 83 122

Average Falue 832 1203

€ FIDERLY SUBJECTS (WITH OBLITERATIVE ARTFRIAL DISEASE)

RA 50 %60 28 69
j0 215 o9 50 30
JK 210 305 -3 32
MF 2t0 315 32 97
MG 255 5 44 62
AN 255 310 23 49
0B 355 28 51
AD 210 60 94

Average balue 323 616
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n bringing about predispo mg penarthrits
Ints fullblown appearance the symptom com
plex which has also been described as  houl
der hand syndrome  '® exibits all mamfe ta
tions of neurovascular sympathetit srntation
pawn discoloration limitation of motion mus
cular atrophy and spotty osteoporosis (Su
deck s hone atrophy)
For many years the term +a oneuro es

{ angloneuroses ) has been used to denote
anything from demon trable arterio pastic dis
orders to uch vague concepts as ‘capillary
neuroses ‘7 % Functional di turbances 1n
blood flow as far as they are measurable or
at least climeally demon trable and traceable
to faulty mmervation have been di cussed un

der specific headings Our factual knowledge
of such disturbances m the minute circulation
15 extremely limited and mo t writings on the
ubject have been highly speculative Use of
the term vasoneurous or  angioneurosis

doe not appear justified

DISTURBANCES IN THE
ENDOCRINE SYSTEM

The serretions of endocrine gland are car
nied by the blood throughout the body and may
affect any organ or system The vascular sy
tem seems to be under the mfluence of everal
of these hormones (Part T} Recogmtion of
the close relatronship between endocrine hor
mones and the autonomous nervous sys
tem Y on the one hand and the import
ance of sympathetic pathways for vasomotion
on the other hand could hardly fail to draw the
attention of workers 1u hath the endocrine and
the vascular fields of research Newenheleaa
our knowledge of spectfic path
concerning one or more endocrine gland 15
verv Limied

1 The Thvroid It 15 a well known ob

ervation © 71 that the shin of hypothyrond
ubjects tends to be cool and dry and that these
mdniduals are mclined to feel cold very ea 11y
under environmental conditions generally con
rdered comfortable the exact opposite applies
to patients with a hyperactive thyrad In the
older 1 the terms  hyp
and hypercirculation have been used respec

log
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tiely m myvedema and m Graves Disease 7

1t seems logical to assume that the va cular re
sponses 1nvolved are reactive to the changes m
metabolt m 3 rather than to 4 specific vascular
action of the thysoid hormone It 1s of tnterest
that an mhibition of kin capillary develop
ment has been shown to be regularly demon

strable m congenttal myxedema 8 * Devel

opment of skin capilaries 1o mormal adult
{forms 1n treated hy pothyroid children has like

wise been observed ¢ ®

2 The Adrenal Medulla and the
Chromaffine System  Catechol antnes
(adrenaline noradrenahmne and possibly
others) are n all probahihty the substances
which mediate va oconstriction at the place of
neurohumoral transmas 10n 1n the ves el wall
Their role n the specific form of hypertension
due to phaeochromocytoma 1s unques
tioned 7 77 What etwlogic significance f
any they have in es ential hyperten«ion 15 un
known ¢

3 The Adrenal Cortex Peripheral blood
flow to the extremties has never been shown
to be directly myolved m adrenocortical hyper
or hypofunction To even touch upon the n
tricate relationship of adrenocortical secretion
to essentral hyperten 1on and to shock 1 not
within the scope of this book

% The Gonads The search for influence
of gonadal secretions upon penpheral blood
flow has hardly advanced since the early ob
servatton that ovarian extract mhibats the v1s
ua) disappearance of kin capillaries followmng
the ad 1on of adrenal
report appeared 1n the literature on the ue
of gonadic steroids in occlusive disease of pers
pheral arteries  Such trials were based on the
results of animal expeniments % 81 Like other
mestgiators we have not been able to demon
<trate that mes urable changes in peripheral
blood flow 1n man are attnbutable to action of
gonadic steroids  Connection of some disturh
ances 1n peripheral circulation to the gonads
has been su pected on the basts of sex distribu
tion 1e the comparative ranity of obliterative
arteriosclero 15 1n non diabetic females hi_her

d of obl hroml

15 m
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the regulation of flow through the vascular bed
ofthe<skin (Sce fig 3)

Surfacc temperature does not fall with the de
creasc m blood flow mn the sympathectomized
limb 11 response to body warmng  the result
ng lack of correlation hetween changes 1n sur
face tempcrature (whieh reflects blood flow in
the va cular bed of the skin) and total blood
flow to the limb (which may be taken to be
predommantly representatine of blood flow to
the va cular bed m the mu cles) sugge ts that
there are different and eparate mechanisms
regulating vasomotor responses 1n these beds
Confirmatory cvidence has heen pre ented re
cently by Edholm and his co workers ¢ t
Furthcrmore the fixation of surface tempera

PERIPHFRAL CIRCULATION IN HEALTH AND DISEASE

to be invariably present 1n people who in the
ab ence of orgame va cular disea e have a1
tacks of sudden blanching of <everal fingers of
the whole hand either elicited by exposure to
cold or by emotional upset or both This phe
homenon has been de cribed as  doits morts

oras peripheral syncope  * The di easepic
ture desenibed by Raynaud as  symmetrical
gangrene ¥ included this phenomenon us one
of 1ts features 1t 1s frequently called Ray
naud s Phenomenon’ Apparently it may oc
cur supenimposed upon occlu ne vascular di

ease but a direct connection with the vascular
dicea ¢ has never been demon trated The ma
Jority of patients with occlucive perspheral ar
terial di ease do not exhint Raynauds Phe

ture ( kin blood flow) ind that blood
flow to the kin 1s primarily under neural con
trol while blood flow to the mu cles 1s influ
enced to a much greater degree by other regu
latory mechanisms

Recent observations 3 sugge t the po st
bility  of influencing reflex vasomotor re
sponses 1n sympathectomized limbs toward
normahzation by adrenergic blockade This
possibly implies that circulating catechol
amines play a considerable role mn the e re
pon ¢s Much further investigative work 1s re
quired to establish a pessible linkage to the
cla sical findings of Cannon and his co work
ers 3”7 concernmng the sensttization of dener
vated structures to adrenaline

At the time of this wriing much remains
unknown about the role of the autonomic nerv
ous sy tem in fluencing perspheral blood
flow The fact that purely psychic (emotional)
timuli may have a visible and even measurable
effect on vasomotion 1ncreases the difficulty in
arriving at conclusions

The duff ton between v
tor and vasodilator disorders may be main
tained at pre ent as a worhable classification
for want of a better founded one 1t 15 well
however tokeep in mind that thus cla sificaton
1> baced upon a working hypothesis that 15 not
entircly supported by facts

Vanous equelae of a tendency to Jocal pe
nipheral vasoconstriction have been described

tric

The susy appears justified that
the occurrence of Raynaud s Phenomenon m
Patients who have occlu 1ve va cular di ea et
Just incrdental since 1t 1s not too rare in the
population at large

Bone atrophy due to vasospa m was de-
scribed by Sudeck”?  Sudeck s Atrophy 1
charactenized by spotty o teopoross which 1
al o ob erved 1 reflex dystrophy ( houlder
hand syndrome)

Vasospa tic disturbances have been de
enbed as occupational di ea e in preumatic
tool workers 0 and prami ts and typists the
la t two imvolving nulder forms The fingers or
hands show di coloraion and the patients re
port a feeling of puns and needles or numb
ness Much more rarely we have observed the
phenomenon 1n feet and toes of some people
after prolonged tanding i fast driung bu e
or trucks (tran portation of soldiers } Occlu
sive di ca e following repeated occupational
trauma has been ob erved

Reflex dystrophy of an extremmty more fre
quently the upper than the lower was ongin
ally described after mjury or operation © It
has since been seen not infrequently after myo
cardial 1 6t qpnd 1y 10
<a es of rheumatic heart di ea e It 1s of mter
et that i cardiac pattents who exhibut this
symptomatology the right upper extremity 13
imolved almost as frequently as the left The
etiglogic role of di use has not been clearly de

A background of emotional d ! seems

d butitis p d that 1t 15 a factor
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bated question appears of relatively lttle
igificance nce both are so clo ely con
nected ® " The syndrome may be due to two
types of anatomecal anomaly muscular or ke
letal ® The muscle mo t frequently shown to
have an anomalous course exerting pressure on
nerve and blood ve els 15 the scalenus anticus
less frequently the scalenus medius The <kele
tal anomaly re pon 1ible for the syndrome 1s 2
cenical b Al o costoclavicular compre 10n
has been found to be re-ponsible for the syn
drome i some ca es™*® This type of neuro
vascular compre sion can be ehicited by having
the patient force the <houlder backward and
downward The syndrome occurs most fre
quently unilaterally only rarels bilaterally
Dufferentiation from brachial neuntis 1s ome
lmes not easy however deep 1n piration
turning the head to the affected side or elerat
1ng the arm may produce palpablc diminution
or even of the homolateral
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bility of the blood per se 1s hardly a sufficient
explanation <ince patients may have a pro
longed prothrombm time without any extra
vasation  Increa ed capillary fragility ceems
largely unrelated to the state of blood coagula
hlaty

Patients with polycythenna vera (primary
polycytherma) are reported to have an 1
crea ed tendency to thrombo 1518 This does
not apply to patients with econdary polycy
thema due to chrome pulmonary d: ez e

In 1937 Nygaard and Brown described an
entity they called essential thrombophilia This
rare condition leads to multiple venous and
arterial thromboses 3 Increase in number and
changes 1n physical properties of platelets as
well asincrea e in globulin and fibrinogen con
tent of the erum have been demon trated®®
1n the ¢ cases On the other hand there1s a
rare form of thrombocympemc purpura?® de

scribed as i botic bocytopenic pur

brachial and radhal pule " I! has been
hown by % nght™® that abnormal postion of

pura where a reduced number of platelets 15

d with multiple thrombus f m

arms during leep may produce the syndrome
Complicating thrombosis of the subclavian ves
els 15 a rare but, of cource very enous oc
currence 30

Arthntic and other orthopedic deformities
may cause local di turbances 1n blood flow
The e rarely concern artenal supply fre
quently however they apply to venous dran
age and ometimes mnute circulation througn
localized pre ure even to the degree of super
ficial (decubital) ulceration

Secondary hypervascul:
ing excessive apposition of bone may acl hke
a large arteriovenous shunt with all its seque
lze This occur 1 progres.ed ca es of Ostertis
deformans (Paget s Disease) 17

CHANGES IN THE COMPOSITION
OF THE BLOOD

Various blood dyscrasias are known to af
fect the permeability of the capillaries and to
cau e punctate or even larger extravasations
Thrombocytopema and various forms of leu
hemia may be mentioned here The mechan
1ms at play are unknown Reduced coagula

mall ve sels It 1s actually difficult to decide

whether both of the above di cu ed conditions
should be cla «ified as primanly vascular or
hematologic

SENSITIVITY REACTIONS

Since the clas wcal de eripion by Lewis of
the triple respon e 1n the minute blood ves els
of the human lin to mechameal timulation
(dermographia) and to hi tamine 1t has been
recogmized that the wheal (as produced by ns
tamine 1n ullation) 1s the basic lesion of most
hypersensitivity reactions It has been known
that the mnute ves els i the mucous mem
branes may exhibit the same type of re pon e
Nothing 1s known about the capillary reaction
n parenchy matous organs

The reaction may be een unaltered or
widely modified 1 tascular sensttiriry reac
tions to cold There are patients who develop a
gant  everely itchy urtica upon 1mmer 10n of
their hand or feet 1n cold water 1ol ing ex
actly the immer ed portion the e ame patents
report general ensinily to cold producing
burning pan atehing and swelling of the ex
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males and higher incidence of Raynaud s dis
easen females  Conclusive evidence however
15 lacking It may well be that the recently
started investigatron of the role gonadic ster
owds play mn the development of atherosclero
a5 3 ¥ might furmish clues 1n re pect 1o sex
linkage of peripheral va cular dt eace

5 The Pancreas The obsenation of a
pecuhar bright pink color of acra (cheeks
no e fingers toes) in diabetic patents was
common i the pre nsulinera 7 93 These pa
tients regularly showed an abnormal dilatation
of the capillary <egment connecting the arteral
and venou Itmbs when the imolved areas were
viewed under the microscope * 5 Itisin
tere ting to note that this can no longer be ob
erved 1n the 1n uhin treated case  The mechan
1 m of the phenomenon 1s unknown

6 ThePituttary Pitressin a pressor <ub
stance ascribed to postenior lobe secretion 15
probably either secreted by intermediary lobe
substance which has grown into the posterior
lobe ® * or produced by neurosecretory cells
1n the hy pothalamus and stored in the posterior
pitutary lobe *¢ It has a markedly constrict
ing effect upon munute blood vessels 1n everal
va cular hed * % mcluding the kin n
man ¢ At pre ent there are no data available
which would clearly indicate a direct effect
upon peripheral blood flow 1n any of the ac
cepted chinrcal entities a cribed to pathologic
changes mn the pitustary

CHANGES IN GF\FRAL CIKNCULATION

The rel: hip of va omotor resf n
the extremities to the heart has been di cussed
i Part [

Marhedly dumims hed left sentricular output
(eg 1n tght mitral tenosis) leads to mark
edly dimini hed filling of the vascular system
m the extrermbties with reactive constriction
This may lead to all the equelae of dimimshed
blood supply—ncluding gangrene at the acra
—and the condiion may be difficult to differ
entrate from primary 1a cular di ea e Esalu
ation of the case as a whole and a good history
will factlitate the decision A ball vale throm
bus may cause 2 sumilar picture except that

the phenomenon of diminished blood upply
will fluctuate and affect various extremities at
various times \lany yearsago Sahl described
what he called hypercirculation 1 ca es of
anemma and hyperthyroidism basing his as
sumption of 1ncrea ed rate and velocity 1n pe-
ripheral flow on studies with the Gaertner tono
meter 7 His assumption has been subsequently
confirmed by more reliable method of mea ur
ng peripheral blood flow *® It 15 of conaider
able interest mn this connection that in both
anema and hyperthvroidism failure has heen
hown to occur in the presence of increa ed
cardiac output 1*

That tonus of the large thoratic veins may
play a role i some of the mechant ms involied
n cardiac failure has been widely di cu ed *
The role extremity verns may play in homeo
stass of venous tone and pressure 15 unknown
hut 1s currently under nve trgation by Wil
kins and hus group **

The role of minute ves els 1n experimental
shock has been studied thoroughly It has heen

hown on the capillary cireulation in the mes

entery and omentum of the dog and in the rat s
mesoappendix that in the first (reveruble)
stage of hemorrhagic shock the blood ve sel
exhibit constriction and hyper en ity to
adrenalin ? Tt has further been shown that
duning this tage a vasoexcitor material
(VEM) probably 1dentical with renm 1s lib
erated In the later (irreversible) tate of
hock the blood tessels dilate and their re
<ponstveness decrea s In this stage a vasode
pres or matenial (VD) was found in the
blood This 1 supposedly actine through its
fernitin content %%

AB\ORMALITIES OF THE
MUSCULO SKFLETAL SYSTEM

Scalenus anlicus syndrome 1s a lerm ap
phed to a symplom complex ™ cau ed by pres
sure on the brachial nerve plexus and the sub
clavian ves el Such pressure leads to pain
discoloration and changes 1n perspiration and

urface temperature It 15 not clear whether
the symptomatelogy 1s primanly due to nerve
ireitation or to vascular pasm  the much de
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po ed parts Gangrene of fingers and toes has
been desersbed as occurring with | gl

m ammals may produce vascular changes
closely r g <ome of those found in hu

uria 1w syphilitie patients upon exposurc (o
cold In some nonsyphiliue subjects cxposure
to cold has been found to produce hemag
glutination accompamed by peripheral gan
grene ¥ Cryoglobuling have becn found in the
blood of such patients but al o 1 patients with
Raynaud s disease 30

1t 15 hardly withun the scope of thes book to
describe the sensitivity reactions to various
drugs although <ome of them might well be
primanily vascular  Expermmental work has
been plentiful to show that <ensttivaty reactions

man pathology 290 3¢

It 1s hnown that ‘senstivity angutis may
<0 closely resemble primary polyarteritis no
do o that workers mn the ficld have found it
necessary to panstakingly ¢ tablish the differ
ential diagnosis  Recenth  di ease pictures
hase becn described following the prolonged
use of the hypotenstve agent Hydrazinophthal
azine that are indi tngut hable from rheuma
toid arthritis 1n ~ome instances from dis em
mnated lupus erythemato us m others %%
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Part III Physiologic Responses to

Disturbances

1 Blood Flow

Ciar 1 DEVELOPMENT oF SEcosnary (Cor.
LATERAL) CIRCULATION

2

RestoraTioN oF PrRivam Gircera
TION

Crar

PONTANEOUS vasomotor tesponses to local
disturbances n blood flow may be ob
served to be favorable or unfavorable in the
ense of repair and restoration It may be stated
that 1n general vasoconstrictor responses are
unl bl il respon es favorabl
It 15 of considerable interest that the same
tmulus may produce erther vasoconstriction
or va odilation of the minute blood ve sels
Te pective to the smaller or greater intensity
with which 1t 15 apphed A hght stroke upon
the human skin with a blunt or ponted snstru
ment produces a white reaction due to vaso
constriction via an axon reflex 1f the same
type of stumulus 15 apphed repeatedly or with
greaterintensity the triple response 1e vas
odilation 35 eheited This can be een as a
red reachon n the line of stroke accompa
nied by vasoconstriction on both sides of the
line and the development of a capillary flare
followed by wheal formation (pa sage of serum
from the dilated vessels into the tissues) along
the line of red reaction®
Va ocon trctor re ponses 1n the larger ex

\

tremity vessels have been observed following
trauma and operations ° as well as mn re
ponse to thrombotic! 5 and embolic occlu
stons ©

It 15 concervable that a va cular bed de
prived of part of its blood supply mught be
arded by a vasocon trictor respomse in another
vascular bed causing shunting of blood to the
place of need There 1s no conclu tve essdence
available at pre ent to support this otherwise
rea onable a sumption

On the other hand +a odilator responses
at the place of need have been observed both
experimentally and clinrcally and the devel
opment of so called collateral airculation has
been proven morphologically

Quining  has pointed out that there eems
to be a certain degree of freedom i the final
distribution of blood ve els as expres ed
the many anomalies and variations of vas
cular patterns 1n the body It 1 concenvable
that the physico chemical forces at play lead
to the formation or further development of
rascular channel where needed # 12

Chapter 1 Development of Secondary
(Collateral) Circulation

The prineipal artenal channels to the ex
tremities have been reviewed in Part I These
vessels are primarily responsible for the blood
5upply of the limbs and are therefore referred
{0 as primary prancipal or mam stem arteries
Along their entise course howeves branches

are grven off which not only supply the tissues
1n the immedaate and farther neighborhood of
the parent trunk but which 1n turn give off
smaller twigs that meet or anastomose with
simifar twigs from branches ansing at some
other pomt from the ame or another parent

kil
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trunk  Such anastomoses then form archlike
vascular channels conveying blood 1 the
same general direction as the mamn artery, com
pared to which they are much smaller in calt
ber These channels then are collateral <ec
ondary or accessory to the parent vessels from
which they are anatomically and physiolog:
cally distinguished The primary vesscls are
larger 1n size and direct in their course and
they convey the greater portion of the vascular
supply to the part while the <econdary or col
lateral vessels are smaller more circuitous and
carry only a comparatisely small portion of
the blood Histologically these two groups of
ves els are exactly alike

It 1s understandable that ebstruction at any
pomntin the prmcxpal arterial trunk 1s followed
hy a p T i the channel
bridging the occluded portion directed at tak
ing over such function as can no longer be
performed by the obstructed sessel Wheneser
the primary vessel 1s impaired 1n 1ts entirety
or almost so (as 1t happens 1n some forms of
generalized arterial di ease) the collateral
channels alone assume the bility of

referred to his book

Although the anatome development of col
lateral circulation has been studied thoroughly
1n various organs the mechanisms at play are
ull not fully under tood Physical force
hike differences in intravascular pressure 1n the
occluded vessel as compared 1o that 1n the
collateral channelx have been considered of
prime 1mportance The accumulation of car
ban dioxide’* n the area supplied by the oc
cluded ves el has also been used as an explana
tion and nervous mechamsms sct into motion
by the occurrence of the occlusion have heen
demonstrated to play 2 role 1* Experimentally
sympathetic denervation appears to influence
favorably the opening of collateral channels
induced by an artificially produced arteriove
nous fistula 18 17 Auhihill and Harvey!® re
viewed some of the hypotheses that have been
postulated to explain the production of col
Jateral crreulation and they confirmed on the
basis of their experiments the operation of a
vasomotor component According to Spalte
holt 18 the following factors are the mam
the extent arrangement and

supplying the part In that event the collateral
vessel ceases to be an accessory and indeed
becomes the primary channel while the ong:
nal principal veseel may even be converted
1nto a functionless cord

The adequacy of the circulation following
obstruction of the principal vescel thus de
pends upon the ability of the collateral vessels
to enlarge sufficiently to carry over the blood
which would normally have coursed through
the occluded channel Quining? quoting Spal
tcholz expressed this mathematically  If the
sum of the squares of the cross sections of the
ana tomosing ves els equals or 1s larger than

condition of the 1es els 1n a gnen vascular
hed the status of the general circulation the
general conditton of the body the time se
quence of the occlusion and the amimal species
Briefly an adequate collateral circufation 15
Likely to develop if the occlusion occurs 1n an
area with a nich bloed supply f the anastomo
e vessels 1n the area anse from <everal vessels
and 1f the walls of the collateral vessels are not
discased or otherwise mncapable of dilatation
Deficiencies 1n cardiac function hypoten ne
states dimunition of blood volume below criu
cal Jevels and disturbances 1n composiion or
viscosity of the blood adversely affect the de
vel of coll 1 blood flow A good

that of the square of the occluded artery the
ana tomosis 1> adequate

The pre existing anastomosing vessels which
normally serve as accessory or collateral chan
nels are enumerated and well 1llustrated n
standard texts of anatomy Quiring gives an

T
general condition of health 1n the indiadual

and 1ntactness of the venous system are es en
tial 1n sudden occlusions the number and
extent of the pre exi bing anastomotic channel
are of primary importance while 1n gradual
the condition and nature of the

excellent and detailed d on coll 1
vessels the reader nterested 1n the subject 13

walls of these vessels are decisive Vascular
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ure) < 3 Such stuations may frequently be
obserned 1n the loner extremties of people af
flicted with obliteratne artenio clero1s  One
18 tempted 10 talk abour dimmn: hed artenal
re ene or local airculatory re erve  making
the-e terms corre pond to tho e wed 1n di>
en 1ng cardiac work performance
In the event of sudden complete occlusion
the blood available from pre exs ting collateral
ve- el may be grossly inadequate to meet the
needs of the part the circumstances are of
cour e rather unfasorable for the turther de
velopment of the e ves els Moreover there s
hardly any time for the formation of new vas
cular channels It 13 indeed amazing that, de
pite this condition a part not infrequently
recovers from what eemed to be complete
embolic artenal occlu 1on  This happens more
often m the upper than in the lower imbs
Whether this 15 due to the difference in vaso
motor tone or to the pre ence of a more exten

Chapter 2 Restoration

It would appear Jogical 1o talk about pon
taneous efforts of the organi m to restore
function to the pnimary :mpaired blood ves
els proper before di cu sing the various vas
cular re pon es leading to the development of
collateral errculation The fact 15 however
that the body s means of re toring primary cir
culation 1n an occluded ves el are few and

low m achton and 1n the overwhelmmg ma
jonty of n tances are widely overshadowed by
the f of collateral it

There are only two krown ways in which
spontaneous restoration of pa age through
an occluded va cular channel can occur 1 By
canalization of an erganzed thrombu which
occurs only in larger ve< els and u ually after
a lapse of many months or years There are
three forces at work in this proce s sasava o
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<ne and more efficzent collatersl network 1s
till a matter of peculation

In summary anatomcall the ex: tence of
three 1vpes of econdanly developed channe!
mght be po tulated 1 Channels bypa. mg
the primary route, pre ex: bing and n active
we even prior to the occlu 10n of the primary
channel now being widened and lengthened
(by meandering) and thus made more capable
of carrying the additional load the ¢ are col
lateral channel 1n the strict ense of the word
2 Preformed (potential) channel part of the
artertolar and capllary bed which are notu ed
permanently but are called upon when the
neces 1ty ars es 3 Newly formed channel

The recently reported findings with the elec
tron mucro cope ™ revealing mteresting struc
tural details of the capillary wall may well
point the way to a bester under tanding of ves
el formation under normal and pathologic
conditions

of Primary Circulation

rum from the urrounding wall penetrate the
plug new capillanies grow in from the free
end of the thrombu which has been covered
with endotheltums and blind channels {nfts)
withn the plug become endothehalized and de
velop mto new blood channel 3° 2 Through
relaxation of the ve el wall around a recent
embolus whereby occlu 1on recurs more dis
tally asthe embolus reaches narrower egment

of the ve el If the embolus finally lodges 1n an
area with ample ana tomo g cireulation ats
effects may be mnsignificant, as pointed out be
fore® Recanahization may logically be ex
pected to occur more readily m large artenes
than 1n mall caliber ve~ el ince 1t 1s prob

ably dependent upon the v1s a tergo of the on

ruhimg blood and the number of vasa va o
rum present 3 3¢
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responses differ quantitatively and/or quals
tatively among 1arious specres
Wath these considerations 1 mind 1t may
be mentioned parenthetically that while the
condittons for the development of collateral
circulation 1n the heart muscle!®  may be dif
ferent from tho e 1n the extremities there are
striking analogies 1 the cour e of events fol
lowing arterial acclusion
The discussion has been limited so far to
the opening or enlarging of pre eusting col
lateral channels An even less understood phe
15 the apy develop of en
tirely new vascular channels 1n respon e to oc
cluston of primary va cular routes * ¥ Noex
planation 15 offered However certan embry
ologic phenomena may make uch new for
mations not entirely surprising or unexpected
First 1t may be recalled that the first vas
cular channels 1n deselog
ari e from mesenchymal cells and are capil
lary i nature! and from ths diffu e capillary
bed by confluence and fusien of smaller ves
els and with further differentiations the
larger va cular channels are formed The ul
umate size of the vessel produced 1s propor
tionate to the amount of blood the vessel would
be called upon to convey 1n the fully developed
organism  As the orgamism develops and
grows two or more blood supply routes appear
to form in an area  ome of the e remamn un
developed or are diverted to other areas or
organs
Second the normal obliteration of fully
developed vascular channels during embryome
and po tnatal hfe is equally difficult to ex
plan  Some of these ves els are closed com
pletely and transformed into solid connective
tissue cords presumahly because they have
outlned thewr u efulne s The Ductus ar
teriosus Botalll 15 an example of this phe
nomenon In other m tance a fully developed
vessel which ongmnally forms the mamn yascu
r supply to a part omehow undergoes re
gressine changes or 13 arrested 1n its further
development to  give way fo sub equently
formed channels which then become the prin
cipal blood supply route to the same part The

la
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orginal channel may then pera t only as a
small contrshutory branch to the newly formed
vascular setup An example of this condition
15 the 1schindic artery which 15 oniginally the
main supply of the lower imb <ubcequently
this role 15 taken over by the femoral artery
and 1ts branches the 1schiadic artery only
supplies contributory elements to the deep
femoral and anterior ubial branthes

Third the reversion and rea sumption of
embryonic functions by organs and tssues
which have long lost thoe capabilities un
der condittons of need and stress 1s a well
known chnical phenomenon The resumption
of erythroposesis by the hver and the spleen1n
cases of marked and severe anema are alus
trations of this phenomenon The mechanisms
molved are unknown end one can only specu
late  John Husters empirscal statement that
blood goes where 1t 15 needed may ndeed
be altered to  blood 1s sent where 1t 1s needed
Thus the occurrence of obstruchion n 2 vas
cular channel creates an emergency locally
with an urgent need for blood 1n the area It
15 concenable that under these errcumstances
the me enchymal cells in the area revert 1o
embryome angiobla tic activity forming new
capillanies which 1n turn by fusion con
fluence and further differentiation, may form
larger vascular channels

Phy<tologic respan es to curtalment of ar
culation to « part seem to be directed mostly
toward the development of what has been
termed collateral cireulation In chrome dis
ea e with slowly progre sing vascular ocelu
ston restorative efforts of the orgamsm along
the e hines may be so successful as to pre ent
us with parts 1n which no evidence of open
primary channels cin be detected but which
eem to have a perfectly ufficient blood sup
ply by means of secondary developed chan
nels 1t should be noted however that while
civeulation to such parts may be sufficient at
re t or even with slight exerci e 1t 1s u vally
not capable of coping with suddenly ncreased
demand  uch as are called for by heavy e¢
erese edternal injury or when cireulation v
general 15 terfered with teg 1n heart fail
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Part IV Management and Therapy

Cirar 1 RrstonrT10Y oF GCCLADED Privtany
ARTERIAL CHAVNELS
Medical means

Suargical means

Citar 2 ENHANCEMENT OF COLUATERAL AR
TERIAL Broob SurpLy
Medical means
Drugs affecting blu h areas  af
fecting glomus areas affecting
Hood flow to the extremttes

Surgical meane

Ciar 3 IMpAURMENT OF VEVOLS DRAINAGE

Medical means
Deep venous channels
Superficial venous channels
Surgical means
Deep venous channels
Superficial venous channels

Criar 4 INFLUENCES ON THE MINUTE VESSELS

Cuar 5 UnpenLyine Cowpitions aNp Cou
PLICATIONS
Generalized va cular di ease
Related extrava cular conditions
Sequelae of disturhances m penph
eral blood flaw

Tm:rm EUTIC ATTEMPTS lo correct disturb
ances 1n peripheral blood flow can be d;
rected either at restoring the occluded pri
mary channel or at enhancing the deselopment
of collateral circulation  The approach may be
by either medical® or surgical means~ The

disturbances 1n peripheral blood flow repre
sent in most mnstances erther mamnifestations
of generalized vascular disease or complica
hons of an underlying extravaseular disorder
In turn the disturbances in perspheral arcu
lation may lead to complicating sequelae

Chapter 1 Restoration of Occluded
Primary Aiterial Channels

MEDICAL MFANS

Complete occlu 10n of an arteral channel
may be entirely organic teg completely oc
cluding thrombus) partially orgamec (eg
pattially occluding thrombus and supenm
posed secondary constriction of the vessel) or
entirely due to reversible local constriction
(so called spasm)

Arterial constriction (spasm) may he re
lLieved by procedures and drugs capable of re
ducing vasomotor tone  Some of these proce
dures are said to be also capable of producing

active vasodilation  The simplest and most u €
ful physiologic procedure to rchese arterial
pasm therapeutically 1s the one deviced by
Cibbon Landis  Heat apphcation to the chest
back and abdomen mamtained for 50 to 60
minutes reflexly lowers vasomotor tone mn the
extremitie counleracts any ‘asocon trictor
timulus at play and induces yasodilation

Phar ! release of 3 tone
and thus of arteral constriction 13 be t accom
plished through the low intrasenous injection
of either diethy! aminocthanol or such gang




OCCLUDED PRENIARY CHANNELS

fronic blocking agents as tetraethylammonium

pentohnium o hexamethomum While the al

cohol does not cause any sigmificant changes tn
atenal pressure the quaternary amines mav
produce marked hy potension especially of the
postural type which may be ebated for o

eral hours after adminsstration of the drug by
letung the patient assume the ervet pestion
When tetraethylammonsum chlonde 13 wsed
dramatic drop 1 resting pressure s less often
encountered  but postural hypotension 15 yu t
ay marked as with the mare potent penta and
hexamethormum  There are no direct medieal
means proven to help restore flow through sn
artersal e sel that has been occluded organt
wally  The question whether anficozgulants
may be helpful in <lowing doun orgamzation
of an oecluding artersal thrombus and thus
aid 1 ats vecanalization has stall not pas ed the
tate of a farrly reasonable a sumption

SURGICAL MEANS

Localized ob truction due to thrombu form
aton of cmbolt m may be managed succe >
fully by surgical methods

Thrombendarterectomy * the excimon of
thrombus with reparr of the artery when suc
cemful restores an ob tructed primary \ascy
far channel and allows blood ta recireutate
through the same routes

Artersal grafting attempts lo re establish a
vasclar channel whick has been rendered un
serviceable by obstruction  The various ma
tersals u ed for grafting have wchuded pieces
of @ vun® artery oy a cloth be made of
ayon N Sylan Orlon or Dacron® Vascular
grafting may accompluh this agm m ne ways
ether the obstructed part s resected and re
placed by the araft ot 1t 3s left i site and
by pas ed bs the graft

% arious repost of suth zeconstructise oper
atrony have been quoted as succe sfol 1n 50
93¢ of cases and have luted muntenance of
patency for & month or fonger 10 20 805 of

a5

the e cases In large measure <uccess depends
upon the condiion of the rest of the 2 cular
tree at the time of operation 12 the hhelihood
of the grafts taking without rethromboamng
sanes amersely wath the age of the patent and
the degree of imohement of the other parts of
the artersal channel by the di ea e process
Alas the mote dsstal the past grafted the less
likely 15 the atterapt to ucceed  Grafung or
thrombendarterectomy below the mguwnal hg
‘The best way of
dealing with a prmary channel which has
been occluded by an embalus 1 of course
embolectomy € 7 1t chould be employed when
eter feassble and as early 25 possible after em
bohzation As a rule six to erght hours are
constdered the latest for surgery te be per
formed However mstances of ucee sful em
holectomy after 2 lap e of a considerably
fonger pensod of ime have been reported # For
technical considerations the reader 1s referred
to texthooks of surgery  In the ca e of throm
botie arternal occlusions interfering with blood
flow to the lower extremutie the results of
racdieal surgery——arterectomy withves el graft
g ® 3% some cases perhaps also with mimal
stepping?? ¥—gre very encoursging provsd
ing one 35 dealing with rot too edensne a
thrombus i a large ve sel > ® The best re
sults have been deseribed 1n saddle thrombs of
the aorts {occlusons night above the bifurea
von ofien talled  Lenche Syndivme )} Tech
mes are de cribed 1n the surgmeal Iierature
quoted Wiile everal years ago artenal ye ec
ton was at times considered an  adjunct to
Bl y ' omost B by now
ha\.e abandoned svmpathectomy as an adyunct
to temoval of the thrombe ed arterial segment
Very intercsting expurimental as well 2s chm
cal investigateon has been and 1s bemng car
ned out concerming the type pre ervation
use and seeurmg of grafls 1o bridge vaseular
defects ¢ For detar] the reader 1s referred
to the abundant surgical hterature an the topic

ament 15 seldom succes ful
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Chapter 2 Enhancement of Secondary (Collateral)
Attenral Blood Supply

MFDICAL MEANS

The therapeutic usefulness of such measures
as are mentioned above 1s by no means re
<tricted to their effects on the primary artersal
channel  Their main value lies in their ability
to aid in the activation of secondary {collat
cral) channels This purpose of course, calls
for rcpeated and prolonged employment of the
therapeutic measures available

Medical means to enhance collateral circu
lation are directed not only at lessening vaso
motor tone but even more 1mportant at fenc
g off further vacoconstrictor impulses to the
area The basic pruinciples of a ‘penipheral
vascular routine  which have been farly gen
erally accepted are the best example for the
apphication of the above on a broad conserva
tive basis  The following routine measures are
Irequently utilized

1 Keep extremities dry and warm

2 Avord mjuries If such occur report

1mmediately to the doctor

3 Use wide firm shoes allowing for as
many pairs of woolen socks as nee
essary
Do not <moke
5 Take three ounces of Scotch Bourbon

or brandy

It should be noted that an important point 1n
such routine measures 15 to hield carefully
the afflicted part aganst injury of any kind
That should be also understood to exclude the
u e of local heat and of all local physio
therapeutic procedures ¢« xcept body warm
ing for reflex vasodilatation and graded ex
ercice 7 ® If wsed early enough for example
m young diabetics ® such routmne 1s probably
the best means to prevent situations necessitat
ing more radical specific treatment To this
preventiie routine two more measures hould
be added a Heatng of the body (and non
affected extremities) to nduce reflex vasedila

hon (therapeutic apphication of the Gibhon
Landis procedure) It 1s necessary to apply
this procedure daily for a prolonged perrod
of ume b Carefully graded excrei e under
supervision  This 1s done according to a flext
ble plan  quantitation of daily increments are
based on repeated clinical evaluation Both
measures are not only capable of increasing
blood supply to the cxtremity but are capable
also of improving the vasomotor respon s
1n the limb ¥

For patients ncapable of walking graded
exercise may convemently take the form of the
well known Buerger s Exercice 3! The ¢ are
done datly for about a half hour and the fol
lowing sequence 1s recommended The pa
tient lying on his back first places hns feet on
a support that provides an elevation of about
25 cm (67 1n) for one mmnute and flexes his
toes and feet rhyvthmecally following that he
sits up at the edge of the bed and dangles
hus feet for one minute One mnute of rest
1 the horizontal position completes the cycle
This should be repeated up to ten tmes ac
cording to the patient s general status and his
rcactions  As a rule patients with occlusive
arterzal dicea e experience pain erther on ele
vation alone or on elevation plus exercrse  Ix
cept for the ime of exercise 1t 15 advisable to
permit these patients dependency of the aflected
lunbs to about 510 em below the horizontal
for at least a few hours each day unless edema
formation prohibits this  For patients whose
general status (chronic congestive heart fail
ure <evere chromic pulmonary failure exten
sue ulcerations debilitations etc ) excludes
even the u ¢ of Buerger s exercises the Saun
ders vaso cillating bed whieh replaces the
actrve exercr e with thythnically induced
changes of blood volume and hydrostatic pres
sure condittons 1 the extremities may be
ued

Since the time that Landis and Gibbon pub
i hed their 1ntere ting 1dea of applying alter
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nate suclwon and pressure to enhance oweula
uan n the lawer extremitres® varrous physio

87

ducing vasodilation sn varsous va eular beds
have been developed  The reports on thewr

h pp have been marketed for
the of eccl £ 1 artertal
diseare In general ali the ¢ upparnlus use the
prnciple of alternating ischesma and hypere
mia ¥ the danger of further damaging the
hypovic tissues duning the 1 chema phase out
waighs the poswble benefit® from passme ex
erer e and reacine hypererara

Smee 19233 fever therapy especially n
travenous typhord vaccme has been u ed m
rvanous perspheral mamfestations of vascular
dyea ¢ Fever therapy has also been used at
times to tafluence the cousse of accluste pe
ripheral arterral disease 3> Thus type of treat
ment was based on the ratonale that the xe

pon ¢ o pyrogens includes delayed and long
lasting wide pread va odilaton after the chall
It seems however that this phenomenon ap
plies to 11 ceral organs (especially the kad
neys) rather than to the extreraities Thus 1ts
v & has been revived for the treatment of hy
pertenstan ¥ but ats value n ubhletalne at

! and obl

wWs¥¥ Y g doubtful to say the least In tnd
arteritide of unknown etelogy wchnding tem
poral artentix evaluation 1 extremely diffieutt
because of the self Irmted course of the & con
dittons  Acute arteniudes for example are
mastly accompaned by fever

There has been an increasing tendency to
try to racrease collateral ateriat hlood supply
through the u & of various drugs usually des
ignated as vasoddators The e drugs beleng
1o dfferent chemical and pharmacologic
groups their modes and places of action differ
accordan,ly  When di cussing the v e and use
fulness of this vanety of drugs grouping ac
cording to more than one criterion appesrs
neces ary

Of the agents u ed 1 the past some bave
never been proven by phystologic methods to
have any measurable influence wpon blood
flow to the extremittes among these are the
varieus pancreatic and other bssue extracts
hypertome ahne and smnephy line

In verent years mamy drugs capable of in

logie qualities have stimulated re
newed wmtere 1in the possthihities of medicmnal
treatment of hypertensne di ease as well as
of penipheral va cular disease Several of these
drugs are valtuable sn hoth condttions

Tt appears comenient to class drugs that af
fect extremsty blood flow according to theis
mea urable physiologie actions 1n man  This
allows for 2 more detatled clasaificatron ac
cording to pharmacologe chemistry wathin the
groups so e tablished  The mechamsm of ac
tiom 15 the manst difficult criterion to use i clas
sification for some drugs work throngh more
than one mechamsm using more than one type
of pathuay and <ome of the<e mechamsms are
fairly well descrtbed while others are largely
unhnown Thus we may differentiate three
groups

pha
I

1 Drugs with a predommant effect on
blush areas expressed m surface temperature
changes

2 Drugs vath a predommant effect on
gloenus areas expres ed m surface tempera
ture changes

3 Drugs with a predominant effect on
blood flow to the extreruties as measured by
plethysmography and surface femperature
changes

Graup 1

lhstemne This has been deseribed as a
capdlary vasodilator It 15 eapable of pro
ducmg Lewrs trple respon e 1 the skin m
mmumal amounts 002 mg of base by vein
pracuces dilatation 1n the blush areas wathout
affecting the glomus areas Side effects—sub
sternal oppressson shorttness of breath burn
g of kin—are somewhat less marked when
the drug i» gren mtra asterially i doses of
3 mg 1 500 e of saline at a rate of 3 drops
per beat *® Exen so side effects are almost n
rarrably sufficiently marked fo enforce a tem
porary <lowdown of rate of admmstration
There 15 a significant but short Ined inerease
n blood flow to the extremity which returas
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to resting values after a few munutes, effect
upon the blu h areas by far outlasts the n
crease in blood flow
Nicotnie acd  This 15 ane of the oldest
penipheral vasodilators  Orally as well as
parenterally 1t causes marked dilatation in the
blush areas with very marked tachyphylaxis
Ronuacol (3 pyridine methanol or g pyrs
dslearbiaol} This 1s the alcohol correspond
mg to meotmic acid to whick n the body it
1s slowly converted 41 Its pharmacologic action
1s € senhally that of micotinic actd but pro
longed through the low release The dose 1s
300600 mg diided mto four datly doses
Its u efulness n regulatory disorders of the
mnute crrenlabon {chrome trench foor and
the like! ) 15 better established than that sn oc
clusive vascular disease®? 44
Paparerine has enjoyed some reputation as
an agent capable of influencing cerebral eircu
lation* In the periphery 1ntravenous as well
as mtra arterial admimstration of doses from
75 150 mg are followed by vasodilation 1n the
blush areas shortness of breath chest pamn
and coughing spells

Group 2

Ethyl alcohol taken orally 1s probably the
oldest and most widely u ed vasoddator In
single large doses (100 cc) 1t affects the
blu b areas wregularly (it may either cause
dilation or constriction there) but invaniably
causes marked 1ncrease in glomus area tem
perature  Used mtravenously in the form of
diethy laminoethanol 11 m, wn 50 cc of
water) 1t produces marked increase i blood
flow to the extremity Procawne which has
some va odiator activity 4 metabolizes fo
poranunchenzore acid and deethylaminoetha

nol P b acrd has no dil
qualities o that any such action of procaine

must be attributed to the diethylammoethanol
component

Nuroglycertne and sodwm nitrate have
known yasodilator quabities #° The peculiar m
fluence of sodium mitrate on the peripheral cir
cutation has been elucrdated to a great extent

by Soma Werss and Robert W Wilkmn 47 4%
wha showed the dependency of 115 va<omotse
effcets on posture In therr end effect upon the
extremities the nitrites cannot be classed as
sasodilators because they erther do not mnflu
ence blood flow at all or dimmush st 42

Group 3

Numerous drugs have been developed re
cently on a more physiologicaily specific basis
Most of these drugs exert their vasodilating
action either by interfering with circulating
catecholamnes (antiadrenergic or adrenolyhc
drugs) or by action, pos ibly, on the vao
motor centers 1n the central nervous system
many of them are valuable in the treatment
of arternal hypertension as well as arteral
disea e of the extrermties Some of them exert
their action by more than one mechan m

@ Drugs with predominanily aniadrenergic
action

Dibenamne (NN dibenzy! g chlorethy)
amne) % 1 This is the mother sub tance of
adrenolytic (adrenergic blocking) agents in
common use It can be admmstered paren
terally only becau e of 1ts Iugh peroral toxt
city furthermore 1ts hypotensive eflect 15 s0
marked and su tamned that 1t 13 not of practt
cal u e m peripheral arterral disease Diben
zyline (N phenoxy ssopropyl N benzyl g chlor
ethyl amine hydrochloride) which canbe u ed
orally 1s clo ehy related 1o Dibenarmne, but
1s five to ten umes more effectrie® and much
less toxic 3 The dosage varies considerably
from subject to subject in respect to the pro
duction of adrenergte blockade and to tolera
bility * It ranges from 10300 mg with an
average of 60 180 myg dady admumstered i
dnided do s The side effects are essentially
due to exce sive adrenergic blockade The
drug 1s rather slowly metabohzed evidence of
adrenergic blochade may be present as long
as 2 to 3 weeks after dt continuation ¥ °

Iidar (6ANy16 7 dihydro 5H diben
zarepine phe phate)®7 1s very stmidar i ats
action to Dibenzyline Ital o hares essentrally
1ts andications side effects and contraindica
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nons It 33 grien preferably by mouth daly
doses of 50 250 mg

Ben odiorare an adrenolytic agent has
been u ed for the detection of pheochromocy
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marked postural hypotenston 1t 15 not yecom
mended for therapeutic u e n occlusive pe
ripheral arterial disea e It al:o has beent dem

onstraled to <how decrea & 1n blood flow to the
J

toma 3 It has not been used in perspheral vas
eular di esse becay & of ats marked hypoten
sive action and the potential dangers from it

BY extremity %% It may how
ever be ued i the dragnosis and evzfuation
of artenal spasm

i 5 1

Regatine {2 piolyl N w oxyphenyl amt
nomethy! 2 ioudazoline} abso called phentola
mie 3> a strongly adrenolytic weakly sympa
thohitre agent  Jts achon s very shostlned 1n
man hypoten ton 18 prononnced and st 18 1m
practical for use tn peripheral anersal diseases
although 1t increases blood flow to the extrems
ues It s however considered at present the
best screeming drug for the detection of pheo
chromoeytoma * %

Priscoline {2benzyl4 5 ymudazohine hy
drochlonde tolazoline hydrochlonide) is a par
hally sympatholstic and pos 1bly weakly ad
renalytic agent with an alleged direct action
on the vessel wall It has been gnen intra ar
terially® in doses of 10 20 mg every 6 hours
Tt may be given intravenously 1 the same man
ner or orally in doses of 2550 mg every 4
hours 8 It 15 <aad to diate muscle ves els as
well as skin vessels but we have not been able
1o versfy this by plethysmographic measure
ments Hypotension 1s not a problera The sys
teme side effects 8 mawnly burning of the skin
are marked also wath mtra arterial use provid
ng the dose 1s large enough to merea & urface
temperature  This 1s due to the fact that the
blush areas markedly partiapate 1n the re
sponse  We hase repeatedly obsenved leg pam
inunediately followsng one intra artenal orin
travenous admnistration of a ingle large do e
(75 100 mg ) this appears to be due 10 2 de
crea e in mu cle flow that occurs parallel with
werease 1 kun flow  On the other hand thexe
may be prompt relief of painin 1 chemic ulcers
followed by slow healing ©

b Drugs with predomenanty ganghonie
blocking action

Tetracthyiarnmonium chlorde {Etamaon)

1s @ sympathelic ganghonic blocking agent with

rvery ittle parasy mpathetse effect *° Because of

h hylene ns tny
methylammoruum chtonde} Methwm (oral)

Hexameton {parenteral and oral} In contrast
1o tetyaethylammonwm ths drug m addition
10 3ty marked sy mpathetic blocking effects has
also marked parasympathetic blocking action
The e undestrable tde effects include con n
paiton {sometimes leading to paralyhic aleus)

bladder atonia {cholinergic urinary retention}

and mhibikion of gastric secrenion ¥ Such side
effects and the marhed hypotension and to a
fesser degree mpotence alter prolonged u e
have cau ed difficulties esen 1n the treatment
of hypertension  # On prolonged use there
13 marked tachyphylawis 125 mg to 100 mg
are the parenteral do es guen 2 or 3 tumes in
24 hours 120 mg to as much as 750 mg 4
times sn 24 hours are u ed 1a oral admgustra

tion Great caution 15 nece sary i the pres
ence of voronary dicez e Cerebrovascular ac

cidents congestine heart fatlure and uremia
may occur following sudden withdrawal of the
drug  Excessnve hypotension 1s counteracted
by wasopres ar drugs parasympatholytic ef

fects by Urecholine or neostignune  Hexame

thonium s a potent peripheral vasodilator and
has a! o been used wm perspheral artennal dis

ease *° the aforementtoned untoward side ef

fects howaver lumt s use 1 this mdication
to acule emergencres

Pentolpy eralidinsm. (1 methyl pyreolida
nsum bitartrate Ancolysen pentohmum) This
compound 1s mote predictable 1n oral use has
fe » chohmergte blocking effects than Hexame
thomum and 1s about fue times as potem™
1n producing s mpathetic ganghiome blockage
Its use an the treatment of hypertension 1s es
tabls hed? 3 while st has hardly pa sed be
yond suggetion in perspheral artenal disease

Meborylamine hydrochlorde mecamyla
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mn Imerstn) 1s a newly developed ganglionic
blocking agent that 1s not a quaternary am
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to any extent in penipheral va cular disease
although they are capable of significantly i

monmum I d but a y amine It

1s said to be well absorbed orally and to exhibit
Iittle anticholinergic and ne adrenalytic action
Its reported peculiar mfluence upon the vascu
lar actions of epinephrine, histamme and sero
tontn sounds nteresting It ments further ex
perimentat and chmeal work up

Eeold (SU3088 156 7 tetrachlora 22
dimethylaminoethy1 1soindoline dimethylehlor
1de chlorisondanune) This recently developed
ganglionic blocking agent™ 13 capable of low
ermg arterial pressure and has the same side
effects as the other biquarternary gmines but
to a lesser degree?  Studies 1n man concern
ing effect upon blood flow to the extremities
are not available at the time of this wnung
Preliminary expersments i the dog however
make 1t appear unlikely that Ecold should be
proven to be a good perpheral vasodilator
Peripheral resistance 1n the femoral bed
showed a <hort lived inhal decregse folloned
by increase above pre txperimental level 1n re
sponse to the drug

¢ Drugs wuth predominant action on the
tasomotor centers

Iydergine 15 a muixture of dihydroergo
cornmne  dihvdrocrgochnistine and dihydro
ergokryptine. While ergotamine has been
known to act as a va oconstrictor in some 1as
cular beds mcluding tho e of the extrem:
ties ¢ ™ the hydrogenated alkalowds of ergot
are capable of depressing constrictor tenus by
inhibition of the vasomotor centers They are
also saird 1o exest a weak adrenolytic ac
tion” 8 They have been u ed 1n hypertension
as well as m penipheral artenal disease ™ &
Reports have been somewhat contradictory
The dosage 15 05 mg 3 to } times a day by
either the intramu cular the oral or the sub
hingual route

Veratrum tiride and ofbum and the var
sous preparations derved from it are hikewise
predomnantly centrally acting vasodilators &
They hate thetr established place in the treat
ment of hypertension but have not been u ed

reasing blood flow to the extremites 8 8

d Drugs in which the mechanism and the
sites of uction are still uncertasn
Apresoline (1 hydrazinophthalazine) 1s
capable of lowering arterial pressure in man
It has a central action, but probably also di
rectly affects the vessel wall 87 Vasomotor re
sponses are influenced in an intrigung fa b
10n %8 89 It 35 the only hypotensive agent we
have tested which does not increase blood flow
to the extremities except afler sympathec
tomy i normally 1nnervated limbs blood flow
sometimes even decreases after the admims
tration of Apresoline #% 7
27 MI (thiosphosphonic € ter of 3hy
droxy pheny ltrimethyl ammonium 10dide tuhy
drate) The site of action of this drug 1s unde
termined It 15 sard to be nesther sympatho
lytic or ganghonsc blocking that 1t has no
parasympathommetic action and that 1t does
not selease histamine This information fur
ther states that one worker found marked i
crease 1n blood flow to the deeper tissues but
not to the skin 1n response to ntravenous
jection another worker obtained satisfactory
climeal response  with intra arterial admins
tration of 10 20 mg 1n phystologie sane We
have not been able to obtan any sigmficant in
crease m blood flow to the extremines n e
«ponse to single intra artersal doses of 10 20
mg
Arhdine (1 p hydrosyphenyl 21 methyl
3 phenylpropylaminopropanol) 1s introduced
as a vasodilator of the adrenaline ephedrine
sertes It 15 said to sncrease cardiac output and
coronary flow®® as well as muscle blood flow °*
Good climcal results in internuttent claudiea
tion have been reported 92 doses used range
from 6 21 mg orally 4 times a day
When considering the mode of admimstra
nLon of the e drugs we have to differentiate be
tween the acute and the chronically progressive
occlusion
In acute occlusion whenever there 1s any
reasonable hope to restore primary crreulation
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through a surgical procedure thiy should be
attempted  Where uch hope does not «em
rea onably founded the use of measures to
1nduce seflex vacodilatation <hould be tred
Diethylarmoethanol  the vaseactine compo
nent of procame s an mjectable alcohol that
has been effectine 1 our hands ity indiea
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wtravenus njections for any prolonged pe
niod of time 15 obviously ampractical Intra
ma cular injections may he given by the pa
tient humself or a member of lus famly even
thery they mean a conuderable disruption of
everyday hvng

The sanous dmgs ved to produce pe

tion without producmg postural hyg
B s gren every 46 hours mntraenously w
do es of 3 Gm diluted 1n 60 mi of water Its
mode of actton m producing va odilatation 35
not known

Of the ganghome bleckn,, agents hexame
thomum 1s very effective in do es of 1625 mg
wtravenously 1t marnably leads to mcrease
10 bload flow to the lower extremuies ® This
beneficial effect s Trequently off et by sud
den screre hypotension which makes s u ¢
cunte 15 hy especially i patients with generat
red ath i Ssmalar
appht to the use of pentohmum {An alysen) n
doses of 2 3% _ mig antrasenously

Tetraethslammomum chlonde on the other
hand yareh produces sigificant lonening of
resting astersal pressure but ysually dous pro
duce marhed postural hypotension  Its abslits
10 mcrea e perspheral bloed flon 1 mfenior
to that of hevamethonum pentohnum and
diethylaminoethanol  If used antravenously
57 mg per kg body weight 1s given

Intro arterial adeuristration of hy tamme
Priscohine 27 MI and other drugs has been
advocated In our hand re ults have not been
rutouraging

The chronwallt progre sne type of ocdlu

won 1 By {ar more frequent  Here measure

which can be applied contmuously for many
months and vear and which interfere as fitle
av po uible with the patient s actiilies are ob
wou by desisable  The e requirements are ac
tuatly met by oral preparations only e pecialiv
by the e which have a low rate of exeretton
and where 2 quas yermanent effect may be
achired with & round the clock  arrange
ment of admym tration sithout tee frequent
snterruptions of the patients day or mght
Such apphes for example to the Dib

nipheral va odil have different sites of ac
tien Priscoline for example didates hanves
<els n botk the glomas and blush areas for 2
~hort me while Dibenzyline has 2 marhed
and Ja ting ffect on the gfomus arcas and none
on the blush area ¥ Tetraethy lammonium
chloride may under cireumshances mcrea &
surface femperature m glomus areas of the
shin and decreasc muscle flow at the same
time 9 95 gvactly the ame has been ob erved
when Priscoline was given 1n a single mtra
artersal or sntravenous do e Careful study of
the pecific situation on hand aids m elect
g the proper drug and contmued observation
indrcates necessary changes m the therapeutic
plan

The theoretical argument that the vasodile
tation produced 1s  genevahized and thereforc
bound to duvert blood from the needmg party
thus defeating the therapeutic purpose 3¢
sounds very rea onable However studies by
<everal groups of mmestigators sdseate that
the responses of varsous vaseular bed are an
tonomous and perafic 1t 15 known that wher
ever a vasedifator respon e can be ehated at
all s magnitude 1s muersely proportional te
resting blood flow (the smaller the imtial flow
the Ingger the re ponse) and that spontane
ous efforts of the orgamam at descloping cot
Istezal erculation which we are attempting to
enhance by coting off va ocon trctor 1m
pul v take place yu t where primary channel
hase been occluded We have been smpres ed
by the effectivenc s of agents of the Dibena
nune group that are capable of blocking adse
nergic impal es at the ve el wall pessibly at
the termmal pomts of chenneal tran mre sion
the meurova cular vynap e 3

Two oral adrenergic blockers that have been

2}

dernatites To u e repeated mtra arterial or

keted are Dib and Ihdar Do e e
quirement vary conuderabh from mdisdual
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to mdinidual ranging from 30 300 mg for
Dibenzyhine and from 75 200 mg for Ihdar
Adrenergic blocking a_ents have marked phys
10logic effects and are consequently far from
nnocuous

Of the unde 1rable side effects encountered
some may he expl 1 by execss physiolog
action while others must be attaibuted to tox
1ty of the drug for the indiidual patient

(1) Respiratory tract Drync s of the throat
and stufliness of noe unavordable when
Wlockage 1s effective never conctitute a reason
for discontinuation of medicatson  occasion
ally f they are very annoying reduction in
do ¢ may he necesary Bronchial a thma or
any di order pred: po ing bronchial spasm
represents a clear contramdication 1o the use
of adrenergic bloching agent

(2) Cardiorascular system Tachycardia1s
a commonly encountered eflcct on adrenergic
blockage Its mechanmism 1s uncxplamed Spec
ulation and consequent expenimental approach
may take two man directions  {(a) the tachy
cardia could be related to decreased coronary
tlood flow (b) 1t might be related to the spe
afic avidity of the heart mu cle to ab orb and
tore epinephrine and norepinephrme  Chn
wally the tachycardin cau ed by adrenergic
blocking agents often decrea e« during pro
longed admint tration 1t 1s <ucec sfully coun
Icracted by the 1multaneous admmstration of
Rauwolfia «rpentina preparations and hardly
ever meces iates di of medica

place 1n prolonged medication so that discon
tinuation for this rea on only rarely becomes
neeussary

(4) Genuto urinary tract The occurrence of
crection and orga m without ejaculation has
been reported by most of the male patients in
the younger age groups The explanation 13
m all probabdity, the mechanism desenibed
by Hotchkiss' whereby the completely auton
omously 1nnervated cxternal sphincter does
not permut ejaculation while the internal

pluncter which 1s 1nnervated in part by cere
bro spinal fibers permats e cape of the ejacu
late into the bladder

{5) Gadtromntestinal tract Nauea diar
rhea and occasionally vomiting may occur

The occurrence of true intolerance 15 small
{not more than 15¢) Mo t patients who ex
penience early intolerance may do well after
mitial reduction of do e with very gradual in
crea e A patient may not tolerate one adre
nergic blocking agent and may tolerate an
other well

SURGICAL MEANS

The 1dea that resection of a diseased part
of an artery (arteriectomy) may relieve vaso
pasmn collateral vescels and improve cireula
tion distal to the egment was first expressed
by Leniche ® U e of this procedure 1n trau
matic urgery has been reported

Surgical procedures de igned to enhance the
devel of coll 1 1 hase been

tion The pre ence of arrhythmias 1ncluding
auncular fbrflation s not an absolute contra
indication to the u e of adrenergic blocking
agents but calls for ncrea ed caution i dos
age and very clo e ob <rvation  Marked drops
In re<ting arteral pre sure are \¢ry rare m re
pon ¢ to adrenergic blockade po tural hypo
tension howerer may become a problem

(3) Central nerrous system Drowane s
occur not wnfrequently ¢ pecially in the el
derly pabent Ji mechant m s not clear
though 1t 13 a umed to be related to changes
1 blood di tnbution within the v cular s3>

tem Remarkable adaptation usually takes

amming at nterruption of sympathetic path
ways DNerves have been blocked with anes
thetics or alcohol for diagnostic and therapeu
tic purposes Accordingly uch mnjections have
been employcd where 1t 1s desired to tempo
ranly block sympathetic gangha and nerve

The block 15 applied at the tellate ganglion
for sympathetic denervation of the upper ex
tremities and at the lumbar gangla for the
lower extremittes Various anesthetic drugs
that have been u ed include procaine hydro
chlande (Novocaime or Neocaine) Metycaine
Hydrochloride (Neothesine or pij ¢rocaine)

Vlonocame Formate Intracane Hydrochlo
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side Apothe ene Hydrochlonde \ylocasmne
Hydrochlonde {hdocame) hegleame {Cy
clame  Hydrochloride) and  piperthocasne
{Lueaine Hydrochlorrde) 8 10 The effects of
the sajection may }a t from one hour Yo sev
eral dayvs depending on the drug used and the
individual s susceptibality to st

Abeolute aleohol ! 6¢5 phenol m water
henzyl alcohol and Bromsals of are used when
it 1s deswred to produce prolonged blockade
fasting for one to six months or longer These
agents destroy nenie tissue by thair seletawng
action  The sclero ed nerve ssswe that under
goes Wallenan degenetation regenerates after
rarying pertod of ime  An objechionable fea
ture of aleohol mjectrons 1s a pawiul penntis
that frequently follows sts u ¢ and 1 atinbuted
to the fibrosis it mnducey

The stellate ganghon (a fusson of the m
fenior cervical and first thorace gangha) lo
cated behind the vertebral artery in the space
Detween the transwerse process of the eventh
cervical vertebra and the neck of the first nb
15 subjected to blochade wn order to reheve
sasospastic conditions of the upper extremn
tres head and face For the vatious approaches
and technwes the reader 1s referred Yo excellent
descrsptions on the subject 1 texts® Ade
iuate Mockade 15 ndicated by the production
of Horner s syndrome {miosis ptows of the up
per eyehds and hght elevation of the lower
hd hithal al an
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tion of warmth flu hing and anhidrosss over
the, lower extremrty on the mjected side As
far bach 2 1917 Lerche!’ tried to mterrupt
sy mpathene pathways to 2 b by strspping
the mam arteral drunh supplymg st Effects of
thes remoral of the sympathebic pertartersal
plexus were very shortlined Nowadays pre
ganghome sympathectorny has replaced this
and other po tganghiome procedures

For sympathetic denersation of the upper
extrenty the stellate ganghon {insed superior
cervical and first thoracic gangha) and the
second theracie ganghon are removed This
may be done by an antenor'”® or a po teror
approach 1 1% and the reader 15 referred to
1extbocks of surgery and nenrosurgery for the
sanous technwes employed

Intersuption of the sympathetic innervation
of the lower extremty 1s accomplished by re
sectton of the frt  econd and third fumbar
paravertebral gangha These gangha are ac
cessible through an antenor transperitoneal
route ¥ 1% 5 postenar tetraperitoneal ap
proach ** gnd most popular lately throughan
anterior extraperttoneal procedure 18 11 113

Tnterruptiod of sympathetic pathways to 2
himb 15 as a rule followed immediately by s
palpable tneresse in warmth and a viible red
deanng and stokimg dryne s of the skin These
chincal ob ervations together with rnarked
sncrease 1 surface temperatute led to under

hudrosss on the face and arm and merease of
surface temperature) on the ingected side
Paravestebral block of the lumbar sympa
lhehc gan«ha 1 done for teraporary selief of
d of the lower
The lumbar sympathetic gangha he an the an
terolateral surfaces of the bodies of the cor
re ponding Jumbar vextebrae A generally ac
cepted techmie 13 to ntroduce the anesthehic
agent by a postersor foute nsually ai the site
of the econd lumbar sympath ganghon

for s3 h

In the election of patients for sympathec
torey varaous factors are taken into consider
atton  Patients over 60 jears are poor sub
jects for the operation Patients whose dif
fieulty 15 exclusvely wtermattent claudscation
do not stand to obtain any benefits {rom the
pracedure  In such cases howerver where the
occlusion 1> ugh (eg hiac or high femoral)
or where there are esidences of impending
gangrene 5n the i tal part of the evtremsty

This produces blackade of the Ly, gangha
due to the diffusion of the drug upnard and
downward along the fasaial plane  For detasls
the reader s referred ta texts on anesthesta
Adequate blockade 1s indicated by the produc

symy 1s believed to be ju nfied by
eme surgeons *'* 7 Dther workers believe
that the eperation 1s ma t uceful nhen the ar
teraal ob truction s ds tal sndications include
the pre ence of 2 small nanheahing ulcer small
localized pangrene himsted to part of a toe rest
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pan and what the ¢ authors feel to be its pre
cursors namely coldne s and paresthe 1a

There 15 2 difference of opimion as to the
benefits dernved from sympathectomy Some
surgeons use 1t only as a  prophylactic mea
ure i two types of ca es 1 where there 1s
chimcally obvious  sympathectic hyperactiv
1ty 2 where a potentially hazardous situa
tion seith respect to the artenal supply may
arise during or <horily after grafting These
surgeons find that intermittent claudication
localized ulceration and rust pam are scldom
sigmficantly favored by the procedure nor
does 1ts earlicr performance contribute to the
succe s of local amputation in the foot 17 It
appears that such prophylactie preparation of
the patient may be accompl: hed to at lea't
the same degree by pharmacologically induc
g adrenergic blockade

As climeal u e became wide pread di ap
pointing experiences due to lack of improse
ment or relap e alter mutial rehef Lecame
more frequent A considerable body of phys:
ologic 1mve tigation has accumulated which
helps to under tand the above mentioned cour ¢
of events {Sec Part 1)

The adequacy or completeness of sympa
thetic denervation to a part 1s gauged by ele
vation of the surface temperature a wvisible
fiu h and abolition of sweating imn the part
Where such changes do not occur their pro
duction by a paravertebral block or spinal

anesthe 1a confirms the nadequacy of the
operation The e te ts have been in ue for
a long time It appears however that 2 more
elaborate  omewhat cumbersome procedurc
may be more reliable 1n a certatming the com
pletene s of denervation achieved This pro
cedure con 15ts e entally of mea uring the
¢ pon ¢ of the denervated imb to va omotor
stimuli It 1s an e tabh hed fact that sympa
thene denervation s followed by marked al
teration of va omotor responses

Crushing of somalic nerves carrying cuta
neows sen abion to the arca ha been found to
offer some relief 1n certam ca es of Buergers
di ea e with excruciatingly panful lesions The
nerses subjected to the procedure are the
uperficial and deep peroneal the po teror
tbial the ural and the saphenous nerses '

The managument of functional arlerio pas
tic conditions calls for lutle further explana
tion  Whenever the cau e can be found and
removed such a n the cervical rib or Scale
nus Anticus syndrome  the treatment 1< of
course surgical %1 Medical mcans to les<en
vasocon trictor tonus may be u ed frecly

Raynaud < di ea ¢ seems best managed with
sympath followed by the prolonged
peroral u e of adrenergic blocking agent

In erythralgia the only cerrou  though rare
rasodilator type of regulatory di turbance A
pirin and cool environment are sull the be t

onc has to offer



IMPARMENT OF VENOUS DRAINACE

Chapter 3 Management of Impanment of
* Venous Diamage

MEDICAL MEANS

1 Disturhances in deep venons chan
nels  Phlebiis and venous thrombosis are
clo ely velated and almo t snvanably appear
as ene diea ¢ process* 2 ¥4 1t appears that
ocea 1omally the inflammatory component can
be prompth aflesaated by u e of the antrm
flammatory agent phenyfbutazane (Butazol
dine} ! It 15 secommended that in the eards
acute tate € pecially i the 1diopathne ca e
600 mg of phenylbutazone be gnen on two
suctes ive days M improvement w not dra
matic the attempt sheuld be considered a fasl
yre and & continued o there 15 marhed e
mi son of pain redne s and swelling within
2448 hour  the do e may be cut to 300 mg
and medication contuned for one week Fa
vents treated with phenylf stazone must be
checked daily for flusd yetention  blood county

hould be done repeatedly to detert early the

rate oceursence of bope marrow depression
Antibiotics 1ay be given if sy terue reaction
sarrants their use

Tt tme honored procedure of restiag the
inmolved hrmb in an ek vated posivon sl has a
place m the treatment of acute venous throm
bo 1s There s 2 growing tendeney to mobshize
the patient as early as possible under the pra
teetion of anticoagulants and with the u e of
elashic bandages or a Unpaboot

The aspect of trextment of deep venous
thrembo 15 has changed radically with the
advent of oral antwoagulants and the develop
ment of well workable regimens mcorporating
the u e of both the parenteral (hepann} tpe
and the oral tcoumarm) tvpe of drug

The mam reasons why anticozgulant ther
apy has become the first chowe of most work
ers 1 the field and of the overwhelming ma
jonity of the medieal public eem to be

1 Ceneral recognition of the fact that throm
fioembafic diea e 15 a o8 temie rather then
a tocalized conditwon 1t thus appears logicat
that higation of clected e els cannot be

conmdered a mea ure preventing further
thrombus formation 1 other places hence 1t
cannot be conudered to any large degree a
aleguard agamn t the oeourrence of embohe
phenomens It mav howeser be well argued
that mot pulmonary emboli «tem {rom
thrembi mn the Jower extresuties «o that for
example hgaton of the vena tava mfenor
may be consdered a rather foromdable pre
sentne measure ! ¥ 2 The di putable evt
dence that the u e of anticoagulants has sigmifi
conth, decreaced the mortahty rate from pul
monary embolszation due to venous throm
bos 1% 17

There are two types of anticoagulant drugs
avatdable the hepanin type and the coumann
type

Drugs of the heparin type hate & marked
effect on whale blood clotting ime  Thesr ac
tton while cluefly antithrombie 1= to a much
les or degree al o antiprothrombic and ants
thromboplastic -2 They ase admsmstered
travenouwsh or

'}
o!‘ clothing time 35 stmple but unpredwlabh:
13?

are ! 1y wih
lhe intram cular wse  The latter mode ol ad
mumstration 1> abo quite pataful Two syn
thetre heparin hhe compounds hate been tried
Treburon'® and Panitol 3t Both produce
marked alletgic reactions 1n a high percentage
0‘ Cases n o

The chincal u efulness of he pendin?® re
mans to be a certained  Intravenous tryp
1S not Te: ded {or the d haz
ards connected with s u e 1%

The coumann type antcoagulants ore sn
general taken by the oral muke there are some
use Ther
acuon 15 mmnly upon prothmmbm actiy
mes urement of prothrombin tme 15 therefore
u ed as gunde m ther chnical adminitration
Although the increa e 1 knowledge of detarls
concermng the clotting mechant m of the
tlood has been followed by an sncrea e in
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known details about the specific actions of
everal of the coumarintype anticoagulants
the method of checking on their effect has re
mamed essentially the same Prothrombin may

tionshp of dose to effect 1 largely unpredict
able13 141

Many antiprothrorabin agents have been de
veloped since Link! ® and this co workers dis
covered di ol as the cau e of hemor

be expres ed 1n percentage of prothromt
concentration  The latter 15 ascumed to be
normal {100%) when the prothrombin time
13 12 eccond 139 137 The therapeutic range
15 smd to be between 1095 and 3095 of nor
mal  We hould not overlook the justifiable
entict m which points out the confusion
caused mamnly by the varicty of methods used
in the per cent mamipulation? 3 135 [t 45 rec
ommenddd that prothrombin activty be ex
pre <ed mn terms of prothrombin ime 1n ec
onds using a thromboplastic preparation that
gives prothrombin time 13 16 <econds for the
normal control  The therapeutic range 15
then between 25 35 seconds  prothrombin time
should not be permutted to exceed 40 second
It 1s recommended that the ame laboratory be
u ed for follow up 1n any given ca e to keep
conditions of deterrination con tant
It 1s likew: e recommended that parallel
prothrombin  time determmations be per
formed 1n dtluted as well as undiluted plasma

rhagic sweet clover diease m catle Re
cently Weiner Brodie and Burns'* publ: hed
their thorough comparative study of hypoe
prothrombiemic agents 8 of which appear
to be chimeally usable Table IV which indi
cates the differences in dosage as well 2s 1n time
of action 15 taken from therr publication The
8 clinscally usable agents are arranged in pro
gressne  sequence according to the time
clap ed between admm tration of a single
do e and the maximum effect produced 1n pre
longation of prothrombin time

In the acute case or where there 15 a hu tory
of previous embolism 1t 15 advi ed to admin
1ter heparin intravenously about 100 mg
every 16 hours for 21 18 hours Simultane
ously an oral anticoagulant should be tarted
If a slow acung drug (eg dicoumarol) 1
used ntravenou heparin should be admis
tered for 1 hours 1n the event a fa<t acting
coumann drug {eg Tromexan) 1s chocn
hepar may be di d after 2}

because after a do e of the ant lant pro
longation in the undiluted plasma might be
equnnocal while 1 the diluted plasma a pro
longation defimtely beyond the range of the
control might be apparent thus permitting
better evaluation of further dosage to be
used 139 141

Tt 15 obvious that the oral route 1s preferable
to ntravenous admimntration whenever treat
ment has to be continued for any length of
time providing the orally taken preparation 1s
well ab orbed Such 15 the ca ¢ with the cou
mann type anticoagulants  Their dicadvan
tage 1n urgent cases 1s the elapse of consider
able time before the first do e becomes effec
tive This difficulty 1s met by using intrave
nous hepann sunultaneously with the oral an
ucoagulant the Jatter bemng continued under
prothrombin time control and heparin being
discontnued when the oral drug has become
effective  The other major difficulty encoun
tered with oral anticoagulants 1 that the rela

hours
Shapiro and Weiner! 3 have tried to obviate
the difficules ansing from the unpredict
ability of the prothrombin time trend by
changes i the method of admimistration of
oral anlicoagul Instead of a mod. m
ual do e followed by a smaller mantenance
do e alarge mitial do e 1s admimstered Daily
prothrombin time determinations will then
how the peak of effect la ting for evcral days
followed by a downward trend when this
downward trend 1s establ hed a maller
boo terdo e 1s given and repeated when nec
e any
How long 2nticoagulant therapy should be
Aept up 1n a given case 1s a question of chmical
judgment Three to four weeks may be men
tioned as an average for the acute case how
evcr the cour e of the local equelac of throm
bosis the general tatus of the patient and the
occurrence of complications are the main mod
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Tahble IV
Dz Boe m, Dav of Prothromt m Tate of metabok m
pesk recosery
Tromeyan 1620 1 2 28¢ per hour
G 233.0 0 12 3
1 fienslen lan dione 350 2 4 10+ per hour
Ehcaumarol 400 "3 5 57 jer dav
Cumopyran {63} 130 23 56
Rarfarm (4%} 6o 23 56 17 per day
Marcoumar 23 23 &
Bipzan 0 31 7
utating nfluences  Where the pitture of b Relatne

chronite thrombophlebitis or the po tphle
bitie syndrome  develops prolonged wse of
coumann type anticoagulants cdtended for
months ard even years has been advo
cated M3 Y Tt ts apreed among worhers 1n the
field that nigudity of laboratory control may be
relaved 1n the e cases for three reasons 1 The
mamtenance doves used are usnally compara
e wmall 2 The dessred prothrombin time
level 13 lower than in the seute cz e 3 Tnmost
patients 3 pattern of re ponse to the drug de
elops winch 1s fauly constant As 2 zale an
ndivsdual pattera of drug admuustration can
be established en which the prothrombin time
remaws withan the desared range {around 30
second  undiluted) Once such a pattern has
Leen e tablished stis ufficient to have the pro
thrombiu time determined every 23 weehs

Comramdications to the use of anticoagu
fants are

a  dbsolute

Adne bleeding of a8l hind  ncluding

purpunc mansfe tations ymparred lner fune
non  septic thtemtoss and emboht m  blood
dvsers s twith wmparred cloting)  preg
vancy wda tinme ter

History of bleeding ulcers of the Gl tract
advanced kadney disea ¢

The danger snherent 30 anticoagulent ther
apy 15 bleeding  Frank sometimes massve
hemorrhage mav occur from any organ ot or
gan system  The mecham m of 115 oreurrence
1s unknown Oceassonally bleeding due to cos
mansn drugs may occur helow the <afety fevel
of 10 econds undiluted prothrombin time and
11 other cs~es no bleeding may occur above this
tevel The changes 1n coagulatnltty of the food
per e certamly do not explain the occurrence
of hemorrhage while they may explam of
cour e conunuation of otherwse
bleeding

In the esent bleeding occurs one of the meas
ares to be tahen 1w the transfuion of fre b
blood Tiis hould be dove m Heeding from
both types of antcoagulant 17 In bleeding
due to coumann tipe drug iz enows imjer
tion of 73 mg of utamm K or preferably 20
50 mr af the more effectsie Ry orally or 1
trasenou Iy 13 snven repeatedly  of neces
an P31 fn Bleeding due to heparm te
yeated snyechions of Protamine are wmdi
cated 184 1Y

nduced
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Salicylates and <ulfonamides are synergistic
with anticoagulants  Fudence has been shown
for hemorrhagic action of alicylates!* and for
their hypoprothrombinenc effect 14 Salicy!

ate therefore  hould not be u ed concomt
antly with anticoagulant A synergistic action
of des with ant 1 15 Jess wll

e tablished! 3 but great caution 1s defimtely ad
sisable  The mechani m concenably myolses
the destruction of bacterin normally re pon
sible for the synthesis of vitamin K M7 This
mught be truc for all bactertesdal therapy that
1s orally admim tered Vitamins K and K, and

methylated xanthines (caffun  theophylin
heol ) are gom t of ant 1
The mnfluence on blood 1 of ome

may be the deep or the superficial et Such
thrombo«s may heal completely with re ut
tutie ad integrum ” or 1t may cau ¢ permanent
obliteration of the ves ¢ producing impair
ment of the venous dramage of the part Asa
rule thisis alter sarymng period of ume com
pensated for to a greater or le ser degree bv
the development of collateral ves els which by
pass the occluded egment Where this does
not happen soon cnough or to an adequate de
gree various signs and symptoms attributable
to msufficient yenous dramage become mantfest
m the involved part 101

If the thrombus 15 friable poorly adherent
to the ves el wall with a tendency to further
propagation a ertous rtuation art es wherchy

commonly u ¢d drugs may present diflicultics
m the 1 titution of anticoagulant therapy 1

Stnee patients
m whom antico

patients recenving the e drug
with cardwovascular disea ¢
agulant therapy 1s contemplated may vers fre
quently be recciving xanthine dernatives 1t 15
well to remember the enhanting nfluence on
blood coagulation of the purine basc  Pem
allin contrary to mitial reports does not m
crea e coagulability of the blood 1% 19 Eyy
dence to show an mnfluence of Digitahs upon
blood coagulation has heen unconymang

2 Dusturbance m superficial venous
channels Inflammation and thrombosis
uperficsal venous channels 1< never of alarm
g chnieal 1gmficance except as a diagno tic
cue m early obliterative thromboangutis  In
the pre ence of considerable varico e eleva
tion of the foot of the bed (1o 1n ure ptrmanent
dramage throughout the night) 1 advi ed and
the u e of <la tic bandage to restrct fillmg and
prevent further di tension of the difated chan
nels may be very helpful

SURGICAL MEANS

1 Dusturbance i deep venous chan
nels Venous thrombo 1 may occur 2> a re
ult of phv 1cal trauma chermeal mjury {c g
following njections) cxten 1on of infectiou
foc1 as 2 complication following parturition
and other pregnancy states and after pro
longed bed confinement  The vemns mohed

embolt may be thrown repeatedly into the i
culation Pulmonary emholization f repeated
or ma sine may be fatal Where the throm
bosts 1s T d by marked 1nfl y
change the thrombus may be firmly adherent
to the ves ¢l wall and 1s thus less likely to cause
embolic phenomena However 1f the clot 1s
wfected suppuratsse changes and liquification
necrosis will cause fragmentatron of the other
wice adherent thrombus and eptic emboltza
tion follows leading to pulmonary mfarction
and suppurative metastascs el ewhere as well
as a generalized epuic pyerma  There 1 con
vineing evidence that wheneer sertous embohe
1 P’

I I ¥
occur 1n thrombotic disea e they almo t
vanably ari e from thromho es in the deep
veins of the lower extremties * 31
Conservative mea ures cluding tho ¢
desegned to favor venous return flow {eg
clevation of the imolved imb)  the use of ants
biotics  and anbcoagulant therapy are em
ployed i the managcment of thrombophlehitrs
in general Where the e mea ures appear con
traindicated or 1nsufficient venous lLigation
abose the 1ite of 1avolvement which can effec
trvely prevent the embolic phenomena a well
as check the pread of the proce s may be
re orted 1o ! 8167 When many venous channel
1n a regron arc imvohed at the same time (e g
po tpuerperal or po tabortal scptie peliic
thrombophlebit: ) ligation of the mferior vena
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cana 15 the operation of choce  Detarl of the
<urgical procedures may be obtarned from test
hooks on opesatine technig 164

Lither preoperatinely or m the event 2
more exten e urgieal procedure of venous
hgation appears contramdicated a fe s radseal
procedure has been conplored namels negranat
E)mp'\tl\(‘llc Bloch  Sumuh :m:m(v from the
th hlebitsc segment app Iy cau e the
e\cmmon of v ocon trictor ripul ey that are
tran mitted through the sympathetsc fibers
which 1 turn produce va o pa m of the
solied 1¢ el and s accompanysng astery 3%
197 Sympathetic block antersupts the e va o
con trcter vimpel es thus relieving the spa tic
state 1612 1

2 Disturbance m superfial venous
chasnels Thrambophlebitis tavoluing uper
ficaal veins vs o uslhy managed adequately wath
con ervatine mea ure  aneluding devation of
the affected mb the v o of anal ¢ ses ympto
matiealhy  and antibotics i the pre ence of
mfection  The apphication of ¢f1 e compres
sion bandages may fe beneficial in ome ca ey
The admuasstration of phenylbutazane wm di
Auded do ey of °00 mg dath has been v chulin
the handy of ome worher Because of the
bensgn cour « followed by superficral throm
bophhbits  the more radical mea vte ey
anticoagulaut therapy and venows hgation are
as a rule not ndicated

Surgical management of varico e vess may
be accomph hed by two method  u ed ungh
or m combunabion Iigabon wih sanymg de
grees of resection of the vano « vom and the
ingection of dero ing olutans The relatne

amphaty of the smyection procedure and instial
reports of good re ults made it sery popidar
The varteo € e are obliterated by the intro
duction into the von of 2 clero g olution
that cav + earrng and produces an adherent
thrombus sn 1de the ce e The oluuions u ed
welude odum morrhuate o gynecar

9

date guatune methone Monolate and Scqua o
Howuer cero g therapy ¢ peeially when
w ed alone has Jeen di appomtng 1 the fong
run *7 ¥ ¢ Ingection seactions were ot mfre
quent and recurrence duc to redhtatation of the
thrombo td egment a well 2 vecanalzation
of the thrombus wa rather common

Ligation and ve ection of varico © veuns ap
pears to be the operatan of chowe Dipendimg
on the e of the mohed ve ol the pro
cudure 1> done an the lon saphenou vemn at
the fo <1 osahs a it emplie anto the femoral
16 orontbe hort aphenousieins stdrams
1o the pophteal van wn the pophteal pace
In enther ca ¢ the prineypal nbutatie of the
vein to be ve ected are corefully & ectid
ligated and dmaded  After re tction the re
masmng ¢ 1l portien of the sein ae esther
obliterated I a  derosing 1ngechion or e
mosed by tppinz The procedure mas be
doze with a Mavo extrahummal tripper or the
superrer Vi ers intratumanst floable vem stop
per The de wred kngth of ven 1 trpped
from s urroundms ti ues beneath the un
brohen <hm with the ue of the m trument
mee ton he mg done at the stes of the extrem
ties of the remosed egment

Lanton™  ealhed atteution to the important
vok the commumcating vesn play s the per
1 tence of varco ¢ veins and the productien
of \atuo t wleer  In the pre uxce of ncom
petence of the e ven 1t 1s ncce any that uch
ve el beal oy ofated and hgated ?

The treaiment of chromic hmphtdema ha
Leen 1o and large un an foctors  Phy seal
meg ures uch a elevalion of the hmb! € and
of the foot of the Fod and the u e of ola tie
bandage mas be of temporars 1ale s the
earfy tage  Infully developed cdephantia s
or i Milroy s di ca ¢ thi does net offer amy
redef while urgecsl mes ures hort of raduad
remanal af the t ue ma es? Y have ot been
gratfymy
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Chapter 4 Therapeutic Measures Influencing Primarily

the Minute Vessels

o date the carch for an agent capable of
demonstrably repaining damage to the capil
lary wall or predictably influencing capillary
permeabibity has been 1n vam

Symptoms aristng from regulatory disturh
ances n the minute circulation as <een mn

chronic trenchfoot  may be relicved conaud
erably with the use of pharmacologic agents of
the nicottnic acid group?  Physiotherapeutic
measute  especially contrast baths may al o
be very helpful Thts 1s done by alternate im
mersion of the extrenuty 1 warm (2 mtnutes)
and cold {1 mnute) water tarting and ending
swith the hot bath '™

Telungrectastas as a rule are better left
alone Tollowing trauma however a spider
telangicctasia may purt occasionally from the
underlying arteniolar ve el This 15 compara
tively rare occurring n about 10% of all
spider telangiectasias and 1s best taken care of
by surgical ligation Blood transfusions have
to be grven for the acute anemia that frequently
occurs in Rendu O ler s dicease (Inoid hereds
tary hemorrhagic telangtectasis) due to bleed
ing lesions  Whenever the bleeding le 10n can
be viuahized cautenization <ometimes fol
lowed by excision 1s indicated

Primary newgrouths of the vascular system
are be t managed only by surgical excicion
The treatment of hemangiomas lymphangto
mas and <clero ing hemangiomas depend
upon their Jocation and symptomatology 180 13!
Benign tumors which do not cause symptoms
do not require treatment  In the pre ence of
symptoms or retrogressive changes xray 1w
radiation or surgical excision 15 indrcated
Glomus tumors'®  that are hemgn thouh
extremely pamful are treated by surgical
rarely amputation of one or two
Malignant ele

excision
phalanges may be nece ary
phantrawis 1s very rare
For hemangiopericitomas'®® which are quie
prone to become malgnant and especially with
such mal tumors as I
} dothel )19 and lymphang
arcomas 18 early radcal operation 1s the only
hope even then progno 1s1s always guarded
However cases with a protracted cour e and
survival of many years have been reported 1%
Becau e of the muluphicity of lestons i ha
posi s sarcoma radtation 1s the mo t commonly
used treatment 1n addition to management of
the anemia and an occasional surgical exct ton
because of local symptomatology 187 158

om




CONDITIONS AND COMPLICATIONS

101

Chapter 5 Management of Undeilymg

Conditions and Complications

TREATMENT OF GENERALIZED
VASCULAR DISEASE

Obliterative arterio clerom  compri e the
majonity of ca es pre enting signs symplom
and equelae of peripheral artenal in ufft
ciency  The etiology and pathogenests of the
basic disea e artertoscleross 15 shll largely
unknown thus making any attempts at its pre
vention or of 1ts sequelae at be t hypothetical
The management of the patient therefore be
comes limuted to a greater or le ser degree to

treatment  of the ex1 ting lesions  Preven
trie mea ures 1nclude heeping the body weight
dawn restnicting the total wmtake of fat and
keeping up a rea onable amount of noncompet
itine exeral e such mea ures being generally
accepted as wise even with advanemg age Enx
dence has been pre ented to how that exerci e
15 a notable factor m enhancing the develop
ment of econdary artenal blood upply 31

The use of anticoagulants in the prevention
and treatment of artenal oeclusion has re
mained a controver 1al subject to the date of
this writing 1% 196 Tt stands to reason that the
b1 1c condittons gruing 1t e to thrombus for
wation vary with the tructure and function of
the part of the va cular tree involved Speaifi
cally whether there may be hope to nfluence
occlu.nve di ea e of the peripheral arteries by
auticoagulants depends largely on the guestion
whether the ¢ drugs po se s vasodilating po
tentialittes  Sugge tion 1 thi direction ha
Leen only indirect so far 197 198 It will require
a great deal of experimental work and much
further clinical ob ervation before a conclusive
answer can be reached

In the pre ence of diabetes mellitus athero
mato 1s and arteriosclerosis tend to run a more
fulminating cour e than n the average non
diabetic ubject The duratson of the di ea e
obe 1ty and hyperten 10n are influencing fac
tors 3% ©  Pos 1bly the age of on et and
hereditary aspects are of mportance 03 204

Contrary to <ome reports there 1s comuncing
evidence that excellent control of diabetes sig
wiicantly reduces the mcidence of vascular
complications © 3 It may well be that the
diflicultzes i achieving really excellent control
of the drabetes encountered m most chnies ©
are re ponsible for the exastng differences 1
opinton regarding its va cular complications
The que tion whether 11 a given ca e the de
gree of control of the diabetes bears a demon
strable relauonship to the guantity and i
ten 1ty of vascular compheations 15 hll un
an wered ? © It appears rea onable to strne
for as good a control of diabetes as po sible %

Vascular Y sions found 1n collagen disea es
have to be understood as part of the basic dis
turbances not 1nfrequently thev also respond
to the admim tration of cortico terords Where
<uch le 10ns have advanced arterial occlusion
and its equelae they have of course to be
dealt with accordingly

Speaific artenttides and endarteritides {e g
tuberculous or syphilitic) are to a ccrtamn de
gree amenable to pecific treatment provided
the lesions hase not progressed to obliteration

TREATMENT OF RELATED
EXTRAVASCULAR CONDITIONS

The relations between various neurologrc le

10ns and blood fiow are mamiold and intncate
(Parts 1 and Part II) Some experimental 1n
formation about the 1mpact of vascular dr ease
upon cerebral blood flow and 1n twrn about
the relation hup of cerebral blood flow to brain
metaboli m has accumulated espectally since
Rety de cribed his method of measuning blood
flow to the brain ® 13 Attempts have been
made to influence cerebral blood flow for thera
peutic purpo es 1*

At lea t three therapeutic too] ongmally
devs ed to mnfluence blood flow to the extrem:
tie  have been applied recently to cerebral
1a cular di ea e pharmacologic va odilation
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13 18 apucoagulant therapy 7 12 0 and
cervical sympathectomy 1 More inves
tigatne work and chinieal experience are re
quired before 1t will be posaible to arrive at a
conclusne evaluation

Wherever emotional factors seem to be re
ponsible for the occurrence of va omotor dis
turbances of one type or the ather psychiatric
help hould be sought provided the vasomotor
manife tattons are <erious or hothersome
enough to warrant per se such action

The importance of proper cardiologic inves
tigation and diagnosis 1n every case showing
disturbance of penspheral blood flow 15 obnious
from Part I Proper trcatment of underlying
heart disea ¢ 1s often followed by rapid clear
ing of peripheral manmifestations

Careful hematologic work up (viz Part IT)
may likews e mid 1n the therapeutic approach
1t 15 of considerable intere t though not under
<toad at all that attempts to treat ca es of es
bophilta with lants have

ential th
failed

True vascular <ensitrty to cold can be uc
cessfully treated with antihistamime agents
The respon eto cold de cribed in Part IT which
characterizes the ¢ rare ca e can he prevented
or muhigated by admin tration of an antihi ta
minic hefore expo ure

MANAGEMENT OF COVMPLICATING
SFQUFLAE OT" DISTURBANCES IN
PERIPHERAL BLOOD FLOW

Anteriorenous fistula  Spontaneou  closure
of acquired arteriovenous fistula (arieriove
nou aneurysm) has been reported 1 rare m
tances 3 Asarule however surgical repair
1s neces ary to rehieve the increa ed load on the
heart 4 ©and to prevent local venous tasis
fun children ncrea ed growth of the mb up
plied by the mvolved ves els 1s an additional
cequela winch may be fore tafled by surgreal
closure  On the other hand surgical closure
of an acquired A V fi tula that has ex ted for
<ome time and where the arculation has al
ready adapted to it may result 1n 11 e 1n both
systolic and dia tohic pressure and 1n spte of

PFRIPIHIFRAL CIRCUT ATION IN HEAITH AND DISEASE

the slowing i rate * %10 a marked deerea ¢ n
cardiac output with consequent heart failure
espeerally i the pre ence of compen ated heart
disca ¢ For this reason preoperative digitah
zabion 1s adsy ed

Surgical repair may be done 1n the rare cases
of congemtal A V aneurysm  In the majonity
of ca es howcver this 1s not po sible due to
the extent and mulupheity of the lecions One
15 himited to con ervative measures such as the
u e of rubber handages for compression of the
u ually abundant ectatic superficial vens and
comvolutes  Ligation or the use of sclerosing
agents are notadu «d 7

In casc of Pagels discase where hypersas
cularization has led to imilar con equences as
an arteriovenous fistula  digitalization and
other means to enhance work performance of
the heart repre ent the only possible approach

Ischemie Ulecrs and Cangrene  The necrotic
part 1s wsually referred to as gangrene
Where this 1s localized and <loughs off an

ischenuc uleer  results

The management of the e dreaded equelae
of occlusive peripheral arterial disease calls for
measures which may help to localize the necro
15 to limit or prevent its further exten 1on to
promote sloughing off of necrotic tissue and
to promote healing of the resulung ulcer *#

There are no rehable figures available on
the inaidence of gangrenous le 1ons due to oc
clu e vascular di ea ¢ nor on the froquenty
with which amputation of the imb had to be
performed as a hfc aving procedure n uch
Be that as 5t may 1t appears that the
while

care
over all picture has changed recently
the meadence of wuch compheanions has e
mained about the ame the indications for
magor amputations may be reduced consider
ably and himited to instances with massive or
very rapidly advancing gangrenous lesions
The u e of enzymes { treptohina e strepto
dorna ¢} a a moi t compre as a bath asa
contintious slow dnp or tn jelly form has been
hown to be sery effectine m removing exu
dates from uleers and wounds without trauma
trzsug normal to we ° 3
With minimal surgery limited to escision of
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all necrotic tissue and removal of seque tra
when pre ent and the concomitant use of the
enzymes McCarty and Thllett 33 and MrCarty
34 reported very encouraging re ults in the
management of patients with chrome refrac
tory ulcerntions of the feet due 10 antenio clero
sty with or without diabetes and 1 the
presence of o teomyclitis 1n ome ca es

In the ¢ ca es the increa ed rate of heahing
and repair occurred de pite the defirent blood
supply which the e imyestigators feel had re
mained unchanged They a cribed the good
resulls to mncrea ed diffusion of antibiouies
Loth locally and from the arculation mto the
area of dh ca ¢ which was made possible by
the tnzymatic removal of the exudates They
al o speculated that the enzymes might have
relea ed locally some  peaific factor of repair
that are present but are inhibited by the ele
ments of disea e until the lyuie effects have been
accompls hed

The favorahle influence of adrenergic block
ing agent 1 caes with impared artenal
circulation has becn de cribed n the litera
ture * 39 Wertheimer Redi ch and Stecle re
ported the marked enhancement of healing of
wcherme gangrenous ulcers following the u e
of Dibenzyline 3% With the plethy mographic
evidence of ncreased blood flow which they
obtained m ome of the e patients during the
admimistration of the drug the e investigators
attributed the favorahle re pon e ob erved to
an improvement of the circulation They be
Tlieve that this was brought about Ly the block
ing of the continuous afllux of adrenergic im
pul es to the collateral exrculation 1 (those)
lmb with gro 1y 1mpaired primary ewrcula
tion  They feel that the e adrenergic vasocon
strictor impul es play  a farge role 1n prevent
g the healing of ulcers

We have ince admmistered adrenerpic
bloching agents to many patients with pe
ripheral artenial insufficiency and complicating
1 cheme gangrenous ulcers in whom amputa
tion of the limb was held mevitable by consult
g surgeons  The favorable re ults ohtamed
n more than half of the ca e with rchef of
symptom  localization of the gangrenous proc
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e s better control of the infection and surpris
mply rapid heafing beneath the necrotic slough
15 very encouraging ndeed It should be noted
that a triking feature m the ¢ cases 15 the ap
pearance of pink healthy granulations that
tuplace the pale oggy gro 1y devitalized tis
sues at the base and ed..es of the vlcer Where
the gangrenous ¢ char has to be dibrided the
readine s with which bleeding occurs offers
clinical evidence of the mnerea ed blood flow m
the area In some ca es penpheral pul es reap
peared 1n the cour e of the adminstration of
the adrenergic blochang agent  In the hight of
these ob ervations 1t appears that the {avor
able change 1n the chimeal cour ¢ of the e
patients 15 attributable to an improvement
their vascular supply primanly by the en
of the devel of collateral
arculation and <econdanly by ome improve
ment i the orgmally m ufficient pomary vas
cular channel  That reparatne proces es as
well as higher and more eflectine antibiotic
levels may become better mailable to the area
under these circumstances appears to be a logi
cal consideration
The concomitant u e of adrenergic blockers
and enzymes yieldid even better re ults m
tho ¢ c1 es where we had occa 10n to u e them
No conclusive figures are available at the time
of this wniting but 1t appears that a consider
able increa e may be attained in the percentage
of limbs that can be sabaged from amputation
by the combination of judicious u e of adren
ergic blockade with the method deseribed by
McCarty and Tillett
The problem of <econdary nfection the
cau ¢ of <o called wet gangrene has become
much ea ter to handle 1nce the advent of ulfa
drugs and antibiotics Wheneser po sible ma
terial from the .angrene hould be cultured
and specific sensitnity of the pathogeme or
ganisms determined The cho en agent hould
be ued sy temcally With the exception ot
treptohina e treptodorna e u e of medicated
local applications 1 not recommended It 1s
usually ineffective not only hecan « of imparred
ab orption but 1t may even produce local ma
ceration and 1rritation and thus cau e further
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devitalization of the tis<ues  The extensive use
of antibiotics may enhance fungal growth at
the lsion a compheation to be cautiously
watched for Packing of the Irmb 1n sce must
not be attempted as Jong as there 1s the hght
et hope of aving the part Only when the
deci ton has been made to perform (after a
hort delav) amputation can pachmg 1n 1ce
be cansidered st dinnimi hes the ab orption of
toxte sub tanccs from the necrotic parts and 15
gunie helpful in combatting pam
Proximal amputation 1 indicatcd when the
gangrenc of necrotic proce s has progre «d lo
msohe the bone tendon or yount capsule un
der which eircumstances pontancous healing
unhihely  The optimum level——mummum sacr:
fice of the limb with rea onable a surance of a
healm,, tump—at wlich amputation has to be
performed 1s best decided on the operating
table The amount of bleeding ob crved *9 at
the planes of 1ncr 1on and the gro s appearance
of the muscles 37 at the stte whether pink and
healthy looking or  oggy and browni h
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serve as u cful gindes n determning the even
tual closure or nonhealing of the operatne
tump
During recent years there has been a notice
ably mcreasmg tundoney to acnifice less and
less of the extremuty m such surgtcal pro
cedure  Amputation 1s performed as far d
tally as po wble with the provicton that the
mer ron be done through relatincly normal tre
sue
Detatls of surgical ichnies are readily avait

able in standard texthooks on the subject It
may be well to retterate however as Leermooth
and Sles or emphasize that in any operatise
procedure mvohving Irmbs where artenial m
ufficrney 15 the ba 1c underlying pathology
the minimum handling of tissue 1s of para
mount importance In amputations performed
because of vascular i ease they tress the
trict nece 1ty of avouding tourmquet theu ¢
of equal flaps the careful avoidance of con
triction al the flap margins and the extreme
importance of the gentle handling of tissue ¥
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Part V The Anatomic Basis of the
Peripheral Circulation m Man

Or THE CONCEPT OF THE MACROMESH AND MICROVIESH AS
TLLUSTRATED By THE BLoop SuppPLy oF MuscLE 1\ Man

ByR L deC I Saunders, MD,FRSE,] Lawrence, B S$¢,D A Maciver,MD,
RCN,and N Nemethy, M D

INTRODUCTION

INCE MUSCLE comprices approximately
S 12¢0 of the total human bedy weight we
consider the blood supply of human muscle a
matter of major importance The detailed na
ture and arraneement of the peripheral ves el
of man here demon trated microradiographt
cally for the first time make 1t evident that
much phy iologic and pathologic experimen
tation of the past being ba ed on madequate
anatomical knowledge of the peripheral vas
cular patterns mu t be regarded a  pecula
tion To any thinking medical man 1t hould
be obvious that until the correct anatomte basis
15 mtroduced into the study of uch va cular
problems as hock burns and the like patho
logic and chimcal deductions must suffer An
1llu trated report demon trating the e hitherto
11 1ble vascular patterns was submitted to the
National Research Council of Canada m Janu
ary 1955

A review of the literature on the subject
revealed that very little was known of the blood
supply of mu cle n man! and that much of
the available snformation was ba ed on ammal
expenments  Yence 1t was decided 1o work on
Ire b human matenal and by radiographic
arteriography to attempt to demon trate mus
cle ves els in their entirety Imutial attempts to
completely inject ve els within mu cle failed
but fusther expennmentation with radiopaque
agents Ied us to conclude that only fine grain
njectants contaming particles as mall a2 or
smaller than the blood cells could be expected

to find their way mto the mallest vessels at
pre ures comparable to the blood pres ure of
man  Such injectants demon trated the va cu
lar patterns of human mu cfe and Mnwnaway
not hitherto abserved Moreover such pictures
quickly revealed that previous deseriptions of
muscle ve els were both madequate and mis
leading by rea on of the u e of coar e mject
ants (fig 1)

EXNPERIMENTAL PROCEDURE

During the pa t four vears we have tudied
the va cular patterns in mu cle 1n the following
VITIOus Wavs

1 TInorder todh play the gro ser features of
the muscular ve sel  we injected fre h human
cadavers with a contrast medium within everal
hours of death A standard « ray unit was then
u ed to take both traight and stereoarterio
grams of the intact kmbs as well as the excised
and 1 olated muscle groups The po 1tion of all
muscular ve els was recorded dunng the dis
section and compared with the radrographic
findings A enes of over 50 sterecarteno
grams of this type was taken The combined
u e of radiapaque wyectants of small particle

1ze and a high kilovoltage radiological tech
nie account for the marked va cular detail ob
tained

2 The tudy of the finer detail of the intra
mu cular ve els 1n injected and exci ed mus
cles was performed by means of microarterio
graphic techmes  VMu cle preparations were
placed beneath & Philip s x ray diffraction tube

13
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Fic 1 MuscLLocraM OR GRO S ARTERIOGRAM OF } £¢ TORALTS MATOR

Tht 1llu trates that comventional large [a ticle injectant  an reveal only th major artene
vithin a mu <le even at hugh pre ure The gro ve el of a ight pe toral urh a thi area
mieror amage of 1ts left counterpart compare v uth the left p tcral Fovnin b even thon b
the muscles are from different sul ject  Male 7 years
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in order to ecure the ofter x rays of longer
wave length and exposures were made on fine
gramn emul ion plate  Multiple exposures were
necessary s the case of larger mu cles in order
to permit serutiny and photographc reprodue
tron of the entire intramu cular vascular bed
Enlarguments of the resultant microarterio
grams were then made by photomicrographic
methods Matertal from over 24 foetuse and
30 adult subjects has now beun tudted by the
above two mcthod

3 Microarterto_raphic expertments were
al o carried out on Iving anmals (rat rab
bit) 1n order to tudy the micro copic vesstls
of Ining mu cle and to cosrelate the functional
bchavior of the e vascular patterns wath tho ¢
eenin man Vanou mu cular flap and win
dows de igned to mummize reaclive error as
much as po siblc 3 were u «d on both the trunk
and limbs of the ¢ ammal  The techmes so
evolied for microarteriography of Intng mu
cle will be the ubject of a later report ¢

1 Microurculatory <tudies were al o car
ried out on a number of ammal {rat rabbit}
using the fu ed guartz rod method of illumin
atinglnmgu ne This erved to confirm cer
tan ob crvations revealid by microarteriogra
phy and gave a working knowledge of the be
havior of blood flow paths m Ining mu cle un
der \anious condttions

Smlar ob ervatrons were made on the pe
nipheral eirculation and arteriovenous bridges
in the hving human foetus

5 Stereomicroarteriography methods de
veloped 1n ths laboratory® werc al o u ed m
order (a) to tudy the malle t intramu cular
1es ebs 1n the third dimensson (b) to remosve
ddfficulties of interpretation occa 1oned by the

uperimpo 1tion of shadows inherent 1 flat
film radiography and (c) to determme the
volume pattern of 2 mu cle

EXTRAMUSCULAR ARTERILS

Lutle attention has heen paid to the cour ¢
and mode of di tribation of the maller arter
te that upply the keletal mu cle of man and
tll less to the ana tomotic connections and

115

sascular patterns they form within the various
mu cles of the body Imtally our objectne
was the study of the intramuscular vascular
patterns of man but it ocon became evident
that a knowledge of the extramu cular at
rangement of mu cle ve els was an ¢ ential
corollary to an under tanding of the ve cls
within mu cle

In view of the madequacy of modern text
book tatement we were forced both to re ex
amune and to re deterrmne the mdnadual ar
tenal supply of all the skeletal mu cles 1 the
human body More recently the careful dt ec
tions of Salmon (1935) came to our attention
and we were able to confirm many of his ob er
vations  The volume of matenial <o accumu
lated makes 1t nece ary to pre ent the extra
and intramu cular arrangements of the mu cu
lar ve els enabm and to deal with only the
major and chnically mportant trunh and ex
tremital muscles

Although ome early work was carried out
by Wollenberg (1915)™ on the Jower hmb
mu cles Campbell and Pennefather (1919)%
mut be credited with the first radiologicat
study of artersal di tribution 1n human mu cle
They publi hed a short 1ccount of their radio
graphic mve higations mto the blood upply of
mu cles with pectal reference to war surgery
and drew up a cla sificalton of the ltmb mus
cles ba ed on the number of <ource of supply
and ana temotic potentiabiies Other than the
prevtou ly mentioned work of Salmon no fur
ther interest seems 1o hase been shown mn the
ubject until the conclusion of the lat war
when Le Gros Clark and Blomfield (1945)!
studred the effect of gun hot wounds on the effi
ciency of intramu cular ana tomo e 1n rahbit
mu cle These workers appreciated the prac
tical importance of the subject and concluded
their study by stating that a knowledge of such
patterns would he applicable to muscle surgery
and the treatment of wound but that un
forunately lmle preci e informanon 1s yet
available as regards man  Followng on thi
Power (1915) ® Hughes (1918} ! and Edwards
11923) * reported on the various chintcal ea es
that aro ¢ from their wartime experiences
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Fic @ Musctrocran oF Preroraus Masor

This shows the ana tomo 1ng arterio artenal arcades which form a gro s va cular nets ork or
macromesh that exists within all muscles Some of the larger veins are al o visitle Demonstrated
Iy using fine particle (05 micron) wmjectants at phy 1olowical pre ures imme hately after death
Compare with fig 1 and employ a mirror to detect the Ltlateral ymmetry of tle gro 1ntra
mu cular arterial patterns in the human Female 68 years
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which were 1llustrative of the effects of mu cle
wchaema  they also discussed yvartous anatom
1cal pomnts that appeared to have hearmg on
the vulnerability of certam muscles

Anatormical textbooks give a very limited
account of the blood vessels supplying muscles
1n almost all instances they dismuss the subject
i a general manner Only the larger named
muscular branches and a few muscles recene
any pecific mention while for the rest little
more 18 said than that a given artery gives off
muscular branches to the adjacent muscles
Gray '3 for example merely remarks that each
muscle has a very rich blood supply dernved
from muscular branches of nexghboring arter
12 He then continues with certamn ncorrect
observations to the effect that the e branches
are inconstant in arrangement and have no
communication with the blood ve sels of other
structures n the neighborhood Similar state
ments are made by Morrs * although ths text
differs by remarking that the distribution of at
least the mam branches of the arteries 15 fairly
constant o that fields of vascular supply may
be mapped out Piersol' and Cunningham®®
also treat the subject 1n a hmited manner

The inadequacy of texthook statement ap
pears to tem from rehance upon di ection
alone as well as from uncritical acceptance of
Spalteholz s (1888) early account of the dis
tribution of bloed vessels 1n muscle (which
however was almost entirely ba ed on the rab
bit and the dog) While acknowledging the
beauty of some of Spalteholz s cleared prepara
tions of antmal muscle we must not overlook
the fact that he confined his tudy to 1solated
mu cles which may account for uch an un
warranted generalization as that each mu cleis
sva cularly a elf contained unit Unfortunately
his work was applied without qualification by
subsequent writers to the human musculature
Despute the cla 1c nature of his work 1t must
be held re ponsible for certam of the misunder

tandings now cutrent concerning the blood

upply of muscle and 1ts relation to urround
g tt ue

The e entsal character of the vascular pat
terns of human mu cle and kin would appear
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to have been overlooked because the dissector
was apt to display only the larger vessels while
the rmcroscopst tended to concentrate his at
tentron on the finer terminal features of the
vessels as seen 1 a ection However the de
velopment of the previou ly described radio
graphic technics have enabled us to study a
larger vascular terntory at one time ranging
from a tissue field ¥/ to 5 1n diameter an
entire muscle or even a region of an intact
limb VMoreover we were able not only to 1mage
these vessel 1n therr mtact state but al<o to ob
serve them stereoscopically

These tudies have revealed that muscular
artenies both major and mnor show a quite
remarkable constancy of radiographic pattern
1n their extramu cular course which naturally
reflects a regularity of their origin and di tn
bution This 15 readily discerned n compar
able mu cle arteriograms made on different
subjects and such 1s the charactenistic arrange
ment of the major arteries lymng 1n a given
munscle that 1n a  hort space of time the ob
server comes 1o a <ociate a certamn basic pat
tern with that muscle

But while both surgical expenence and an
atomical atlases attest to the regulanty of dis
tribution? of the major named muscular ar
teries examination of a senies of muscle arter:
ograms 1mpres es one with the constancy of
the arrangement of many of the minor and un
named arteries  Such vessels have quite un
derstandably been largely overlooked where re
liance has been placed on dissection alone but
the e smaller or <egmental arteries cannot as
will be seen be 1gnored simply because a some
what larger artery appears to assume the prin
cipal role for they conmstitute an integral part
of the blood supply of that mu cle and ecan be
demon trated with regulanty

Of course munor vanations m ongin oc
cur although many repre ent no more than dif
ferences 1n length of artenal segments We
hasve encountered few that appear to be of any
major significance when considered from the
tandpoint of the blood supply of a given mus
cle or mu cle group Vanations 1n vascular
pattern naturally attend development and
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1on with de

growth but p I
irregularities™ of larger ves els has unfortu
nately cau ed many to overlook the surprising
constancy of the ultimate va cular pattern of
man both in respect to his major and minor
ve sels  Variations m ongm of a principal

1 1

muscular artery may in some Instances con

PERIPHERAL CIRCULATION IN HEALTH AND DISEASE

of the given individual and surprsingly con
stant from ndividual to sndividual regardless
of race age or sex Moreover the e arterial
patterns are establiched 1n later foetal life and
agree with those observed in the adult muscu
lature (cf fige 3 and 4) 1t 15 instructne to
compare such vascular patterns in muscles such

Fic 3 Muscurocram of Forrar Decrom Muscee

Compare the va cular network within this fo tal mu cle with that of th adult d toud (fin 4)

The ¢ intramus ular patterns are establi hed in later foetal life

month

cenvably determine muscular reaction to ar
tersa) occlusion but this 1s only Iikely to apply
to such muscles as fall wathin Class 1 of our
classtficatron (see below)

Artersal distribution to skeletal muscle 1
1n general the same on both sides of the human
body with the re ult that the vascular pattern
obseried 1n a mu cle (eg the night pectoral)
15 almost a murror 1mage of 1ts left counterpart
(cf figs 1and2) Usmg the methods de cribed
ahose 1t has been determned that all the shele
tal mu cles exhubst a characten tic arterial pat
tern that 1 bilaterally symmetrical i the body

Foertus CR 218 em Ace 6

as the deltoid trapezius or greater pectoral It
may be assumed that there 15 a genetic ba 15
for these vascular patterns of muscle but thes
should probably occasion no more surpn e
than the recogmtion that stmilar factors deter
mne the ulimate form of the heart Brefly
1t would appear that the development of the ¢
artenial patterns n mu cle have been 1gnored
1 favor of the study of larger vessels

Qur radiographic studies revealed that the
muscles of the trunk and limbs are generally
supplied by segmental artencs which an
either from the main artersal axes or thewr
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Fic 4 MuscurocRay oF Antry Devrown Muscre

Compare the mtromuscular va cular pattern with that of the foetal deltord (ig 3)

sears

major named or unnamed mu cular branches
(fig 5) Such egmental arteries u ually range
from 1 mm te 3 mm m cahber and are o
numerous (but regular) in arrangement and
stmilar 1n caliber 1n different mu cles that the
1dea of a haphazard supply can be di counted

The length of these segmental branches nat
urally varies hutit eem to be related to func
tion For example comparson may be made
between the short extramu cular course of the

Male 7

egmental arteries pa ing to the long fleshy at
tachments of the exten or mu cles of the leg
and the long egmental arterses that supply the
freely moving uperficial flexors of the fore
arm This egmental pattern 1s immediately
obvious 1n certain muscles (e g tibiahs ante
nor leg exten ors) where a ladderlike enes
of mall egmenta] arteries can be een passing
to supply succeeding areas or segments of these
mu cle (g 6) Such egmental arteries be
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three or more mu cle bellies (e g hamstrings)
or else 1t may traverse a muscle drectly i
order to termmate i another muscle Then
too a segmental artery may supply skin durectly
or do so after piereing a muscle or two mus
cles or 1t may fork to supply both skin and
muscle s Such arteries often fork to supply the
muscle belly and 1ts related nerve while cer
tamn decply placed segmentals supply both mus
cle/and periosteum  Accordingly we recog
nize purely muscular segmentals musculo e
stanecus segmentals and neuromusclar seg
mentals any of which may arise from either a
mamn arterial axis or ity larger named or un
named branches Hence the blood supply of
skin  ubcutaneous Ussue mu cle and bone 15
closely interconnected In stereoatteriograms
for example (fig 7) 1t1s often posaible to trace
one limb of a forking segmental 1o the subcu
taneous vascular net and to trace the other limb
to the ntramuscular vascular network and
thus be able to observe the interconnections
between the intramuscular and subcutaneous
vascular networks (fg 8) Thus 15 contrary
to Spalteholz s statement that the blood supply
of a muscle should be regarded as an isolated

unit
The blood supply of a muscle belly appears
1o be related to 1t volume Thus certain me
dium sized muscles are supphed solely by ceg
mentals derived from an adjacent artersal axis
while other larger muscles are dependent on
both a main artersal avis and a large nawmed ot
d lar branch which together en

Fic 5§ Muscurocram or Cross A OF AN
Excrsep Brcers Bracun Muscte

Shows five segmental arterie passmg from the

brachral artery to supply that muscle Note the length

of these segmental and also therr intramuscular dis

trif ution and ana tome es with one another

have i vartous ways Some spend themselves
entirely 1 the related muscle and often divade
nto ascending and descending ramu  erther
upon or withmn the muscle to form a series of
anastomosing arcades with therr fellow seg
mentals at lugher and lower levels

Segmental arteries end 1n various ways A
segmental artery for example may end mn a
muscle belly or 1t may fork and supply two or

compass the muscle and so provide necessary
segmentals upon oppostte aspects Quute often
large and hitherto unrecognized intramuscular
artenial axes descend centrally within a mu cle
belly to provide mtramuscular segmentals (e g

gastrocnermus  tibsalts posterior triceps bra

chit) In some mstances a given muscle may
derve 1ts segmental upply from multiple axes
that do not necessarily he on the ame aspect
of the rmb  This 1s allustrated by the perforat

1ng segmentals that pierce the interosseous
membranes of the forearm and leg 1 a regular
manner to supply muscles 1n the opposite com

partment The chnical significance of this 1s
that 1schaemic changes may be encountered n
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Fic 6 SIFREOARTFRIOCAAM OF Lic

This shows a ladderlike series of sevmental arter e 3a 1ng lo the il ial 5 anterior and leg ex
tensors from the anterior blnal artery View with a pocket stereo cope (¢g Ze s No 600%)
There1 some p ctorial lo  due to the marked reduction and reproduction

mu cles on the side of the limb opposite to the
obliterative phenomena e g ulbiahs antenior
Thus stereographic study of segmentals that
pass to undisturbed musele and shin 1n the m
tact mb uggest that improvement of the
va cular upply to an extremity following sym
pathetic denervation must be for the whole
Iimb and not 1n a preferential manner for the
<kin alone The probable limiation of 1m
provement in muscular blood supply if any
could be attributed to the unyielding nature of
the urrounding deep fascial emvelope
A new classification of human skeletal mus
cles ba ed on the arrangement of their blood
upply has therefore been e tabli hed since
earhier work (Campbell and Pennefather) de

pended on coar e njectants and was thus found
to be both inadequate and incomplete when ap
plied tothe a e ment of mu cle artertograms
prepared with fine particle injectants The fol
lowing groupings hould prove of practical
value 1n both chimeal and investigative proced
ures since attention has been paid to both the
anatomical and functional feature of the mus
cles mentioned as well as to their exira and in
tramu cular va cular patterns

Class 1 Free muscle belly with
grouped supply

Con 15ts of these muscles that have attach
ments of himited area—and hence po <ess a
frecly movable belly—and that dere their
major blood supply {rom a short or localized
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ANATOMIC BASIS OF CIRCLLATION

cgment of o wam aneral wnmk Thew
prncipal supply takes the form of a single ves
<l or wall group of loralized ve el which
wually cour e a considerable distance without
and/or within the mu cle belly before pend
ing mn the mtramu cular vascular get Such
tnu cles are particularly vulnerable to imterrup
ton of their blood upply «ince for practical
pupo e they are dependent on a principal
upply It mu t be understood however that
although the principal supply s as described
minor nulrients do enter the muscle belly else
where along 1t length For example the prin
apal upply of the rectus femons and ga troc
nemiws (fig 9) 15 dernved from the lateral
femoral aircumflex and popliteal arteries fe
pertisely  but both of the e mu cles al o re
cene transmuscular nutrients derived from the
femoral and po terior tibial artenes re pec
tnely  From the climcal viewpoint it 1s fortu
nate that refatnely few muscles befong to this
class

Outstanding examples ave the bieeps brachn
1 the upper imb (although on occaston 1t may
diplay a class 2 type of supply) rectus je
mort  byceps femonis and gastrocnemius n
the lower hmb {ampbell and Pennefather
mi takenly placed the gracihs and vastus m
termedius {crureus} within this <ategory bur
both are commonly uppled by three or more
sources

(aes 2 Foed muscle belly and dis
persed supply

Cons: ts of tho e mu dles which have an ex
tensne fleshy attachment and henee a rela
tively fixed mu e Lelly They are supphed by
a scries of separate or egmental arteries s hich
anse from a long egment of a yan arterial
trunk  \lore often the e egmentals are de
drived from two or more mam \runks and/or
Targe named or unnamed mu cular branches
The characten tics of uch segmental  have
been mentioned alove Mot of the deeply
plared mw cles beling to tns cla bt mamy
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uperfioial and even 2 few free hellied mu dhes
af o bedong to this clas

u
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Mustrates the close connection that e ts between
the blood upply of m cle and kn S gmental ar
te 168 are hown act tng from the var ou leg artene
Note the way in which they fo k into 8 muscular
Tranch (M) o end 1n the .lcutoneo s 13 enlar n t
Detail of the mtramuscular branch (M) omuted f r
ake of danty Arro s wnd ate po atle Hood flow
tath  Femal (Byears
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Fic 9 MuscLrocrast oF GasTRocnEMIE A0 SoLic s (Thicers SURAEY

Note the ga trocnemic arterie de cending within the two lellies of ga tro nemws {clas 1

muscle)
arterie

Forking egmental arteries derned from the deeply placed ro tenor til 1al and peraneal
are eud nt along the Lorler of oleus (clas 2 muwle) Note the ana tomo es | tween

the variou arterte wrthin the mu <le and compare tl ¢ antero p terlor and lateral view

Examples 1n the upper ltmb are the brach
ali tncep brachu superficial and deep fore
arm flexors and exten ors n the lower hmb
the sa i artoru  oleus (fig 9) peroner
and all exten ors and deep flexors of the leg
The ham tring mu cles properly fall mto this
ass since the perforating arteries of the pro
funda fumon aree entially major ¢gmental

The 1ho p oas likew: e belongs here since 1t 13
upplied by egmentals derived from the ab
dominal aorta and ihac femoral axis The sac
ro prraly 1~ supplied 1n a sumilar manner

Class 3 Mixed type

Compr es tho ¢ muscles which exhubit fea
tures of both the preceding, clas es 1n that they
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possess a freely moving part as well as an ex
tensne and relausely fived part Such muscles
are upplied by one or more large muscular
arteries (named or unnamed) whach cour e
on or beneath the freely moving part of the
muscle and also by numerous small arteries
from muluple ources which are distuibuted to
the larger relatively fixed part

Most of the large trunk muscles such as the
trapezius lahsamus dorss serratus antenor
and pectorals (fig 10 11 2) fall withn this
class In each instance the position of the major
nutrient can be antiaipated beneath the mobile
insertional part of the muscle The deltoid and
spinatt are ssimlarly upplied receiving major
nutrients from the anastomotic circlets about
the humeral and glenoid meck while ther
broader scapular attachments recere smaller
nutrients from the periscapular arteries The
Hluteal museles also fall within this class the
dispouition of the ves els being not unlike the
deltord

The belly wall muscles when studied arteno
graphically may be regarded as a single mus
cle of this type for the fixed po tero lateral
part 1s supphed by multiple small nutrients
whle the mobuile anterior part repre ented by
the rectus abdominis 1s supplied by the large
e sels of the epigastnic chamn

INTRAMUSCUI AR ARTERIES

Stiil le > has been wnitten on the subject of
the mtramu cular va cular patterns of man
although Blomfield made a radiographic study
of a number of limb muscles following the 1n
yechion of a banum collodion mixture 1nto the
main ves els 19

Rehance cannot be placed on one dimen

wnal radiography alone for certam of the e
palterns are apparent rather than real To
study antramuscular ve sels in their entirety
and determine the es ential volume pattern of
a mu cle belly st 1s therefore escential to nse
sutable contrast meda in conjunction with
both <tereorad hie and <ter d

123

superimposiion of hadows inherent i flat
film radiography Many ves el arrangements
or patterns when een mn the round or three
dimensionally re olve them elves 1nto part of
a simpler and more basic type of vascular pat
tern which actually vanes little from mu cle
to muscle In general the intramuscular vas
cular pattern 1s surpri mgly constant although
the way m whach this va cular bed 1s fed by the
larger extramu cular ve sels 1anes  Tncom
pletely injected mu cle may produce purious
patterns and such muscle 15 unswited to micro
radiographic tudy and the a sessment of intra
mu cular vascular patterns

Following experments with yanious contrast
media 1t was found that radiopaque njectants
of small particle size {e g 25% Micropaque™
sadium aitrate solution with an average par
ticle 1ze of 5 microns) warmed to just above
body temperature (10 degrees C) could be
ntreduced at physiologic pressures 1nto fresh
cadaveric or foetal materral Human muscle
artenograms thus prepared shoned a enes of
fine anastomosing channels between the differ
ent muscular artertes and an interesting me h
type of ves el pattern not htherto deserihed
The e pomnt  coupled with the finding ( ee
below) that two types of blood flow path oc
cur through both human and animal muscle
probably explain the discouragin, results pre
v1ously obtamed by earber workers who at
tempted to ecure uniform and satisfactory
jection of mu cle It probably explams ako
why inve tigators who used coarse imjectants
reported that the potential ana tomo es be
ineen the e ources fof blood supply) are
relatively few 1in number or that there was

practically complete absence of potential col

lateral channels  Statements such as these
served as critenna an the Camplell Pennefather
clas ification (1919) and have not been chal
Tenged by sub equent workers

Furthermore 1t was observed that when mus
cular arteries riached a certain caliber they

graphic technics Such method remove the
difficulties of mterpretation ocea oned by the

a4
PPt to retam a umfy v of size for

Dama ¢y Ware Fngland
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Fic 9 MrscLLoGRast OF GASTROCAEMILS ASD Sovers (Tricers Suaee)

Note the ga trocnemn
mu cle)
arterie

artenes de cending

within the two lell es of ga trocnemu (clas 1

Forking egmental artertes ders ed from the deeply placed to terior ut sal and feroneal
are esid nt along the border of oleus (cla

? muscle) Note the ana tomo & between

the sarton arterie within the mu cle an) comyare the antero-f o terior and lateral view

Fxample 1 the upper hmb are the brachn
ali incep brachu  uperfiaal and deep fore
arm flexors and exten ors 1n the lower mb
the vat artoriu  oleus (fig 9) peroner
and all exten ors and deep flexors of the leg
The ham tring mu cles properly fall into this
dla « swnce the perforating arteries of the pro
funda femons are escentinlly major egmental

The 1lio p oas likews e belongs here since 1t

upphed by egmental derined from the ab
dominal aorta and thac femoral avis The ac
ro pmalis 1s upplied 1n a similar manner

Class 3 Mixed type

Comprt es tho ¢ mu rles which extubit fea
tures of both the preceding cla es in that they
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Fic 11 Mu cLrocraM oR GRross ARTerioGRAM oF TraPEZILS

Anoth r good example of th gre s va cular network or macrome b The upper end of the
muscle 13 ceen at the top left corner of the plste Th's part of the mu cle has leen i evte!
Ly mi v raloprarlic metlof in the su ceeding plate namely i 13 13 a0t 15

that normally exi t between the e partsand ts  that of the trapezius (fig 11) shows that it 15
effect on the develoj in,, foetal plexus perraeated by the coarse mtramuscular vascu
Inspection of a mu cle arlenogram such as  lar net or macrome h This me h 1s supplied
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Fic 10 Latissistus Dorst

A good example of macromesh Note that once a ve el has dropped to a certam caliber 1t
tends to maintain that calil er over a relatnely long di tance (2 10 3 em or more) while helping
1o form the coar e ntramu cular vasenlar net or macromesh

quite long di tances and that this retention of
umform caliber was due to the fact that they
then entered into the formation of an intra
mu cular vascular network composed of a ser
1es of anastomosing artenioarterial arcades
The term macromesh was adopted for this
vascular network ince it can readily be seen
in gross arteriograms of an entire muscle (figs
10 11) The untformity and marked length
of the contnbuling ana tomotic arcades be
tween the sarous muscular arterns can al o
be readily scen This macromesh may be

Joined and formed by any type of muscular
artery (eg ecgmental paraaxial transmu

cular) In large flat bellied mu cles (sce fig
10) this mesh pattern was seen to be decidedly
rectangular 1n outhne whereas i long bellied
muscles the mesh took the form of an elon
gated rectangular pattern  This system of ves
sels 1t should be understood runs indimension
ally as can be readily een in stereoscopic arte
rio rams  The diflerence in shape of the mesh
as cen 1n the trunk 1nd mb mu cles 1s prob
ably an expre sion of the growth differential
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by small segmental artcries derned from the
intercostal arteries along the vertebral border
of the muscle as well as from the descending
branch of the transver e cervical artery which
de cunds tran musculatly near its lateral angle
Compartson foetal muscle arteriograms showed
that this macromesh pattern in trapezius like
that of other muscles 1< established 1n foetal
hife and 1s apparently a hereditary pattern
Enlargements of such muscle arteriograms
(fig 12) permut study of macromesh detail In
this plate 1t 1s possible to identify several seg
mental arteries and to observe the manner 1n
which they contribute to this coarse vascular
network It will be <een that once an intramus
cular artery has dropped to a certain size 1t
tends to mamntan a faurly uniform cahber over
a constderable distance and to continue as an
anastomosing trcade without any marked alter
ation of caliber because it generally ana to
mo e with another branch of like caliber from
an adjacent scgmental artery and <o enters
mto the formation of the network In the lower
right hand corner of the plate it will be noted
that this coarsc vascular netsork or macromesh
enclo es within 1t a yet finer vascular network
or micromesh of which mention will be made
later
Study of the macromesh suggests that dur
ing growth 1t 1s subjected to 2 regional tension
since 1ts meshes orientate them elves parallel
to the direction of both the muscle fibers and
strain This can be seen by exammnation and
comparison of the direction of the macrome h
lying withmn the upper middle and lower parts
of the trapezius (fig 11} or agam within the
pectoralis major or diaphragm (fig 2 16)
This must occur during the period of histo
differentiation or that pha e duning which the
transformation of anatomically indifferent cell
1nto those character: tie of a particular type of

[
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tissue such as muscle takes place

Direct measurements made on ccrtamn mus
cle artersograms (e g latissimus dors: trap
ezius  erratus anterior) revealed that this
coarser mesh was of the order of 1 em 102 em
wide and L em to 5 em long although the size
of the me h naturally varied both within an1n
dividual mu cle and between different muscles
as might be expected on the basis of muscle
volume alone It was noted that the size of the
macromesh was smaller 1 foetal than adult
muscles

Stereo copic arteriograms made of intact
members of the body as wdl as of excied
and 1 olated muscle groups and individual mus
cles provided definite proof of the partieipa
tion of the mu cular arteries 1n anastomotic
arcades which could be traced n both the i
tact body and exer ed mu cles Further con
firmation of the ex1 tencc and behavior of this
va cular net was obtained by living microarte
riography (fig 19} as will be mentioned
later

The term macrome h wa adopted not only
becau ¢ the network was visible m our gross
muscle arteriograms (figs 10 11 and 2) but
also becavse microarteriography next revealed
that within the coarse macromesh was a finer
vascular network composed of the smallest ves
sels for which the term micromesh seemed
mo t smtable These terms were adopted be
cause as will be seen they convey a mental
picture of the mterrelationship between the
structural pattern and the functional role of
these vessels that 1s not possible to obtan with
the imited connotation of the word anastomo
When peaking of a net 1t 1s rmportant
to remember that the term me h 1s not only
applicable (Web ter) to one of the paces en
clo ed by the threads but al o to the thread
enclo mg uch space Hence on both ana

sis

Fic 12 (see facing page) MICRORADIOGRAPHIC ENLARCEMENT OF A REPRESENTATIVE AREA € F TR
Miopie THIRD OF I a11s 1wLs Dorst

Ths hows the nature of Toth the macromesh and the microme h which Lie within u_ The

microme b 13 well

small arteries and arteriole contributing o the m

een in the bottom nght quadrant Note the characteri tic tortuo ity of the

h an1 their tendency to maintan their calif er
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tomical and physiological grounds the term
me h seems desirable 1n view of the fact that
we are dealing wrth a va cular pattern which
forces consideration of the relation of tis ue
{mu cle) volume to the 1ze of the enclosing
nutrients as well as to the re ponse of blood
flow paths to areas of t1 sue (mu cular) ac
tivaty or nactisity and con equently to gradi
«nts of metabolic requirement
Having reached the limt of defimtion
apparently obtainable with standard radio
graphic equpment we next studied the e m
tramu cular va cular patterns by microradio
graphic method  Ex ected mu cles were sub
divded mto gnd arcas and multiple micro
radiographs were taken covering the entire
area of a mu cle Becau e the field (1 to 5”
diam ) obtained by mucroradiography was
greater than that obtained by the optical micro
scope and becau e the mu cles so studied were
opaque to Iight 1t will be under tood that this
m thod provided an over all view of the mntra
mu cular bed not po 1ble with the ordinany
miucro cope  In addition various pormts were
olicd by re orting to tercomtcroradiographic
technies
Microradiography revealed witlin musde a
tll finer network compo ed of ana tomosing
artertolar arcad~s which we have termed the
microme h By way of sllu trating the method
ued for demon trating the e ntramuscular
pattern  the upper part of the trapezius (fig
13} has heen <elccted for microradrographic
ctudy (the area ndicated by a white rectan
gle) Lying theremn can be een three mall
vessel of the macromesh which together form
2 tnangle that will <erve as an onentation
marker in the next plate and will demarcate
the tis ue arca dr sected by this microradio
graphic techme
The following plate (fig 14) 1s a microra
diographic enlargement corening the white rec

TERI} HERAL CIRCULATION IN IIEALTH AND DISEASE

tangle seen i the previous plate The three
macromesh ve sels bounding the triangular
area are now large and promment and are ob
viously arteries since they are more radiopaque
and tortuous than the small vemns which ac
company them Within the Irangle as el e
where can be een the finer vascular network
or micromesh

To determine the relationship between this
fine va cular network or micromesh and the
captllary bed sull higher microradiographic
enlargement was neces.ary Thus the white
rectangle on the microradiograph (fig 11
contains part of a macrome h ves elandan §
shaped va cular tortuosity that <erve as orten
tation markers n the following plate {fig 1),
which represents an enlargement of the 1 ue
area withwn the white reclangle These markers
are prominent n the night half of this plate
while pasung vertcally across the field m
medately beside them can be een the capillary
vessels within  everal mu cle bundles De
cending from the upper part of the plate to
ward the e treaks can he een everal pre
capillary arterioles Such ve els pring from
the microme h ves el more or le  at right
angles from the network as cheched hy tereo
mucroarteriography and pa s mto the mesh
paces where they termunate 1n a leash Iike man
ner to supply muscle bundles with capillanses

Stereo copic studies revealed that the mac
romesh and microme h patterns of mu cle
were not nece arily dependent upon or com
pleted by vescels coursing on the mu cle surface
or 1 a plane parallel thereto but were usually
tndimensional and jomed by vessels deeply
placed within the mu cle or even upon the op
po tte surface Hence a me h may be een de
cending vertically between the muscle bundles
and yet another running parallel or longitud:
nal to the muscle bundles Such a va cular ar
rangement obviou v permuts the distribution

Fic 13 (see factng paze) Leprr Fap ¢ Trarezit Suownne Macrowe H

The rectangular area at the tof contain 1l ee
Thee thee ves el encloea triangular area wh
veal the nature of the enclo e 1 micram

e h a chown in the nexy 1 o plates (A

mallve e b hcontnlute tolem crome h
hha ben tuhel micrarad ographi all to re
14 1)
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of blood to vanon leveds wnlun the mu de
belly
The interre)1tionship of the macrome h and
mcromesh 1s strikingly flustrated by the hu
man draphragm In the next plate (fig 16) nt
will be seen that the phremc intercostal and
other arteries supplying the diaphragm umte
by means of artero arterial arcades to form
an obvious macrome h pattern  The tortuou
artenies are accompanied on either side by ve
nae comtes which form a similar but venous
networh In the nont plate (fig 17) wlich1s
« mcroradiograph of one of the macromesh
tissue spaces ’ secn m the previous plate one
of the larger macrome hves el canbe eenon
the right side of the field Thus pronunent and
tortuous arlery serve to comey the cale of the
other tructures 1maged m thss plate, since 1t
measured cxactly 1 mm upon the contact mic
roradiograph  In the center of the plate 1s a
beauttful example of the micromesh here en
closed by and communicating with the larger
vessel of the macrome h
On m pecting tins field it wall be scen that
the ve sel forming the microme h mamtam a
umtform cabiber for relatnely long distances
(e g arterrolar kngth 5 mm to 15 mm } belore
umsting with a simnlar vessel and that there 1s a
double nct composed of arteral and venous
components An arteriolc may be <ecn to be
come continuous with an artertole from an
other source and thus contribute to the me h
patiern or two parallel artenoles may be
tereonnected by a transver ely running ves e]
of wmilar or smaller caliber Thus a omewhat
poly zonal net composed of tortuous arterioles
can be wdentified clo ely related 1o it hes a
similar net formed by the nontortuous accom
panymg venules The microme h 1 a double
act i the <en e that the mesh  paces are tra
ser ed by the capillanies and mnute connect

PFRIPHERAL CIRCULATION IN HEAITH AND DISEASF

ng ve sels winch connect the e artenolar and
venular networks with one another - As will be
mentioned later the ¢ connections take the
form of exther ordinary capillaries (microcapil
laries) or large macrocapillaries (preferential
channels or a v bridges) asshown in figure 23
Venovenous arcades here demonstrated have
also been encountered mn many other muscles
of hoth the upper and lower hmb lying m re
lation to the macrome h and microme h ves
els

Armg at wtervals from the arterioles form
ing the micromesh and passing off to one side
or the other more or less at right angle can
be seen mall tortuous branches best destg
nated a precaptllary arterioles (figs 18 19}
Stereomicroarteriograms  howed the e (fig
18) to end 1 a leash and gne 11 e to the capil
larre which pa s off aud run parallel to one
another between and about the mu cle fibers
(figs 15 19} Such a precapllary avtenole
may <upply capiflaries to two or threc or more
muscle bundles (g 15) Cros< connechons
sere ob erved to umte the capillaries about
the muscle fibers and thereby contribute to a
caprllary me h which  een tereoscopreally
actually takes the form of a longitudmnally dis
posed network both about and within cach

bundle of fibers {figs 15 18)
ARTFRIOVFNOUS SHUNTS

The exsstence of artertosenons hunts withm
musele was sugge ted by certawn phenomena
we had ob erved m amimal expcniments and
had been unable to explam  There were for
example the alternation of taned and un
taned arcas withm syarous mu cles duning
the tudy of the tran mu cular cour e of India
mk m hun, muscle or azun the return of
artersally colored treamimes of blood mn the
outer or peripheral part of ome muscular

Fic 13 fsee f1in pa e) Drraen View of THE \ItROSESH

The entire  lute coree fonda to the v hite re tangle cen i fig 13 the three ses<ls forminy, th«

trian e v ot
plate v a entars
tortuo 1ty + ubin U

e § 1o observe th

hue that rectangle are here een greatly enlarged The re tangle marke | out on thy
¢ tation of the mi romesh to the capillary ! d Uethe S Taped
he rectangle for onenmation in the pext flate {Ag 1o}






134

semns as ob erved while using the quartz rod
1WHuminating technic  Such obscrvations
prompted the development of techmes that
could demon trate both structural and func
tional evidence of their existence  Vanous
methods were used the study of cxcised and
cleared human muscle following ntra arternial
and mtrascnous injection with different colors
direct observation of the tran mu cular flow
of vartous mjectants and contrast media 1n
fresh ammal foetal and adult human mu cle
stereomtcroradtography of human muscle so
mjected and serial mucroarteriography show
g the transit of contrast media throu h the
nucromesh of Iiving ammal muscle (fig 19)

The Mustrations of arteriovenous bridges
m ammal and especially human skeletal muscle
tfirs 20 21) presented here would appear to
be the firet publhshed examples  They do not
re emble the specialized structures described
1 the rabbit ear and human finger 1n that they
do not show so called epithelial cells m their
wall

These experiments provided anatomical evs
dence of the existence of 1wo pathways whereby
blood might flow n its pas age from the ar
tertal to the venous components of the nuero
me b not only m fresh foetal and adult human
material byt also in the bving ammal  Addy
tional information was obtained by the fortur
tous opportumty to obserse the behavior of the
peripheral airculation and arteriovenous
brides within bving human foetal muscle
ttard month  serratus anterior lat sumus
dor 1) for a pertod of two hours 5

The next plate tfig 19) which represents
one of a ertes of serial muicroartertographs
taken at rapd intersal followin,, intra arterial
myecton of a contra ¢ medium (Thoratrast)
provides visual evidence that there are two
Mood flow path or arteriovenous routes of

PERIPHFRAL CIRCULATION IN HEALTH AND DISFASE

transference m mu cle  This platc of a rabbit
adductor mu dle cearly shows the strikingly
white art niolar arcades of the microme h and
passing off from them at nterval the pre
capillary artersoles which 1n turn are seen to
break up 1nto a leash of capillary feeders The
capillaries are barely discermble as fine par
allel streaks pa <ing vertically across the plate
but 1t 1s evident from the umform opacity of
<ome of the venules uch as tho e i the lower
half of the picture that a transcapillary flow
1s occurring

Uneven axial fillng of the muscle vewn 1s
often observed and can be een here Forex
ample in the upper nght quadrant will be
noted an unevenly filled venule which shows
a dark central streak and an opaque peripheral
streamline This 15 due to the fact that a macro
captllary (preferential channel or av bridge)
15 di charging directly 1nto 1t from an adjacent
artertole thereby acconnting for the peripheral
radiopacity of the venule (<econd from the
upper night hand corner) In short this figure
shows that radiopague matersal may cross from
the arterial to the venous side of the va cular
net erther via the capillaries or directly via a
macrocapillary (preferential channel) or both

Colored microphotographs {fi_s 20 21) of
human muscle * cleared follow ing intra artersal
and intravenous injection of red and blue m
jectants show that the e macrocapillaries (pre
ferenual channels or ay bridges) which con
nect the arteniolar venular networks are not
only larger than the adjacent microcapllartes
or capillartes proper (fig 20) but are ap
parently desord of any histological differentiat
ing feature 1n their wall  The drrect manner in
which the arteriolar and venular sides of the
micromesh: are connected 15 very stokmg and

*Tibialis po tenor

.

Fic 15 (see fuctn, pige) Microraptocrarn

An enlargement of the rectangle from the fre jous plate (fig 14)  howing the finer d ta]

within the mi rome b

(here hown sertically) anl in the upper left qua

apllary bed

Note the horizontally ds powed capillanies withn eseral mu cle fun lles

drant precapillary artenioles 1 afing to the
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in the foltowmg plate (fi, 21) the admxture
of red and blue dye particles 1> readdy <een
in another artenioyenous shunt

With regard to intramuscular veins, micro
radiographie studies <how that venules cor
responding in general arran ement to the pre
capaffary artenoles recesve a tuft of capsllaries
from two or more mu cle bundles Venules
and veins are often difficult to sce mcroradio
graplucally becau e they hug the artertoles and
artertes of the vascular acts and tend to fill im
perfectly and irregularly with contrast me
dwtn This 15 apparently due ta the mode of
flow acress the nucromesh as described above
Contrary to gencral helief only the larger n
tramuscutar vewns have valies for mjectants
have been ob erved to flow frecly through the
enous networks within mu cle even when n
jected i a retrograde manner

Dusenssion

It 15 difficult to know what mental pecture
the term vascular tree conjures up in the mind
of the average anatomrst phy 1ologist or ch
cran but 1t 1s probably afe to a sume that 1t
can be httle more than the oversimphified and
rather diagrammatic schema on which we have
all been raised~—a picture of a vascular trec
branching dimimuendo until 1t termnates m a

enes of capillames leading to venule and
vems or a sytem of arterie arterrole or
endartenoles capillaries and 1ewns connecled
in seris as 1 an electrical circut A modern
textbook of anatomv ¥ states that the two tem
artenie {1e.. sorta and pulmonary trunk)
smply break up into branches which agam di
wide by repeated branchings the arteries be
come smaller as they approach the tis ue ateas
they supply while the smalle t branches or ar
terioles ulimately end in plexu e< of ve cls
of mall caliber namely the capullarie

The anatomical demon tratan of the air
culatton of the blood by Wilham Harvey

{1628) * was the tarung pomnt of modern cir
culatory phystology but strangely enough the
general plan of the acalled v temrc artersal
tree and wmn pasticular the pertpheral arcula
tion ha not heen challenged to the degree that

TERIPHERAL CIRCULATION IN HEALTH AND DISEASE

its ampottance wonld appear to ment ‘The
volume of Iuterature on blood pressure sts es

blish and 18 traly
and yet curiowsly lacking s attention to many
of the finer and subtle anatomical features of
the human systemie ctremt Agan httle 1
teset has been exhubited n the penpheral be
havtor of contrast media in man other thay to
depict the main arterial and venous channels
and to dismu s the matter with the ohsersatron
that arteriography gives no mformation as to
the tate of the artcrioles

While st 1s costomary to regard the circula
tors system as treelhe such a comparison
does not accurately fit the facts for the pat
tern as Quining * also rccogmized s reatly
a vast continuous network of channels of vary
mng size Swnce basie functions are sub erved
by the capillanes and the vascular require
ment of a hissue must determne the size of the
Jocal ve sels 1t <hould hardly be neces arv to
emphasize what appears to he the fundamental
method of vascular development An embry
onte capitlary network precedes the formairon
of the larger vessel> and the regufanty of the
recurrent and ana tomosing Vs els forming
the collateral and mesh pathwavs indicate
that they too are <o formed with the result that
provision 13 made for both transporting lines
and loral or regional distributor sy tems

Chmerans and anatomists hase rerogm ed
certain collateral pathways for years parheu
latly tho e about the shoulder elbow Iip and
knee but have tended to stress the e as a sec
ondary or acce sory ureulation and almot
entirely 1n relation to occlusne artenal ths
ease  Various theories have heen propounded
regarding their developmem with a generat
acceptance that they represent an enlargement
of already ew ting veseels but with les
thought to therr normal functional role

Few consider the regronal patierns of esen
the major arlerres and vesns 1n the human
body etther 1n terms of tissue volume or diree
nomal flon  Apant from the di inbutos and
pressure equahzing sascular metworks llus.
trated here 1 muscle and kin there are many

ples of lacger arterial and
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senous arcades in the human body which must
be regarded s forming the coarsest type of
distpsbutor and pressure equahizing cirewt
W hen the large anastomosing arches or ar
terio arterial and veno venous arcades of the
trunk  upper and lower imb are placed 1
juxtaposition (fig 22) 1t hecomes apparent
that they must be rejarded as similar to the
smaller arterial and arteriolar arcades evident
m the macrome h and micromesh  The closed
loop circuits formed by the forearm arteries
and palmar arches leg artertes and plantar
arche  intercostal arteries and epiga tne
chain may serve as illustrabions  For apart
from supplying and draining the large tissue
mas es or 1slands enclosed within their loops
the ¢ arcades mu t represent a coar e me hed
tran port sy lem that provides pressure equal
wmg i tnbuting and  flon  mechamsms
uited to regional requirement Their behavior
1t would scem cannot be properly evplained
by a purddsy hncar approach to the pressure
gradient of the sy temic arcutt and over 1m
plifications of Poiseulle s nonbrological law
nor be adequatcly registered by existing pres
ure and flon mcers Radiological <erto
graphic technie v ing 1image amphiymg ap
paratus and various pharmacological agents
would appear to offer more likehhood of elu
caidating thewr bohavier
It has hecu customary when considering the
duvelopment of the arterial pres ure to regard
the larger e scls as reservoirs or pressure
tanks guarded centrally by the heart valves
and restricted peripherally by the arterioles
The explanation however for the pressure dif
ferences 1 the various anatomcal dmastons
of the sy temic circuit as tradibionally repre
ented would appear to require revision fir t

PERIPHERAL CIRCULATION IN HEALTH AND DJSEASE

becau e of the anatomical evidence of the mac
romesh and micromesh patterns cecond be
cause of microradiographic demonstration that
the arteriolar components are longer than has
been generally realized third because these
mesh patterns must be regarded as local tssue
reservours as well as distributor and pressure
equalizing mechanisms and fourth because
of the existence of arteriovenous shunts and
dual blood flow paths (figs 19 20 21)

Because blood escapes from the arterial res
ervolr 1 a continwous manner throughout the
cardiac cycle the suppo ed comversion from
ntermittent to continuous flow has been gen
erally asertbed to the recail of ela tic artenes
the volume of flow being a eribed to the rela
tine magnitude of artenal recoil arteriolar re
wstance and cardiac output  But as Wiggers
ha~ emphasized 1n his writing on the circula
tory dynamics of hypertension to ymphfy
hemodynamic analy es small arteries and ar
terioles have generally heen treated a though
they branched dichotomously into capillarie
resistance being computed from the re pective
lengths and diameter of <uccessive linear
egments  Furthermore such a scheme he
adds fails to take cogmizance of large and
small arteriovenou shunts

Reststance to blood flow occurs throughout
the <o called artersal tree but in the concept of
pertpheral resistance 1t 1s the minute vessels
(1e artertoles and capillaries) that hae
heen regarded as constituting the chief areas
of peripheral re istance The accompanying
diagram (fig 23) however which is based on
the modes of blood transit ob erved in the
microme h of living ammal mu cle and avail
able pathways di covered in human mu cle
illu trates certain features of the peripheral

or Hovan D

Fic 17 (see facing pa e}

This hows & beauuful example of micromesh The tortuou arteriole are ecn to enclose poly
gonal areas and form an mtramu ular va cular net aver which 1s dra n a venous net formed
Ly nontortuous venules Capillaries and macrocapillaries (preferential channel ) connect these
arteriolar and venular networks (figs 19 20 and ®1) The caliber of the mallest ves cls may be
gauged from the large tortuous artery at the ri,ht whi h measur {1 mm on the conta t mucro
radiograph 13} o envesto ndicate the marked len_th of the arterioles
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Fic 18 STERE0MICRORADIOCRAPHS OF Latissitus Dorst

The lower pair how the ana tomo ing arteriolar arcade 1 hich make up the mrcromesh an 1
1recapillary arteriole pa ing off more or less at rt.ht angles mto the me h pace The urper
pair_how a large segmental artery flanked by venae comites Beneath the ¢ ve els are seen pre
capillary arteriole ending 1n a lea h about the phantoms of the mu cle bundle Microme h
ana tomo es {top left corner) occur between uperficial ani deep level These demon trate how
this technic overcomes difficultie of interpretation ocea toned Iy va cular superimpo ition Vies
with pocket terco cope (e gz Zer s No 6004)

me-h patterns that call for a revision of tradi  blood flow 1n relation to changing cardiac out
tional 1deas regarding the systemic carcuit  put mu t be considered again t the exi tence of
Thus the dampeming of intermittent flow  such mesh patterns n the major hissues as mus
mamtenance of local blood flow conditions cle and kin (figs 21 25) and alternate path
and accommodatory or release mechamsms ways for the pas age of blood as indicated by
which augment or reduce the rate of pertpheral  two types of arteriovenous communication

Fic 19 ( cefa ng page} Lnine Rasmer Yooucror Mo ete

Senal microradiograrh taken after intra arterial injection of Thorotra t Note the tnkungly
white artertolar arcades of the microme h and al o the pre apillary a tertole wh ch lead into the
me h paces anl gie e to capitlare  tapull rie are jut dscernible & fi e parallel treaks
acro s the fiedd [n the upger reht quadrant the u esenly flled enule howing a dark center
and white perspheral treamline 15 lue t a ma ro apillary (preferential channel) di charging
durectly 1nto 1t from an adja ent arteriole look % to the right of the lower end of the elon
gated whte artifact for thes channel (be t viewed from night de)
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o

Exampies of Arterlal and Venous

Arches In the Human Body

Fig 22

Gross MESHLIKE ARTERIAL AND VENOUS Anastovortic Arcapes Fyipent 1v Tie Maror

Y rs<ers oF ALy Rectons of mie Human Bony (Saunpers)

As may be <ern (fig 23) the arternal and
venous nets whether large or small may be
considered as peripheral reservoirs (PA PV)
which apparently have a pressure threshold
(P1 P2) Using an area of the mcromesh as
a module or unit of comparison 1t s evident
that the mode of transtt from the arteriolar to
the venular net may occur via ordinary capil
lary flow (A) w12 a macrocamllary (B) or
amore precipitately by a drect arteriovenous
connection {C)  The mode of tran it adopted
ceems to depend partly on local metaboli m
and partly on chemical and hormonal regula
tion of the mesh 1n toto while a neryous con
tro) whether of a loral reflix and/or central
type would appear to be proy 1ded for by the
nature of the nerve supply of the mesh  Since
the e microarteriographic studies have shown
that there are two flow paths in the micromesh
we mu t think m lerms of a ligh level or anas
tomotic and 2 low level or nuintive crcula
ton The arteriovenous connections mentioned

aboyve apparently <erie to hort ciremt or by
pass the low level or nutntive path according
to metabolic requirement This also probably
explamns why the 1a omotor center can regu
late the ba al flow 1n muscle and yet cannot m
fluence the carculatery changes during actnaty

Preci ¢ hemodyname deductions concern
ing the penpheral circulation of man have
proved dilicult for various reason many of
which are obvious The physical effects of
rvascular branching varying caliber of the ar
wrie  and changing vi cosity of the blood are
among tho e commonly cited but 1t <hould he
evident from the pictures pre<ented here that
the concept of peripheral pre sure and hence
the dynamtes of exther hypertension or hypo
tension have been based en an madequate pic
ture of the arterial tree and the yolume pattern
of the blood ve els withinti ue such as mus
cle Mieroarteriography has made it po atble
not only to demon trate and te measure these

ses el thus providing valuable nformation
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Pressure conditions

Actertal net

Mode of transit ¢n Micromesh

in the Micromesh

Traditional concept
RUSaunders

Fic 23 Mooz or ArtemioLar vEnLLAR TRANsIT THROLCIH THE MicRoMESH

It1s sugg ted that these sascular n 1s <ene as di tnbutor and pres ure equalizing mechan ms
which apparently po~ e s a pres ute thr hold that ue one or other of the !ood tran 1t pathways

shown

1

for hemodynamic or 4
but also to ob erve the behavior of mtero copic
bloodve elsinvno

The imilanty between intramu cular cu
taneou and w1 ceral va cular patterns (eg
stomach and gut) forces one to regard the
me b as a ba ic va cular character: tic who e
control 13 peripheral m the en e that it 15 de
termined by the actinty of the &t uve cell

The importance of the blood supply of nd:
vidual mu cles s <elf evident and obvious inits

pp General xa cular di eases such

as hypertension shock burns etc mu t have
a ound anatomico phy 1ological ba 15 1f the
emprrical approach 1s to gine way to knowl
edgeable treatment The anatomy of the pe
ripheral crreulation of man has not been greatly
extended since the time of Willam Harvey
nor has sufficient attention been paid to va cu
lar areas intermed:ate between the gro er and
the micro coprc ves els
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16 28 (sec page 149) CLTaseor  ARTERIouRAM OF Sais rRow Tricn
Ths plate how that the al utaneon vascular net ) Rewsse con 11 of a macro- and micro-
meh patiern Compare with fig 12 but make allowance for difference in magmification The hn
of esery body regions ioular and the Rin va<cular me b very triking when viewed tereoscopt
cally Vale aged 7"years
Fic 2 (see pige 144) Suscerantor GRo VEsou NErwoma of A L Stssecr 4 Snows
BY IntRA REp PHOTGRAPHY
Pro 1ded th  ubjedts are not too fat tht techmic readidv demon trates uch mesh pattern 1
the kin of both the trunk and limb~ of healthy children and adult Tt reseal the mesh pattern
as a fundam ntal feature of the penpheral circulation of L ing man Compare with fo 24
Healthy male age! 6 years
References—Part V
Caen % E LeG asp Biowrmo LB 12 Fowamo E A The anatomie bat for i
The e 1ency of ntramu cular ana tomases chaemia localized to certain mu cle of the
with obenation on the regeneration of de lower hml Surg., € nec 401 19 R 193
sacularzed moscle 1 Anat 01> 198 43 Gryy Decripve 3 d Apphied Anatomy Ed
Spauzenorz W Dee Verth dung dee Blutge 30 London Longman 1919
faveim Mu kel Lepzip Hirzel 183 15 Vows Human Anstomy Phila felfhia Blak
Burtos A €. In Ciba Sympo wm on Pe Jton 19
nipheral Circulation sn Man Lo Jon Church 1, iy o) Human Anatoms E19 Philadelphia
1904 Lappincott 1930
Lawmeree, J 4 avo Savsome. R LoeCH o0 0 iy Teutbook of Anatoms Ed 9
Mucrora 1 ographic tules of the effect of van
0 ford Oxford Uni ersnty Lres 19 1
ous pharmacolog al avent on the vesse]
within Ining mu cle and kin of ammal (In 17 Cusn & E LG The ti e of the Human
p eparatton) B dy Fd - Ocford Clarendon 1946
Swsoere P L oeC.H  Obwenations on the 18 Apsemt B Da Arterien s tem der Japaner
per pheral ¢ culation  anl  artenio- enon Rvoto Verlag Karerl —Jap Unn 1978,
e 1 )
bndgeinali nghuman fota o pe) g g e LB Tnwamn war swlar pat
Lawesce J A Avp Sacaoen B LooeC 1 tem nman Po Toy Sor Med 23 61
Med al and demal appleato  of tereo 1035
microradungraphy (In pre +)
0 Apast R D D vyBrows D asn Pear on
Satmos M Asterea de mu cles dew membs © M Dieaes of Musdle New Yorh Hor
etdutro ¢ Pan Ma on X Ce 1933 ber 1953
Caverert, J aso Pevveratuer CM o Anin 1 Bau iy J € Neuro- awcular Ilita of Limb Mun.
Ve tigation anto the blood ugply of mascle Y Edilu gh Ls me ton 195
with pecal referen ¢ to war urg 1y Lan et
101 o1o Swwer P LooeC M The Tntramu 1lar
lar jattern of the f
Powen P W Ga gangrene with pe al rel 2 eular qatem ol the foetn (In 1 epars
e cetoraculan auon of mosel Bt VI J
1 6o 1915 3 Huver ®  Exrctto \natmiad Vot
<
Woriessese € 4 Die Artens n orgung von forh (e St owm o Ammalby - Frant
MukIn und S bnn Zichft { orthpol -
o 11317 190> <3 Qumine D P Collateral Cirentation  Phal
Wiene J F 1 haem necros of the an delghia Lea & Febrzer 1939
t oo thalm sles due o favgy T Done 2 Wioex € ] Crculatory d nam e ew
& Jo 1S g 30BaKl 19% Yotk Grun & Stratton 1957



144

PERIPHERAL CIRCULATION 1IN HEALTH AND DISEASF




INDEX

1 marromesh formation 1 0137
metzcarpa)
metatarsal 4
obliterative di ease 59
and vasodilator snmulus 60
oh truetion
patholo y 18
occlu ton 16
collateral circutation after (9
restoration of primary channels 8485
para aval 196
patterns 117
 roneal 123
phrem1  and intercostal 137

anter
po Tertor 3 4137
transition ta capillaries 6
ulnar 2
vasodilator 1mpulses to 1011
and venous ana tomotic arcad s 112
volar
Arthrins
defo mities due to 65
theumatot
& flerentiation 66
A phyxia n:ucukms 53
Asmmmn
A thma hmnchul 92
Atheromato 19
artery condition 1 46 47
and diabetes meltitus 101
Atherosclerosis 46 48
thromboti  occlu ton 4243
At ophy
hon © 67
mu cular 16
of sulcutaneous ti sue 16
Auscultation 18
Autonom1 nervous syst m
diturkan e 59
and endocrin hormon
1 n rvation of va cular tree 10
pa asympath t
sympathett
Ayerzas dsea e 193

Benzodioxan 89
Biopsy
Tor polyatenitis nolos 57
for und rskin nodul s 1/
Blanching 1617
and_postural chang s 0
n Raynauds d ease §
Blebs 7

canglonic 89 03
nerve 9793
and reflex va omotor re p ne 6o
ympathectomy for 93 94
In vasospastic conditions 93
Blao
coagulation %6
and anticoagulant S ¢ Antt vagulants
and heparm 95
travas ular 45
reduction respon es
and ve ous drama ¢ 95 99
dyscra 1as
anticoagulants _onteain licated 97
Te pon s to 65
Blood flow
alteration 1 41 66

and arterroven us fi tula 41
capillary
and cardiac output 25 %6 61 140
cerebral
and autonomie vasomotor control 13
and va cular disea e 58 101107
circulating volume
collateral or secondary
development 77 £1
enhancement of 7694
m ol luerat ¢ arterioscleronis 47
m ve ou thromlois 93
«o onary and tachycardia 92
evaluati n_ 153
of mucle 3233 1N314s
to extrenuties 13
Irugs for effects on 8¢ 9.
anl heat loss 27
a Iheart dieae 42 10.
maute 12
a d card ar output 37
dseae of 1819
d turkances due t d formities 65 100
extrava ations 18
humaral factors in 13
1t e diorde s 46 5556
m mucou m ml rane 65
and Ptre n 65
tet for 2123
aned respo  es to same stmul s 77
paths th ough mu cle 125 131 138 110
rate 15
res tance 138 143
respon ¢ to vasodiator strmulus 5962
re toration 82
routine measures for 86
hifts 1n va cular beds 33
short eircu tmg. 10
skin 3233
venous
color changes 19
disea es of 1920
mtrims ¢ d mrders 4145 5155
te ts for
Blood ve els
n acute infe tions 46
constriction and adrenal n 61
grafte g 85

117



Index

Abdomen 3 14
Acetylcholine 1213
Acroryanosis
Acrosclerosis 53
Adrenal cortex 63
Adtenal medulla 63
Adrenaline
relea e by pamn 14
and \a ocon triction 63
Albumin and coagulatson 45
Amputation
for gangrene 10210,
n minute errculaton 100
Analgesics
na tomosis
artertal 1 124
segmental 120
arterial arteriolar 126 138
actetalar 120
arteniovenous 6 142
subcutaneous 57
in collateral and mesh pathways 136
n formation
of macrome h 116 121132
of microme b 129 133 112
aatramuscylar 1 6
and gunshot wounds 115
mtratenous 138
Anenug
hemolytie 41
hemorthame causes 56
hypercirculation i 63
in Raposts sarcoma 58
m lupu erythematosu 57
Aneurysm
arterral 18
of cerebral vecel 58
e polyarteritis nodosa 51
Anger 14
Angutis 66
Angina 15
Angioblasts 56
Angiocardiography 26

Angioneurosis 63
Ansolysen 8§ 91
Anthrax 43
intibotics

and fungal prowih at feston 101

m thrombophlel s 95

of uperficral veins 99

in ulceration management 103
Anticoagulants

antagom t

1 artersal occlusion 101

anl cardiova cular dices e 98

in cerebrovascular disease 102

contraindications for usage 97

1 senous drainage impatrm nt 9597
Antthistamne 102

Aosta '3
ahdomnal
aldle thromls of £5
wall structure 5

116

Aortopraphy 21
Apresoline 90
Arcus sembs 50

tidine

Arm See Extremity
Arrhythmea 92
Arterides 101
Arterrectomy  9;

2
with vessel grafting 85

Arteriography

1 microctreulatory stadies 115117 120 127
radiopaque substances for 21

Arteriole

anastomosing arfades 140
and artery in macromesh 116
sn artenoselero 18
formation
trapsttion te capllartes 4
precapillary
in micromesh 135 140
size and structure 5
vaso lilator impul es to 1011
vemulas transt throush micromesh 193

Arteniohnts 47
Artertolonecrosis 47
Arteriosclerosis 4648

cerebral 50 58

cutaneous sugllattons 17

and drabetes mellitus 101

obliteratine 4 .48 50
treatment of 101

Tespon s ta warmung i 59

ulceration due to 103

Artertis

pnmary acute 43
n strrated muscle 52

hypes 4344

Artenitis obhiterans 48
Artery

aullany 1 3 1%

Frachial 13

caletfication 50

cahber 45

channels to extremities 14 78
mluced chanwes

constricton
and cardiac output 32
release of 8185

digital 2 4

dorsal 3 4

epigastric 4
exiramuscular 115
femoral 3 123
segmental forks 127
gooseneck 46
hypogastric 3 %
dhac 3 4
msuff crency
and Hanching 16
tests for
mtramuscplar 120 125137

mvolvement

m artenihs 43
in arterrovenous fistula 11

sachiadic



INDEX

m macromesh formation 120-137
m tacarpal
metatarsal 4
oblierative disease 18 59
and va odlator sbmulus 60
ohstruction s
pathology 18
occlusion 16
collateral aarculanion afier 49
re toration of primary channels B18o
faraaval 1%
pattetns 117
peraneal 174
phrearc ani terco tal 137
pipestem
plantar 34
roplieal 3
radial §
resenvair 138
« gmental 117 176
m networks 170 191
size and structure 45 11
tarsal
tibial
antenior 3
patenar 3 4 1324
transition to capillaties &
vlnar
va odilator impul es to 1011
and venous gnastomonic areades 142
valar 2
Arthoity
deformites due to 65
theumatord 5>
differentiation 66
A phyva reticulan 53
A puation 11
thma branchisl 92
Atheromatosis
Attery conduion w 4 47
and duhetes melbre 101
Atheros lerosis
and thrombotic ecclumon 42 43

™y cnlar 16
ol sub utaneous i sue 16
Ax culiston )
Autonomtic ncrmus system
1 1usba 59
and enJu nne horm ne &3
0 ervation af vascular tece 10
para ympathetie 11
sympathet ¢ 10
Ayerzas dizea e 49

Benzodwovane 89
o
for"polyarteritrs nod ~a 5.
for under skin nodu? 17
Blan hing 1617
an) postural change 20
in Raynaud s disease 5°
Bleb 7
Meters 14
Blockade
adren rgc £89 94 103

sde effects 9

117

panglionic 8993
nerve 9

and reflex va omotor rexonves
sympathectomy for 93 9%

in sasospastic conditions 93
tood

00
coagulation 26
and antiwoagulants See Antwoapulants
and heparm
mirava cular 45
reduction re ponses 63
and venous dramage 9592
dysera sas
anticoagulants contraindicate 1 94
respanses to
Blaod flow
aheratians i 3166
actenal
from axis 1@
d1 eases of 1620
wtnn e d arders 4953
te ts for 20:71 2730
anl arteniovenous fistula 41
capllary 6 12
and rard ac output 25 6 63 110
cerebral
and autonomsc vasom tor control 13
and vascular disea ¢ 58 10110
crcculating volume 76
collatersl or secon Jary
development 77 81
enhanc ment of B6-9%
i of luterative arterosclerosis 47
m venous thromt oors 98
coranary and tachycardia 97
evaluation 1533
of mus e 3733 11314
to extremmes 13
drups for elfech on 879
and heat } 27
anlh act d e.lse 42 10.
mnute 12
and card ac outpnt 32
1 enses of 18.]9
histurbances due to lefo m 1~ 65 100
extrava atwons 18
humoral facto 1
mton ¢ disorders 46 SS 56
1 MU ous memi rane 65
and Pire 0 65
testy for 2123
varied respon es to same stimuly 77
paths through mu el 125 131 138 140
Tates 1!
Te 1 tance 138 143
e ponse to a odilator stimuluy $9-67
Testoration 8%
Toutine measttres for B6
shifts i vas ular led 23
“short eirewiting ™ 10
1n 3 33
enou:
tnIor cha ges 19
disea es uf 1970
intria ( md ™~ 4445 5155

n acute infections 46
constr1 1 on and adrenahin 63
grafting



148

ol literatron 9P
pooling 17 32
respon es to timulr 10.11
1ze development 80
splanchnic and evercre 14
uterine after partunition 49
1a oronstrictor impules to 10
wall mjun 45

Blubwg 14 879

atrophy due 10 va ospasm 62
orearm 2
formation 1 atherosclero 1s 47
lesion
marrow
depres on 95
T F ocells 52
Brain
lewions 58
metaboli m 101
an] migrating [ hlel s 55
“paradixtcal emlaoli m to 1
retinzl artertes 1n arterioscleros
sa omotor centers in 10
Brothe Trendelenberg test 23
Buergers exercise 86
Burning 8
Burns 17 46
Butazolidine 92

Calano 1 46
Calonmetry 2
Capillartes

arterial and venou 5 11
and arterioles tran ition 5
caliber 6
collap e and organ function b
in extremities %
heart " 10
hemangioma 56
intermediate tvpe 10
of lacger va cular channel 80
loop

gant 57

18

in ul papitlary senous plexn 19
3
4

in ma ro- and mi rome b paces 132

mi roscopy 2.
networks, me<hes of §
permealility 6o 100
pres ure 22
tul auon 44
vy tante 22
m shoch 64
ize and trurture -6
tovic tury 43 36
and type of telangt cta 1s 56
sasodilater 1mpubes to 10-11 8
wa
damage 10 18 36 100
{ormation
within mu cle Nundles 134
Carbon diovide accumulation "8
Cardizc output
and arterial con tricuon 32
and arteriosenous fi tula 44 102

crreulatory responsr to 2>-26 63 140

1ng sleep 13
e s of blaod 32

Cardiosa cular diseace an ! anticoagulant 98

Cardiovascular sy tem
and adrenerzc blockale 92
and_arteriosenous fi tula 51
Cuu] alga 59
efls

contraction by electn  imulus 5
46

endothelial
1 vascular tumors 57
F 52

lymphocyterd 5758
mr<enchymal 80.81
red
Rouget, 5
Rouget Vieyer 6
smooth mu Je 11
Central nervou sy tem
and adrenergic |lockade 92
vasodilator impules from 11
Chilblarn 5%
Chorda tympan1 1N
Circulus <enilr 50
Crrrhosis of hner 56
Clau dication
di tance an] time tet 20 29
ntermuttent
and arterial in uffierency 116

1n obliteratsse artenosclero 47
n selection for ympathectomy 93

Cold inyury 46
Coldnes
and acrocyanost 53
i arterionelerost 47
m occlu ne di orfers 16
Collz en disea e 51 100
Cannectine 1 ue 45
legeneration 46
n endarteriti 49
and mu cular ratio 1 arters 11
Cooling 14
See also Col ne~s
Corti o~terad 101
Countarm 92 9%
Cryoglobulin 66
{ umopyran 9~
Cuuis marmorata 53
{yanor 17 19
Citopla m 610

Dermatomyostti 52

Dermographia 6o

Diabetes mellitu 50
and arteriosclero 2

and va cular dicease therapy 101 103

Dibenamine 88
dersatt es 91
D bennhine 919_
D1 oumarol ¢
Diethy lamtnoethanol 81 8P 91
Digatalr 98 102
Dtpaun 9
Dipbthersa 43
Drainage
impatment 1 41 4o
manag ment 9399
s nous 2.
omyli aung di turtance £
ul papillary plexuwes 10
and va-omotion 12
Du tu arteriowt 49
I trop by 58-59 62

INDEX



INDEX

Ecold 90
dema
m arteriovenous fi tula 51
1n varicose or fatt ulcers 0
and venaus ol truction 19
Elephantia 15 16 19
malignant 100
Embolectomy 85
Emboh m
diagnosts lB
pulmonary 4!
anucnamlan!s for 95
cepti 98
anticoz ulant contraindication 97
Emotions and blanchine 1/ 6
Ena th mata 46
Endancnu
acute
and endnphlel m 4
fhrosa
ol lit ratve 49
productine 47
treatment 1
Endocnine di truban es 63 64
Endophlebiti 48
Endoth lmm 56
Enzymes 1n gan,_ ene p e ention 10 103
Eprhy 1 51
Ergog aphy 29
Ergotamin 49 90
Enspela 43

Enthermal 1z 18 53

Enythralgia 94

Exanth mata 46

Exera1 e
and intermittent claudicatzon 15
n routme
and secondary 1 lood supply 101
test 20

va omotor re po ses to 14
Extremity

at rial channels to 14 78
nduced changes 86

bicep bra hu 123

blood flow 153 118170
col]a(eral 81

dsus 16

o aton 2 d pat %0
embol m 1n 4
enlarg ment 16 51
gang ¢ e pre ention 102103
hyd ostattc_pres ure 1
mu cles 12 170124
oblitram d ae
pigme tatton 51
POt n 1n treatme t 9a
re pon es
d ac output 3
G bbon Landis rroredure_ 8}
operations a
s face temgeratare 8
¢ mp th clomued 67
ol dra nag
oto s 1041

149

Fau ue 16
tine test 9

due to emlolism 15
th rapy
iers
adren g va oil]ator 1213
chelie g1
colla enou ll
formation of pleva es 10-11
mvoluntary mu cle 4
medullated motor 10
nerve
preganghome 10
reticular 5
omatic 10
vasocon tn tor 10 1.
asodilator 10 1213
Fibrillatton aun ular 92
Filo owd di ease 51
Fitula asteno enou
acquired 41 5052
asymmetry due to 16
congenial 51
manacement 102
pul ation 1 18
Flu hing 14
Fo amen o al 45
Frosthite 46 53

Cang ene
amputation for 102
arterial imvolement 43
due to arte 10 € ou fitula 51
and fotl te 53
and hemoglobinuria 66
Juventle™ type 4
mon.t
Treve ton 102103
spontanecus 48
ymm trical 62
Cangl on blo kade 89,3
Gatr ntet altat
and adre € gic B hade ©
2 dant fuagu]anl 9
Cennto-u 10 1y 1
Githon L nd pm«eim 31 5967
n artenal spa m 81
th rapeutic appl cation 86
Clom ruloneph it 5%
Glomus
dru,s for effect on areas #7 €3
tumo 57 100
Calt &
Cr s diea 63

Hmr abnormalines 16 51

ami mmo»ennus fi wla 48 51
artenosclerotic 5

funet on
ons 52
andm grat & [ s 55
Tate 4o
rheumanc di ase 6
Heart falure 33" 10
congestise

and Hood flow 41
exercisr i 86
and pulmonary emboli m 4



150

\enous return in 19
and cyanosis 17
Hecht Dalldorfs test 22
Hemagelatination 66
Hemangioendothelioma 57 100
Hemangiomas 56 57 100
Hemangiopericytoma 57 100
Hemangosarcoma 57 100
Hemo, lohinuria 66
Hemorrhage
and anticoagulant therapy 9:
due to hemangiosarcoma 57
of hereditary telan,iectasins 56
due to Kaposis sarcoma
purpurie 43
1n Rendu Osler s disea e 100
shocl
and surface va oron triction 30
and vasomotor tane 5!
Heparin 26 95
Hexamethonium 81 £9 91
Hexameton 9
Hi tamine B7 91
are tet 2
Homans <ign 45
Torner s syndrome 93
Hydergine 90
Hydrazinophthalazine (6
Hygroma 57
Hyperarculation 63 64
Hyperemta 21
Hsperhidrost 18
Hyperplasia 47
Hypertension
and cerebral circulation 58
complicating
feser therapy 87
and peripheral pres wre 117111
due to phaeochromocytoma 63
pulmonary
and renal arteniolonecro 1 47
and va cular disea e management 101
Ihperthyroidi m 61
Hypervascularization 65
Hypocirculation 63
Hypoplasia 54
Hypotenaion
and collateral blood flos #0
and deugs for vasodilatation 89 91
po tural 92
and quaternary amines 8185
Hypothalamus
miohement SR
va omotor centers 10
Hypothernia 101

lelar 8899

do age requirement 9192
Tmmer 10n foot 46 55
Infection

of blood clot 98

gonacoccal 43

nflammation due to 41

threm} ouis due to 98

and venous wall damage 45
Tnflammation

and loralized warmth 18

\n suj erfictal venous channel 98

and vaseular disea e states 4266

Influenza 43 15
Intestine visceral le wns 58

Intima

1soliement 47

f roliferation
tripping 85

theckening 47

Irradiation 100

Rapost s sarcom,
Kidney

19

7

2

artenolonecron 47
diea e and anticoaulants 97
lestons 1n polyarterinis 52

R ch test

5758

100

Ienches syndrome 15 80

Tevions
ceretral 58

i Rapo ts arcoma 5758

penipheral net
in polyartenit:

Leukemia 65
eukocytosrs 43

e

59

57
of pinal cord 5859
1 telangiectasias 56

Tewiss Triple lespon e te t 273
11¥man Sachs syndrome

53

Ligation 98100
T inedo reticulan
Lier

archo 1 56

52

Ntnetion imparrment 97
newral mecham m of led 13
i ceral le 1ons 58

nmen
oblierstion 4

¢

n response to trmuly 1112

Ty

anticoagulani

t

m 95

ng
eml olic ep1 odes 35 98

farlure and exerc1 e 86
wnfarction due to infecte I clot 9%
and migrating phiebitis 55
tuterculo 1 49
visceral le 1on
Tupus erythemato us 52

Lymph

58

wlan ! enlargement 15

no le Ie ton
tar 16 19

Tymohangioma 57 100
Iymphangio arcoma 57 100
Lymphedema 19 99

Macrome b
artenal

and arteriolar ar ades
tramu wlar 11
br eps bra i ma_le 1.0
of deltord mu cle 118 119

ga trocnemtus )

lati simus _dors:
pattern 138

o

pe toralis major 116
profunfa femart

t apenins 17

131

19

66

138
3

2
126 128

INDEX



INDEY

Ma rophages § ;n:l‘dl::n 1%
:;ﬂi;':mff 97 pa tertor spinal oot 13
Ma lmdmc]é: 1 W uiz:;; %1
Maya evisadum nal iy per
el orglam e Bydrochion Je #9.90 vasamatgs 1913
Metaboh m Neurttis 62

ceselyst 58 .1 k:u:x?ﬂm?m rﬁ‘;'l
Al apyenen 12 18 Ni oladons Branham s n £
M sroangiopathy thremboue 1 44 mem{m acsd %?x 100
Microartes ngsaphy 115140 Nurog ycerine

efined 178 130 ata Irenal se 63
Mi rome h Numbres !‘6

antena) artenolar 1381 9 “monon 1?56

artenolar yenular 113
capiliary 133 135
diaphragm 139
Jats 1mus dors: 199
patterns 139
lroy d ease 99
iteal valie sten 15 45 61
Menclebergs tleras  $6-17
Aonolate 99

Oechusion
artersl

collateral errendat on after 13- 9
fangrene due to 1
muscular reachion to 118 191 1.3
snd pallar 17
symplopss 42
trasmatse eauces 43

u te cheorue progee s e 91

adductor 191 embalse 3nd throml e dilferent ation 42
fieps 10 123 re toration of exr wlation after B85
Haod woply 13148 surpical pro edure

lea bl 2 10 0 cupational diseave 1a @ pa e 67

ela heation 1761 5 O cillography 27

4 had 18 119 125

Oucillametry 27
O tetws deforman 65
O teamyeling 45

and elaste b ue rane 11
and e teamu colar artenes 115
e tremites 12 3170171

m e e glrnpomx 6

r yzen
lrstm‘n;y;gu! 123 374 artenovenons d flevence 9
plueal

con umption
fan wmus dorssl 130 sstoration 17 5%
ma romest and microme h patterns uppdy and zamotion 12
mierrelationship 132
1zd men sonal 130
T toral 118 136 118
pet e gredle 3
profunda fenos 12 172
rectus femorss
Tetal
abnormalities 64 66
artenal 4 inhution to 118
Pord supply 113 155

Pagets disease 65 107
Pan

n arterio leross 47

o plewrat nvol ement 45
1ostural o0

(1o sor responee (o 14
and sen ory wpil es 11

in ular d turtan es 15
neoral mechamsm 3 Paflar 1617 0
tew classification 1 115 Palpapon 17
smonth arter olar 5 Pancress 65
sofews 120 T apavercne £8
jenau 195 Paritol 95
thalis antenor 171 Pent iilin 98
tesue 1 Pentolinsum 81 91
trapezias 131 Pentotpstrolid num 99
trunk, 118190 125 ergrter tis 17 43
Meyers  wet ppr 97 eranhra 6263
Myo acdim sofar ¢ 45 67 eninenm 3
Mysed m 63 ertoneum 5 cesal 34
% p 51

erthes vest 21
etechia 17 18
haeochromacytoma 63
Phenylburazone 85
3 Phemylendaned one 97

1 Thleb tis, 4445

marat ry 49 50 55

and yenous thromho 1 5

fes s B4 Ftlchography 25 5

N flan 5 58 100
2l oan »

£ ort al wall
b yhany
Pnortf U ntsanmsion 313
w1



152

Phleba clerosis 45
1 1zmentation 20 51
Pitre sin 61
Tantar 1 chema test 20
atelet
adhesivenes 26
thrombus 33
I jethysmography 2830
Ppeumoma 43 45
Pemtmonii 45
Polimyeletr 16 59
Polyarteritrs 17
nodosa 5157 66
Polycythemma vera 53 €5
Position
anad color chan.es 90 17
kypoten ton due 1a 818>
n tests for wnsuffciency 23
i therapy 95 98
Postphlebitic syndrome 5t
Iregnancy
and antrcoagulants 97
pre ure during 45
and telangiectasia 56
and varico e vems 55
Pres ure
arterial 45
tests for 21
and arterovenous fistula 41
o
during sleep 14
high  See §iypertension
an{ vasomotos e ponses 14
fram cervical nibs 41
cradient 1 capullary looge 13
hydro tatre 86
wtracapdlary 10
venous  letermmation 25
Pri coline 89 91
Irocamne 88 91
Erotamme 9:
Irothromlin te ts 24
Prothrombin time 959
Putis 3
Putse
wmarteriosclerosis 47
palpation for 1 18
Lurpuea 118 52
thronthotic thromhocytopera 41 65
Tsemia sephic O

Radisuion therapy 100

Radiography 2}

Rama communicantes 10

haynsuls diea 16 5753
management
<ymmetrical gangrene 62

Regitine 82

henduOlers lreae 100

Nendu © ler Teler disea & 56

Respuration
and adrenergic llocka le agents 92
and cyane s

Retna 1mvoliement in arteriosclerosis 48

Rheumatic fever 43

Ronsacol P8

Rouget cells 5

Rouget Meyer cells 6

Rumpel Leede s test 7

Salieylates 98
Sarcoma 5758 100
Saunders vasosaallating bed 86
Scalenus antius syndrome 63
Secarlet fever 43
Scleroderma 16 52 53
Scleross
aortic
brachtal and redial arteries 50
diffuse 47
media snd nodular 46
Sensutinsty 59 6566
and antht tamne 102
Sepae 45
Septrcemia 43
Sequa of 93
Shelter foot 55
otk 61
Shoulder hand syndrome 6 63
Shune 41 138
hemodynamie respon ea 51
within musele 132
Side efects
of anticoagulants 95
of vasolilator drug 9
Skeleton  See Muscle
kin
atrephic 16
captilanies 10
color changes 19
in deep semous thromhosis 45
le tons 17 52
macro and micromesh pattern 145
neural inecham m o 13
responses
to Giblon Landis procedure 61
to stemuli 14
o warnung 5967
sympathetie vaso hlators in 12
and type of telingr ctasa S
Smallpox 46
Smoking 48
Sodwm 88 99
Spinal cord
te jons 52 59
rerves 1011
thacacico luml ar ontflor 10
tran ectron
St leen
Stereoradiography 125
Steroid  gonay
Ste wgmicroartentography 115 125
Streptodorna » 107 103
Streptokimas 107 103
Strokes S
Sudeck s atrophy 62 63
Sulonamide 98
Sympathe tomy 59 6°
and arterial resecuion 85
1 rerel ral sasculac It ease 102
indications for 9
pregangliomic 93
vasomotor re pon es 3960 94
Sympathets nervou sy tem 1913
yncope 62
Syphilis 49 101
Syringnmyelia 59

Tabes lor abis 59
Ta by arka 45 92

TNDEX



INDEX

Telangiectasias 18-19

types 5556
T mperature.

body re ulation 5¢

urface 1

dru s for effect on 8:97

and vasodilator stimul: 596

vasomotor re ponses to 14 031
Termporal arteritis 49 50
Tetraethylammomum 84 85 89 91
Te 1s

artertal pres ure 21

Ho d coa ulation 26

B odie Trendelenh rg modified 24

calorimelry 27
capillary 22
arrculation hme 26
claudication t me or di tance 0
cold pres or 31
exerce 90
Gibbon and. pro edure 31
Hecht Dalliorf's 22
tustamine flare 2
Kisch 90
Lews triple re ponse 22
oxygen blood content 29
Perthes 24
platelet count 26
plethysmo raphy 28
Do tural
color changes 20 91
pam 20
prothrombin 26
radioa tive ub tances for °9 30
Teact e hyperemia 21
ved cell frag Lty 26
umpel Leede 22
sal ne wheal
su face th rmometry 2: 8
tournquet 24
vasomotor responses 30 39
\enous
filline hme 20 91
in ufficiency 324
Theobromin 98
Theophyfhn 92
omhoang 1is 45
and ¢ ebral circulation 58
obliterans 4 49
anl migratng phlebin 49 55
Thromboartentis 17
Thombacytopenia 44
purpura 65
Thromboemboli m
Thmmhoph]ebl‘:ls M 45 54

of varicose vemns 50 99
and venous in uff ency %1
Thromboph!
Thrombos:
intra ascular 5154
nd polycythemia 65
restitutio ad integrum 98
sclerosmp: therapy 99
p tic 97
subclasian ve el 65
vennus 5155 O
canses 98
deep 45

Thrombus
fuable 98
occlusion due to 8185
platelet 41
surgical treatment for 85
Thyroid gland 63
Tinghag 16
Trauma
atterial o clusion due to 44
arteriovenous fi tula due to 51
blood flow after 58 66
ocecupational 62
ule ration after 17
and vasoconstriction 77
venous thromio 1 due to 98
Treburon 95
Trench fnol 46 55 100
Tromexan
Tuberculnl 101
Tumor
malignant 5153 100
metastatic 45
Tunica
ad entina 5 10 11
mtima § 11
media 5 11 46

Ulcer.
and anticoagulants G¢
gast 10 49
indolent 59
1 chemic 17 107
stasis 20 51
var cose .0
Ul erauon 17
1n arteriavenous fi tula 51
exercise subst tute 1n 86
manacement 103
Urtica

Varico e vens 20 .4 55
cau es 25
oFnterat on of 99
Vasa vasorum 5 82
Va cular bed
blood flow shifts 1n
network formation 118 1.5 136
n ural mechanism 1213

sasamator responses m 1214 33 77 87

Va cular dseas 1620
amputat on for 107 1
e ebral 58 101102
and primary new growth 100
symptoms 15 16
and temperature chan.es 18
thrombotic 44
treatment 101104

d ugs for 8792

Va o onstriction
of arteriolar mu ulature 12
and catechol amines 63

counteraction ] y Gikbon Land s pro e lure £1

defined 11
tran m1 ton of mpute 1010 99
and va odilatat o)
dxﬁeremmuan o{ d ord rs 67
Te ponses to same stimulus 7
Va od pre sor substance 64

153



154 INDEY

Vasodilatation Veins
antidromic 1mpulses 11 anastomosis
and cerebral blood flow 101 10° arterial 6 5” 116 137 142
after chilling 87 avllary 3
defined 11 baalie 3 03
drugs for 8792 cenhale 2
wn febrile state 30 bl 2
Cibihon Landis procedure 5962 dramage See Drainage venous
reflex 86 engorgement 4%
and va oconstricnon 67 77 femoral 4
Va oexcitor matenal 61 homeostasts of tone and | ressure 63
Yasomotion thae 4
acte 12 intramuscular 136
alteration with cerebral lesion 58 ol struction 19
concept 11 occluston 23
control 10 1213 saphenous 4 122
and emotional factors 102 size and structure 45
drug 14 313% 90 spam 19
patiways for 63 B
1o cord transection 11 tharacic
To sleep 13 lhl:orlnbous 45 98
to sympathectomy 59 ul ha 1.4 1
tests for 30-32 vale formation
tone 13 8185 \nsnnimlmn tet 12
Vaopam 17 Al r].l[n 1zluluon 25
of arterioles 53 wnmi emital weakness 55
blockade for Gamage m 45
of gangla and nerves 93 Ventricle output 63
regional sympathetic 99 Veratoum 007
Fone atrophy due to (2 Vi ous
pulsation i 1 pelue 3
Vena eava 11 stimutation of 11
inferior 4 9 hmmm K 26 9798
superior 3 ola 2
Venae comites 3
Venography 25 Warfarn 97
Venole Warmung 14 59 61

formation 11
micraracdiographic studies 136 Nanthine 98






