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PREFACE o e ST ST

soon an a subect appareatly so limuted as the digreal carculation
needs some stificanion Imvesugation of ths subject 15 of "3
yorsance for three prancipal reasons fast when properhy stadic
the digical arculation may mirror changes that take place n the
wscemme crrculacton as a whole second changes i the perspheral Rood
vessels whether strutural or fusiceonal are very often mamfest 1o the
areatest degree 1 the scral pares of the cruslation namely the fingers and
coes and third the circulation in the fingers and tocs may be studied eastly
with comparatinely sumple bloodless mechods ensatling hirrle discomfart
to the panent
Since the awral Girculattan ts subgect to such extreme fuctuation with
temperature change  pain or emonon whereas the Systemic crcolasion
ceprosencs the tesudtant of evers thar take {1 ce n the vanious vascalar
heds which 1t supplies wich blood 1t may be difficalr wo understand how
the digstal circulatson can be considered to reflect changes 1 the systemic
airculation a5 2 whole The digiad circulation mav however be stabilized
by whibtsag svmpathenic nerve discharge 20d may chen accurately reflect
40N NEUrogenIc of 1n rinsic changes in the enure systemic urcnlation as
for cxample n hypertension 3
The secand teason for sndy g the digteal crrculauion 58 the fact that
scructural and funcrragal changes are often mose mamfest in the aceal por
uoms of the arcwlation The effeces of cold for example are frequently most
pranounced 10 the fingers and taes 7 Emouens affect the arenlaion w
the bagers 2nd toes to & greater extent than any other pare of the systemie

wreolitian The same may be »ard of such general circufatory disturbances
2> hock e which the most

pronounced and earliest changes are also
the periphety

The third factor 15 the ease and convemenee w tch which the perspheral
viteulation may be studisd Al the avadabl

e methods shin temperature
mea. b
surement * ¢ plethysmographtc 1 photoelectrse 32 o calorimerrict?

:e \\ncz ate blood) ss methods applicable at th bed 1de Other mettious
o studving blood flos  nctudtny, the measurement of cardiac oupur

s
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are usually cumbersome 1nd trme consuming and often nor bloodless The
patient may not therefore, achieve the so called basal state withour diffi
culty Even the arm ®! foor 5% or leg! plethysmographs are cumbersome
instruments requiring exacung technics which are beset with numerous
pitfalls It should be pointed out however that varrous methods for
measuring blood flow have thetr spectfic uses, 1nd thit these technics
may i many INStances supplcmcm: one another

Suffictent information about the digreal circulation has been accumulated
tO warrant 1ts presentation at the present time 1n monograph form Some
of this mformacion 1s available from the published work of others the
remainder having been collected by the author It 1s the purpose of this
book hence ro present 1ll the avulable data on the digieal circulation ma
coherent, organized manner pointing out the gaps 1n our knowledge 1n
the hope that these m1y be narrowed by future 1nvestigation

The historical background for the study of the digital circulation has
been provided by the development of medicine and 1ts branches over the
course of many years It was Hippocraces, # for example who first de
scribed clubbed fingers and the discovery of the circulation of the blood
by Cesalpino'® and by Harvey *® made posstble the development of many
phases of phystology and medicine 1ncluding the study of the digial
circulation More recently the anatomic imvestigations of Hoyer 7
Sucquet *5'* and Grant and his co workers!®? © have estiblished the 1m
portance of artertovenous communications 1 the digits and Barre®® has
described the clinical 1nd Masson and Gery 7% the pathologic features of
glomangiomata

Study of the digital circulation as such however began with the
development of methods for 1ts imvestigation In Austria 1n 1899 Gaert
ner'® described a capsule for measuring systolic blood pressure 1n the
finger This method originally devised to measure systemic blood pressure
2s 1 whole was ulrtmacely supplinted by the Riva Rocet #57 Korothow
method Digital diastohic arterial pressure was first measured by the
anthor 1n 1938%* employing a principle established for the arm by von
Rechlinghausen % Several workers since then have introduced modtfica
ttons and tmprovements 1n the measurement of digieal blood pressure 277 s¢¢

Nail fold capillaroscopy was first described by Lombard®®' i the
United States and developed 1n Germany 1n the early part of the ewenteth
century by Weiss and Mullers®” among others The subject was compre
henstvely reviewed by Wright and Duryee® and subsequently by Roth
The capilliroscope made possible the direct and accurate measurement of
capallary blood pressure by Carrier ¥ Landis ° ¢ Eichna'*? and their co
workers The phlebomanometer developed by Burch and Winsor > made 1¢
possible 1n additton to messure venous pressure n small vctns

Seudy of shin temperature was greatly strmulated by the appearance of
electric thermometry at fiest with thermocouples and later with other
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disectnion of Lewis
devices # v 47 The Engluh group :;nsd: ::t:crsmndmg the drgital
Pichensng and Grane*® 85 made great sers cmcms T i country  the
ciccolation through the use of thmo ms(m 0 Allen ¥ Backer © Hines 7
May o Clinic group including Brown Adson ¢ the dypntal carcult
Roth and many others contrybuted ta oue know "3&:? : d Sfmth\\ wch W
tion by szudgl!;’g shin rcmsr;;:‘u: ‘\s\u]rr)l.B)?\“ghforr\‘l: ;‘:nd Gibbon and
n ¥ who confin
Ec::ll::‘" all made use of the thermocouple as a rccogim': ‘\'tq\::sf::\s“:‘:&:d
Ing cicculatory changes 1 digats More recentdy  Busson!
subyect

[hgi:‘:it;nct ﬁ:c pulsation of small vessels 1 the dllllsh\\ﬂs ﬂ;aﬂng:ﬂi
developed by several groups of workers throvghout the “‘:; B -
inwroduced the digital plethysmograph 1 1935 1 G:r‘m'm) urton
1o Canada Turper Burch and Sodemant™ #° 3n New Orleans and
Willaes Douge and Newtnan 4 then working 1 Encland devised sumtlas
instruments The plechysmograph was subsequently made porrable h\,
Burch ™ * The phoroelectric plethysmograph was already 1n use i 19384
wien Hertzman 5 began extenstve studies with this mstrument 1 St
Lowss Photoelerene devices for the study of digial pulsanions have also
b enu ed ic Germaay 7 and o Denmach. * Al of these workers used the
&igreal plecthvsmograph to measure blood flow after venous obstructron
Thev adapted the venous obstruction technse established for the arm by
Hewlerr and van Zwaluwenberg ** 1o the knger Osallometry was first
snsroduced 1n France by Pachon®®® 1n 150y and was developed there chiefly
for measuting the pulsatian of large blood vesscls Graphic oscillomerry
tolfowed " and recently Johnson % 9 Lax ¥ and their co workers
have adapted oscillometre to the study of digeal pulsatans

Advames 10 the cimeal hnowledge of rhis subject hept pace with those
 methodology Raynaud s descripuion of the tondinon which bears hys
fiame called attentton to disorders of the digieal airculation 1 (86, @9
Von Wanswarter* 1 Germany and Buerger® m this country described
thrombaangntis oblterans hoowlrdge of arteniosclerosss and other
pecipheral vascular diseases was adsanced through the 1mvestnations of
many workers throughout the warld 15 1 a1 sse 25 Althongh pre
« 4 d by several investigators % 10 Winge and Santhwick® 1n Raston
and Adson * Brown ' Allan 7 and thesr co workers tn Rochester Minne
“"\“ wsed sympathectomy extenstvely and the eff ¢t of this operation on
‘R: peripheral circulation has sradually become clanified w4 The nature of

ynaud s disease was nvestgazed by a hose of workers
Hatchinson

ncd
Lewts 397 565 Affen huding
others

Beyer and Wrighe o and many
The author s pate 1 the work embods

ed 12 fus book began 1n 1938 1n
dy:: labotatory of Ste Thomas Lew i His worl. there was made possd’;{‘c by
the combined efforts of Drs Fmmauel Libman Lows Gross and Lowis N
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Katz The authors interest 1n clubbed fingers arose from a search for
phystologic antitheses to shock after working with Gross and kaez on
the effects of experimental coronary occluston, -3 410 4t geuge faglure
of the 1solated hearr, # and pulmonary embolism %% Sir Thomas
directed the author s attention 1way from consideration of cardiac output
and other general facers of the circulation toward the peripheral circula
tton, ta the study of whech hus laboracory 1¢ that tme excelled The assoct
atton between clubbed fingers and 1ncreased digteal circulation was estab
lished and the Stewart hand calorimeter adapted to the digir 19301 407 409

From 1939 to 1952 except for the war years, the methods developed 1
London for the study of clubbing were applied to the study of other dis
eases at the Mount Sinat Hosputal, and from 1951 to 1953 at the Columbia
Untversity Research Division of the Goldwater Memorial Hospital 1n
New York 3 208 40 405w 44 Dygyeal vascular reststince was also de
fined 3% 3 following principles established by Poiseurlle %6 Whittaker
and Winton, % Lamporr 3 * >Bingham *4 3¢ Boger and Wezler ¢ Green ™
Pappenhermer 5% and many others In additton the effect on the hallucal
crrculatton of sympathectomy for hypertension was clarified ¢ Mean
while other workers confirmed many of these results and extended re
search on the calorimeter These tncluded Arnott ind Macfie 2 Capriglione
and Duque °¢ Greenfield and his co workers ' and Wilson 8! 6 » 6 b

Studies by the author on the digital circulation were arded by grants
from The Emmanuel Libman Fellowship Fund The Dazian Foundation
The American Heartr Assoctation and The National Heare Institute These
helped with the burden of m.ny technical and secretaral deculs trhen
over by a successton of people including Misses M Spencer E D1 Pasquale
] Shapro P E Cohen A A Zanetti J Davtop S Hafftha 8 Feigen
baum Mrs S Young Messrs R E Schwartz G Grossinger P E Cint
G Wiener H Rothman and § Roth Most of the photography was done
by Mt R W Cwlin Drs H A Abel G H Eurman E B Grossman S
Alpert A Leslie and A W S Touroff have all cooperated directly 10
several phases of this work We are grateful to Drs S Fettelberg E B
Grossman, A B Gutman I S Wrght and D Seegal who have reviewed
the manuscripe crstically and to The Ciba Company which has gencrously
supported the cost of the color illustrations Many publshers Jjournals
and authors have been most cooperative n extending permission for the
reproduction of tllustrations and finally the publishers Grune & Stratton
Inc have been very pacent and helpful in the printing of this book

New York Cszy MILTON MENDLOWITZ

January 1954
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ANATOMY

se main arteries supplying the fingers and tocs are the volar and
plantar digital arteries respectively '@ 9% 44 These vesscls
“re ultimate branches of the radial and ulnar arteries v the
upper extremity and the posterior and anterior ubial and peroncal
attenes 1n the lower 11 13 40 In the hand these dugeal areertes anse
from the decp palmar arch v1a the anterosseous arterses which also receive
branches from the superfictal palmar arch and perforating twigs from the
dorsal artertes of the hand ' © 9 43 The mterosscous artesies divide into
€40 volar digial artertes? * which run up the sides of the fingers and
breah up 1ato smaller branches supplying the dignal ussues ' ° > %
The 1nner volar artery of the thumb and the outer volar arterses of the
forefinger and hifth inger anse dsrzcrly from the deep and superficial arches
The outer volar artery of the thumb anses dircctly from the radial
artery ! 3 463 There are many possible variations and anomalics 1n the
orgin of these vessels from the paimar arches &1
Int the foor the lateral and medial plantar arteries 1nse from the posterior
tibtal * +* These artenies also form an arch and guve off interosscous
branches which subsequently divide into digital plantar arteries supply
g, the tissues of the toes with blood t 0 ™3 463 The gyeer plantar arteries

of the great and fifth e arise directly from the medial and laseral plantar
argeries respecuvely 10 03

*** Branches of the medial plantar artery join
the fiest second and thard interosseous asreries 3 0 ™ 165 Here oo many

anomalics and varauons in the ongin of these vessels occur The tneer
osseaus aceeties also tecene blood from perforating branches which
arise from the dorsahis pedis artery 2 terminal of the anterior umal
artery 't 3 49 The peroneal artery anastomases with the svstem and
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Katz The authors iterest 1n clubbed fingers arose from a search for
physiologic antitheses to shock after working with Gross and hatz on
the effects of experimental coronary occluston %= # 410 41t acure faglure
of the 1solated heart, ¥ # and pulmonary embolism ** Sir Thomas
directed the author s attention away from consideration of cardiac output
and other general facets of the circulation toward the peripheral circula
tion tn the study of which his laboratory at that time excelled The assoct
ation between clubbed fingers and increased digital circulanion was estab
lished and the Stewart hand calorimeter adapted to the digie sss-391 w0140

From 1939 t0 1952, except for the war years the methods developed 1n
London for the study of clubbing were applied to the study of other dis
cases 1t the Mount Sinat Hospital and from 1951 to 1953 at the Columbia
University Research Division of the Goldwater Memortal Hosprtal 1n
New York 2 3% 40 405w 414 Dygiral vascular resistance was also de
fined,® » following principles established by Posseurlle +6¢ Whittaker
and Winton 5 Lamport 3 2 * Bingham 3¢ 3¢ Boger and Wezler ¢ Green,?*
Pappenheimer 5% and many others In addition the effect on the hallucal
circulation of sympathectomy for hypertension was clarified 14 Mean
while, other workers confirmed many of these results 1nd extended re
seatch on the calorimeter These included Arnott and Macfie * Capriglione
and Duque *¢ Greenfield and his co workers #5and Wilson 81 ¢ s ®

Studies by the author on the digteal circulation were aided by grants
from The Emmanuel Libman Fellowship Fund The Dazian Foundation,
The American Heart Assoctation and The Natonal Heart Institute These
helped with the burden of mny technical and secretarial deratls taken
over by a successton of people, tncluding Misses M Spencer E Dy Pasquale
J Shapwo P E Cohen A A Zamettt ] Dayton S Hafftha S Feigen
biwum Mrs § Young Messss R E Schwartz G Grossinger P E Gint
G Wiener H Rothman and § Roth Most of the photography was done
by Mr R W Carlin Drs H A Abel G H Eurman E B Grossmin §
Alpert A Leslie ind A W S Touroff have all cooperated directly 1n
several phases of this work We are grateful to Drs S Fetrelberg E B
Grossman A B Gutman 1 S Wright and D Seegal who have reviewed
the manuscript crrucally and to The Ciba Company which has generously
supported the cost of the color llustrations Many publishers journals
and authors have been most cooperative 1n extending permission for the
reproduction of 1llustrations and finally the publishers Grunc & Stratton
Inc have been very pattent and helpful 1n the printing of chis book

New York City MILTON MENDLOWITZ
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ANATOMY

Fo C—Projecton lrawing (X 74) of a greup of apastomoces in the narl bed of the 1 The artery
¢ s the center of the rawing and gives rice t0 trchee thnck walled anastomonc branches The cha
wlied co termnatons of sc erab arc shown (Grane and Bl nd 5 conrresy Clin ¢l Sarence )
may help to supply the dorsal parts of the proximal phalanges of the
fingers and toes ' ¢ 7 ¢4 These atise from the radual and the dosals
pedis artertes respectavely These dorsal arteries are perhaps most distinct
1n the great toe (g 1)

The mayor artertes of the fingers and toes divide 1nto smaller arrerics
courstng tonard the axis of the digie 1n a ladder like effect ¥ * These 1n
trn divide 1nto arcestoles penetrating all the tissues of the digits The
most elaborate plexus 1s formed 1n the terminal segments The artertoles
diide 1nto captllary plexuses which supply the ussues of the fngerup
directly with nutricion and oxygen from the blood stream *** Under the
sk and nails however there are numerous cotled commumcations
between artertoles and venules 1n the form of arteriovenous anasto
moses The artenole and arteriovenous anastomosis are dsstin
guished from the capillary by the muscular coat which thins out in the
glomus on the venule side ™ There are more glomera per squate centimeter
of surface area 1 the fingers and toes than n any other part of
the body ™ o They are highly 1anervated  reactive  muscular
structures ° Ia che fingers there are from 250 t0 500 whereas 1n the toe
thete are from 500 ta €00 glomera per square cenumeter (fig 1) »

The capiilanies themselves are not distnguishable from those 1a other
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g
3

- i/

BN W i
Fic 2A —Untouched photomicrograph (X 15) of portion of a vertical section (200 4 thi k) through
the pai of a toc The vessels and coiled sweat glands show up clearly aganst the farntly stained back
ground Note the vessels of the subpapillary venous plexus standing, out as though drawa In the center
of the fi ure an artery turns toward the surface from the lefr 1t gives rise to 2 group of darkly staned
anastomoses (A) the details of which arc not vistble Part of another group of anastomo es is to be
scen 1n the middle of the extreme left of the figure (B) (Grant and Bland ? ¢ courtesy Clintcal Science )

WAt S

(S

L. Pa— w o T - 4

Fic 2B —Untouched photomicrograph (X 300) of an arwcrineno  anastomo 1 1 the ole of the

foot (from a scction 200 a thick) To the left of che figurc an arcery run up sard the nucler f 1ts ircatar

muscle fibers arc 1n focus at the top of the figure [t give rise to an anastcmosi that conls on stself and

pas s to the right 10 widen out 1050 a chin + alled vein Note the numeron rounded nucler o the chick
wall of the anastomoses (Grant and Bland ?  courtesy Chinical S rence )

also suppltes the toes with some blood ' ® °* 4% There 15 one digieal

plantar artery on cach side of each toe ¥72
Both 1n the toes and 1n the fingers, rudimentary dorsal digieal arterzes
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PHYSIOLOGY

s srormal blood flow through the finger and tac may vary enor
mously Flow rates as low as oot ¢c sq c¢m mn ' and as
hagh as 038 for the fagerap™ and 029 for the toct* have heen
roporded 1a the qormal sabject The reason for this enormous

vanauion 15 the large number of areerioyenous anastomoses 1n the fingernip
and toe 2 major function of which 1s by refaxation and constrictson the
dissipation or conservation of body heat 107 ** It has been estmated that
the metabolic requirements of the fingerup or toe demand one senth or
fess of the blood supply recesned when the vessels are fully dilated + e
There 1s no known method however for the quanntanve separation of
capillary from areeriovenous flow * After inhibinon of sympathetic
nerve discharge blood flow at heart level chrough the finger varies
from 015 t0 038 ¢ sq e¢m mun and that through the toe from o 15
wo.gc sq cm mn* The difference 15 probably duc to the Jower
arceral and higher venous*s' plood pressure 1 the toc as compared
with the finger These data were obtained chiefly from cdorimetnic
studies With venous obstructiop plethysmography blood flow 1s ex
pressed as cc per hundred cc of wssue volume The normal range 15 of
imitar magnirude although somewhat wider because of cecharcal dif
ficutues®* (p §6) There 1s evidence of geearer flow per umt of tisswe m
children and some correlation of vascular caliber wich age may eventually
be & 8+ The ¢ flow through digieal arteriovenous

anastomoses after tnhibstion of sympathetic nerve discharge 1s further
Thewm m mifow s sed theow,
ghovt 0 md catc f w bramed afer inhib ton f
:X\ = v duchvge A grearer Bow shan th 3 il capon
2 tm

y howe er be braned by add vanal 1\
2 prad ced By d rect heat or cold ? reactive hyperetn) i ot o
he W towhpep i v

W o by chemucal and
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pres of the body they supply the shin, connective tissue tendon, and
bone with blood At the bse of the natl the capillarie, may be visuthized
a5 Joops passing from the arteral to the venous side (p 3g) 7 s

The captllaries and glomera empty 1nto senules which n tura dram rato
a plexus of vemns these are for the most patt 1mmedsarely subcutaneous 1n
contrast t0 the arteries which e somewhat deeper 1 9 483 The venules
ate the chicf source of the color of the fingers or toes especially under che
aatls where there 1s 2 rich uniform plexus ¥+ The large vetns at the bise of
the fingers or toes empty o the supecficial vewns of the hand or foot which
1 turn join with other vens to form the major venows channels of the
upper or Jower extremiry ! ¢ % 42 In additson o che superhoal digial
venous plexuses there are bone vetas wnd a deep perrosteal plexus and also
small venae comtantes which lie adjacent to the digical arerses 7 03 489
There 1s usually one vein on each side of the artery with laruice ke
communtcattng branches crossing over and wnder the artery (figs 3 and
PO UL

The arteries, vemns and glomera are supplied with both afferent and
efferent perves ¥ % % The capllacies are probably not tnnervaced
directly ® * The motor nerves are sy mpatheuc or drenergic ** The effect
of cholinergic or parasympathetic nerves on the digieal circulation s
questionable °* *¢ The blood vessels of the hngers and roes are 1nnervated
by pernvascular plexuses which recerve numerous branches from major
motor sensory and mixed nerves ¢ A more detuled discussion of nerve
function and pathways will be found on page 12

The tvmphates of the digits are not clearly defined channels excepr
along the lateral aspects of the fingers or toes where a superficiil and 2 deep
system accompan) the artertes and veins 1% 3 33 The ussue spaces
themsehes drasn 1nto superfical and deep by mphauc vessels which eventu
ally jomn to form larger 1y mphatic conduts

Anomtlous biood supply t the fingers 1nd toes 1s not uncom
mon 20 ot 483 The dorsalts pedis artery may be absent umiatertdly or b
faterally *7 One or more of the four arterses that supply 2 tinger®™ of e
may be absent or rudimentary and their origin from the nterosscous arrerics
and arches may be varmble The senous drunage 1s even mote variable
so that except for venae comtintes one caa speak only of subcutancous
and deep senous plexuses racher chaa of well dehned digred] vemns ¢

s <03 Lymphatic dranage 1s also subject to anatomic varaton Exen
the number of glomera per unit of shan vanes althouph statsstical darton

this point are meager *°
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Fro ¢ —Pulke wa ¢ esord ngs obaauncd from the & gur { narmals wach & pew rvpe of oncill mtee
U ¢ fograph? (Lax aod Feuberg 7 repe duced wich perm sion of authors )

of water and 1n the dorsum of the foot rgem af water 44 The higher values
here than 1 more proximal veins may be atcributable t0 the
Arter10Venous anastomoses

The normal pulse wave contour m the digit1s illustrated 10 figure § The
curve 15 obtained by measunng the changes 1n digual volume with a 1e
cording plethysmograph 7 An anacrotie notch 13 rarely seen 1n the digue
The dicrone notch on the other hand 15 nyvally defintte and ysually occupres
the posinion on the downstroke of the pulse contour as indicated i figure
§ The dicrotic wave may be seen more distinetly 10 records obratned with

the recording oscillometer (fig 6) *¥ The volume pulse contour may vary
dously normatly dep

effects of

ding on the degree of vasoconstriction of
vasodilatation encountered In general the amplitude of the volume pulse

15 related @ che volume blood flow *¥ 5% 258 although this relationshsp
1 not inear ¢ Pathologst condinions such as aoruc insuficiency may for
example praduce an tereased amplitude of pulse wichouc 2 corsesponding
mcrease 1 blood flow For comparative purposes pulse wase contours are
best examined after robibision of sympathenc nerve discharge 243 Thesr
form 1s smilar 1n many ways to the pulse curves obtatned at the wrist
with the sphy gmograph 0

The nervous control of the blood vessels of the fingerup and toe 1s
exercised almost eotirely by the sympathetic nervous system ¥ 9 3
Pt e Snmalaton produces constriction and inhibirton of nerve dis
charge dilatarion There may be fucther direct dilatation via cholinergie
nerves T but of thus oceurs at all the effect 15 50 small as to be practically
mmeasurable ** Vasodilator activity can howerer be demonstrated n
the more proximal parts of the systemic arculauion® ' and may be
mediated via anatomycally separate pathways ¢ ¢ Vasodilatation can also
be produced by antdromic snmularion of sensory nerves ' The nerve
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documented by finding blood oxygen tenssons when measured ovimetss-
wally? or directds, to be very close to those of artertal blaod 1

The blood pressure s the digieal arteries®® ¥ 92 varies consderably
less than does the blood flow with changes 1 sympatheuc nerve dis
charge When this discharge 1s not inhibited the digieal systolic blood
pressure is 1ors a standard desiation of 13 mm Hg The mean brachind
digual systolic pressure gradient before mhibttion of sympathetsc nerve
discharge 1s 19 mm = 2 standard deviation of 5 5 mm ¥ sy mpathenc
nerve discharge 1s not inhibited 1t s difficule to measure digiral duaseolic
blood pressure consisteathy  After mhibition of sympathetc nerve dis
charge the mean digual systolic pressure 1s g6:£ 2 standard deviazon of g
mm Hg The mean dastolic pressure 1s 8 mm Hg = a standard deviation
of xx mm The mean of digital arthmetic mean pressures 1s 8o mm Hg
= a standard deviation of 8 mm , and of brachial digieal anichmetic metn
pressure gradients 18 mm 2 a standard deviation of 9 mm Hg The
mewn brachial digital systolic grideent 15 15 9 ¢ standard devianion of
smm Hg and the dustohic gradient 19z 2 stwndard devation of 11 min
H

LIn the toe* 1t 15 possible with available methods to measure only the
systolic blood pressure After inhtbicron of sympathetie nerve discharge
the mean hallucal systolic pressure 1s 87 mm Hg < a standard desticion
of 15 mm

Mean venous pressure 1 the dorsum of the hand at heart level 1s 14 cm

Pulle waven

MW vawwwww

0 Bsee Hsec
A
Pulse ong Alpha waves
RSP U\U\"y
wWaves
2mn
] Bhsec © B

c

Alpha waves

30 min

¢ E

Fio §—Duagam of five types of spontane was volum  deflections f the digreat plethy me graph

(Burch Cohr aad Newmann ® couttesy ] Chn Invesugauoa s
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tagas 2
vasoconstncive ¥ The secrenon of the n&;i;\;\ 1‘;‘5‘:‘;2 ;S:_\ cene ™
vanable amout of nor:pm:;:::: o?;lg:sgsn;phrmc arculating 1n the
Ocdinanly thett 13 10 €™ Fecr vascular caliber Duning
tload tn assayable® ampunts wyfficient 1o affes  ommderable %
stress  however suth humaral vasotonstricion ma(srr T her

Other vasoconstniciwe substances are alleged o affect vasct

the substanres?*s claborated by nene

"Z;ths!‘l:kxf: S::nlx?:mipsm:s ‘:‘Enc« be absorbed 1o act humorathy
Zr;m:}’onh u)ndcr condinons of great suess V;‘lsoccnsmcmf‘:ubs(;l:c‘c‘s
dectved from the kidney such as apgiotonin M hyperwenstn ! ™ rea
VEM »* and pherentasin © and from the bran and blood such as sero
romn ** alt produce humoral vasotonsmmenon although thew d‘:lr‘no‘r:‘
stration 1 the blood of hy pertensive pantents has been tnconsistens .
snd quantitanively not commensurare wath the extent of the humora p \:;sc
ot the hypertension Some of these substances age allered to be rapudly
chanped 1 the tissues by enzymes to IMAcHn e states M6 V0 Because of the
controversial views on their functon judgment as 1o the phystologic
mportance of these pre sor agents must be suspended

No other curculanag physiologic substanees have a direce effect on
vouseulat caltber Adrenal corpseal sterards may affect vascular reatnivany 2
hut it 1 the prevazime view that the major effecy 15 indirect s1a the hor
mor s acuon on the hudney and oo flwd and clectrobyte balance

In additron to humoral and nerous control there 15 same endeare that
local favtors may exercise basic conteal aver vascular caliber 7 These
lo al factor may be wfleeaced by vanous focal and general merabohie
chaages Local myury 27 for example releases H substance which pro
vokes the  eriple response of Lewis * 30 The H substance 15 probably
not histamine %4 A factor sm addstion to calsber which affect fiow focalhy
is that of blood viscostty ®* ® Our hnowledge of the effects of these
tac o8 15 fragm ntary and often abscared by nervaus and humoral effects

Geoerafly merease 1 mexabolism increases capritary blood flow and
ecrease sn metabohism produces an opposie effece ¥ In the fingertip
however hypermetabolism decreases heat conserving sympathetic 13sp-
Lonsircrion because of the generally increased heag production This rasses

dhie average digiral blood flow 1o something neater the mavimum ™ + 4
The maxiewm blood flow stvelf 15 ot reasurably inceeased because Lapsd
fan wrcglation represents 1o per cent ar fess of the atal blood flow 2ad
3t nerease 0f ya per cent 1n this fraction would produce onh & § per cent
ractease 10 total blood flow s pomecabohsm produces an effect direcel
opposite b maximum bload flow agssn 13 ot measurabdly decreased '“)
The efeces of increased Iy drarion and dehy drarion are also largel a
eapilary sath ¢ than artenovenous blood fleyy 1+ a0 Dcl\yt{n\mi d X?
ably produces vasodilatation and Wydration vasacoastriction Inc::cd
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Fio 7 ~Duagram of sympathetic vasomotor pathways o bmbs (Richards ¢ courtesy £ and §
Livingstone Lad )

pathways'® concerned with vasoconseriction nd dilitwon®s ¥ are
depicted 1n figure 7

Another w1y in which the caliber of blaod vessels may be ffected 15
by substances circuliung 1n che blood cipable of producing vasacenstric
ton and vaspdilatitson % 62 Such humoral control of s ascular caliber 1s
supersmposed on the nervous control the resuleant determiming, the actual
dimensions of the vascular bed Of the phy.tologic substances capable of
such acttan the best Anown 1s epinephrine 12 218 This has been recently
differentsted from norepracphrine®* which 15 thoushr to be Jargely
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s s b b sy 280 e o o
These effects are hess demonstrabic on maximal digiea o e
an be showa, for

areeriavenous anastomeses Tt can be showa, for cumg e thavy e
hydration, as produced by umlateral hmphcd‘:ma as N0 8 P
efect on manmad diptal blood flos (aable 1) o There 18 SOME £33 1.
howers  thar changes 1 pssue eletirolyte corcentration may play 2 ro“c'
o the determination of MIBIDSIC OF AON NAUTOREMC sascular caliber

Hy and gscbably 2t © produce asacanstriction and
\asodilatation respecrnnedy 1n the capiifory beds although this may be
obscuted by feflex effects @ The effect on flos through Arseniovenous
anas omoses 15 probably minunal {p 143) Ansva produced by artertal ob
wruon results ap charagremsnc feactnne hyperepma B ob B 60
Changes 1 blaad sncosity do not infurce sascular cahiber desmite these
effect on resistance ¥ B Ths s more fully discussed on page 3.

Emonon affects the blood vessels of the digus chiefly wia the sympa
theti pervous system  although wader extreme stress orenfanng nor
cpwephrin may abo play 4 sole 1 saspconsincuon *t hdrenotortico
sropse fiormoue (ACTH) and cortisane produce more prafonged effects wnd
way nfuence vascular reactvaty 4% as well as flud and electrolyre
balar ¢ ¢ ¢ Palse volume Lurves obtained with the digaral plethysmograph
reveal regularly recutnng waves of sympachetic nenve discharge * ¥
superimposed upon pudse waves and respratory waves (fig §) P %

fhee  aves are wsually wndependent of changes in pressure n the more
p oximal arteries 42

Generally pleasurable ewotions snhibir vy mpathetic nerve discharge
tand unpleasant emonons™® such as fear'™ or sensanoms® such as
PN *anerease 1t > Reflex vasospasm can adso be produced by elrctrical
sumubason ' o by caufle to arteral advennma $* Sy mpathetc
sweve duwcharse w wohibited by sansfactory sexua) expertence and also by
steep ® Tnrellectual or physical efforr usually increases neme discharge
excepe «f mereased hear production outweighs the effect of effors ¥
S::;:Z‘:x:r:se :iuca:x);( ;nbtk;::;‘lmmlem of complete whabwion of sypa

P 47/ but under severe emotional stressy 3t
B LCOMpany aseconstriction M7 Such cold swear

@ ac e the extremities snd face bur mas

is especafhy prom
wass for swertngs:

¥ be genrralized The nerve pach
# ace sfustrated 1o figuee 5 T

7 The dis

tt;:uﬂon (?l Va’s?mu(or and sudomotor fihers kewever 1s not necessarify

same and the sudomotor hipe;

ol e s o 7S may be both chobinergic

Heac and cold hae s

the chieef fancrions o

peulic eftects o the digeal curculanon ¢ Qe of
Jazton

Crons fth arenosenous anastomoses 15 that of hear reg
crally hea <pplied 1o the body as a whole inhiburs sy mna
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SC 1g50'*! are even more effective than TEAC 1n bloching sympathetie
impulses traversing, the gangha (p 1g) Hexamethonium secms more
effectve 1 the lower than in the upper extremittes * In che lower ox
wemttes procaine nerve block combined with direct heat produces the
greatest degree of vasodilatation @ The latser however, affects the
patency of capiffanies directly as well as sympathene nerve discharge
Posture has an effect on the digstal airculauon especially in the lower
extremuties " ¥4 Theorencally  hydrostatic pressute changestés 34
should be che same i areertes and veins? ¢ ¢ chus eancelhing out as far
as effective pressure and flow through the ussues 1s concerned Thus 1s
modihed by the venous pumping action of exercise ¢** the effect of the
valves and also bv svmpathetic nervous seflexes 1n response to postura)
changes ** 9 These teflexes constrict the vetns and the artenies as hndro
static pressure increases If they are interfered with by discase sympa
thecromy or blocking, dregs  postural hyporension may occur in the
upper part of the body with resultane syncope ** #¢ At heare level the

digteal crrudation aftee mhtbiton of sympatheuie nerve discharge 15
however often normal 1n such cases 4
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thetic nerve discharge, i ¥ sherens the withdeawal of heat from the
body as 2 whole increases sympathenc nerve discharge 8 %8 The effect
1s believed to be reflex from the heated area although some hold that che
warmed or cooled venous blood aces on affectors 1n the brun or clse-
where 78 45 [t 15 possible thee warmed or cooled venous blood, and heace
artertal blood (p 69), by heating or cooliag the shin 1n regions ocher than
those externally heated or cooled, accelerates the process of decreasiag or
1ncreastng sy mpatheuc nerve discharge ¢

Complece tnkubition by adirect hear of sympachettc nerve dischirge in
the upper extremity 1s usually heralded by the onset of sweating a response
of the body to posttive hear balance ¢ In the toe, ssmular mhibition 15
occastonally racompletet® and may require 11, hours of heiting® as
aganst 20 ta 30 minutes for the upper extremity % Ir should be ponced
out that sy mpthetic vasoconstriction 1s capable of easily breshing through
the mhubition mduced by heat #* This  break through s made more
difficult by ganglionic blocking drugs such as tetracthylammonium
chloride (TEAC) and the hexamethontum compounds @ €3 A compar
1son of the effects of spinal anesthesia®® ¥ 5t 4 ¢ 81 yyth those of heat
and TEAC on the crrculation m the great toe mesured calorimetrically
(table 2) 1ndicaces thar at least wa the shin of the great toe, heat and
TEAC produce complete inhbstion of sympathetic nerve discharge @ °
There 15 some evidence that this mhibition 15 less complete for deeper
blood vessels 72 41 &8 The hexamethonium compounds'® *+* and

Tanve 1 ~Th Eflts of Induest Heating and TEAC Compa ed wish che Effects of Sprnal Anestbesta or
Sympatbetonty on the Cucalarson of the Grear Tor (Mendlowsz, Tearoff and Abelt 11

J ’y/Xnd/rea heating and TEAC | Spimal nesthesia or sympath ctomy
Tatrent { Agrand ex Brzchal ),n‘x w1 e Brachat maat
LT pontoane et 0
s — = 4 — L -
3 | 28 M { 13080 ” o if 13 mg 143 85 o35
kS ! g0 M n8/100 a g 10 mg 100/% oz
3 ) 15 M 1087635 015 $ mg 118 6o o o
4 b sF [EECT L R Y 12 mg 160 Sa 014
s poEe M 1320 o1 15 mg 95 o0
3 I 48 F ! ro8s64 018 16 mg e Yo EE
- 55 F gé/ve ' 016 15 mg PINY o1y
8 4. of 9r/6 o z1 16 mg o o 0
9 ! 1y M . 04 i3 my g0 60 o 15
10 { 44 F [E Y 0 13 15 mg % o o1
31 ! 2g M 8 51 o 1t 16 mg 80 50 IS
3 M 113401 o 15 s1mg 508 %o 020
13 M 130 g @2 2 days after 1o o o 19

sympathec
tomy
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pathways for spmulatton of the autonomic pervous sy sz:\m \(\h:rﬂ: !h‘C.
moderator nerves from the aorta and carotid sinus are ?‘: bt ;‘ fect
$ysremacally administered Procaine W ontd theorencally ‘k‘\‘uc dv. € d“::
for example of bloching sensory impulses v1a these routes 3 an ‘:\m ﬁr ‘l;
producing 2 pleasurable sensation of warmth would have a simijar ¢ ccl

On the motor side blacking drugs may act av different sy papse levels
1o the cerchral cottex the barbrurazes U+ alcohol M w1 the anes
thetes ¢ 3 and narcoties®? all imterfere with autonomic discharge
1 addstion to their other effects Rauuolfia serpentina®® also probably
acts on the cortex and possibly on the subcoruical centers as w o

It 1s at the hypothalamic synapse leel that such drugs as the by
drogenated ergot dernvatives M % % ¢ the veragrum alkalods Wt oW R
and 1 hydrazmophthalanne®® have thar cmef blocking effect The
effectveness of th se drugs 15 wsually limited by thar side acnions and
ste development of talerance The oaly drugs knowa to be capable of
blocking a chted motor synapse level 10 the spinal cord are those used for
spnal anesthessa such as procatne 1

The fourth motor synapse level 1n the auronomic gangha themselves
can be blocked by a recently developed group of compounds These 1n
clude among others' 4 3 1 w813 cerrpechy lammonum salts
such as tetracthylammomum chloride (TEAC) 7 w1 av & guaternary
amnes 1$C 1950) “** and pentz and hexamethonmum salgs ¥+ 158 e e
The sase of excretion by the hadney of these drugs determunes the duranon
of thewr effect and 15 most rapid for TEAC and slowes far the methomum
compounds

The sympathetic nerve endings may be blacked by such agents as
dibenamine 3% 9 4 aad dibenzyline (SKF €83 A) 10 80 a4
well as by rmdazoline compounds (priscohine) 7 The former two drugs

whi b are more constant 1 therr eff~ce when parenterally tather than
otally admimstered 23sp block

! the aciion of crreulaning epinephrine
and notepuephitine on these nerve endings The mose effective agents for

chis purpose however are piperaxan (benzodioxane)'t 9% and another
smdazoline compound (regitin€) 19 5 znd chese drags are often used
o tgs; for the presence of an acavely secr ting pheachromacytoma When
S
:n\:d ‘Ql‘ this purpose piperoxan nay DCCZSIQDQH) produCc h) perteason
md\a arming tachy carda ¢4 816 Drugs bloching parasy mpathetic nerve
cnl‘n‘z:d;u::; s; am;\pmc and scopolamine affect the digral crcculation
ey T HEX acno
o e y m or by psychologic response to thesr direct
The nitnires™ 9 68 sts s0s
and
Phylheon o ot nd the xanthane gronp of drugs (theo
M it the tone of the smooth musele of bh ¢
irectly whereas 2 benzy ! imidazol, el
s oo e hvdrochlande (priscoline)
101e acd™ have direce dilating actions ag
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rucs of various types ict on the digital blood vessels'ss 0

98 59 producing for the most part erther vasoconstriction or

vasodilatation A drug may also cause an tncrease or decrease tn

effective digreal arterial blood pressure  thus producing ncreased
or decreased digutal blood flow apart from 1ts effect on the caliber of the
blood vessels Decreased digital arterial blood pressure m1y for example
occur whenever 4 vasodtliting drug produces postural hypotenston The
effect of the drug on flow 1n the fingers may thus be out of proportion or
oppostte to its effect on systemic blood flow as a whole st Sudden
gingliontc blockade as caused by the ntravenous injection of hexa
methontum compounds may 1n 1ddition decrease artertnl blood pressure
including digreal pressure to shock levels without produung tachy
cardia, ¢S simply by distending the vascular system beyond the capacity
of the blood volume to fill 1t adequately The significance of these cffects
may not be recognized unless blood pressure flow and vascular resiseance
are measured simultaneously

The pharmacodynamtcs of drugs acting on the digeal urculation e
complex *' These drugs mayv be claswifted according to whether they
block the chain of reactions which produces vasomotor tone thus causing,
dilatation of peripheral blood vessels (rable 3) #° 437 43 or sumulate
these reactions and thus constrict these vessels (table 4) They may 1n
addition be subclasstfied according to the site of their myor effects on
the reactton complex which determines vascular caliber (fi, 7)
Although not commonly used as vasodilators there are drugs which act
on the sensory mflow to the system of relays ending 1n the final common
pathway of the autonomtc nervous system Sensory nerves tn general are
18
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pachways for stmulatton of the JULOGOMIC NEFLOUS $HSIEM W hcrc;t: tfl(e'
moderatot neeves from the aorea and casonnd sunns are xnhxhxmr; .
svstemcally admuaustesed procane would theorericaliy ¢ ’f\ls\c dt he ¢f dcrf;y
for example of blocking seasosy imputses vta these routes #fand anmy e 2
producing a pleasurable seasation Of warmth would have a simafar effect
On the motor side blocking drugs ma, act at different symapse lescls
In the cerebral correx the barbrarares aleohol W1 @4 the anes
heoes 4 #% and narcones™ all sntesfeee with autonotnie dischasge
10 2ddmon 1o these other offects Rauuolfia seepontma™ also probably
acts on the cortex and possibly on the subcortical centers as w el
ft 1 at the hypothalamic synapse lesel thar such drugs as the by
drotenated exgot drowvatines 191 8 & ghe verarrum athalowds W m 3
a1d ¥ bydragtnophthalazne®® have thes chief blockimg cffect The
efretmeness of these drugs 1s usually limted by cheir side acnons and
the developmese of tolerance The only drugs known 10 ke capable of
blork ay, a third maror synapse level m the spinal card are those used for
speaal aqesthesta such as procaine
The faurth motor synapse fevel 1n the autonomic gangha themsehes
cam be Blacked by a recently developed group of compounds These i
clade among others« @ 3 3508 peerechy hmmontum safts
such ay tetracchylammonium chionde (TEAC) ts #i 4~ quagernary
amines (3C 1950) "4 and para 4nd hexamethomem sales 16 14 ese 200
Thie rare of excretion by the kadney of the<e drugs determuacs the duranon
of thesr effect and 15 mose rapid for TEAC and slow est for the methonum
compounnds
The sumpathenie nerve endings mav be blocked by such agents as
dibenarune ¥ 29 1% and Jdibenzyline (SRF 698 A) ue a4 17 e g
vell as by mdazofine compounds ¢ priscoline) 222 The farmer two drugs
« fuch ar- mare con tant e thewe effect when prcencerally rather chan
:;adﬂrym;fﬁl\\\mz:crcd also block the acton of circulating epiephrine
picphrine on the ¢ nerve cadinge The most effecuve agents for

this purpase
(m,dpmfm. however are piperoxaa (benzadioant) W and another
azolin campound (regitine) '™ 7 and these drugs ate often used
::Z Te[ far }:h: presence of an actiely secreting pheochromocy tama When
" alc;x;;nxs purpose pipetoxan may oucassonally produce hyperrension
pibio surzi r;\nh)cardna 4 8 Drags blocking pirasympachenc nerve
s &tcopine and scopolamine affecy th
it ect the digital corculation
} reflex action o
oo on or by psychologic respanse to theg direcr
Thﬂ ntrites V3 o 43s
¢ and ki i
Pl e e xanthune group of drugs (tl
S) r‘;tz)r:) o ™ sahibic the tone of the smaoth muscltl of blol[jd x(vc‘s]sc:(;s
AT c“a‘s :,bcnzyl tmudazoline by drochlonde (priscaling) 212
and meotnic acd™ have direce dilating actions on
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26 DIGITAL CIRCULATION

the capillartes Salt depletors, such as mercunial diuretics and exchange
resins as well as thiocyanates may 1nfluence vasomator tone because of
therr effect on salt and water balance 1n the tissues 190 311 5 53 Dygyealss
has a similar effect 1n the presence of heart failure, although this may be
obscured by an opposing tendency to constrict small artertes and ven
ules 258 311

Theoretically, stimulating drugs should be found which act at every
level 1n this complex system as counterparts to the blocking drugs Any
drug may act on the sensory side 1f 1t causes patn or coldness or reflex
nhibition of the moderator nerves Acting at the cortical level are such
drugs as caffeine, amphetamine, and ntkethamide 3 Sumulating drugs
acting on the hypothalamus are not well defined and 1t 1s nor hnown
whether strychmine also stimulates spinal outflow o the sympathetic
nervous system ?'! A search 1s now proceeding for drugs capable of stimu
lating the autonomic gangha directly Nicotine 1n small doses strmulates
the central nervous system centers for vasoconstriction as well as the
sympathetic ganglia 198 31t #8 3 In larger doses the symapses are
blocked Smoking may cause inspiratory reflex vasoconstriction® and
mental conditionming which results 1n vasoconstriction*t apart from the
actton of absorbed nicotine Large amounts of nicotine must be absorbed
by smoking before a vasoconstrictive effect becomes appatent especrally
in the tolerant subject 4 &8

The most commonly used substances for stimulating the sympathetic
nervous system however are the so called sympathomimenc drugs
1cting on the sympathetic nerve endings 198 % 3% These drugs have
additional sumulatng effects on the cerebral cortex Epinephrine and
norepinephrine are the most potent tn this group and there are many
drugs which mimic the effect of these hormones (table 4) ¢ Drugs causing
stimulation of parasympathetic nerve endings and other parts of the
central and sympathetic nervous system 198 12 31 4% 839 guch as
acetylcholine pilocarpine neostigmine (prostigmine) and others have
no direct effect on vasomotor tone but may have mdirect reflex as well
as psychologically induced effects on the caliber of blood vessels

Cercain drugs may produce vasoconstriction sadrecely by stimulating
the adrenal medulla to secrete epinephrine and norepinephrine 7 They
are particularly potent tn this respect 1f there 15 a pheochromocy toma
which 1s capable of secrenng sufficient amounts of these hormones to
dominate the vascular reaction pattern ordinarily established by the
administration of these drugs Mechacholine chloride (mecholy ) 122
histamine!®* ' and tetracthylammontum chloride” 3 hase this
property and are frequently used as provocative tests for the presence of

such tumors
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There ate also drugs which have direce sumulating actions on blood
vessels Ergot for example has a direct constricung action on the smooth
muscle of artertoles 7 1n additton to 1ts other actions M2 ¢¢ #4% This
effece together with secondary thromboses may produce gangrenct**
or muscular contractures™ in the digis The anuhistamimes?™ cause
direct capillary constriction but act chuefly when histamine or stmilar
substances elaborated 1n the tissues have produced prior capillary dilatation

Adrenocorticottopic hormone* ¢ 31 and the advenal coruical hormones
such as desoxy corticosterone acetate®™ and cortisone 9% ¥ may produce
vasoconstriction directly because of their effect on the reactviry of blood
vessels to sumulation by sympathetic descharge or by arculatng ep
acphrine or nareprmephrine or indirectdy  because of ther influence on
salt and water recention % 93 € sali ss vestmered however they apbear
to have no sigmiticant effect on non neurogensc or intninsic digital vascular
esistance @t Amy drog producing shock will also indircctly decrease
digral blood flow noc only by reflex vasoconstriction’* % but also
because of a decreased head of pressure 1 the digiral arreries
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orBID anatomy of the digiral circulation has not been ex
tenstvely studied the chief reason being the limited permis
ston for prosection usually obtained Also many abnormalities
affecting the digital ctrculation such as infections are acute
condittons which yield to therapeutic measures and are rarely observed
pathologically  This chapter will touch on those anitomtc changes
produced 1n the fingers or toes by disease which have been studied patho
logically Much of this matertal will be reconsidered from the pownt of
view of pathogenesis 1n the chapters on the effect of these separate discases
on the digital circulation
Sir Thomas Lews and his co workers carried out extenstve studies on
the pathologic changes 1n digital vessels in Raynaud s disease and came to
the conclusion that the disease 1s due to a fault n these vessels 48 This
fault conststs etther of artertosclerosts or more often of thrombosis or the
later effects of thrombosts with intumal thickensng recanalization or even
obliteration (fig 8) Narrowing can also often be demonstrated by
angiography during hife '* ¢ In cases of carly Raynaud s dscase these
changes are more difficult to find Secondary scleroderma 1s a late sequela
The digtral changes 1n primary scleroderma are farrly well documented
and 1n general consist 1 the laying down of subcutaneous connectrve tssuc
scat ¢ 7 In cthromboangnitis obliterans’s ##* digital tissue alterations
are secondary to arter1zl thrombosts and 1n the shin may range ail the
way from minimal cutaneous necrosis with resulting sclerosis to gangrene
The pathologic features are most pronounced 1n the eptderimis although
secondary scleroderma 1s also seen In trench foot and frost bitc inera
vascular sludge and arterial thrombr are often found (fig 9) 7 "t ¥+

18
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Fot-Dgnl swes Rayssd dscae (Lewss 3% cox tesy Cha caf Suenee )

AjAwm  f1g tas Wrmbad Digeal arcery near end of fo rth fefe finger Almostafn ¢
qu nomal Segees 1

(B Am  f39 ca W oemhads Dgie @ arcery near end of fourth lefe finger S1ght thickening
i tma Wegee st

(Coapd DyRav 4 dicasc mideufrm Drg b anene 1 lose of ght second & ger (Q) and
(mddl ¢ ghtlo théoge (D) Thrre « sl ghe pacchy theckening of the mtima Wergere s seaim

Tce erystals can be demonsteared 1n the tissues w frost bute only In trench
foot'  * ¢ or wmmersion foor * scar pssue 15 often laid down 10 muscle

and subcutancous ssue causing conttacture and presurnably compression
of vessels (fig 10)

The face that clubbing consists of tssue hyperplasia and hypertso
phy™* % % 45 demonstrated 1 figure 51 Husiologse and radiographic
mjecnion studies of the vessels morcover by Lovell*®* and also by Charr
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(E)Warm hand  Digieal arceev acac end of lefe sndex tager ¢l trace moderate geaeral hyper
Plasia of the ntima Weigert s seatn

(F) Raynaud s discasc aged 44 uncomplicated Digital artery from the right index finger Ad entirea
and media shaw hierle abaormality The wotma 1 moderaccly and gencrally thickened W eigers s stan

(G) Palmar artery how ing conspicuc us chickening of wnima The elastic lamelia 15 broken ta the

night Wesgert s tain
(H)Raynaud s discase  cvere form Digaeal arecry from base of f wreh right finger The lumen oblyter
aced by almost homogenou  sparsely cau leared connectt ¢ ussue Hematoxy ho and cosin

and Swenson ' showed them to be dilated over the normal (fig 12)
The pathologic effects of hypertension on the digital vessels have not
been studied

The glomus tumor 1s an uncommon buc readtly recogmzed leston found
chiefly 1n the digit It has been extensively studied pathologically 7¢ 1o+
(fig 13) and consists of a vascular neural anomaly developing at the site
of an arteriovenous anastomosis
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Fo§ Cmrd
€1 Ray wuds discase aged 53 mmilde ¢ form Dilated & gimal rrery pear che ouddle of Jeft ndex
nioge show ng sl ght byperpl  2.of th 10tma Weigere stan
} An terynea endof 1ghes d x finger The thick ad entitta is Ghroas and vascular The inne
cor onan ath | yerof mdal m scle cells rec nalised and eaclosing 2 dense hbrous flug to one
deafwhch cm msofth mamel wel @ aee 1ible Hematoxyl nand costa
A Reyzdsdic e se e form Dig G anery ncar end of righe third finger has di 1ded wnco
cq allv et e be ches A thnad conra and well de cloped media The famella 1s welb defined
though brsken o me place Lumen almost bl scked by th ckened 11t ma. richly elastic in 1ts outer more
cMla nx o layes Weigeres 11
L Ray wd disc sc 3¢ ¢ c form Digieal arvery from base of amputated finges Ad eofiua 2ad
med a well acfined both ¢ canalised Elastic | ovcll w Ul defined Withan 11 the arsery 15 Bloxk d by
Alm st homoge ou fibrous 6 sue uself conta n ng two new  essels Hematoxylin and cosin
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Fic 8 Comr o
(M) Raynaud s phenomenon and scleroderma Digital artery near end of left index finger A thin
adventiia surround  an almost normal medta and well defined tamella Lumen blacked by dense fibrous
ti sue sparsely nucleated contamning numerous but fine clastic fibers 1 outer lavers and less of none

centrally Center of obstructton conststed of richly cellular e1s ue W ergere s seain
(N Tip of fourth left finger one of sevetal artenioles replacing digieal arrery  Ad cotiea and well
defined media and lamell enclo ed a very thick inuma the latter was full of concentric layers of coar ¢

elastic fibers except for an wnner layer directly surrounding the uny crcular lumen Weigere st

(0D Man of 66 years Warm hands Both digital artetics of thi  the fwrch left hinger presented con
siderable snnmal thickening (as exempliied) ac some powne  and maderate thickemng a others
The figure all traces the hghe t grade of obstruction that has been £rund a sociated with 11 ble capil
lary pulsation of the corre ponding hngertip

(P) Digital artery at ba ¢ of righ thied fiog r A hea v media Moderacely hyperpla tic nnma

Cavity plugged by recent clot with dark staming leukowyee
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Fio g —Drawing of the microscopic appearance of the cap Nary bed at the basc of dhe axdt i wma!
frger (lefdand an fr0 ¢ biszen Bnger (right) Note the ha 1ps appearance of the normal paralle] capiltary
Saops which are ab.cat m the affcceed fir ger The thrombosed stumps of the artetroles are chatactenistic
of the fost b tten finger (Da 16 Scarfi Rogers and Devkson # corrtcsy Surg Ganee & Obst )
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CLUBBED

NORMAL

Fio 11 —Photographs of midsagsttal sccetons of terminal digits—cleared cut and stamncd Despice
postmortem shrinkage of tissues hypertrophy and hyp rplasia can be clearly demonstrated tn the clubbed
fingers when compared with the normal (Mendlowatz 1)
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Fo 24 plfe)~Asteriogram of the no m Lh nd

Fo 1B mddie —4 ceriogram of - d w th clubbed B gers (Fyg 12 A 2 d B from Charr and
S an re v Am ] Roc tgenol )

Fo  Cfbwm)~Anert gram of normal (right) compa ed wich & cl bbed finger (lefc) (Mend
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Fio 12D —(r top) Untouched photomicrograph (X 40 of a transver ¢ sctt m 200 s thick thrugh
anormal nail bed Note the exten rve venou plexuses The normal artcrial arrangsment 1 hown by the
counss of the artery catering low on the lefe Arsing from st arc ¢ o groups of darkly stained arterio
venous anastomo es

Fio 12D —(2 muddle) Untouched photomicrograph (X 40) o transuer ¢ sectr n 2004 thick theugh
pail bed of a clubbed finger assoctated v 1ch beonchiccrasss The cins are histle wider chan tho ¢ in
fig 12D (1) but appear mote widely separated by increased anterstitral s ve

Fio 12D —(3 hottom) Untouched photomicr sgeaph (X 40) of eransserse secti i 200 4 thick through
oail bed of a clubbed finger assocrated with cyanotic congenizal heart disease The vains are widely
dilsted A simple cype of atterionenous anastomosis Joins the artery and vein runmng parallel towards
the sarface 1n the righe of the picture (Al three tlustratians from Lovell 1% courtesv Chinical Scrence )
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Fo 3A (top)—A glom ngiom compared with the norm 1 glomus

F 138 (bort m —Microncop ¢ deca 1 of the serucrure of the tumor The esscls ha € & very narro

Vemo hirw Msac adscncca dme g wich masses of epichel oid cells m xed with numerou nerve
e (B chhigue fromM son ndGery ¥ co rresy Ang d Anat Pach )
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METHODS

CAPILLAROSCOPY

APILLAROSCOPY 15 usually accomplished by shaving supecfictal skin
from the cuticle of a nail without producing bleeding placing 2
drop of o1l on the arez and observing the capillaries with a
dissecting microscope 3% 3 Capillaries are visualized as loops
extendtng from the arteriolar to the venular side (fig 14) *** This loop
formation 1s exaggerated 1n the nail bed because of the local anatomy of
the eponychium which 1s a very thin fold of epidermis The capillary
wall ¢an be visualized by 1njecting dye nto the tssues 5t
It happens that one of the worst places for studying capillartes for
purposes of comparison between individuals and for the study of gen
eralized disetse 15 the eponychtum 4! The reason for this 1s the prevalence
of 1 vartety of local changes in this region Capillary changes for example
are produced by pushing the cuticle back habitually by hang nuls and
by tcute or chronic paronychia as well as by the application of nal
polish or other chemicals or stmplyv by washing or scrubbing the hinds
with so1p

Fio 14A (top lef) —Naul fold capillaries of 2 young adule The arcerial and venous egmene «f the
hairpin like loops are equal n caliber The d tal row ¢onain thirtcen loop ¢ bile tventy ¢ en cre 5
are uisible 1n the ficld The blood flo 1 untform 2nd rapid

Fio 148 (top right) —Naul fold capillarees of a person of middle age Although the | p may be

ber of tortaons loops 15 u ually increased The apparcar diffecen ¢ in the

he the numl
tong and straight ares it

artenial and venous scgments may be nated The flo may be only shighely slo

3%
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Fo 4 /mddic left) —Nay) fold cap line of 20 ol1 person The n mber of Yoaps 13 Yo and the

afer nce o cal ber of the 2 teral and €no s scgments 18 gre ¢t than among younger persons The @ w
153ei « ly slow 1o these loops

Fo 4O(mddie ghe)—Nal fold cap Hasics dunng syncape or white stage of reaction to mder

secold i ¢ scof Rayn vd  discase The loops are small capillarics are conteacted and parually
flled M ny Joops are sull nfilled and thus i ¢ 1ble Nomo ement of blood 1s seen

Fo 4E (bottom lefty—Asphyx 2 or bluc stage of the feaction to moderste cold in Raymaud 5

B3 nsmchilda d ame case s im g 14D The boops are increased m mmber and are matkedly
dila ¢ There 15 compl te siay s of capillary tream  1th cyanosts of the blood

Fo 14F (boteam right) — R bot or red stage of the e ction to modetate cold 1n Raynaud s disease
nsame 14 ndeasca o fig 4D 3 4 14E The caplt oy flow 1 resumed suddenly and the Blood
h g tobnght red The loops g ad My decrease tn width and many additsonal loops ate 1 ble
Plama paces res It from altern g tasisand flon (Figs 144 F from Roth *¥ courte y W B Saun
ders Co )

Inaddition the patency or degree of closure of arteriow enous anastomases
will of course affect the appearance and rate of flow 1n the capillaties
2 very vanble maaner @' Since most capllaroscopie studies have
been done under unstandardized conditions as far as sympathetic nerve
discharge 15 concerned doubt must be cast on their validity 3! Neverthe
less capharoscopie changes have been descriped 1n a vartety of dis
eases @7 B By 4 4% and some of these changes are consistent llustra
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Fic 14G —A photograph of the capillarosocope The Ulcropak 1s attached to the tube of the binocu
lar microscope and 15 adapted to recerve the rays from the carbon arc which 1s lo ated 1n 2 well on the
left side of the table A water filter contaming 2 green dye s located beeween the two The rachet and
piuion arcangemen 2t the base of the microscope will move the tube of the scope either forward and
backward or from side to side (Duryee and Wrighe 13 courtesy Am J M Sc)

tons of captllaroscopic findings*®® 1n various clinical condittons are
presented 1n figure 14

BLOOD PRESSURE

The measurement of digital blood pressuret®” began within a few
years of the development of the Riva Rocct horothow®s method for
measuring brachial blood pressure Gaertner 1n 1899 '* 1nvented a capsule
(fig 15) which could be nflated to any desired level of pressure as sndicated
by a manometer If the finger were blanched with a rubber band prior
to such inflation and the rubber band then severed flushing appeared 1
the fingertup as the pressure was lowered to a level permicting blood to
get through The method was superseded by the arm cuff first hecause
ptessure 1s more vartable 1n the finger than 1n the arm and also because
Gaertner did not describe any method for measuting diastolic pressure
with his capsule There have been several modifications of the Gaertner
capsule each of which 1s purported to be more convement or accu
rate!0s 18 415 acrually there 1s lirtle difference among them ! The
cuffs?¢ avoids the necessity of having rings of different sizes since 1t 1s
essenttal when using rings to have a snug but not obstructively ught
fic ** The cuff method (figs 16 and 17) or set of rings grve values which
are about the same ‘! Repair of 2 cuff 1s difficult whereas the rubber in
metal rings 1s eastly replaced after a leak or a tear develops

In 1938 Mendlow1tz? suggested that the Gaertner capsule could be
used to measure diastolic as well as systolic pressure provided studies
were carrted out after releise of sympathetic vasomotor tone by indirect
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Eic 15A —The Gaerener capsule (Mendlowiz )

8 &

Fro 5B —The Gaertner caps | Th e ng stees are o o for the finger  Penrose tubing fixed by
rubber b nd1ne the wg (Mendl wicz )

heating What 1s more both systolic and diastolic pressures were more con
ststent and less vamable under those conditions An old method (von
Rechlinghausen™?) for measuring diastolic blood pressure 1n the arm con
ststs of the patient s noting the point of cessatton of throbbing This checks
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Fia 16 —Dugital blood pressure cuff (\\ caver and Bohr % courtesy Am Heare J )

e

Fic 17 —Digttal cuff in place Dorsal view shown to de onnectton with when
derermination of digital pressure are made the hand 1s supinated (Weaver and Bohr 5% courtesy Am

Heare ] 3

with the ausculeatory method which 1s more objective The same method
may be applied to the finger Despute 1ts subjectrviry chis technic s reliable
with a litele expertence The diastolic level must be cheched several
times and 1s the same whether or not there has been prior blanching of
the finger with a rubber band cur after the pressure n the cuff s rased
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abore the systobe Jeved 90 It should be emphasized thar the diastolic
pressure 15 varable and snconststent unless sympathetic nerve discharge
15 inhibuted ¢

The secording oscillometer™ can measure systolic pressure by the
Jouble cuff techme This consists of determining, the pownt of appeatance
of pulsation in che distal cuf as the pressure 1 the proximal cuff1s Jowered
Drastohe pressure can also be measured as the pressurc in the proximal
cuff 15 Jowered to the point where an obhigue instead of vertscal upswing
Just prior to the major systolic pulse 18 scen ¥ Digieal sy stohic and diastolic
pressure can also be measured by avsculratory amphficacson (fig 18)

In the roe the systolic blood pressure can usually be measured success
tally with the flushing technic bur esumarion of diastolic pressure ts
aften unsaussfactory exen tf sy mpatheric neeve discharge 1s inbubueed 337 @
The oscillomettic and ausculratory methods for measuning, digiral blood
pressure are also less sausfactory in the 1oe than in the finger 3

True mean pressure can only be determined by planimetric integration
of an ntra artertal pressure curve % The deviaton of arshmernc from
trus mean pressure 1n the finger 15 wswally nor very great ** however

fosop -
£ BD 1oehcope wich 1
f oAt Mo by met L phr g and Fox local yers §,
clatoy m g xets for ez 4 ag dugieal
dae) ¢ o be decected b Fm itk d U chese s diger & digu!

" SPACY 10 presse ¢ et een th
e e S i st i{‘: "8 e %0 0ds Fom nc car 10 the by Doy o
4 a0 Fab e 1omof pud s s ot (

1 Evrmin and Monghe gs}:-: thatt when mea red by the
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Fic 19 —Duagram of apparatus for the detcrmination of capillary pre surc by mucrow
jection (Landts 3 8 wourtesy Clinucal Science )

Legend P = base of micropiper H = Chambers micromantpulator W = tube T = rubber tubing
M = mercury column ¢ ¢ = 3 way stopcocks S = syringe O = Zeiss Greenough binocular micro
scop (objectine 6 orthoscopic oculars f 20 mm ) magnification 75

and the former cn be tnterchanged with the latter with hietle error except
1 the presence of such conditions for example as aoruc msufficiency
which produces marked alterations 1n the form of the pressure curve
The normal values for systolic diistolic and arithmetic mean digieal
arterial pressure s well 1s brachial digienl pressure gradients are pre
sented on page 10

Capallary pressure has been measured 1n the digit by the insertion of fine
glass tubing nto the arterial or venous limb of the capilliry loop as
seen 1n the eponychium with a capilliy microscope (fig 19) 7 3¢ 39
Indirect methods' * 496 are less reltable '43 145 Carrter and Rehberg®
found normal capillary pressure (probably of the venous limb of the loop)
to be abour § mm Hg provided the finger were above the level of the
clavicle Landis® ® 3¢ found normal pressure on the arterial side to vary
from 21 to 48 and on the venous side of the loop from 6 to 18 mm Hg
Venous pressure as measured by the Burch and Winsor phlebomanometer®?
which permrts the use of small needles (fig o) 15 somewhat higher 1n
the digital veins than 1t 1s 1 the more central vemns such 1s the ante
cubieal (p 10) ¢

BLOOD FLOW AND PULSE WAVLS

Skin Temperature

The temperature of the skin of the fingers wnd toes 15 more variable
than that of any other region of the body This temperature 1s governed
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F 10Dt gram of the phicbomanometer (B reh and Winsor ¥ coureesy J A M A)

Legend 3 = by ss bellows b = needle ¢ ~ bousing d = lock n ¢ ¢ = bellows s ppore A = bel
low ghass i¢ ers brarmg 3 dp edle A = mseafur A B = rubber pressuce bulb B w tasec for B
f= pres rebulb g = metal housing h = adapeer y = screwclamp k = ahve | = ewbber tubing
m=dal

by two major factors as 10 other thermal equilibria 123 The first factor 1s
the heat ganed by the finger or toc and the second 1s the heat Jost 133 43¢
Heat may be ganed by a finger or toe from two major sources the
blood and contact with an object or medum warmer than the parc Itis
chiefly warm arterial blood which contributes hear to the finger 1%
Eventually warmed venous blood may also contribute hear both directly
and at umes indirectly by warming artertal blood previously cooled bv
adjacent cold venous blood 1n the venae comites ¥ » Other sources of
intriosic heat are tissue metabolism and the hear of friction produced
by blood moving 1n blood vessels ¥ Under ordinary arcutnstances
both these factors represent a minute feaction of the total heat exchanged
1n the fingernp or toe (p 67) 7 If the skan 15 warmed by contact with
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a warmer external environment heart will be added 1o it from chis sonree 1%
The efficiency of the heat transfer will depend on the effectiveness of
contice specific heat of the environmental substance 1nsulation, 1nd
many orher factors 45 9 19 Iy genera] hquids, such as water, are the
most efficient media for heat transfer Under ordirary conditions how
ever, nearly all the heat of the fingers or toes 1s contribured by the 1rrersal
blood, ¢ 184 and arterial occlusion cawses digital temperature to ap
proach the temperature of the ambient medium

Heat ts lost from the fingers and toes by the nissues themsclves by
radation and by conduction and convection exchanges with the surround
g medtum The rate and extent of this loss depends on the difference
in temperature between the surrounding acmosphere or medium and the
shin 4 €10 Several features of this exchange of hear should be emphasized
Factors, such as conductivity arca, and thickness of skin may influence
the rate of heat exchange 1% 7 Specific heat or heat capacity of the
two substances exchanging heat must be Anown before calortc exchange
can be evaluated quantitatively %7 Since determination of heat capicy
nvolves gravimetric measurement, hnowledge of the specific graviy or
density factor especially of gases, 1s also necessary mn any calculation of
heat exchange ¢ 37 Generally lquids are much more effectine heat
acceptors or donors than gases Another factor 1s the degree of contact
between the shin and the recipient substance «! Liquids are agamn more
effective than gases or solids and the character of surfaces surface tenston
and wetability become significane * Whether the surrounding medium
be as or liqud the factor of jicketing or insulation must alw s be
constdered % 610 Unless the medium 1n which the digit 1s placed crculaces
rapidly 1 jacket of gas or liqud 1s formed the temperacure of which 1s
closer to the temperature of the digtt than to that of the surrounding
medmm #5554 Ir 15 upon such jacheting that the insulatng properties of
clothing depend +*

Another 1mportint factor tn heat loss 1s the evaporation of shin water
or sweat '3 It has been calculated that the evaporation of one gram of
water requires 580 calortes at 33 C ¢ 43 #10 This heat 15 contributed by
the shin as sweat evaporaces and 1s an efficient mechanism for acceleriting
heat loss Evaporative heat loss 1s mnfluenced by the shin temperature
and by the temperature movement and humidity of the surrounding
aic 4+ 349 09 The relattonship of shin temperarure to various phy stologic
and pathologic states 1s represented 1n table 5

The reaction of shin temperature to 1ndirect heaung
i figure 1 It can be seen that only the physiologic range ts shin
temperature parallel to blood flow Above 37 C there 1s no lonser such a
relagonship since the greater the blood flow the greater the shin heat

3ss 357 45 indicated
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for Raynaud s disease couststs of tmmerseng the hands 1 water at 12 to
15 C for 15 minutes to abserve the preseace or absence of blanching of the
smtuersed fingers

Reacerve hypererma appears charactensstically above 37 € and below
1.C and 15 due 10 the release of chemucal substances from the eclls because
o thermal trauma #* ¢ Thes proauces capillary dilatarron from 2
tefenforic standpomirr serving 1o wash away these metaboltres Sweanng,
aud shieening also appeas o the upper and fower of these zones tespee
rvety afthough they are mfluenced more by temperatures of the skin
of the trunk chan by that of the fingers ** 3% 91# They ace moderator
mechamistns rending 10 heep body and shin temperature within the
phystulogic or comfore tange Abave 45 € chermal mjury 1o the shaa, of
prolorped may become sreverstble Such irreversible damage may also
be produced by thermal trauma b low 12 € Atoto ~10C  see crystals
fotm 1n the tissues as a manfestattan of frose bies 24 Shan howeves oy
be supercooled to as Jow as —10 € for short periods of tme without
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Fio 21 —The fesponses obtamned from two normal fingees one of which (L 4) had 1ts circulation
arrested at the proximal interphalangeal jomnt The temp seported arc from the dorsum of distal
phalanx (L 3 and P 3) and provimal phalanx (L 3 and P 1) of the middl¢ finger and from che provimat
phalanx of the ring finger (L 4 and P 1) (Lewss and Pickering 3% courcesy Clinical Sctence )

freezing 34 Necrosis or gangrene may occur 1f 1njury ¢o tissues and destruc
tion of cells 1s extensive enough Arterial capillary and venous thromboses
are usually secondary factors which accelerate the death of ussue 7* **
Skin temperature may be measured 1n a vartety of ways Skin mercur)
thermometers ** 1n use formerly ate not very saasfactory because of
their long lag The most widely used device for measuring shin tempera
ture 15 the thermocouple ¢ The principle of the thermocouple® 4 1s
1llustrated tn figure 22 The point of reference may etther be a cold junc
tton or a standard cell Typical crcuns® for recording with thermo
couples, *4¢ thermopiles *° resistance  thermometers 34 7 thermsters 74
and radiometers ¢ 3¢ are 1llustrated 1 figure 23 The advancages and
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diad antages of varous temperature recording devices¥ have been cata
logued by Burton™ 1z table 6 It should be ponted our however that
the haod can detect temperature dafferences as small as 1 C betwesn twio
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Fio 23E —The schemartc drawing at the top shos s the Speedomax potentiomerer circutt for mea ur
ing temp with th ples Any unbalance between le emf and | ut
put results  current flow through the filter to the converter mpur fran former and amphher The
unbalance signal conserted from d= to a-c and amplificd 15 applted to the control winding f the two-
phasc balancing motor to repositton the slide tre contact and rebalance the circust

The drawing at the bottom shows the Specdomax A-C W heatstone bridge crecure i mea uring

p with Thermohms The shd. are d to mantain the resiseance « f branch
equal tobranch b when the resistance of branch r 15 varied to match the Thermohm and manrain
balance With bridge voltage supplied as indicated any resistance change  the Thermc hm will re ule
102 signal soltage being applicd through the input transformer and amplifier 10 the contral winding of
the balancing motor to eposition the slidewites and rebalance the ctrcwt (Both schemacte cc urtesy of

Leeds & Northrup ¥
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obscrvations actual temperatre esamanion s fikely to be fauley sine 5t
15 condiioned by the tempetature of the observer s hand ¢

Skin semperature measutemen s of hmued chacal value although
useful a5 2 research caat It 1s an indirect and not guantitative measure of
tlood flow and even m the comfare zone the telationship between skhin
wmperature and blood low s probably not kincar © Because of la,
moreorer rapd changes m flon cluding phasse or systolic dmswﬁc
::;::i?::lscf’m‘o: !:lc‘ measured Comparative measarements 1n difereac

“ are dufficule 1o interpret The Gibbon § andss
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test ' however which 1s based on the observations of Lewts and Pick
ering,*s* 1s helpful 1 distinguishing vasospastic from structural vascular
obstructton, although 1t ts not always definttive 1 borderline cases This
test consists of measuring the skin temperatare response of the ten digies
of the upper extremities, as well as those of the lower extreminies to
indirect heating In such tests * 5 1f comparisons are to be made between
individuals, 42 1t ss desirable to know the basal metabolismt 517 and
to maintatn comparable environmental temperature and humidsty al
though the latter factor 1s of far less importance than che tempera
ture #t #13Winsoré#t €28 uses the skin temperature and plethysmographic
responses to heat or to reacttve hy peremia as tests for arteral insufficiency
Such measurements are useful tn such vascular diseases as Raynauds
disease and thromboangus obliterans or after sympathetic block or
sympathectomy ¢ 2 8¢

Compirative measurements of the temperature of contralateral or
1psilateral fingers are feasible thermoelectrically and the results are valid
provided the same room temperarure and humidity 1s mamntained as the
readings ate being made

Weighted shin temperature has been used as a measurement of over all
skin blood flow ¢ 338 58 The validity of such calculations has recently
been challenged s because artersal blood temperature at least m the
pertphery, 1s often lower than st 15 assumed to be from measurement of
rectal temperature ** * Since these shin temperature measurements
1nvolve the skin as a2 whole rather than che fingerups an analysis of this
technic 15 not germane to this monograph

Measurement of blood flow from skin rectal and atmospheric tem
perature data has been proposed by Burton® ' and recently adapred by
Green Perhins and Abernethy °* to the study of peripheral vascular
discases The factors used 1volve Stewarts principle®®® #5¢ but are
applied somewhat differently Blood flow 1s derived as follows

H=C(T-T)
1 which H = heat flow i calories/sq em /second
T = rectal eemperature
T e shin cemperature
and C = parameter
Also H=C(T-T)
in which C = another paramcter
and T = environmental cemperature
Since H = H m the steady state
C(T -T)=C(T -T)
C=T-T
chus ToT_-T " r

¢ which r 15 2 thermal orculation mdex

A nomogram of this index at variable shin rectal and room tempera
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teres 18 presented 1n figure 24 1t 15 to be noted that this 1ndex bears only
an 1ndirect telauonship to blood flow and that this telanonship would be
modificd by sweanng®® and air movement among other facrors When
Green and hus o workers ® use additional assumptions to comvert the
data 1at6 blood flow values these values ate much lower chan those ob-
tamned by more cstablished methods ™7 et They thercfore represeny
only relanive rather than absolate blood flow One of the reasons for this
1 the wreatment of digital shin as a sample of total epidermis withour
coastderias, the speaial functions of the arteriovenous anastomases
Another nherent source of errors* ® 45 the assumption thar recta) rem
perature 15 equivalent to that of the artenial blood (p 69) Despite these
shortcomings this 1ndex may be of |

alue i distingusshing normal from
grossty abnormal esrculation sn the digits
Plethysmograph

The digital Plethysmograph measures changes 1n the volume of the
fingertip or tae There are several types of such instraments 30 s One
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Fia 25A (top) —Diagram of pncumatic system and recording parts of plechysmograph
Fig 25B (botcom) —Diagram of pncumacic system tn recording parts of the plethysmograph shoy n
1nfig 254 (Both figures from Burch 7 courtesy Am Heare ] )

type records changes in sealed awr or water volume surrounding the
pare 77 78 185 an 88 64 53 Apgther translates changes in the i
tensity of transmirted or reflected Iight 1nto volume changes and records
corresponding vartations 7 5 e 8 w1 419 The digital plethys
mograph 1nd oscillometer are the only tnstruments which will record
pulsatile changes 1n the vessels of the fingertip or toe Figures 25 and 26
illustrate the two types of digital plethysmograph Changes 1n volume
of the fingertip as recorded by the digital plethysmograph * are aterib
utable to changes 1n arteriolar tone but may also reflect venous obstruction
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ot congesuion  What 15 more 1t 15 concetvable thar the veloaity of flow
might 1ncrease chrough the fingerup or 10 without necessanly increastng
the volume ! The volume pulse amplitude on the other hand 15 a
fair tndex of changes in blood flow® 35 2 although the relanonstup
1s not very exace®? and may be 1n crror in the presence of such conditions
a3 for example a2osuc snsuficency The form of the pulse wave gives
mformation suntfar to that obtained by the radial pulse wave recorder 10
prezaclectnic sphygmograph ' continvous anersal pressure wave re
corder * and recording oscillometer *¥ The third dertvative of the wave
bles the

of the ball diogram ** % In the presence
of vasoconstricuon changes 1n the dicrotic notch!® or in the form of the

wave are madified more 1n the digit than at the wnst 2 In hypertension
there 15 2 delay 1n the propagauon of the wave from wrist to finger 11
In aortic snsufficiency ¢ systemic arteriovenous 20aSTOWOSIS  Or patent
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ductus artertosus %6 the dicrotic notch moves downward on the descending
limb of the pulse wave In coarctation of the aorta the pulsations ta the
lower extremities are less than 1n the upper and are of a saw tooth char
acter 386

The slope of incteasing volume with venous obstructions ¢ has been
used to measure volume flow 1 the fingertsp (fig 27) '* Venous obstruc
tton 15 usually effected by a pressure cuff 1t the wrist or ankle or by 2
Gaertner capsule '35 Alchough 1n a general way this affords 1n 1ndex of
volume flow 1t 15 subject to several important sources of error 10 115 34 381
Forexample changes i digreal blood flow can be measured calortmetrically
after arterial and venous obstruction 2 #* Typical experiments are
presented graphically 1n figures 28 and 219 The results 1n many expers
ments on upper as well as lower extremities (tables 7 and 8) confirm these
findings ©** It will be scen that venous obstruction for several minutes
decreases blood flow only shightly, and sometimes nor ar all whereas
arterial obstruction reduces blood flow in the fingertip or toe sharply,
although not quite to the zero level 413

Expermments 1n which venous and arterial obstruction are employed
for only 30 seconds or less also reveal less decrease 1n flow during venous
than during arterial obstruction although the differences are less strih
1ng 13 The lag factor of the digital calorimeter, however, 1s approximately
one minute and each of the series of flow determinations made 1n any
subject covers a period of one minute 3 It would therefore be expecred
that such differences as occur with obstruction over a fraction of 2 minute
would be damped to some extent The lower venous pressure 1n the inttial
phase of venous obstruction might also be a damping facror (tables 7
and 8) «*

It 15 apparent from such experiments that prolonged venous obstruction
1s incomplete because of considerable reflux of blood probably via deep
vetns 412 This reflax may occasionally be great enough to accommodate
the rotal influx from the arteries 43 Even with 30 seconds of venous
obstruction all the blood 1s not trapped 1n the finger or roe 42 There 15
no evidence bearing on the first 5 or 1o seconds of venous obstruction
where digteal plethysmographic slopes are usually drawn The calon
mettic lag 1s too great 10 make successful comparisons of flow at such
short intervals +3 It must be potnted out however that reflux of blood
may occur even during this 1mitial phase of obstruction and may produce
2 variable error 1n the measurement of blood flow *** It has also been
demonstrated that at high rates of flow increased pulse volume makes 1t
more difficult to draw accurate digtral plethysmogriphic slopes *** In
contrast, 1t 1s at such high rates of flow that the digital calorimeter
becomes most reliable % In addition to these factors 1t 1s clear that
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reflexes induced psychically
Sy induced gﬁy Iy (Bt 30) or by the very act of venous

therte nerve duschy 2 31) may break through the 1phibyuon of sympa

g alone and fess cammanly by heating
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ductus arteriosus *#¢ the dicrottc notch moves dow nward on the descending
lumb of the pulse wave In coarctatton of the aorta the pulsations in the
lower extremirtes are less than 1n the upper and are of a saw tooth char
acter 386

The slope of increasing volume with venous obstruction® & has been
used to measure volume flow 1n the fingertp (fig 27) ' Venous obstruc
tton 1s usually effected by a pressure cuff at the wrist or ankle or by a
Gaertner capsule 1% Although 1 a general way ths affords an index of
volume flow 1t 15 subject to several important sources of error 10 115 54 34
Forexample changes 1n digital blood flow can be measured calortmetrically
after arterial and venous obstructton 2 ¢3 Typical experiments are
presented graphically i figures 28 and 29 The results 1a many expers
ments on upper as well as lower extremities (tables 7 and 8) confirm these
findings *** It w1ll be seen that venous obstruction for several minutes
decreases blood flow only slightly and sometimes not at all, whereas,
artertal obstruction reduces blood flow n the fingertp or toe sharply
although not quite to the zero level +12

Expertments, 1n which venous and artertal obstruction are employed
for only 30 seconds or less also reveal less decrease 1n flow during venous
than during arterial obstruction, although the differcnces are less strik
1ng *#1* The lag factor of the digteal calorimeter, however, 15 approximately
one minute and each of the series of flow determinations made 1n any
subject covers a pertod of one minute 43 It would therefore be expected
that such differences as occur with obstruction over a fraction of a minute
would be damped to some extent The lower venous pressure 1n the miual
phase of venous obstructton might also be a dampng factor (tables 7
and §)

It 1s apparent from such experments that prolonged venous obstruction
1s tncomplete because of considerable reflux of blood probably via deep
veins 412 This reflux may occastonally be grear enough to accommodate
the total influx from the arteries ¢ Even with 30 scconds of venous
obstruction all the blood 1s not trapped 1n the finger or toe 2 There 1s
no evidence bearing on the first § or 1o seconds of venous obstruction
where digital plethysmographic slopes are usually drawn The calori
metric lag 1s too great 1o make successful comparisons of flow at such
short intervals #'3 It must be pointed out however that reflux of blood
may occur even during this imtial phase of obstruction and may produce
2 vartable error i the measurement of blood flow *'* It has also been
demonstrated that at high rates of flow increased pulse volume makes 1t
more difficult to draw accurate digital plethysmographic slopes ** In
contrast 1t 1s at such high rates of flow that the digital calorimeter
becomes most rehable 417 In additron co chese factors 1t ts clear that
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Fo 28 Crop left) —The effece of arterial ocel sio0 ond gital blood flow (soc)
Fio 29 (10p 1 ghe) ~—The cfiect of venous ouclus o on dug tal blood fow (toc)
Fo 30 (botcom Jeft) —The effect of p ychic sumult on digal blood flow (toc)

Fo 3 (bote m r1ght) —Reflex va ocomstnctian produced by venous occlusion (Figs 28 30 from
Mendlowttz Tourck and Abdl  courtesy ] Cln Investigation)

1n figures 32 and 33 plethysmographic records of various rypes'ss
iltustrate the effece of drugs ' 1% ™ the effect of changes 1n environ

mental temperature 11 1 1w W of emonon and of sympathene
nerve blach ¥ on the digital circulation

Oscillometer

Elecrromc and recording oscillometers™® ®? 3 31 AW 30 have re
cently been developed and adapted for studying digieal as well as brachial

pulse waves A photograph and diagram of such an ostrument® s
presented 1n hgure 34 The mcreased sensitviry of the instrument often
introduces base line arcefacts but continuous tracings of mayor and dicronc
waves can be canily recorded’™ (fig 35) The digreal systolic and diastolic
pressure can be measured objectively with this wnsttument within the
himitattons of all such methods (p 47) Changes 11 the dicrotic waves
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Tanis 8 =Tk Effct of Venous Obstractson on Dugstal Blood Flow (Mendlousry Toursff and AbI™?)

Time of ob- Tlow before ob | Lowest flow dur Flow after ob aum m
Digit struction truction 1ng obstruction, struction per cent change

{mun } {ce /s em /min ) | (cc/sqem /mn ) | {ce fsq cm /min) 1n flow
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vartery of phystologic stmuli™ * and drugs ' 1 " Wavc like changes

1n pulse amplitude tllustrate™ (fig 5) the sensitivaty of the digital circula
t10n to vartous ¢yclic sttmuls including resprration
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below base line with releasc of pressure (Goeez  courtesy Am Heart J )

Fie 32B (middle) —The effect of 1wfusion of dihyd on the p
flow of the first right toe 1n the normal subjece Note the change 1n the hetght of pul ¢ volume

Fio 32C (botcom) —Venous congeseron tests €o demonsrrate che merea ¢ n arterial mflow cau ed by
an ntramuscular njection of priscol 1n 2 normal subjece (Figs 31B and C from Goeez 1 caurtesy The

Williams and Wilkis Co )

pheral blood

are stmular to those scen with the plethysmograph'*¢ and other pulse
wave recorders

Calorsmeter

The calorsmetric method for measuring blood flow was introduced
1911 by G N Stewart *v 24 This method w1s based on the following
principle If the total caloric output of a hand 15 measured and the arterto-
venous temperature difference 1s hnown the rmouat of blood flowing
through the hand can be computed by dividing the calories by the arterio
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Tn
aplet mw hich heat cather than oxygen cxdcb ms:m\mm 1o masore
bood flow A calonimerer was canstructeo D} o acceral blood was
the catoric owput of the hand The semperature of the art .
assumed to be dennical with moutht temperamure and 1f the tempera
of the calormeter were set from 5 0 15 C lawer than mouth tempesa

1 ¢ was constdesed identical with
tre average calonmerer temperaur L
vengas blood remperature Thus tmphied that 2t the blood passing throug
the hand was efectively cooled to the temperature of the calonimeter

In 3.7 Harns and Matvin®* measured the temperarure of the verous
hlood ar the wrsst duseetly and found that 1t &id not correspand W th
the caorsmeter temperature but could 1 face be several cenugrade de
¢r es hagher probably because of uncooled blood from the deeper tissues
Stewart s prineiple®® was also chalicnped by Sheard*> on phy sical
grounds  Reggerers 1 1926 % tried to smprove the hand calorumetsic
method by expressiag blood flow per umt of surface rather than volume
The hand calorimeter was subsequently employed only sporadcally s32 4%
Pickestng 1 1636 us~d 5¢ 0 measure maximum heat climination in
hypertension He considered these values 10 be proportsonal to blood
flow In 1938 Mendlowuz!® wsed the hand calorimeter m the same way
w2 study of clubbed fiagers The apparatus has been modified tecenthy
by using flow calonmerry ¥ 8 % and the adbatic pnnaple nt W
Stewart s pnntole® * was also employed 10 1938 by Hards and Soder
strom? % to measure average shan blood flow quanutastiely These wothers
assurned moush or rectal temperatnre to sepresent that of the arrenial
blood and average shin temperature to be equal 1o that of the venous
blood They computed bloed flow per unit surface area under fixed con
dutons of room temperature rest and covering bur withour complete
vasodilaation A modificanion of the same principle was used by Burton®®
and later by Green et al 0 10 measure fingertip blood flow from shan
temmperarure data (p §2)

In 1938 Mendlowiez®® constructed 3 calotmeter to measuee the heat
output of the fingertip and 11 1541% ehis mechod was fousd adapuable 1o
the measurement of blood flow rather chan heat ehimmanion All measure
ments were done at heart lesel® afees co mplets vasodilatation by s

direce heating Because of tts narrow notmal range of vartation this
technie was successfully used 1o st

dy hemodypame chan
es 10 clubbed
(\n‘gtrs PP Rypertension B toronaty occlusmi ®  anemua
¥
%)I)c;th:mxa ' #2and vaniows peripheral vascular discascs #3 ®1 401 ¢ 5
e digital ealotimetnic method 1s none the dess also nd
assumptions molyed et
Tt e m\m:c subjected 10 searching crirical analysis
Orimeter
(Bigs 36and 17) consists of o polished aluminum
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Fio 34 —Dragram of electronic recording oscillometer (Lax and Feinberg 3 Reproduced with
authors permission )

Fic 35 —Recording electronic osallometer 1o u ¢ (Lax and Femnberg % reproduced with authors

permission)
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senous temperatute difference In effect this 1s 2 perpheral Fick prin
aplets* 1a which heatrather than oxy gen exchange 1s utihized for measuring
blood flow A calorsmerer was constructed by Stewarg>s® +*! 1o measure
the calorsc output of the hand The temperature of the arterial blood was
assumed to be 1dentical with mouth temperacure and 1f the temperature
of the calorimeter were set from 5 t0 15 C lower than mouth tempera
ture average calorimeter femperature was considered 1dentical with
\enous blood temperature This 1mplied chat all the blood passing through
the hand was cfiectively cooled to the temperature of the calorimeter

In 197 Haens and Marvin ** measured the temperature of the venous
blood at the wrist directly and found that 1t did not correspond wich
the calorimeter temperature but could n face be several centsgrade de
geees hugher probably because of uncooled blood from the deeper tissues
Stewart s principle®s? was also challenged by Sheard*'* on physical
grounds  Reggerets 1n 1926 % tned to mmprorve the hand calorimerric
method by expressing bload flow per unit of sutface rather than volume
The hand calorimeter was subscquently employed oaly sparadically bt
Pickerig tn 1936*" used 1t 1o measure maximum heat eliminanion in
hypertenston  He considered these values to be proportional to blood
flow In 1938 Mendiowitz?* used the hand calorimeter in the same way
1 a study of clubbed fingers The apparatus has been modified recently
by using flow calorimetry ™ #2 ¢ and the admbatic princeple ¢ 2
Stewart s prnciple®™ was also employed 1 1938 by Hardy and Soder
strom * to measure average shan blood flow quantitaunely These workers
;;:?d :{nomh or rectal temperature to represent that of the arterial
Hlood a;hca\:;:f: :k(;nb;cmpcramrc to be equal to that of the venous
drctons of i”oom l::lnf ood flow per unit surface area under fixed con
i perature rest and covermng buc without complete
tatton A modification of the same principle was used by Burton®

and later by Green et al 9 to measure fingertip blood Ml }; iy
tct;IPcrA(ur: data (p 52) gertip blood flow from shin
om‘; :?i?!i{:?‘ili:f:‘ﬂ“’ dtonstmclcd a calonimerter to measure the heat
BEXUP A0C 30 19413 this method was found adaptable o

the measurement of bl

00d flow rather tha

0 heat elimun:

ments were done at heary leyel oacean

ey e done a after complete vasodilatation by 1
e heas g avse of 1ts narrow normal range of varaton rths
P s“iuc‘c‘cssfully used 1o scudy hemody namic changes 1n clubbed
— Vpertension 2 298 400 coropary occlusion »
e e on anemia
iy z‘g““[ cam“m::::i:\:mo:s{f:nphcralvasmlardxs:ns:s 302 04 e
method 15 none
sssumprions smveleed s the less also ndirect and the
The prest oo p 3 Sué]tctcd 10 searching critical analysis
55 36 2nd [«
37) consists of a polished aluminum
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Fro 36 —Calortmerer for the finger (Mendlowitz 9 modified courtesy Clinical Suience )

cup filled with water and surrounded by broken cork 1n a large wooden
box *7 The cup 1s covered tightly by a rubber membrane with apertures
for 1 sturrer Bechmann thermometer air vent and the fingertp or great
toe ¥ The apertures are designed to prevent leakage of water and to
awvord contace between the digee and chermometer strcrer or tnaer side
of the cup 7 The fingertip calorimeter holds approximately 100 c¢ and
the grear toe calormmeter oo c¢ of water ¥ The stirrer may be 1 glass
rod with 1 horizontal metal loop designed for up and down hand stirring
or an electric rotary or electromagnetc sturrer An ur vent via a small
glass tube has also been found useful to prevent spattering of water
around the stirring jacker %7

Blood flow 1s usually measured wich this calorimeter after vasodilatation
by indirect heating * 346 This may be achieved by a specral electric
blanket %7 an electric bulb cradle baker 7 1 diathermy apparatus 397
an electrically heated sleeve 7 or a stirred arm water bith maintaned
at 45 C *** Maximum vasodilatation 1n the hand 1s usually heralded by
the onset of sweating and reaches a plareau after from 20 to 30 minutes
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Fio 3 —Calor Mecer for chetoe & ~ 2 wood abox consatningbroken cork T = a layer of absorb
entc tion C = rubber membrane fixed to th lip of the cup by 2 rubber b od D = water 10 the pol
whed alum 1 m calo Meter cop the vol me of which 15 200 cc for the toe and sao e for the digital

¢ lor mete E = Beckman thermometer F = glass sumngrod G == ¢ bber co ered ghass slecve H =
motor /M ndlos tzand Abel  ? courte y Grone & St tron )

of heating ** For the toe 45 to go minutes of heating may be required *2
Maximum vasodilatation 1n the toe may also be achieved by indirect
heaung tor yo minutes supplemented by the intravenous adminsstration
ot 300 to0 500 mg of tetracthylammontum chloride or 0 8 mg /hg of SC
1950 *°* That vasodslatation 1 the upper extremity 1s complete after 1n
direct heating was demonstrated by Arnott and Macfie ** These workers
could not after indsrect heating 1ncrease heat eltminanion from the fifth
fingerup measured calortmetrically by procaine block of the uloar nerve
We have also been unable to demonstrate an increase 1n blood flow 10 the
shin of the great toe after spinal anesthesia over that produced by 1ndirect
}(u:au;g “S'upp)cm:n(cd by intravenous tetracthylammonum chloside
pr

Blood flow 15 computed from the formula s

(o £a0m + 6
R [}
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where Q = blood flow in cc /sq cm /minute
Aty = rise an temperatute of calortmeter 1n centigrade degrees per minute with the
fingertip or toe 1nserred
At = fall 1 temperature p r minute 1n centigrade degrees due to the difference beewcen
czlorumecer and roam cemperature  cork replacing the finger tip or toc
m = volume of weighe of water in the cup
¢ = hydrothermic equivalent of the cup thermometer bulb mercury the metal i
any of the sutecr and the finger t1p or toe
specific heat of the blood
sp cific gravity of th blood
surface area of the finger tp or to 1 sq cm
ta = temperaturc of arterral blood (mouth temp rature minus 07 C)
£, = temperature of venous blood (ayerage calotimeter temperature)

Analysis of the numerator of this formula tndicates that 1t represents
the gram calortes per munute elaborated by the fingerttp or toe * This 1s
computed by multrply ing the total rise 1n temperature perminute(At, + At )
by the volume and hence weighe of the water 1n the cup to which 15
added the water equivalent of both the calorimeter and the fingertp or
toe The observed rise 1n temperature of the calorimeter with the digit
tnserted Aty 1s actually the total heat output of the finger mmnus the
fall 1n temperature, At , due to the difference between room and calorimeter
temperature The latter 1s measured by substituting a cork for the fingerup
or toe %7

There are several sources of potentsal error 1n this arringement each
of which will be considered 1n detail Sheard potnted out tn 19261% that the
variable factors of conductivity coeffictent and thickness of skin could
produce 1 variable lag 1n transfer of heat from the tissues to the calorimeter
In actual practice, readings are not made until the rise 1 temperature per
minute 15 fairly constante 37 For the first few minutes the readings are often
too high due to the loss of retained heat from the fingertip or toe to the
calorimeter # When the readings become constant over a period of from
5 to 10 minutes 1t 1s clear that the lag at the beginning will be neutralized
at the end of the period of observation ¥7 The rise i temperature over
this pertod of time (5 to 10 minutes) must be relatively small chat 1s
1 C orless ¥ It 1s only when the temperature change ts small that the
readings are constant If the calonmeter temperature rapidly approached
that of the arterial blood the rise 1 temperature per minute would de
crease rapidly and the lag factor mght introduce some error #7 The
calorimeters for both the toc and fingertip are so designed therefore as
to heep the fise n temperature over the period of observation below 1 C
and usually Jess than o5 C #7

The heat of stirring may also be a posstble source of error If the rate
of stirring 1s constant 1t can be demonstrated that the surring facror 1s

cancelled 7
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3 = heat of surming
’ b = tempra 1€ s15¢ T W n0ed caused by the digiral circulation

d
an{ = teat lost by the calormerer et e te due to the differen € betwern eslonmere 30
Fo0m KIRpeT3ETE
hen
sy=ath
Ay=toa
and beace

3t 3¢ = boh¢ thebaarof surnag 2 having feen cancelied

Conducaon of heat from the finger above the immersed segment 0t
the calotimeter 18 a potential source of error especsally af 1t 15 vanable
The tempetature differennal however 15 small ¢ and heat conducred
downward from the usses abave the calorimerrt has been caleulated

and found neghgible Vamabiliny of conducnon aad radiauon of heat
from the cal 1 d by

a relatively constant
coom temperature and bumidity duting both phases of the procedure #7

It 1s assamed 1 the tormula for measuning blood flow thar afl che
beat claborated Dy the fingerup or toe 15 cantebuted by the artenial
blood ¥ This assumpeton would be 1nvahd of agy significant amount of
hewt were added to the blood a5 1t passed cheough the digw There are
two possible sources of such heac metabalsm and fnenon The heat
produced by frictonal resistance to blood flow ean be caleulated o be a
munute and neghigible fractton of the yosal caloric outpuc of the finger
ap W

Metabeke heac of a fiogerup may be esumated as follows™” The
calonific value of oxygen at a respiratory quotient of o 82 15 4 825 hy
per Jiter ™ The oxygen consumptson of a middle aged y0 hg male 152
an tall 15 238 ¢ per minure ** The oumber of calones claborated per
mnute by such 2 man womld rhercfore be o 238 1mes 4825 or 1348 calonies
The calone oapae par G of assue would be 114817c 000 or abour
aon cafories Since an average fingerap werghs § Gm the metabolic hear
woutd be about © 1o calories whereas the usual cajorsc output of the
fingertp 1n 3 blood flow & ¢ rmrmanon 15 abour 25 calonies ™ The zctuyal
contribuvion of metabolic heat 15 probably even less than ndsated by
these averages ance the tetabolum of the us we of 4 digne 15 welatively

fow 1n compaceson with that of muscle ar glandular ussue ¥ Stace the
blood flow 15 usnally Jower per unie of giss

ue 10 the roe than 1 the
e per ertage contribunon of metabolism 1s greater bur sn{l{ui:s':p
wificans 7 To rest these calculations che caloric outpur of che fin cmg
and the were mazasured with occladiag cuffs on M upper arm \vns% anﬁ
wnger or on the ankle and roe 7 47 \fyg tple caffs were necessa
18 ur che absence of collateral flow via the nutrient vessels of the bonrc); fﬁ,



68 DIGITAL CIRCULATION

Collateral bone flow could not be completely eliminated if the vessels of
the digir were dilared 412

The weight, m, of the water n the cup 1s obtatned by measuring 1ts
volume *7 In the temperatute range at which the calorimeter 15 matm
tained the speaific gravity of water 1s such that conversion of volume
to weight 15 valid The slight addition to this contributed by sweat 1s
within the experimental error of water volume measurement %7

The factor, e, may be approximated 7 as the sum of the water equiv alents
of the calorimeter cup (weight of the cup X the specific heat of aluminum),
the thermometer mercury (obtained by multiplying the volume of mercury
1 the bulb by 1ts spectfic gravity and then by 1ts spectfic heat) and the
digit (the volume of the digit X o 8, the product of ussue specfic heat
and specific gravity) The water equtvalent of the glass of the stirrer and
thermometer 1s small enough to be ignored Another minor source of
error s 1ntroduced by substituting a cork for the digit 1n the measurement
of At , the specific heat and gravity of cork betng different from that of
tissue 37 These errors can be seen to be insigntficant from the fact that
the total ¢ for the finger 1s approumtely 10 cc (volume of water 100¢c)
and for the toe approximately 25 cc (volume of water 200 cc) Even 2
50 per cent error 10 ¢ would represent only a § percent error 1n flow *?

The denominator 1n the formula for measuring blood flow contains the
factors necessary for the conversion of gram calortes per munute 1nfo
volume flow The number of degrees of temperature each gram of blood
loses as 1t passes through the digir 1s equal to the number of calortes
delivered to the calortmeter except as modified by the spectfic heat of
blood 37 If therefore the number of calortes elaborated per minute 15
known the number of grams flowing through the fingertsp can be calcu
lated by dividing by the arteriovenous temperature difference and the
specific heat of blood 36 The flow 1s now expressed tn grams per minutc
To convert to cubic centimeters per minute further division by the specific
gravity of the blood must be made and ro convert to cubic centimeters
per square cenuumeter per minute the final flow in cubic centimeters must
be divided by the total area of the immersed portion of the digte 1n square
centimeters **7

If the plasma protein concentraton 1s assumed to be normal both
speatfic heat and specific gravity of blood can be calculated from the
hematocrit by interpolation from the known specific heat and gravity
of plasma and cells ®¢ %7 Comparison between actual and calculated
specific heat 15 shown in table g ¢ Only extreme deviattons from the
gormal plasma proteins are suffictent to modify the product of specific
heat and gravity signsficantly 37 The relauonship between hematocrit
spectfic het speutfic gravity and the product of the latrer two 15 pre

sented 1n table 1o **7
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Tt should be pornted out that after vasodilatatton by |rlxldlrccr );‘:anlnlz
nearly all the bood flowing shrough the digit especal )‘at s c‘( ‘[:’
Traverses the subcutaneous arter1ovenous anastomoses of go“\:f::1 Th
Capillary blood flow in the fingertp s also chiefly surfac:nﬂo“ 3
vasculasity depth variable therefore emphasized by Sheard®* 1n criticism
of the hand calommeter does not apply to the fiagertp ¥ Both Sheardsis
20d heggerets®™ also 4 that heat ¢ 15 2 funcuion of
surface atea rather than volume and ths apphies to the digte as well as
the hand *7 Blood flow 10 our studies has therefore always been expressed
i terms of the area of the mmersed portion of the toe ot fingerup
To determupe the area of the immersed digit the level of ymmersson 13
marked wath ik Since the number of glomera per squire centimeter
decreases from the distal to the proximal portion of the digie 1e 15 tm
portant tn successive blood flow determinauons as well as ta camparatine
dererminanons 10 fix the level of immersion at the distal crease ¥ Afier
the ¥ vel 15 marked the 1mmersed poruon of the digit 15 covered with
rectangular sirips of adhesive tape cur to sizes calculated to produce
smooth hrung and these are subscquent]y measured With experience
crror due to nperfect fitting becomes negligible ®7 Alchough area may

be esumated from digital volume ¢ direct measurement 15 more ac
corare **

The temperature of the digizal artertal bood 2s 1t reaches the fingerp
ar toc 15 represented by t; The assumpeon that mouth or rectal tempera
ture 15 dentical with that of artersal blood bas recently been challenged by
Bazere Love Newton Eisenberg Day and Forster ¢ Wath cooling and

consequent vasoconstriction  these workers demonstrated a decrease 10
arterial blood temperature to a5 lon as 20 C The effect 15 produced b
cold blood 1n the venze comites adjaent 1o the arteries B 3 Thcs)c
observauons 1avalidate any dersvation of blood flow from calonmetric
data obtaned from cold shan This scludes G N Stewarts hand
wlonmerer ** Hardy and Soderstrom s method®** for the der

of tora} skin blood flow S and

o ol shi and s modification by H G Stewart and

ans and also the digyral calorimeres 1 w7 Calorimetric measure

me;

- nt of digral dioaa flow however has always been carned out only
ter camplete inhsbiton of sympathetic disc

harge by indirect heat #r
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Tasre 1o —The Specsfic Hear Speesfic Gfﬂl'llj and Thesr Product as Caleslated from Hematorsts

(Mendlowurz37)

Hematocnt (volumetric) Speafs heat Specy Gravty Factr
10 523 1 o34 95
1 911 1 034 95
1 918 1 03§ 95
13 917 1 036 ot
4 916 1 037 95
135 914 1 038 95
16 913 1 038 95
i e 1 039 95
18 91t 1 040 9
19 909 1 041 95
10 906 1 o4z 94
1 904 1o 94
11 g0t 1 043 94
23 900 1 044 94
24 Bgg 1 045 94
25 897 1 046 94
26 895 1 046 94
27 893 1 047 94
28 892 1 048 93
19 890 1 048 93
30 889 1 049 93
3t 887 1 050 93
3z 885 1 o051 93
3 884 1 o5z 93
34 882 1 o5 93
3s 880 t 033 93
36 878 1 054 9L
37 877 1 053 9
38 874 1 056 9.
39 873 1 056 9t
40 872 1 057 9t
41 871 1 058 9t
ey 869 1 059 9
43 867 1 obo 9
44 865 1 obo 9
45 864 1 o6t 9z
46 862 1 obr 92
47 861 1 063 9
b b e : e

14
ps 835 e | o
st 854 1 066 | 9:
52 852 1 067 | 9!
53 851 1 068 9'
53 848 1 068 o
53 846 1 oy N
56 845 1 070 90
57 844 1071 %
8 843 1 o7t 90
59 841 1 071 &
[ 839 1073 90
6t 838 1o4 90
G 9 | Loy o
23 53 | 1 o076 %
65 831 1 o7§ 39
& 830 1o | g
& 828 1 o078 | 8
68 816 1 079 39
69 825 ‘ 1 ofe 89
- 814 1 081 9
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Tc therefore becomes tmportant o determine whether mouth or rectal
temperature and arterial blood temperature can be considered equnalent
under these condimons After indirece heatng the difference between
mouth and rectal temperzture becomes smaller and mouth temperarure
fess variable than 1c 15 ordinanly 7 Bazett found radial areensal blood
emperature after vasodilacation by 1ndirect heating to be abour 16 § C
This was contirmed 1n five obsetvations of artenial blood temperatute
measured with a needle thermocouple 1nserted 1nto the radsal arrery afrer
priot wfiftravion with procane ¥7 These temperatures obtamed afrer
tndirect heatiag ase d with mouth temperatures 40 table 11 37
QOn the basts of these tesults 1 18 recommended shat arterial blood tem
perature o be considered equivalent to mouth temperature miaus 0 7 C 7
This would have the effect of shufung both normal 2nd abnormal prior
readings upward about 11 per cent ¥

An mdirecy test of the effect of cold venous blood on arterial blood
temperature was carrt~d oue by measuning blood fow at vary g calorimeter
temperatures in the same subjece the arreuldtion having been stabrlized by
tndsrect heatng * The good correspondence of the results (eable 1)

Taeio 3= The D florrc 5 B J Flew ot Loww Compared  1h H gh Cale e T mier e 5
Mendloy sy 30y
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Peoa A s Duagaos z:'.":w e ‘( for 1wl
. ' ) \ = k) 1‘ =
— R UG S R I
WLk )
u 3L Ho 0w | 020 | 8ol e |4oom
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Taste 10 —The Specsfic Hear Specsfic Gravazy and Thesr Produss as Caleslared from Hematarits
(Mendlow )

Hematocnt (volumetric) Speaific beat Speofic Cranity Factor
10 923 1 o34 9%
1 921 1 034 95
1z 918 1 03§ 95
13 917 1 036 95
14 916 1 037 95
1s 914 1038 95
16 913 1 038 95
17 912 1 039 95
18 9rr 1 030 35
19 909 1 041 95
20 906 1 o4 94
211 904 1 041 H
22 o1 1oy 94
23 900 1044 94
24 859 104 94
S 897 1 046 94
26 895 1 046 94
27 893 T o4y 94
18 892 1 048 9
29 850 1 0s8 93
30 88y 1 049 9
3z 887 1 050 93
31 885 1 031 93
13 834 1 052 93
33 88z 1 o§z 93
33 880 1 053 9
36 878 1054 9
37 877 1 055 9
38 874 1 056 9
H $73 1 056 9
40 872 1 057 9
e 871 1 038 9
§ 869 1 059 9
43 867 1 ofo 92
44 865 1 ofa 9
s 864 1 061 ‘ 9
46 862 1 obr 9
47 861 1 ob3 9
b4 859 1 o4 | 9t
e 857 1 obs 9t

855 1 06 I 9t
i s 1 o6d 9
5t 54

852 1 oy 9t
5 851 ) 1 068 91
53 J4H | 1 068 91
54 ! she © o6 9
53 o 2
6 ' 845 i 1070 90
3 | 841 1 o 90
37 843 o 90
§§ ! Fatd 3 om \ 50
& | = s S -

,

& ) 515 1 o075 yo
61 5 Lo %
€3 B 1 o6 90
64 bl t om 50
& H I 078 39
- 818 | 1 078 g
¢ 826 1 079 89
68 1 o% 89
&9 S T o1 33
70 24 I A —
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presumably from the deeper mssucs of the finger Stnce the number of
Arteriovenots anastomoses pet umt of tissue increases from che base o
the tp of the finger and the rauo of surface area to volutne 2150 wncreases
1t ywas reasoned that if the temperatare of venous blood could be measured
2 st 1ssucd from the ymmersed terminal phalanx the blood cooled 1o the
rempesagnre of the calorsmerer would approximate 100 pes cent What 13
more blood flow 15 expressed 1n terms of surface rathes than volume
and surface coolng 15 certamnly efficient ¥ The validiry of constdering

average calonimeter temperature equal to that of the venous blood 1s
hence considered bt liched 37

Although the over all probable error of the procedure cannor be measured
exacely 1t 15 undoubredly small ¥ Repeated measurements 1n the same
subjece vary very ltle and are often identical The normal range of
varation 15 02§ to 038 ¢c /sq ¢m ;munute for the fingerup and o 15
W 029 ¢¢ §q cm /minute for the toe ¥ 1 4 Deyiaaions from the
nogmal are seldom obscured by overlapping because of the narrowness of
thss normal range The aocmal cange for the finger has recently been
confirmed by Capnighone and Duque » The correct factors for spectfic
heat and spearfic gravity and the artertal temperature correcnon male
therr range almost exactly the same as that of Mendlowirz

Greenhield et al hase desised an adiabatic dugeal calortmeter (hg
197) thus guying the tastrument mote range for physiologic studies »*
They weee able 1o demonstrate ditect and axone reflex vasodilata

uoay® B M wach tagh blood flow values even when the digit was
mmersed wn very cold warer % % W om me 4¢ dow Jevels of tempera
wre however the porennal errors of the technic 1ncrease and oae can
oafy sprak of esumarted rather than acryal blood flow v A recording
caformeter electromagnencally surred and compensated for hear loss
@ the atmosphere by a resiseance wire was troduced by Mendlowisz
(B 355 O ™ ¥ this calonmeter 15 gven adequace range by a cool

svstem the eleatne carrent necded 2o keep che instrument h me
can be recorded o5 blood flow eotherme
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SKIN TEMP 1IN DEGREES CENTISRADE
Fic 38 —@ = Direct radial arterral blood b d from oral P and
ploteed agarase average digial skin temperatures
A = Indirect digiral arterial blood temperatures subtracted from oral temperatures and
plotted against average digical skin temperatures
Abose a skin temperature of 25 C  the average deviation of direce radial artersal blood temperature
from oral temperature 15 —0 6 C and of indirect digseal arterial blood temperatures —o 5 C (Eurman
and Mendlowitz 1% courtesy ] Applied Physiol )

mndicates that after release of sy mpathetic vasomoror tone cooling of digt
tal arterial blood by blood of variable coolness 1n the digital veins 1s un
important as a source of error 1n this technic *7 It 15 posstble however
that at low digital flow levels, the temperature of the arterial blood
decreases to a point where the actual flows are higher than repre
sented by calortmetric data 44 If variations 1n the temperature of arterial
blood can be defined by shin temperature measurements more ccurate
calorimetric flow readings at low rates of flow may be obtained
(g 38) '

The temperature of the venous blood ¢, s taken to be 1dentrcal with
the average calorimeter temperature over the pertod during which heat
output 1s measured ¥7 This 1s usually 5 munutes more or less and over
a range of from o5 to 10 C Calorimeter temperacure should be Aepe
below 30 C to 2vord direct heat vasodilatation ¢ In 1942 the validity
for the fingertp of Harris and Marvin s +* criticism of the Stewart method
for the handss? was tested by measuring venous blood temperature after
vasodilatation (table 13) ® A needle thermocouple was nserted mto a
vein at the base of a finger immersed completely 1n a stirred calortmeter
It was found that approximately go per cent of che blood w1s cooled to
the temperature of the calorimeter the remaining 1o per cent comung
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Fio 39B—Dt gram of record g digital calonmerer (Mendlowsta %)

\ = cable ole geconsol T = step down wransformer A v milluammerer R = recorder (Leedse
N rihcup #6 452) T = gl twbe M = rubber membrane Ro = rybber band Th = platinum
e stam © thermomeser ta Beckmann thermon vt <an be sub tcused of no secord 18 coqueed) % =
fes tncew eenshe thed o polyethylens tobiag B = plastic ¢ fringbar D= sihered evacuared double
w lied gl calo met £ ¢ pcontaintng water Cemented to the cup 1s 2 facsal sheath only the edge of

Wheh ta ds o the cork slab bencath A clampand og 1 nd aot hovn in the dragram hold the unit
N ce v the sarrer C = ¢ ricslab St = electfo magneuc nrter (lasge)

appearance of a color change 1n the digit may be measured *** The degree
ot functional digiral vasoconstriction will introduce great vanations in
results obrawned by chis technic ** It has some applicavon to the deter

mination of refative viabihity of tssues when the question of amputation
15 under consideration

The rate of disappearance of radiosodium from tissues 1s 10 3 sense a
$ miquantitative measure of the capiifary circulatory rate ¥ *3 bat
the correlation 15 probably marred by anything changing the rate of
diffusion from tissues o capilaries other than merease or decrease 1n
blood flow * This rechnic 15 also useful 1n estimating viabihity of tissues

bur 15 rarely wsed s the digts The hustamine flare?® ®% %% angd the
sahine wheal absorprion teses!ot 6 38

32 are also rarely used to demon
serate the wntegnty of digieal capillary circulation despate ther usefulness
10 other pasts of the extremity
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cm
Fi6 39 A —Adabatic digital calortmeter (Greenfield and Shepherd #2 courtesy Clinical Science )

Miscellaneous

There are several other technics for esttmaring digiral circulation some
of which are semiquantitative ind many of which are better suited to
measuring changes 1 parts of the circulation other than n the digits
A radioactive substance or fluorescin for example may be injected into

an artery or vemn and the time for 1ts appearance 1n the tssues of the digie

may be recorded? ® 3% ¢! or the tme between breath holding and the
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Fio 498 —Diag am of recording dig tal calonimeter (Mendlosicz

V= 2 uble oluige contral T = cep down seansformer A = mylliammetee R = recorder Ueeds
Northe p ¥61 g52) Tu = gla € b M =~ rubber membrane Ru = rubbét band Th = platioum
¢ tance theemomerer (a Beckmann thermometer can be b tiruted if no record (s requured) W =
¢ tancewirecmsbehed n polyethylenc rubiog B i stic st rrngbar D = silvercdesacuated double

]

walled glass calor meter eup co ¢ o g water Cemented to the cup 15 a Metal sheath only the edge of

which t d on the cork ) b beneach A clarup and ring stand not shown m the diag am h>1d the wnit
wl e nehesumer €= cokslab St = elecero magacuc ¢ rrer (large)

appearance of a color change i the digit may be measured *** The degree
of functional digstal vasoconstriction will introduce great variations n
results obtaned by this technic ' It has some application to the deter
minatton of relative viabihty of tissues when the question of amputation
1s under constderation

The rate of disappearance of radiosodium from ussues 15 1n a sense a
semiquantitative measure of the capillary casculatory rate 0 43 bue
;h; correlation 15 probably marred by anything changing the ratc of
bxlozznar;‘f,m:\’;;‘ssucs ‘:o capillaties other than increase or decrease 1n
P ts technic 1s al 6 useful 1n estimaung viability of ussues

s rarely used 1n the digits The histamine flare?$ 814 818 apd the
saline wh 1 absorption rests1os 26 181 852 0¢ 2100 rarely used to demon

steate the integnity of &
igieal capsllary circulavion despite their us
efuln
tn other parts of the exer micy ’ ~
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Fic 35C —A typical record of digital calormetry (Mendlowez$0t)

DIGITAL VASCULAR RESISTANCE AND INTRAVASCULAR
BLOOD VISCOSITY

Peripheral resistance has 1n the past been measured by dividing pressure
by flow and mulciplying this value by a constant * This constant 1ncludes
the so called viscostty factor and carries the tmplication that with un
changed resistance the relationship between pressure and flow with vary
1ng pressures s rectdinear It has however been demonstrated by many
worhkers that especially 1n small blood vessels this relationship may not
be represented by 4 straight line @ 5 96 518 It has also been found
that apparent viscosity®® may not be a constant ** bur may change with
changes 1n velociry ¢ 6% 4% 10 caliber of the perfused vessels ** and
1n the temperature!3* %88 and nature of the perfusate *% ° In 1951®
Mendlow1tz studied the pressure flow relationship in the digital circula
tion 10 an attempt to separate the various factors 1n the pertpheral resist
ance 1n order to compare the abnormal with the normal circulation

If the vascular bed of a dogs leg 1s perfused with Ringer s solution
or plasma the relationship between pressure and flow 1s reculinear ©°
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lasons
1§ senous pressute 3§ subtraceed from artertal pressore u; the c?XS: v
2 measere neplected by earher & othere 400 the seeaight line m]cc ;};t e
p ~ssure @15 2t OF Deas exQ Pawscutlle s law 56 15 then 2pphica
e
sormusa bew ope o
Q=3

nwhich Q1 the volume flow n cc fsccond P the men mc:ﬁl I‘S":i“;‘f
ags the Venous pressuse comverted 1ato dynes/sq e T the rads ,

(he ok m cm  § the fenprh of the tube 1 cm and 9 the uscosxt)bl n
pouses (dyo~ second sq cany e ) oand nare fixed, the onhy \anxkcs
are P and Q and the formala becomes he fambar @ = Phomwhich hoss

pstant This ts clearly a recalmear equition

) c‘?\'htn blood 1s used i: the perfosing flutd the relationship berween
P 2d Q bas been mverpreted by dufferent workers to be rectihincar with a
shiftng 1tercept on the pressure axis ¢ hyperbohic 1nd hence app ok

ing an asyprote M 5 or logamthme P 00 08 48 T eee ate severad
possibl~ facsors mmvohed m this deviapon fom the Posscugllesan steaght
ke Increasing pressure may distend blood vessels progressnels or open
new capdlartes especsally ar low veloaty tates °8 Wi maxim 2
vasodsfaration however the effec of pressure on the essels hecomes
mintmal What 1s more curves simular to those seen 1 1110 may be ob

rained by perfustag gJass tubes of approprsate diameter 3% *¢ Changes
20 the ghyseal elasuciry or compressibihits of the cel's a0d plasma are toa
smalf 1o account for the effeces ob eovad at low pressures 2 The lower
porrion of fhe cutve may howerer be a%cted by cnanges m alignment
and distnbunion of cells and possibly by chaages i thesr shapes at lower
pressures This 1s sometarmes referted 1o a5 plasncrry ¥ The slope of the
upper portion of the cune s modiied at vascufar resistances prevatling
m the p riphera} ¢ Luleeron by the Fahraeus phenomenon ‘st Thas
teptesents a decrease o spparent viseo 12y wich decreasiag tube caliber
bedow a cnitical radwes Ths 15 caused by PEOPALUOLATE 10EeAse 19 the
peripheral 2one of plasma wwhick o fess viscous than blood the cells
beng crowded snto the center of th seream It 3s this eficct which creates
consuderable discrepan v betwesn wisuosity determined 1 vive and thar

found 15 vitro 1c mas alse be responstbie tor the lower hematocrir of
digital Blood as compared with yenous dlood

Y7 Jr has also been shown
however thar wcreasing vasor ;oserrction n the hend himb of the dog
mrTASCs apparent viscosity 4+* Pecause of the stmultancously 1oz eased
s wept of the mayor pressure flow siope on the pressure axes chss
LIEAS 10 VISCOSILY 35 growrest at very low rates of flow At such dow Tawes
o Row moreoser sschemra can cayse cagiilary dulatanon with s anable
<hanges sn diffusson from capriacies o nissues which ray modsify pressure
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flow curves by changing the red cell and plasma protein concentration of
the blood 4 Such changes 1n diffuston ate theoretscally posstble at higher
flow rates®* but arc probably umimportant 1n the terminal digit where
most of the flow 1s through arteriovenous anastomoses Another factor
which may modify pressure flow curves 1s the critical closing pressure
which increases with increasing vasomotor tone % ¢3¢

Logarithmic formulas °¢ 325 453 for the pressure flow relationship
have been fitted to empiric data and have been found to be Q = aPx or
Q = (P/m) *1n which a and k or m and n are constants In such a formula
the exponential function k or n 1s the plastictty factor and a or m the
variables of Poseutlle s law,*¢ ¢ 1, and 5 together with the Fahracus
phenomenon factor The exact relationship of these factors has not yet
been worked out physically although Lamport?2¢ has recently presented a
logarithmic formula incorporating the factor of caltber The constant h,
has been found to vary from 1 4 to 1 8 1n antmal perfusion expertments *
It must be remembered, however that these formulas are derived from
data obrained by the perfuston of vascular beds 1n which the preponderance
of flow 1s through capillaries ¢ In the human digital circulation 1
which sympathetic vasomotor tone s released the preponderance of flow 1s
through rtertovenous anastomoses * 9 It therefore becomes necessary to
determne the character of the pressure flow curve 1n the human digial
circulation to see 1f any difference can be detected between such curves and
those obtatned 1n antmals and also to see 1f these pressure flow relationships
can be used to analyze digital vascular resistance

To this end studies were made after stabilization of the ctreulation
by ndirect heating on a normal subject on a patsent with severe poly
cythemta vera and on several patients with hypertension ¥*  Pressure
flow relattonships at various digreal arcertal pressures were obtatned by
graded occlusion of the brachial artery A blood pressure cuff could not
be used because 1t introduced the factor of vartable and progresstve 1n
crease 1n venous pressure A clamp was therefore devised that would
produce a given degree of compresston of the brachial artery wichout
compressing the veins (fig 40) ¥*°

That no significant tncrease 1n venous pressure occurred after compressing
the brachial artery with this clamp was confirmed repeatedly by direct
and indirect venous pressure determination *** Direct measurement of
brachial systolic and diastolic and plammetric mean pressures with a
stramn gage manometer 1 several cases showed that the anichmetic mean
corresponded fatrly well with the true mean or was slightly higher
This relationship changed very hietle if ac all with brachial areery compres
ston %9 What ts more such compression produced no change i the eryth
rocyte concentratton and hence viscosity of the perfusing arterial blood #
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Fio fo—Arteria} compres ton clamp (Mendlowicz ™ coureesy Grune & Sgartn)

One possible source of error was the subtraction of 6 mm Hg from the
mean arrerial Pressure as average venous pressute With decreasing digieal
artenal pressure the digstal venous pressure mighs well fall ™ What 1s
more the veaous YTCSS\“'C n veins d(alﬂln& arteriovenous Anastomoses
might be somewhat higher than 1 those dramning capillaries * Also
the venous pressure might ace aver a wider cross sectional area than the
artertal pressure which would create an crror 1n estimating sesistance 1n
dynes (p 85) ™ These factors however appeased 1o be small enough ro
be neghgible

The vahidity of the rechic for measuning blood flow was exhansively
established elsewhere 7 Repeated pressute flow determinanions at heart
level™ w1 after maximal vasodilatarion bv tndirect heatng were made
on different days in the same subject *#* 7 It had been demonstrated that
m aqy given ndividual this relavionship was nearly wdennical from day
to day Only those experiments were accepted n which the brachial
pressute from day to day was stable and sn which the digrral pressures
before and after the flow observations remained unchanged ¥* Thar
inhubition of sympathetic nenve discharge conld be sartsfacronly effected
m the upper extremity by indirect heating was demonstrated by Arnote
and Macfie (p 65)

Wh a gur tesults were plotted by the method of the least squaresss
l()n loyarithmic paper using the formula Q = aP L was found to vary
oM 0% 10 7 2% and ot from 1 4 10 18 23 had been found 1n anmal

T
. ¢ mm Hg has been s own cobe the a er 8¢ enous pres u ¢ 40 the dor um of the hand normalty
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Fio 41 —Loganthmic pressure—flow relatton htp A normal (MM ) Q = » 49t PO 84t I poly
cythemiz (MK ) Q= 1678 P #% € nuld esscnual hypertension (MG ) Q = § 338 PO# 12t 1
scvere es canial hypertension (A B) Q = 1 155 P! o372 (Mendlowitz ™ courcesy Grune & Stratton )

experiments *2* Typical graphs are presented tn figure 41 It 1s clear thut
when L 1s 1 or nearly 1 we are dealing with a rectlinear rather than a
curviliear relationship 2 The reason for the discrepincy between these
studies and animal perfusion experiments probably lies 1 the fact that
1 the fingertip  flow through arteriovenous anastomoses predominates
over that through capillaries 3% 32

The results of observations 1 normal polycythemic and hypertensive
subjects were hence plotted on cartesian coordinates (fig, 42) *** The rectt
linear fit was as good as the logarithmic and the least squares method was
employed to determine strasght line regressions **# The intercepts of these
lines hovered around zero #° The deviations of the points from the pres
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Sy + o3 P D o e esem § hypenen wn (AD) Q= oooioy + oot o6 P (Mendlo
» ¥ courre y Grune & Strate n )

sure flow hines were dne to shight flucruations 1n sympathetic nerve dss
¢harge 10 such errors as are inherent in the method as well as to the fact
that arnhmetic and true mean pressures do not always comaide ¥ The
reurn of the pressure flow rato to normal ta the polycythemic patient
alter tepeated phicbotomy was nicely demonstrated 14 Consideration of
Frobable er7or howeser inaicated that the exact intercepts on the pres
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surc ax1s could not be accurately determined from these limes, espectally 1n
hypertension and could be considered to be o + romm Hg 3

If these observations are valid and the error iovolsed 1n disregarding
the 1ntercepts on the pressure axis 1s sufficiently small, 1t becomes possible
t0 apply Porseuslle s law*e¢ to the digital circularton ¥° In formula 1 4
represents the viscostty of the blood Whittaker and Winton® showed 1n
ammal perfusion experiments that normal ntrayascular blood viscosity
1s approximately 2 2 tmes that of Ringer s solution at 2 temperature of
37 C The changes 1n viscosity, motcover, with varying erythrocyre
concentration demonstrated by rhese workers 11 antmals were reproduced
i the human digital circulation®® 95 (fig 43) Since the viscosity of
water ** or Ringer s solution at 37 C 15 0 006g that of blood 1s 0 015
poises There 15 an 1nsigmficant error 1navolved here because the average
temperature of the blood 1n the fingertip s 33 to 34 rather than 37 C '3
The 1ncrease 1n apparent viscosity with vasoconstricrion described by
Pappenheimer and Maes®s? 1n antmal perfuston experiments was due
chiefly to the increasing 1ntercepe of the pressure flow slope on the pressure
axis Since such a shift 1s mintmal 1n the digital circulation, 1f 1t occurs

RATIO oT
ABNORMAL
TC MORMAL
¥13CQ0ITY
180

160
140
130
10 2o Bo 40,-%0c eo 70 &0

S N
FERATOCAIT
v

H

g & &

)

I

Fio 43 —The black dots scp  senc bserved changes in human inra assalar viscosity with itfing

erytheocyee concentrations n six pattents The curve s drawn in from Whirsaker 20d W tacon making

alowances for 2 shghtly hugh r normat hematocret of dogs and for the face that flow 15 expressed <l
1ty (Mendlo 15z 85 conrtesy of ] Chin Investigation )

1ly rather than gi
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1y safely be assumed to be 2 2 pimes
(he apparent viscosity can fastly
:t(x::lnfhztcl? of Runger s sobuion ¥ 1t suil emans necessary “‘; d;"“’:
serate ths relationshup by pesfusion cxptiments on amputated humaa
remnties 3
cx’éh: only rematamg, uahnowns 1a the equation are Jenpth and cui{\hc‘:
Thes. twa factors togechier represent the physical configuration of the
Aigtal blood vessels Thus trapsposing in equation 1
=% ®
art

The vaseulat configuranion volume 1ndex 1 represented by o Thus,
1 2 typical caboulanon, if the anthwetc Mean dugueal arteral pressure
minus venous pressure 15 2 wm Ky and the flow o oogy tc / scondisg
m of skin §2cm maluphed by 13 6 (sprusfic gravity of mercusy) and
by g% em second* (acceleration due 10 praviry) equals 69 306 dynes/sq
«n’ For normal blood # 15 0 o15 dyne second/sq cm Hence the vasculay
configuration voture ndex 15

oyt 00!
""r\s‘q"l—-' ~ O COLAORA0I0LN CC
69 396 dvnes

Sq om

or 1010 cu ¢ ™ Calculations of this tndex® based on thurey four normal
subjects twenry five cases of essenual hypereension, and six cases of
wuahgnant hyperenston are presented 10 wable 14 Caleulation, in a typical
cas of polyaprhemia 2 before and afier répeated phicbotomy are also
presented 1n vable 14 These results ate representacive of those calentared

i seven other cases of polycythemia v s s
Separation ot the factor of length from that of caliber 1s impossible
in an arregylarly branching systerm 3% Suck separation can however be
tffected theorescally as follows™ YE 1¢ 1s assumed that Poisewlle s
Jaw 44t applees to the systemic crrculanion as 2 whole * the force at the
sauses of Valsalva would be represeared by pressace dynes/sq em
maluplied by the aoric cross secvana area 1a square Ceptimeters 1
the cross sewtional atea as estimated rocntgenoy raphically
maxclv 13 5q em ac 2 flow of 8o ec ,second and 2 mean pressure of 100
mm Hg 3 thearene length factort can be calemlated From equation
;‘ 1o be abour 5 Wil Thas means e of the 20tea were uniform bore
h(;r:\?;zr::::\:b: 7 %l long 1t would offer the same restseance as 1 offered
svsiemic artenal tree pros ided che viscosity of the blood were

T5 P vy £ ctor mod fes Po se
cumeh oy e a s fle s law ya the 3y wem ¢ ot

1S approxi

5t on and the Sig, €5 are 15
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TasiE 14 ~Demensions and Ressstonce of the Digral Vascular Bed (Menlvuse )

Polycythemia (MK )
Determs ation Normal range hyF;;s:l:;:I\e n\‘ff,fe':fs'.'\'e Postphl
roge ran Hem t crut] botomy
P hem toc t
"
Digital vascular volume index/em 3| 1010653 | 653-308 | 308-177 Y T
of skinincup
Estimated length factor for one 55 6 55 6 55 6 56 6 55 €
drgeeal arcery o cm assummag
average radius of 003 cm and ad
Justtng value to average size finger
,
Inizal caliber of a single dgital ar o 031-0 0280 018-0 0130 013 0 020 0 033 o o3t
tery (tn cm of radius) adjusted to
average size fingertip
Resistance 1n dyne sec /em S of a |2 287 coo- |3 420 8oo- |7 ~19 300- |3 275 2002 343 €00
vascular bed perfused by 2 single | 3 420 8oa] ~ 119 300’ 12 568 ~ool |
digiral arecry (adyusang valee ta
Resistance 1n dyne sec /ec of flow |6 757-8 421 8 421~ 11 ggr- 1199 € 925
of a vascular bed perfused by a g g 786 i

stngle digizal aceets  (adjusting | J
value to average size fingernp) ‘
Re tstance 1n dynes/em ? of cross 69 306~ | 111 955 ‘ 203 918~
sectional arcain a vascular bed per 111 955 1 915 } 226 576
fused by a single digteal artery (ad | |
Justing value to average size finger !‘ ‘
up) J ‘
Resistance in dynesan a vascular bed | .35-301 301-406 [ 386-357 320|
perfused by a sngle digical arcery | ‘
(adjusting valuc to average size | I I
fingertp)

g5 g6 6 636

130

hept unchanged It 1s also very probable that this length facror does not
change much for any given vasculwr bed Hence if a length factor 1s
established for a vascular bed 1n this way the 1nueial cross sectional area
can be calculated back from the formula and 1ts norm) range of variation
estimated 3%

The same process may be applied to the rwo digttal arteries where
Potseuille s law+¢¢ does apply *° Roentgenograms of these arterics 1n
preliminary observations reveal an approximate imtial diameter after
vasodilatation of 0 06 cm each as they enter the terminal segment of the
finger 7 2 and the length factor in cach entire digital circulation can
be calculated to be approximately 55 6 cm This means that if each digital
artery were a untform horizoneal cube 556 cm long 1t would offer a
resistance comparable to that offered by the entire digial vascular bed
supplied by that artery provided the apparent viscosity remained un
changed *° Both digtal artertes are assumed to be equal n caliber and
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qnce caliber varies with the surface area perfused o size factor, uekage
susface/attoal surface has been incorporated 1 the calculation 3 The
\anations i caliber™ presented 1 table 14 may be modified when more
extensn ¢ radiographic data on digtal artertes 1n the dilared state become
avatfable
To calculate resistance formula 1 may be reareanged as follaws
Pt €]
Q ¢
Suce Bas expressed mdynesfsq ¢m and Qunce ssecond Py Q 1s expressed
1 dyne second /em ® Thas method was wntroduced by Boger and Wezler®
and 15 commonlv used to measure pertpheral reststance When such re
sistance 15 calelated for the human systemuc arculation as a wholew
15 539 10 3330 dyne second em * For the rabbitt' 16 vanes from 11 670
to 11 590 and for the vascular bed of a single digreal areery #2101 the normal
fingertsp from 2 287 c00 10 3 420 $0a dyne second/cm ¢ The normal and
abrormal vamations in digital vascular reststance calculated n this
Way™ are presented 1n table 13 Superficially st seems incredible that the
reststance of syscemuc vessels 10 a rabbur or 1 a fingerup should be so
much greater than the resistance of the ennire human systemic arculation
uoless one temembers chae the expression dyne second,em * measurcs
resistan €2 dyaes per unie of blood flow and per umit of cross sectional
262 ™ Je 15 cherefore tetative to the actual blood flow and aciaal cross
sectional area
The resistance m dynes can be measured only by multiplyang, the re
ststance 1n dyne second ¢m * by the acrual blood flow and cross sectional
2t 2 ™ Thus 1f equation 3 15 convested nto physieal unns

dynes squm _ em dyne second sq cm

v second - Temd T
o @
4
dyne second _ dyn~ second
cmt omé

Ma
o up[v\xng both sides of the equanian by the actaal Q 1 cc /second and
2 walcro s secrional area §q cm we have
dmﬂ?;:gnﬂd e sqom = dyne sccond  cc
o second cm® second M

dynes = dyne
Thus the foree 1 &

et e ynes excreed by the pressure acting over the 11l cross
o equal to the resistance 1 dynes provided the flow s
# system in dynamic equilibriom force aad opposiag te
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Tave 14 —Dimenstons an{ Resssta we of the Digstal Vascular Bed (Men Houn 7y

Polycythema (W K)
Essential Alal
Determnation Norm! range | hyy ertens ¢ | hymerion s e T tphle
range range | Hemat crt| “botomy
201 hematocnt
i
Digital vascular volume inde</em ¥ 1010-653 | 653-308 | 308-177 117y 946
of shintncup
Esumaced length factor for onc 55 6 55 6 55 6 56 6 55 6
digteal attery in cm  assuming
average radius of 0.0y cm and ad
justing value to average size finger
up
Imual caliber of a single digteal 3¢ jo 031-0 0180 018-0 o130 o1j-0 010/ o 033 o o3t

tery (in cm of radius) adjuseed to
average size fingertip ‘
Resistance 1 dyne sec /em$ of a {2 287 ooo- {3 420 Boo- 7 219 300- |3 17§ 2001 343 €00
vascular bed perfused by a single | 3 420 800| 7 119 m] 12 568 700
digieal artery (adjusung value to i
average sze fingernp) |
Reststance 10 dyne scc /cc of flow |6 757-8 4u1
of a vascular bed perfused by a
single degrral arcery  (adjusting
value to average size fingerap) |
Resistance 1n dynes’cm ? of cross | 69 306- | 111 955- ’ 203 918~ 95 96u L6 636
sectional arcain a vascular bed per 111 g5 ‘
|

8 4u- | 11 9~ 3agy 6 g

|
1ogg 15 86 |

211 g1y | 126 576 |
fused by a single digical artery (ad ‘ [
justing \alue to average size finger |
up)

Reststance sn dynes 1n a vascular bed | 235 301 301-406 ‘ 386-357
perfused by a single digital artery ‘
(adjusting value to average size |
fingertip)

jz0 130

: \ |

kept unchanged It 1s also very probable thtt this length factor does not
change much for any given vascular bed Hence of a lengeh faccor s
established for 1 vascular bed 1n this way the 1mtial cross sectional area
can be calenlated back from the formula and sts normal range of varranon
estimated ?

The same process may be applied to the two digital arteries where
Poiseutlle s law 6% daes apply ** Roentgenograms of these arteries
preliminary observations reveal an approximate ual drameter after
vasodilatation of o 06 cm each as they enter the terminal segment of the
finger,”” * and the length factor 12 each enure digiral airculation can
be calculated to be approximacely 55 6 cm This means chat if each digrral
artery were a uniform horizontal tube 55 6 cm long 1t would offer a
resisrance comparable o that offered by the enure digital vascular bed
supplied by that artery provided the apparent viscosity remataed un

changed * Both digital arteries are assumed to be equal 1n caltber and
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sistance 1n dynes must be exactly equal * Such reststance 1s the resultant
of the frictional forces 1n the blood stream cting 1n 1 direction oppostte to
that of pressure 3 To calculare force and hence resistrace 1a dy nes, 1t can
be seen from equition 4 that the pressure 1n dynes/sq cm may be mult
plied by the calculated mrtial digieal arterial cross sectional area 1n square
centimeters, the flow factor betng cancelled

It 15 to be noted that resistance i dynes varies directly with pressure
and directly with cross sectional area 3 Since the cross sectional 1ret de
termines flow 1f the other factors remain constant resistince 1n dynes
vartes directly rather than inversely with flow The digital vascular
resistance 1o dynes (table 14) now becomes an intelligible proportion of
the total systemic resistance, which can be calculrted from the rotal
systemic force 1c the stnuses of Valsalka ro be 1pproximacely 1732 640
dynes *¢* Such resistance 1s proportionately much higher per gram of
fingertip than per gram of average tissue because of the greatly increased
flow 1n the fingertip made possible by the arteriovenous wnastomoses **?

Resistance nd force mn dynes can also each be drvided by the actual
cross sectional area to give

dynes _ dynes

sq cm sq cm

It will be recognized that 1n this sense pressure per unit of cross sectional
are1 1s exactly equal to reststance per unie of cross scetional are1 399 If the
resistince 1n dynes seconds/cm® 1s divided by the actual cross sectional
arer1n cm on the other hand we have

dynes second _ dyoes second
cc cc

dynes, umt of flow = dvnes/unic of flow

Thus stmply serves to express the resistance in terms of wverage or ume flow
and 1s just 15 informative but more intelligible thin the expression dvne
second cm *

It can be seen as determined from table 14 that vascular volume ndex
and calther after 1nhibition of sympathetic nerve discharge re decresed
and resisgance 1s mcreased 1n established hy pertension ¢ Also a crinctl
point m vascular volume ndex caliber and resistance m dy ne sccond /cm #
orin dynes unit of flow can be found beyond which the cises of malignant
hy pertenston fall % Resistance ta dynes 1s more varible 1n malignant
hy pertension because of the variable decreise 1 flow 1nd caliber **
Resistance per unit of cross secttonal 1rea 1s also more varnable in malig

* See foorante on page 53
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Recently tnditect methods for measuning blood and ussue oxygen
tension have been sntroduced cach with some apphicabiliy to the digiral
cisculation The oxtmeter measares Average 0% gen rension 1 the blood 1o
It 15 2 phorotlectric device with filters destgned o record the concentra
ton of oxyhemoglobin 1n the blood as 1t touncs theough dhe prec {fig
44) Stnce hoth arteries and veins ate included 1n the ussues transilum
nated 1115 clear that only average blood oy gen can be measured "¢ This
avetage 15 probably not a true attertovenous mean but lies somewhere
berneen the two excremes depending on asculatory conditrons Under
conditions of whibssion of sympathenic nerve discharys this average 15
wlaser i the finger and also sn the ear Jobe to the oxy gen content of the
arcertal blood # 1f chese conditions are mantatned 3t ts passtble 1n this
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nant hy pertension 3% In polycy themsa, on the other hind f the viscosit
factor 1s corrected 1 sccordance with erythrocyte concentration th
vascular volume index and caliber are approximately normal or slightl
bove normal despite moderately tncreased resistince ¥ 3 After phle
botomy 4ll these values become normal s 39

OXYGEN EXCHANGE

The exchange of oxy gen 10 the digir 1s difficult to study and the result
are of questionable reliability The reason for this lies partly n the tech
mical difficuly 1n obtaining reliable samples of digital venous blood
In addition, the rapid fluctuations 1n flow make 1t essential that flow 10
artertovenous oxy gen determmation be stmultaincous if any conclusion t:
to be drawn as to the oxygen consumption of the tssues of the digie ©
Also  after complete diatation of the artertovenous anastomoses the
artertovenous oxy gen difference becomes so small thar st falls withm the
expertmental error of the method *3% making the error of the difference
very large !

i Y Sy

Fio 45A (top) —A contmuous record of the blood oxygen saturation m per cent in a normal subjece
The ffect of halding the breath for €5 scconds 0 air the rocovery pernd and af oo per cene Ixygen
inhalation on the blood oxygen level 1s depicted

Fio 45B (bortom) —An 11 miouse excespt from the blood oxygen tracing Juring the fiest onc half hour
of Pentathal natrous oxide oxygen anesthesia on a clinical subjece undergaing a0 arthopedic operation
Panieot recened premedication of morphine gr 1g and atropme gr 1150 followed by o 85 Gm pento-
chal The tracing shows the efficiency of s0-50 nitrous axde-oxy gen 2nd 100 per cent axygen 1N Main
tamtng an oxygen sacucatson of from 9% to 100 per cent A 4 minure admunistratton of an S 15 Arous
ovtde-oxygen mixture caused a steady decrease in che blood oxygen saturaticn to €8 per cont ) r:p:tl
<enrs an areerial punceure and its analysis (Both figures from Hartman Behrmann and Chapman
orrrcy The Williams & Withias Co )
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Montgomery 2nd Horwiez*® have recently developed a polarographic
needle electrode capable of measuring subcutancous oxygen tension (fig
36) A traumane procedure 1 che highly sensitise and richly vascular
digieal arculanion 15 undesirable and subject to difficulties in 1nterpreta
tion ‘% Nevertheless changes m the o suc oxy gen tenston wich chaages
ta vascular caliber as well as m arteraal blood oxygen content can be
nicelv recorded (fig 47)
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way to obtain a contunuous record of artert1l blood oxygen content (fig
45) 1% The ear lobe 1s usually preferred to the finger however, for this
purpose The metabolism of the skin can be esumated from the rate of
change 1n color produced by the reduction of oxyhemoglobin during 2
period of artertal occluston ¥

AS g3 tar

')
E

;

2]

Isz

.
cwZT IE

—_—P0 mmHg ———
Bt 1w i pmne—

s e
“"”_
e =
-7 st e e ——t
w |z
le §
Xg 4
ES é
- o f
Iy £
T:...... ?
Lt
)
] .
&
i
I )
! H
£ H
i -l
s s
i ,_____./—“ H
- 1.7

3 5 ']
=it ——
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of Fo 7B (botcom) —Effect of physiologic variations 10 blood fla « apon oxygen tensron of skun of
toe (Both figures from Montgomery and Horv 1tz courcesy J Chin. Imvesugation )



PERPHERAL VASCULAR DISEASES 93

Tvozas e LA dlys {Ds Chamld nbar 55 with T4 amb angntes Obfnes s Compume)
with th ¢ { om Noomat § bgess Qenflocu amd tha

T T
i | € lanm bt Mond 8l e/ m )
e e e S
Noof oot
\ vages | < S Ird V0 wn
! U oRage | Man gy e e (f ¢ emun
| v 1 ~ fmes

Normal 14 0150 oL ocy ! 0wy
‘Thrombaanp s oblit |
cerss 35 oeoiy oW ooy aoi poea ')

fae € of  a Thombe ngun Obua o nUppe Exmom s Sk we g thur Dove sed Fow ss
CasdbyDuar sdPeser Rs r o Rem mmgimb (A 4wt )

B bl DBl Vg &
wmor M, ¢ D Du 3 benk
* e N it e e L
1s 13N Theomb anguus oble  yyears o8 3 ey H
erans,
WD ;M Thromboan wsoblt  jyess 038 Eyige e 10y

erats

W AAN VA ERAND

[

| B ——

| S—_— R
[ <
g - BB
:ZA_ - e TR 2;.;
3

Fo g% ~Lompl
w8 OB oppy
P

g;lt o:lu“un of fir ¢ 1eks ¢ 54
o ot sesy Ska
oy et 8 IS 3C 293 € B ds et of ongnst “ufn:pi;

2 A Venouw congest oo during



6oﬁmﬁr""ﬁ [ e YE R T R TR

PERIPHERAL VASCULAR DISEASES

ERIPHERAL vascular disease may affect the circulation at different

sites 1nd 1n various combinations of pathologic changes!

The veins may be obstructed as by thrombophlebitis or by the

mcreased back pressure inctdental to such condittons as varicose
veuns '7 The capillaries may be obstructed by clot compressed by edem, or
constricted by inflimmatory or scar tissue wnd this also applied to the
arteriovenous anastomoses ' The arterses may be affected 1n their terminal
portions as 1n frostbrte © The digittl arteries themselves may be ob
structed 15 10 R1ynaud s disease’+ or mean pressure 1n the digical arterses
may be reduced because of obstruction stenosts, or coarctation in the
larger artertal channels One of the most smportant forms of artertal
occlusion 1s by thrombosis 7 Embolization ts much less common  Arteties
may also be narrowed by the process of artertosclerosis and arteriolo
sclerosts and thev may be constricted by scar tissue as in scleroderma

THROMBOANGIITIS OBLITERANS

In thromboangicts obliterans 1nit1al arterial obstruction usually occurs
1n the medrum sized artertes of the upper or lower extremities 78 9
At this stage pressure 1s low tn the digital artertes 9% 4 The gradient
of pressure 15 steep 1n the upper or lower extremities as a whole and
flow 1s usually reduced®® *'* 1n proportion to the decrease mn pressure
the digital vascular resistance remaining unchanged *** When secondary
changes take place 1 the tissues of the digits because of 1schemia second
ary scleroderma wath addittonal compression ot digutal vessels of all hinds
by scar tissue may occur 1780 8 Tables 15 and 16 summarize data ob
tamned tn the crculation of fingers and toes 1n patients with thrombo

9
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PERIPHERAL VASCULAR TASRASES
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laton ussue scar contratre ischemia necrosss and grasulamion ts
sue ¢ Subcutancous calcinoss and pigmentation of the shin are late
sequclag 17 e

Sympathectomy 15 cficacious m this dssease™ only by 1ts effect on
assactated neutopente vasomotar taae ! Digttal blood flow after release of
such tone by heat and tettacthylammonium chloride 15 found decreased
and digttal vascular reststance 15 increased from the normal sometimes to
2 tremendous extent®™? 49 404 (rable 17) Hvpertension 1s not an assoct
aced featare because usmally only the subcuets 15 savolved ' visceral
fesions betng a fate effect and not untversal tn the average case Raynaud s
atracks may be a featur~ of scleroderma (p gg) w0 M ¢

A word should be sa1d abour stleredema adultorum 2 ##! This disease
also 1avofves the subcutaneons tissues and at times the viscera but usually

spates the hands and feer Digital areculation studies done 10 a few such
cases were nofmal

RAYNAUD S DISEASE
Raynaud s disease®®? 75 =d by g complete wsually
symmetrical ischetua ot the fingertips and/ur toes 1+ 3% The Raynaud s
spasm can be produced only by complete of nearly complete acclastan of

the digamal arteries 91 Ic ‘probably awcurs whenever the mtra artenal
pressure falls below the criteal closing pressu ¢

¥ Ia the ordinary
gvcn:iai dugstal artery extreme sy mpathets, pervouns stimulation 25 pro
uced by certun emotional reacuons or by cold will canse 2 marked
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angutis obliterans, after inhibition of sy mpathetic nerve discharge ¥ w
In the presence of this disease reactive hyperemta to a pertod of vasculr
obstructton also produces Iewer flow when compared with the normal ¢ ¢

It has also been shown that blood flow as measured plethy smographt
cally, as well 1s volume pulse contour 1s altered 1n occlusive arterial
disease’” (fig 48) In addition espectally 1n the advanced scage capillary
changes take place nd the oxygen tension of the shin* ® and venous
blood*8¢ 1s decreased Patients with thromboangutis obliterins may show
a vatable degree of vasospasm as measured by the various methods for
detecting changes 1n blood flow and blood pressure before and after 1n
hibition of sympathetic nerve discharge + & ©¢ It 1s difficult to ascertain
whether such vasospasm 1s generally greater than or equal to that en
countered in the population as a whole

Thromboangutis obliterans may 1nvolve smaller as well as larger
artertes  although this rarely occurs as an early phenomenon 7 If the
digital vesscls are involved, Raynaud s phenomenon may be observed”
( 96) Venous thrombosts 1n the form of thrombophlebitis migrans 15
often encountered 7 but these manifestations of the disease rarely have
any stgmficant effect on the digital circulation except for transtent 1n
hibition of sympathetic nerve discharge produced reflexly % or by 1ssoct
ated fever s

SCLERODERMA AND SCLEREDEMA

Scleroderma 1s a generalized disease chiefly affecting shin and sub
cutancous tissues as a whole 444 447 It s chronically progressive and 1s now
generally classified with the so called collagen discases 6 37 Any duffuse
process which causes generalized injury to subcutaneous tissue can pro
duce scleroderma 74 It 15 for example occasionilly seen as a sequel of
acute glomerulonephrstis * acute disseminated lupus ery thematosus™
306 47 and acute rheumatic fever*! or rheumaroid archriets ' In most
cases however the cause of the mnjury to subcutaneous tissue remarns
unknown Cold may 1n some way be implicated but 1t 1s not clearly under
stood by what mechanism +! Endocrine factors are probably also im
portant in the pathogenests of scleroderm ' Esophageal and pulmonary
lesions are among the more common visceral features$4 447 of the disease
and jomnt symptoms may be secondary to contractures

Once a sufficient amount of granulation and then scar tssue 1s produced
1n the subcutss the disease 1s self perpetuating and slowly progressive 74
The reason for this 1s the tendency for scar ussue to contract ind ughten
the shin 470 535 These contractures narrow blood vessels and addition
cause secondary thrombosts with resultane 1schemia and further 1schemic
necrosts of subcutancous tissue thus perpetuatng the cycle of granu
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fation ussue scar contracture ischemia necrosis snd granulation ts
sue ™ Subcutaneous calcnosts and pigmentation of the shin are late
sequelae 171

Svmpathectomy 15 efficacions 1n chus disease™ only by s effect on
assotuated newrogentc vasomotor tone ' Digital blood flow after selease of
such tone by heat and tetracrhy lammonum chloride 15 found decreased
and dygstat vascular ressstance 15 sncreased from the normal someumes to
2 uemendous extene®? W0 ©4 (rable 17) Hypertension s not an assoct
ated feature because wsually oaly the subcunis 15 avolved *' visceral
festons betag 4 late effect 2nd ttot universal 1n the average case Raynaud s
astachs may be 2 feature of scleroderma (p of) 10 0 3¢

A word should be said about scleredema adultorum 72 W Ths disea ¢
whu moves the subcutancous tssucs and at tmes the viscera but usually

spares the hands and feet Dirgtal circalation studies done 1 a few such
€ases Were riormal

RAYNAUD § DISEASE

Raynaud s disease s 41 45

7

by dic complete usuall
T 2ty
ssvmmu 12l gschemua of the fingertips and,or toes 18 3¢ The Raynaud s
iasm
‘E; . d’caxtz\a;ae produced only by complere or aeacly complete occlusion of
pmm}i ; uargfms *' It probably occurs whenever the mtra arter1}
P A: s ; Jow the cnitical closing pressure 4 Iy che ardiaary
81l arrery  exceetne sympathe:
uc o
duced by e o Yy mp: nervous stumulation as pro

enas reactons or by cold will cause o marked
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decrease n blood flow 1n the digits but rarely to the level of complete
1schemma, *t somettmes called digttal syncope unless digial artertal
pressure 15 very low A trickle of blood usually courses through the marn
digteal arteries and probably also via bone collaterals to conttaue to
supply the nceds of the tissues 37 1 These needs are curcarled by the
decreased temperature of che digits 4t Capillary flow 1s also probably
promoted by the complete or nearly complete closure of the artertovenous
anastomoses which are extraordinarily responsive to sympathetic sumu
lation

If the digiral arteries are damaged, 32 however, this damage conststing
esther of intravascular thrombosts 1n vartous stages of organzation or of
arteriosclerosis 1% sympathetic nerve sumularion can cause a sufficient
reduction 1n digteal pressure and flow by spism superimposed on throm
bosis or sclerotic narrowing to produce complete 1schemra or the digital
syncope charactertstic of 2 Raynaud s attack % Durning such syncope
flow ceases*®® and capillary pressure drops to from § to 10 mm Hg ' 7

The causes of Raynaud s disease are many ™ In the susceptible 1ndt
vidual cold tself may penetrate and damage vessels suffictently to produce
the characteristic syndrome ¥ ' Mechanical mnjuries to digital vessels
may be produced mn hydraultc drllers *# or by lacerations ! and also result
1n Raynaud s disease In addition any more generalized thrombotic disease
such 1s thromboangutis obliterans or arteriosclerosts obliterins may
cause Raynaud s artacks if the digital arteries become imohed ' 4
It 1s 1lso possible that small emboli may nvolve the digteal arceries !
these embol having their ongin 1n the heart or 1n thromboses of larger
arteries 1s 1 1wreic or subclavian apeurysm ¥ scalenus inocys $yn
drome,** 4 the hyperabduction syndrome * Sudeck s a1trophy *
s s84ere It s often difficult pathologically to distinguish berween Jocal
thrombosts and embolism  Scleroderma which primarily mvolses the
subcutaneous tissues and causes scarring may constrict the digreal reerses
1nd eventually cause sufficient constriction by this processand by secondary
thrombosts to cause Raynaud s 1ttecks to appear V7 %' Any unusual
tendency of the blood to coagulate on exposure to cold favors the ap
pearance of Raynaud s disease produced by thrombosts i the digieal
artertes Raynaud s phenomenon s therefore seen 1a pattents with cryo
globulinemia®® and with increased cold agglutinaton * These conditrons
may be idiopathic or may be assoctated with multiple myeloma’ or
subtcute bacterial endocardiris3® and with hemolyric anerma or svirus
pneumonia respectively *4* Generalized thrombophthia as in lupus ery
thematosus ®7 3% periarteritis nodost 1 megakaryocytie leuhemia @
polycy therma ** thrombocy themta ' and the nephrotic syndrome *
may occastonally produce Raynaud s phenomenon
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The immedsate cause of the digital artenal syncope the Raynaud sarrack
stself 42 4% 45 sympathenc nenous vasospasm usually superimposed on
underlying obstructive artersal disease 31 1 Ir 15 ennirely possible shat
this sy mparheric neryous vasospasm can cause vascular damage 1n srselfst
¢ %% and favor the appearance of thromboss 1n the digital artenes the
usual imuiaring factor being cold #3¢ Ir 1 also possible thar of the digiral
artenial pressure ss sufficsently low becavse of either local or systemic
conditions vasospasm may be sufficiently powerful 1o overcome tnera
ateertal pressure and thus produce closure® 46 op 5 Raynaud s spasm
Many people have neurogente digital vasospasm™ (acrocyanosis) for
vears however and with an occasional exception never des clop Ravnaud s
disease One can therefore say that although vasospasm s a feature of
Raynaud s disease such spasm does not necessarily cause the vascular
wnpury wsnally respoasible for che appearance of digial arcenal syncope
Once vascular damage 15 produced however this m reself
vasospasm 1 Jp addinion 1t 1s very
an cawse further njury 1o the digizal vessels 1 che form of

thrombosis #¢ 1 Yt 55 fo " thys peason that the disease 15 often progressive
and self perpetuating 148

There are two smporrant causes of s
spasm . cold and emorson  Cold cause:
People thaa tr does 1 others for van
sulared by fat than men bue ace ofte:
madequacy of clothing dictared by

may scimulaee
likely that every 53 ncopal attack

ympathetic nervous digiral vaso
S greater acral vasospasm 1n some
Ous reasons Women are betrer 1n
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and trauma along the course of artertes or sympathetic nerves, such as
that produced by a prolapsed disc 7 tumor ¢ fracture treated by plaster
cast and followed by Sudeck s atrophy,® s8¢ scalenus anttens syn
drome #* 44 cervical b ? % 4% or the hyperabduction syndrome,®
may all produce vasospasm on the affected side %' Raynaud s disease,
however, 15 a much less common sequela and probably depends on con
cident or prior damage to the digieal artertes themselves, *! or to reductron
of digital arteral pressure below the critical clostng level 9 43¢

Raynaud s disease should not be dragnosed 1n the absence of a clearcut
history of blanching followed by cyanotic erythema 17 #1 Pun 1s 2
common assoctated feature This blanching can often be reproduced by
submerging the hinds or feet 1n water at a temperature of 12 to 15 C for
10 to 15 munutes but farlure to reproduce these manifestanions by this
test®4¢ does not exclude the diagnosts (fig 49) Failure to produce blanch
ing by subjecting the patient to a cold shower for a stmlar pertod of tume
1s usually fairly good evidence of the absence of Raynaud s disease 7 4!
Raynaud s disewse must be carefully distinguwshed from cold allergy ™
although the two condttions may occasionally coenist ' In cold allergy,
local immerston 1n cold water produces a somewhat erythematous pruritic
edema but not true blanching whereas general immersion can produce
syncope, and 1n 1 bather result in drowning ¢

If studtes could be accomplished before and after the development of
Raynaud s disease 1n every case, 1t 1s very likely that they would usually
reveal some increase 1n tntrinstc resisrance in the digital cirenlation afrer
nhtbition of sympathetic netve discharge as a reflection of the vascular
damage 1 In early cases, however, this damage 1s not great enough to
increase the reststance above the upper limit of the normal range As the
disease advances however, blood flow 15 usually found to be unequivocally
depressed and resistance proporsionately clevated often to an extreme
degree 1n very advanced cases (table 18) 8 10 14 There are also de
creased pulstrions as measured by the plechy smograph #7°

Vascular obstruction results 1 1schemic necrosts of tissues usually with
sclerosts of fingertp shin and scarring of subcutancous wtssue 17 % Such
scarring may be eastly revealed by digital transilfuminacion *7 This
scarring 15 indistingurshable from that which occurs 1n sclerodermt and 1n
turn causes further constriction of digstal vessels Secondary scleroderma
produced 1n this way ts nearly always confined to rhe fingers and toes 10
contrast to the more generalized process seen 1n diffuse scleroderma * *
If vascular obstruction 15 sufficiently severe and prolonged gangrene of
the fingers may ensue necessitating amputation 17479 430

Sympathectomy can be expected o elimmate only the »asospastic
feature but this 1s of value 1a haluag  ac least cemporartly the progress
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After indirect heating and TEAC (S mg /Rg )
Tatient Age ani sex Bracl alB P Detal BP Thaual b(|coco(/‘luﬂno;v rtulllonmem )
(mm I mm Hi)
Finger Creat toe
1 s: F 118/75 110/66 o1
* 23 F 112/78 110/65 010
3 46 F 122/82 110/68 o 19
+ 45 M 116/84 74/59 ool
5 36 M 1m2/71 o3l o14R
oa33R ool
6 36 M 112/84 o129 013
7 27 M 130/78 0 26 o 1§
8 37 M 118/80 o o5
9 24 M t14/70 0 28 014
10 oM 120/86 009
1 $7F 75/42 o o9
@ W6 F 110/61 70/ 40 o 139
3 28 F 108/56 So/30 o 315
" 48 F 144/92 100/52 030 L orf R
15 39F 108/70 80/40 L aobL oosR
16 110/60 o1
7 120/74 R 100/s1 3 R 0343R
12070 L or/54 3 L 0363L
18 /o 05
19 9%/62 ox53L 019k
98/64
20 100/64 90/55 o3t R o100k
to0/6y | !
u 1o/6o | 88/3L o4l
70/38 R 0344R J
pey P M 12/78 go/63 ozl
U e 1007,0 0/50 , o274k ‘
14 | aoM 108/70 : 857 opaR |
of the disease ' 't 3% Since sympathectomy however 15 often 1n

complete and furthermore may defeat 1ts purpose by increasing trinsic
resistance (p 139) 141t 1s not unusual for the effects of the operation to
be temporary ! In addicton digial syncope may occur afrer sy mpathec
tomy because of circulating norepinephrine!®? 53¢ and by virtue of the
direct effect of cold on digial arteries '8¢ 347

Emotional readjustment and warmeh 1n che form of clothing especially
gloves and stochings heating of conveyances offices facrories and homes
ange of climate re of great importance 1n treating the Raynaud s
«wt Of the blocking drugs used priscolme appears to be cur
r 227 It 15 of the urmost tmportance 10 1ny patient

to clarify the role of any underlyng systemic dis
t 16 401

or ch
pattent 7
rently the most popula

with Rayniud s spasm
turbance which may be preseat and may require treatmen
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THROMRBOPHLEBITIS AND LYMPHEDEMA

Alttough acute phlebtus may produce reflex increase 1n flow, ** chrome
venous obstruction rarely 1f ever produces a decectable decrease 1a digiral
bload flow when measured after safubicion of sympatheuc nerve dis
charge 0 # In our expenience 1a addition edema associated with
focal venous obstrostiop g5 zarch camed by the obstrucuion trself but
sather by assacraced lymphatic obstrucrion *** This 18 evadent by the usual
fathure to find mncreased venpus pressuce m the obstructed vascular bed o
It would therefore seum chat most local obstructive edema s actually
vaphedema Even in these cases we nere zozble oo find any evidence of
decreased blood flow or increased resisrance after inhibition of sympathenc
nesve discharg,® (tables 1 and 1g) Unless the edema 1s extreme there
fare 1t probably has ki e o say funasmental effece on the digital cr
culavton ' Finding decerased blood flow or wcreased resistance 1 such
cases must therefore alwans sogges zssactaced artenal obstructive dis
ease 47

ARTERIOSCLEROSIS
Arteriosclerosss 15 often <cen 1 bath upper and loyver exsremities 1 the
ehderly patient althaugh p obably more often 1n the fower v Extensive
calahicanon of these vessels may be s.-1 withoue any evidence of vascular
nastoning or srterial insufficiency 7 Ie must be remembered however
thac artensl wsufia no

el y daes mot pecar under ordinary circutastances
-7s8 the degree of vascular RATTOWING 15 exyreme M7 401

Preliminar
studics 10 various age groups uggest that the factor of age ajone mdudmfg
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Tante 20 A —Conr of Subpects (Mendlowarz Grossman and Alpert$t)

Blood fi
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¢ - m mn)
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the development of arteriosclerosts produces gradual narrowing of the
arterial channels over the years ¢ although only 1n certain cases to the
pomnt of artersal insufficiency The 1nvolvement of the 1t relative to
that of the media may be one of the determimng facrors tn this process
This change with age however has not yet been thoroughly explored
statistically

At any pont 1n the development of arteriosclerosts one may be faced
with occlusion of arterial channels the most common cause of which 1s
chrombosis 17 #! Thrombosis may occur 1n the larger as well 1s 1a the
smaller atteries and may recur in collateral channels unril the reduction of
circulation 1s suffictent to produce intermittent claudicarzon and finally

gangrene ' 4"
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Qcclustve artetioscleratic thrombosts differs very lirtle from  that
occurnng 1n thromboasguus obliterans except for the occasional con
comtant occurrence of superfictal venous thrombosts 1 the latter dis
case 1 ‘o4 In €ace 1t mught be waser to speak only of arteral thrombosis
mugraung, venous thrombosts'®® and arteriosclerosts as separate conditions
occurring erther mdividually or 1n combination without attempting to
estabhish nigid clinical compartments

Three conditions which favor the development of artersosclerosis are
hypertension 47 diabetes'™ '* ¢ 9 and probably hy percholesterolemia 7
In recent studies? B A 08 g hag heen shown that one of the earliest
mamfestations of vascular disease in dsabetes 15 obstruction of the small
artenial channels 1n the foot Arteriosclerosis 1n other regions 1nvolving
the larger vessels 15 a later phenomenon #5 ¢ Hy pertension also pro
duces arterolosclerosts with narrowing of the small blood vessels through
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Tavtr 20 C—Uncomplicared Diabetes (Mendloust, Grossman and Alpastt®)

Year le CP rat
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out the body tacluding the dagies 157 335 39 Sclerosis of the Jarger blood
vessels 15 again a later effect ¥ Oblirerating thrombotic artertal disease 1s
often the complication whtch produces vascular nsufficiency 1n the lower
extremittes ** Such msufficiency may however be caused by arterio
sclerosts or artertolosclerosis rsel{ *7 19t Table 20 and figure 51 A and B
tlustrate findings 1n diabetestt 40 448 and 1 artenosclerosts mvolving
the lower extremittes

As with other occlusive diseases of the arteries arteriosclerosis and
artertolosclerosis produce creased resistance and decreased flow afeer 1n
hubition of sympathetic nerve discharge #1 1 Blood pressure 15 1ncreased
if the process 1n the artertoles 15 sufficiently widespread #* Thrombotic
occlusion of larger vessels on the other hand produces increased brachial
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dagtal pressure gradient 74 and decreased digttal pressure and flow, ™
withoue necessanify affecting the reststance In the larger blood vessels
decreased efasticaty produces increased pulse pressure  decreased pulse
wave veloaity and decrease sn the height or even disappearance €F the
dicro sc < ave (fig 51 C) 717 whereas 1n the smaller vessels pulsations are
usualy decreased because of obstruction®™ *% and the histamine flare 35

d\'mmsh:d ar abseat ** latermittent venous congestion'®* has been
ated to have no th

effece in the treatment of occlusive
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Fic 51 C~—Pulsc wasc recordings obtained from the digit of pattents wich arterioscleross showing
absence of a dicrotic wave (Lax and Femberg 3 reproduced with authors permission )

artertal dise1se”® and sympathectomy has hitele or ¢ most 1 transient,
effect on the process Intra-arterial mnjection of vasodilator drugs such s
histamine or priscoline combined with antibtotics appears currently to be
promising ¢ ?

TRENCH FOOT AND FROSTBITE

Trench foot was first descrabed 1n 1312 by Napoleon s Surgeon General
Baron D J Larrey % 1n soldiers returming from the Russian campugn
Since that time the subject has been of incteasing importance 1n military
naval and also civihan medicine 53 Numerous clinical and pathologic ¥
17h 313 349 530 &7 605 806 69 a5 well as some expermental investiga
t1ons’*® 4%t have been carried out It 1s generally agreed thit immersion
foot trench foot chilblamns *° erythrocyanosis 34 370 and Bazin's
disease®! 383 4 Lare symular pathologically whereas frostbite belongs ina
different category and 1s due to actual freezing of tissues In some cases
however, 1t 1s possible for frostbite and trench foot to occur together and
when gangrene supervenes mn trench foot the pathologic chinges may be
difficult to distingmsh from those of sexere frostbite

In trench foot (fig s2) the mjury seems to involve chiefly nerve and
muscle tissue © Tight shoes and socks and lach of exercise are con
tributory factors #48 The blood vessels are affected only 1n that therr
permeability 1s imncreased the reaction beng that of aseptic inflamma
ton ¢ When the shin 1s broken secondary bacterial infection m1y super
vene 178 Thromboses tn mijor vessels includrag rtertes appear to occur 25
secondary phenomena 1n the wake of gangrene s
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Fio 52 —Trench Fao (cft) Hemorthage cranous and elema of ehe foor 3 days z(m{: e

The sharp 1 e scparating the meol e feom the normal eisucs 1 € eat Th ¢ :’xyp.ul of the c‘hyy;
f5c cre trench frr serenteen

change obsered (n tre ch foot Dry gangrene of the 13¢s 10 a case of

e xpor re e ddle and mght) The tocs fater sloughed (Fricdman = courte ¥ Am ) Pah )

In frostbrte (g 50) on the other hand 1f the process 1s sufficently pro
longed the increased permeabiliry of the small vessels together wath
extreme vasaconstricaion  causes loss of plasma from che vessels with a
rematning obstructive sludge of red cells '7¢ These cells may be swepe 1nto
the verns when the aircalanon seopens or may be fixed sufficiencly to
produce permanent obstruction It 15 belicved by some?*t 414 and dented
by others* * that this vascular obstructson can be prevented by the umely
admaistration of heparin When frosthite produces gangrenc fibrinous
thrombaosts may occur sccondantly as 1n trench foot 17

A physiologic approach to the study of trench foot was made 1n 1945
by Schechter and Ragan® who used 1schemic pain as an index of the
severity of the injury In 1946 Paddock*® studied patsents one to two
years after their recoverv from wrench foot and found evidence of per
ststent nerve and muscle lesions as mamifested by sensory changes and
muscular weakness He also measured shin temperatures and noted color
changes after the production of hyperemia by the application of direct and
wndurece eat but could find no evidence of vascular obstruction 1n most of
hus pantents In 1947 Burch Myers Porter and Schaffer® reported ex
tensive physiologic studies destgned to determine whether the presence of
low grade inflammatton could be demonstrated 1n patienes with trench
foor They measured the degree of reactive hyperemsa under exacting

conditions of room temperature and covering after a fixed period of vascular
occluston of the leg with a pressure cuff and attem,

pted to classify their
patients on the ba 1s of these reactions Y
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Mendlowitz and Abel studied blood flow after inhibition of sympathetic
nerve discharge as measured calorimetrically 1n a group of patients and
normal subjects 0 They found blood flow values below the lower Iimie
of normal 1n about 25 per cent of the former (rable 21)

The decreased blood flow observed 1n these pattents muight be attributed
to fatlure to achieve maximal vasodilatation because of persistent nene
lesions *° However, 1n the patients reported here, demonstrable sensory
and motor nerve lesions were absent It 1s mote likely, therefore, that the
dimimished blood flow represents actual obstruction of the small arteral
channels of the foot * This obstruction may be due to 1n1ttal occluston of
blood vessels by sludge as in frostbite,! ¢ to secondary thromboses,'™
or to the contraction of perivascular scar tussue *° In treating the acute
manifestations of cold injury, rapid rewarming appears to be most sats
factory provided care 1s taken not to apply heat above 37 C directly to the
involved tissues Warming by indtrect heat 1s more desirable ¢ Amputa
t1on may be necessary, although 1f gangrene 1s superficial healing can often
take place sausfactorily ® © Nerve block and sympathecromy have been
recommended for late therapy especially 1f a large vasospastic factor can
be demonstrated 52° Intra artertal histamine mighe also be useful *°

Tasir 21 A —Normal subjects (Men llow g and Abl %)

Pat ent | Te tno Agen years s | Blood fow (toe) D?“(;}:é%lm\“
1 35 M o 18 7t
2 41 M o 15 [2E9
3 2 M o 14 101
4 24 M o1y 95
5 28 M o015 82
3 14 F o 0 88
b 4 M o 26 ( 52
8 | 26 M o 16 92
9 21 M o 16 ' 84
10 J 38 M l 013 o1
n 38 M o 16 104
1 14 M ¢ o 20 98
13 j 40 M o 14 78
14 40 M o 16 i 92
1, 3 M o 78
16 30 M \ © 16 \ &5
17 32 M o 14 /8
18 1 36 / M ( o0 | 108

s o 15 i %

i9 27 M i a1y 60
10 3% M ‘ 018 64
21 3 M 013 | 60
22 3t M o 19 9
28 t M 1 017 | 88
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NEUROGENIC ACRAL VASOSPASM (ACROCYANOSIS) AND
LIVEDO RETICULARIS

The most common cause of acrocyanoss ts vasospism of artersoles and
artertovenous 1nastomoses due to increased sympathetic nerve tone 3
The cytnosis 1s produced by the greater extraction of oxygen from the
slowly moving blood An additional factor 1s loss of capillary® and
venular!*$ tone Acrocyanosts 1s therefore a descriptive term?  of dubtous
usefulness and should be replaced by the expresston neurogenic 1cral
vasospasm 01

Although usually vasospastic the cyanosis 1tself may be produced by
any ty pe of pathologic vascular obstruction ot by any systemic condition
producing increased amounts of reduced hemoglobin 1n the arterial blood
In the latter instance the cyanosts may be more marked acrally because of
associated vasospasm 40t

Acrocyanosts 1s also seen as a feature of cold njury as well as in Ray
naud s disease *! Here the question of which condition 1s cause and which
effect often arsses In fact there may possibly be a variible cyclic arrange
ment of cause and effect 10 these conditrons ' Acrocyanosis 1s less pro
nounced 1n the presence of hypertension, the latter tending to produce
more normal circulation despite vasospsm 4 Pattents with crocy 1nosts
are often poorly adjusted socially The cold blue climmy hand accentu
ates soctal maladjustment which 1s one of 1ts causes by repelling soctal
ntercourse #! Sexual frustration sometimes with resultant perversion 1S
a not infrequent feature of this condition ! Seructurally there 1s no1mpair
ment 1n the digieal carculation as can be demonstrated fter mhibition of

Tavie 22 —The Digreal Corculasson sn Newrogensc Al Vasospasm (Avacyanostsd (Merdlows )
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sympathetic nerve duscharge by indireet heanng supplemented by blocking
able p.) 0t 40t

dmlfic(z;o rcun?]:ns 15 psually seen 0 the proxsma) part of the extremity
rather than the digis 8 " Jeisa renculared vasodilatation often bluish

and sometimes seen togerher Wwith acrocyanosts ¥ Blood flow n the digis
after itubrtion of sympathetic nerve discharge ts usually normal Gt w0
The pattern 15 produced by the tufted arrangement of the arteriolar bed the
seuculations being caused by slower flow and greater extraction of oxy gen
at the edges of thesc tufts * In children 1t 15 often physiologic and 15 ac

centuated by cold vasoconstricuon 't Permanent bivedo may be caused by
venous obstruceion or by any mild vasculins such as 1s produced by cold®
ar radtant heat * cspectally 1n anatomucally susceptible indrviduals Skin
biop y may be confusing and may reveal pervascular round cell mfiltra

uons and thrombosss suggestive of other more generalized diseases '+
1n severe cases there may be secandaty ulcerations!® and the renicnlanions
may determie the site of the development of other shin diseases 33 ¢

LRYTHROMELALGIA AND CAUSALGIA

Although a rare 1dsopathic form probably representing a hyperemic
reactton to hnown or unknown dermal arritation ¥ #9145 belteved 1o occur,
erythromelalgias® 48 4735 most often caused by occlusine disease of the
penphend amenes Y @ Jschemic necrosis and reactive hyperemia are
responsible for the pain and redness * Dagutal circulation afces 1nhibitson
of sympathene nerve discharge 15 usually very low

So-calfed causalgra on the other hand 15 a severely paiaful seate usually
brought on 1n an extremty and especrally 1 the d

girs by a relatively
aunor pjury ¢ The term 15 probably a cacch all sacluding various path

ologic states such as neuramas glomus temors and others Some
Psychoneuroses and traumatic newroses tavolving per

it
or litigation are often grouped under this rather s gu:;:::x ‘Cu?“_;g:ﬂ: 3;0:
th tie nervous system 1s 1mplicated 1 causalgea 1 # 168 eyher bcc;\)us:Pof
1mbalance between sympathetic neeve vasomoror tone and tissue need o
connection berween sympathetic apd s asory nerve function 40 | Y:
ases sympathetsc block s efective therapy and syvmpath ey b
s g pathectomy may be
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CLUBBING

T has been demonstrited by Mendlow1tz®® ¥t and by Wilson® ©
that acquired symmetrical clubbing of the fingers and toes 1s usually
assoctated with an ncrease 1n blood flow in the fingertips This 1s
usually caused by an increase 1 the arterial pressure 1 the digical

artertes the brachial artersal pressure being unaffected 3% 3% There 15
therefore, a decrease 1n the brachial digital arterial pressure gradient It s
necessary that the clubbing be advancing for these changes to be demon
strable #° %% When 1t recedes because of cure or regresston of the un
derlying disease, the blood flow and digital pressure will also decrease,
often to normal levels (table 23) %0 62 ®

The clubbing stself conststs largely of hypertrophy and hyperplasta
and posstbly some congestion and edema of the soft tissues of the finger
ttp including the nailbed 363 36¢ <0t The increase tn blood flow 1s out of
proportion to the increase 1n tissue and can be shown to be greater than
normal per untt of volume or surface of fingertp 362 % ¢ 2 To demon
strate these changes 1 flow as well as pressure 1t 15 necessary to stabilize
the circulation by indirect heating thus inhibiting sympathetic nerve
dlSChﬂrgC 389 200 627b

Hy pertrophic osteoarthropathy 37 25¢ 57 45 an extenston of the process

of clubbing to more proximal tissues ¥¢ especially the periosteum of
long bones * ! 3% [t can be shown that blood flow per unit of ussuc in the
fingertip and digical arterial pressure usually become normal with the
development of hy pertrophic osteoarthropathy #° This 1s probably ciused
by the tapping off of sufficient blood by the bones to decrease digital
arterial pressure and flow and stabtlize the clubbing at a certain level #¢
41 In hypertrophic osteoarthropathy produced 1n dogs by anastomostng the
4



CLUBDING s

pulmonary artery to the feft auncle, there 15 2 pronounced mncrease 1n
systemic cardiac outpur (hgs 53 and 54 table 14) W7 e

In hereditaty clubbing 19 18 16 16 253 50 both the digstal pressure
and the flow per umt of tissue after indirect heating are normal ot e
This does not preciude the possibihity that the imuaung factor 1n he
reditary clubbing may be increased arculatton w hich subsequently becomes
stabjtzed and ceases to causc the clubbing to advance  #1 Whether thus
15 attributable to an early defect 10 sympathene innenanon o 10 some
systemic abnormality which becomes corrected 15 conjectural since 1n the
resting state plethysmographic pulsations seem to be shightly decreased *1*
Occasionally hereditary clubbing advances 1n middie hife and 1 one such
case thus advance was associated with hypertension 3t 1f such a relation
ship can be corroborated 1t may lend weight to the theory of a local defect
1 sympathetic innervation as the 1munating cause of hereditary club-
bing #1

Undateral’® #0 and umdigisal*s? clobbing often present complicated
problems difficult to analyze which may however at times throw light on
th mechantsm of clubbing #* It 15 for example well established thae
unidigreal clubbmg may occur after mury espectally 1o a neme't? and
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Tante 23 B—The Digural Coculatson sn Patsents wath Clubbed Fingers After Release of Symparketse Nerte
Tone by Indurect Hearsng (Mendlou 1257

Brachia
Duag os Biod tow | 30l ‘:l:"':{':ﬁi A€
mm Hg) | (mm Hg) | S3dent
Bronchiectasts 016 104/74 104/58 8
Bronchicectasts o 41 136/91 128/94 3
Bronchieceasss o 36 128/90 122/,4 1
Bronchiectasis 038 142/90 126/80 13
Bronchiectasts © 36 136/90 124/76 13
Bronchiectasis 033 124/84 110/70 9
Bronchicctasis o 41 136/70 13472
Bronchiectasts 038 112/74 106765 7
Lung abscess 038 125/74 116/66 ]
Lung abscess 027 126/98 102/81 20
Lung abscess
(Preoperatve) 016 138/81 110/80 12
(Postoperative) 030 r12/7s 90/68 15
Empycma ° 32 138/80 124/72 11
Pulmonary tubercelosis o 34 112/80 108/74 5
Pulmonary ncoplasm 029 124/78 128/ 1
Congemtal heate disease 032 112/94 108/75 1
Congenital heart diseasc 034 102 88 52/66 16
Subacute bactenal cndocacdrtis 054 130/? 128/
Subacute bactertal endocarditis o 36 110/55 105/55 3
Subacute bactettal endocarditis 038 90/75 84/74 4
Subacute bactenial endocarditis 037 114/75 110/66 n
Subacute bactenal endocardinis © 34 102/65 86/62 5
Subacute bactercal endocarditts o3 11-/74 56/64 16
Subacute bacterial endocarditis o3 104/ 1022
Ulceranive colinis 0 30 96/60 94/
Ulceranse colius 36 120/86 118/84 3
Ulcerauve coliors 033 113/80 110/74 s
Chronic dysentery o117 r10/85 98/82 7
Regronal deins © 36 102/64 10-/60 2
Spruc 038 138/100 | 116/?
Sprue o013 84/56 76/
Osteoarchropathy (empyema) o 18 124/68 95/65 16
Osteoarthropathy (pulmonary neoplasm) o3z 132/85 16/
Osteoarthropathy (pulmonary ncoplasm) 0 16 s/66 | &
Hereditary clubbing 030 145/95 125/8¢ J 16
Hereditary clubbing [
(Clubbed finger) 024 126/78 | 104/58 \ 2t
024 126/,8 | 108/64 16

(Normal finger)

presumably to sympathetic nerves # The effect of such mjury 15 to de
crease sympathetic vasomotor tone and hence increase blood flow 1n the
affected finger (fig 550 ** In one case the clubbing was complicated by
disuse atrophy @' Peripheral neuroma® and also apical tuberculosts !¢
as well as apical tumors of the lung 3 by destruction of the sympathettc
nerves on the affected side may increase clubbing presumably because
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£¢ 53A —Anatomic relasronsh p 1n derail of surare anastomoscs resalting i hyperophi © 1 -
chropathy a dog  (Mendlow itz and Leslie % courtesy Am Heare § )
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Fio 53 C—Cyanosts was produced 10 2 dog on lefc by anastomosts of lefe pulmonary areery to thy
lefr auricle The dog on the righe 15 normal (Mendlow ez and Leslie 7 courtesy Am Heare ] )

vasomotor tone 1s less and blood flow therefore greater on the 1nvolvec
side The subsequent moderation of this process 1s described elsew here
(p 139) ** Clubbing can also be decreased umlarerally in congenital heart
disease (table 25) by anastomosts of the subclavian to the pulmonary
er[ery 1§ 2b

Unilateral clubbing (fig $6) 2* 357 1s usually however produced by
brachial,®' axillary '*  inpominate %  or subclavian arterial
aneurysm 17 138 164 487 and 45 often complicated by intra arterial throm
bosis venous obstruction and thrombosis and sympathetic nerve itr1
tation as well as destruction by pressure and by sensory and motor nerve
pressure effects ¥ ¢ 2 If a case ts seen sufficiently carly however
creased blood flow and pressure can be demonstrated in the digits on the
involved side 112 8% ¢ b Unilateral clubbing 1s also seen 1n so called
cirsord aneurysms of the extremity #% 54 many of which may actually
represent arteriovenous aneurysms wcurred at birth or within the womb
The complicating factors here are so difficult to unravel and the cases so
rare that no conclusions can be drawn as to the mechanism of the clubbtng
(table 26) In acquited ™ "' or congenital®*” arteriovenous fistult there
may be increased growth of the entire extremity distal to the fistula rather
than sumple clubbing This may be associated with increased pressure and

flow 1n the region 1nvolved °
It might be pertinent here to discuss the mechantsm of clubbing and
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Fo $1A Qel)—Comp vt on of uln of dog (ich) with bapestooptic @ te arthrc pathy praduced
experrme t 11 withul 2 of normal dog (Fighe)

Fio 54B (right) —Phoromicrograph of trans erse secticn of nibra of dog wuth hypertropht ouco-
archropathy prod ced expes m ac lly Arro

potnts to new normat pers steal bone ¢Both figure from
Mendlo ¢ ndLeslie * courtesy Am Heat])

present what appears to be the most reasonable theory at the present tume
It has been demon trared pathologically that hypertrophy and hy perplasia
of soft tssues 15 1ndeed the most 1mportant feature of the process of club
bing 3¢ 3¢ 3 4ot Deponstranion of sncreased vasculanty and tacreased
arterial caliber also confirms the part played by overnutrizion due to
mncreased blood supply % In congenital heare disease great distentson of
the venules can 2lso be demonstrated although 1t 15 possible that secondary
polycythemia accounts for at least part of this effect 3+
The theory that clabbing 1s caused by anoxemiz!® or that anoxemia s
at lease 2 factor 10 clubbing has had many adherentst * and on the basis of
speculative reasoning Mauer has readvanced this rdea *7 3% He feels that
stee rapid sedimentaton tate 15 associated with rouleaux formarion this
may occur intravascalarly and that together with the sludging phe
nomenon® 1t may be responstble for taterfering with oxygen delivery to
the ussues He accepts the view that increased peripheral circulation 1s also
a factor This theory 15 inconsistent with many known facts ** Local
:;:::1 :‘l‘:i()‘x‘x‘:’l.“:s ;nb(\):dusi‘:cAptnp};cml arternal disease 15 rarely 1f ever
dotbmg oo ch: g f(:na ‘an‘c:‘x:mna ocmirs very often without
chronic os(comt ]“mc S < o Rapd 1o e a1
yelttis 1s rarely producnive of clubbing despite frequent Joswy
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Fua s6—Und te al clabbing o3 Ieft 1 cau ed by 2 sabelswazn ancuryym On the nght the vrilateral

o gt cawed by mulsple congental arscrionco s ane tysmos of the spetateral exerenmuey (Mendl >
@0 1y Ch cal Seience )

endacting desease 1§ uaconvtaciag and 1 the rare case in which 1t occurs
probably fortastous !

T s posstble to present 4 theory chat reconcules all the facts now known
about the phenomenon of clubbiag and hypertrophic osteoarthropathy
The only qustificatron for tcursing the risk, of subsequent modsficanion 15
a0 artempr 1o potat the w12y Such a theory must artempt to explam why
clubbing occurs when 1t does and also why 1t does not occur under orher
crreumseances

One may start from the hnowa face chat 1o acquired sy mmeeeical chub-
bing the digreal artertal pressure 1s elevated and the digreal flow 1ncreased
alter mhubttron of sympathetsc nenve discharge by wndtrece heatng ™
€8 can be calculated furthermore that the resistance sn the digital
blood vessels 15 euther pormal or decreased @ 1t becomes apparent for this
reason among others that the cause of the creased digstal flow 15 largely
the ncreased digieal blood pressuce and 1n general these two tacreases are
Pproportional

ke 15 necessary o tnquire 1 turn as to whar conld cause an increase
1 dnteal arcerial pressure without affecting the brachual blood pressure
sigaificantly ©1 ¢ v One must conclude that a fine balance must exist
betueen the demand of systemic nssues for blood and the supply ** That
this 15 50 has been suggested by many authors 168 170 250 432 although the
z’:;z;“_r;i“‘:;m fm’f’dl“s[mg supply to demand are not clearly under
of Shstrnrs i ) ar:::;n) S:fssur: from ::lorta 10 digteal artery 1n the absence
B the sesntane of :;zc \c:::lcs ‘:1 mdt Fimined 10 any significant extent
B sure hoot 10 a direct hine but largely by the amount of

ad tapped off by the ussues proxtmal to the digte 7 If there 15

A arbalance 1 the scase thae the supply of blood 15 grearer thaa the
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Fic $5A (left) and B (right) —Thts female typise develop d clubbing of the right finger after 2
laceratton on the lateral asp ct just above the terminal mrerphalangeal joint This finger was warmer
chan the left tn a cool environment but became slightly cooler than the left finger after inhibition of sym
pathetic nerye discharge Because of pain she did not use this finger and developed superimposed disuse
atrophy (Mendlowtez )

grade fever and presumably increased peripheral circulation 1 Anemit
or methemoglobinemia may be severe without producing clubbing *
Also, unilateral and unidigeal clubbing as well as the clubbing of con
genital heart disease are rarely assoctated with any change 1n sedimenta
tion rate®*! and 1t 1s difficult to concetve of anoxemua as playing any role
in untlateral or hereditary clubbed fingers In fact all the evidence 1s
suggestive of tissue hyperoxta and hy pernutrition as the most important
and possibly the only factor 1n the genests of clubbing 1 1 ez b
There 1s also a recurrent view that endocrine disease 1s responsible 1t
least for hypertrophic ostcoarthropathy®® 176 and thar clubbing and
hy pertrophic ostcoarthropathy are therefore separate discases All avail
able evidence however, scems to favor the view that hypertrophic osteo
arthropathy 1s merely an extension of the process of clubbing to more
proximal ussues especially bones ! 41 and the evidence for associated

Taste 25 —The Digutal Circulatson s Three Cases After Blolock Tausssg Operatson for Terralogy of Fallor
(Mendlowsr, ard Touraff*0)

Afte ndirect heati ga d TEAC (S mg /hg)
'

D g tal blond &8 w
O /emomo )

Patent | A8 30 ‘ DgualBP
Artery us & Bra matBP | o )
R gl Left /R ght K"J L ft finge
¢ |31 F | Lef subclavian 106/90RA | 74/44 1 48/38 | o 44 | o174
+ | 16 M | Right subclavian J8/46LA | 1872 | 6136 ‘ o | o157
3 8F | Right subclavian 1 Lol ‘ 80/? 0184 | o339

The discrepancy 1 the tesults n case 1 was probably caused by vasspasm
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systeme ussue demand, this favaes the development of club‘l:mg l""
Thus 1f more blood per beat were ejected by the feft ventricle chan (:2
apillaties of the sstemc circulation were prepared 1o atcepr this woul
result 1 an sncrease in dagital artenal pressuee and flow by wirtue of the
fact that an excess of blood would perforce be delivered to the periphery

1t 15 tmportant to emphastze that ncrease 1@ cardac ourput alonxc‘ clo‘:’sI
not necessarily produce clubbing sinee n such conditions as ancma %
Graves disease ¥ 81 8 b fever 0 b ore ,11¥ the cardac output increase
1 1n balance with the sncreased tissue demand for blood In patent ductus
artersosus'* and other lefe to righe shuats, the increase 1o output flows
shrovgh theshuny @ @1 I 1 Graves disease howener a thyrotdectomy
15 done and the tssue demand for blood decreases suddenly  ¢he supply
semaming wncr-ased clubbing and even hypertrophic osteoarthropathy
mayd elopi» wm @

The key o most hinds of symmetrical clubbing lics 1n the pulmonary
o culation®® and more spectfically 1n the operation of che principle of
equal cutput of both ventricles #** Any condition i which the pulmonary
areafasion s secseased without a cotrespoading 1ncrease tn the demaad for
bloud 1a the systeruc csrculation promotes the development of clubbing ©
Such 4n tocrease 1@ puimonary circulation may occur functionally as i
chronsc mountain sickness % becanse of flammanon as i bronchiec
€8s ™ cuberculosis ! or fung abscess®' or thtough & vascular tumor of
the lung m = Any condrtion®® which produces a pulmonary arterso
venous shunt will have the same effect such as arteriovenous aneurysms of
the Jung#t 431 2nd \neracardiac shunts as o the tetralogy of Fallor ™
Sebaute baceertal endocagdipst 248 w0 probably acts by producing
pulmonary mnflammation because of bactera and therr local and crrculacing
foxias ® 4 fe g also possible that in ulcerauve colius % regional
"l}:’f‘:?;; ;?Jb‘Pmc *+ as well as 1 certain chrone liver discases,* it 15
ubbing mz] So;bcd toxims on t;nc pulmonary circulationwhich causes the
there 1enn mn the case of the drarrherc'® 7 2@ s81and Ijver diseases o7
and ossn;lrctch evidence that the acuon 15 via the putmonary circut
Graves glsc;s: tirnaz ehe mechanism 1s sumular to that n patients with
£ 5¢ an Pu!mono Oﬂlngl thiyrordectomy ¢ 1 40 W If there 15 an m
s must be fu\lzzc;lrbcu ron Droduced by any of these mechansms
1L 10 the 5y ane 3 2n )mcrcasc in systemic Crrculation and of the
the systemic nsszms (mmbi”m aaion 1s out of blance vwith the demand of
bing m or blood the stage 15 set for the appearance of club

With these
explaig un:lu:::.‘lo:li’:;ml; d’:&tz‘: a:;::““mes b‘:mpafﬂtlvdy simple ta
S5Pply of a given vascular bed becaus o g agin a casc of over

se of decreased reststance of 2 dis
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8.

HYPERTENSION, SYMPATHECTOMY,
AND CORONARY OCCLUSION

we effect of hypectension on the digstal circulation can be shown
t0 be produced by three major factors ¢ 187 407 83 The first
1s an increase 1n syrupathetic nerve dischacge the second a change
10 the 1ntetasic vascular caliber produced by humoral or metabolic
factors and the third 15 strucrural narrow ing of terminal vascular chan
oels @ Since capillary pressure 15 normal sn hypertenston '9 29 these
changes 1nvolve chiefly the arterioles It should be stated from the start

that unless the decrease 1 vascular caliber 1 extensive enough 10 snctease
the systemic rewsstance as a whole

7 hypertension 1s not produced
Local increase

1n feststance usually decreases local blood flow but has a

minmal effect on blood pressure
Bere ate certatn bizarre types of hypertension which do not fit into the
¢aregories described above and should be discussed separately  The local
digreat hypectension and tncrease 1o blood flow in clubbing has already
?:fn:rscusscd In coarctation of the aorta despite some disagreement 3
e svstemic resistance 15 increased by an obstruenion 1 the mamn
:;f:l::hmndmt tather than m che arrerioles » ¢ After nhsbinon of
ﬁﬂgfrs (::;cnirv)cs‘xs’crhargc blood pressure and flow are tncreased 1n the
- an’:mmc:m ﬂscius ;an b; nteely demonstrated by comparin, the
and ey e w .fr:\ 1: h: co;rcmuon 15 between the innominate
Presre e oo “r‘ymc [:1 D“f pulse propagation time and pulse
00 2ier e o] sarr:] o: pressure and flow beyond the coarc
mat s g, conata n(y(h p:{z :ucdncrvc discharge are usually nor
0 the preas e nee o ¢ descending aorea mean pressure and flow
y normal after hibition of sympathe

tic nerve
ny
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tended major vessel rapping off blood from the aorta *! This can be
demonstrated to occur 1n the early development of such conditions *
W9 6 1 The later complications have alrerdy been discussed ! The effect
of sympathetic block by lesions also becomes clear inasmuch as 1t conststs
of 1ncreasing the overall blood supply to a part at least temporanly #t
Later, modifying factors may nullify this effect 44 The cause of hereditary
clubbing however, continues torematn unhnown® 1lthough the posstbility
of a Jocal defect 1n sy mpathetic innervation has alre1dy been discussed !
One may therefore tentatrvely conclude that all forms of clubbing may
eventually be found to be caused by local oversupply of blood brought
about by various mechantsms acting singly or in combination !
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discharge # After operanon the hemodynamic changes ate often at
frast patally teversed 32 There are cases 1 which ssential by pes
gnsiin, 1§ assoctated with coarcration and these tho facrors must Be
eratated 1n such c1ses and distinguished There may also be a rare case Of
dorunal aoreie coarcranon tn which A renal factor causes a genetalized
« creds~ (@ motrst, roststance 198 Such cases may be amenable to auto
transplancauon of the hidoey 3
The common saniety of essentral hypertension begins by bring neuro
g™ ™ That 15 t0 say 1n the eatly stage afrer minbiuson of sympa
thene nene distharge by indirect heaung supplemented by antrasenous
wiecton of 2 gaaghon blocking drag brachual and digieal blood pressure
ard digeal flaw 2ad esistance afl fall to within normal limees {rable
DANEREES 1 VaSOSPASTICItY MOEOvVEr Persists
# 2 e twroughout the chineal course of ordimary essential hy perten
ot P even ato the malignant phase * The brachial-digieal
pressure gradiene however ts normal 1a essential but decreased sn mahig
aze hypertension 44
In addinon gewrogenic vasomoror tone s present an )} normal
dinduals ta 5 Waniable degree?s #1412 3ad can be demonstrated 1o be 3
faceor 10 any t3p~ af hypeteension whether essentral or pog B o7 8¢
Essentual urogenc by perrension 1s such a common condrtion thar 1f may
fortastously complicate any other type of hypertension 3
¢ greatest 2movns of controversy has raged around the humoral
mechantsm of o5 enetal fypectensian 9 B b 102 5 W7 sa em gre
:;’;:; ’;f)h;‘!:cch;‘msm cxxs;s 1: human hy pertension ts not easy 1o demon
vt mnerzo “;i ‘;5::{:‘ chat cxrcalmng norcpmcphrx\nc may pcrease
s 12 pheg hiomocw o v:’s) "m’pa( omimetc effect ¢ %% Thys s aften
25on 113y he fnl)au:: dm: P ;ﬂd fa same S:scs paroxysmal hyper
asion the digtal r:ssu.{c AI’; YPt:’;tnSicn 10 gaco smal B pet
Sympathetc perys l:mchxr o mf resstance after wnhibttian of
Wb rother radaea, sgl:st s o ot Gable 28
f— ordian ne.zrga :mcasr:ces c]an fluence vascular reactivaty 0
Sach subsrance ot & pmuli g5 still questsonable 1 # Afzay
6
s oicluding the VEM VDM syseem 7 angioronsn 11¢

berent k
z“m‘::n bchYPetccnsm P semin 44 seratonm 9 cortisone!® apd
ve been implicared but
9 convinung proof of o
¥ t:: fc‘?ﬁcts 15 styll larkyng o ase i he neeance of
s for intrnsic or
s faon pearogentc vascular tone* wself this can be
wexistonlv o u can be reversed Such
Py o ch reversal can be demon

- arctation (rable 28) afer recavery from acute Llo
o harere;
s neyer o S € abber s conic of cansed by matracell far or exeracell fir vascalar
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HYPERTENSION SYMPATHRECTOMY AND CORDNARY OCCLUSLO! 3
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JP 48X M lignanchypertension | 25¢/135 i 1407134 i ma/inn Y 26 180
DB 42 M | Malignant hyperteasion | 230/350 | 235/235 1 3980334 | © 26 3y
TR 48 M Mal gnant byperren jon 138 50 2457135 03/112 o 17 zo
Digel ang

ul esstanc 1 ¢ leulated @ onus by di W ng anthmetic me A pre wre Moy ¢
008 p essure by flow and m leplying by o 3

to decreased elasticity of the large arrerial channels and 15 ofen assoct
ated with decreased diastolic pressure 810 Digiral blood flow and resistance

may be normal bar associated arzertglar hypertenston ts common whether
feyrogentc of renal or ntrinsic st

uctural origm or any combinarton of
these B w0 oo

{h 15 very hkely that in certar
of

< 10 exclude the factor of assotiated rena
such case;

1 hyperteaston®®s 1n
s stace the vessels of the hadney are ofte

n cofcomutantly 1n
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merulonephritis®  and after delivery 1n toxemia of pregnancy ¥ ¢ Ir
1s very lthely, morcover, that part of the restdual or intrinsic resist
ance®# 1n more advinced essential hypertension 1s reversible and of renal
or humoral origin It may be possible to demonstrate this by showng that
the low sodium diegtse % 300 895 539 hag an effect on the intrnsic re
ststance racher than on blood flow and cardiac output 4 The mechanism
of renal hypertension 1s sull obscure, although the effect of the kidney on
tissue water and electroly te discribution has been implicated ¢ ¥t

Hypertension produced by adrenocorticotroptc hormone,* ® cortsone, *'*
or desoxy corticosterone acetate3s! or in Cushing s disease®?® with resulting
salt and water retention'?? 1s also probably humoral rather then neuro
gentc although we have had difficulty 1o demonstrating this 1n the digieal
circulation ! There 1s some evidence that these hormones nfluence
vascular reactivity 4% to ordinary neurogenic stumuli as well as to ar
culating noreptacphrine *7* Humoral hy pertenston 1n general, as alread)
1adicated, may be and often 1s complicated by a neurogentc factor as well
as by structural vascular narrowing 39 3% w1 63

Increse 1n 1ntrinsic reststance may be divided mto two factors (1)
functional or humoril as already discussed and (2) structural o 4
The latter 1s that mncrease 1n inernsic ressstance which s not due to re
versible changes but which 1s caused by anatomic n1rrowing of the vascular
bed 490 Such narrowing can be produced by intimal thichening throm
bosis external constriction and encroachment of hypertrophied atteriolar
muscle on the vascular lumen %0 %1 It can also be caused by obliteratton
of vascular channels espectally capillaries tn various ways 4ot The systolic
hypertenston 1n generalized artertosclerosts especially of the 1orea s due

Tasre 28 —Tb Digrral Civularton 1n Novmol Compa ed wish Hypert nsste Subgects (Mendlonst=%)

Normal .
After body warm ng.
l lood — —
Ag a dsex o hss o Wl ot Deciblood Dyl bl Dl s
(mm Hg Ntssnre Bow it ft

\ m Hg) ) (mm Hgi ¢ em m 1} (nt
[ maeLEr =
PW 22 M 110/75 102/74 88/40 o 30 h 58
A s H 3 M 125/86 \ tyorss | osiie | e 8
15 M 118/88 | 112/82 J 83/70 o 34 63
\\ p j a3 M 120/85 | 118785 102/64 017 86
AFM | 30 M 122/84 | u8/o | g6l6o 038 5
AL 4 M us/zs | o8/ 104/64 o 34 &
AM 45 M /75 1g/n ] 108/68 03 | 68
MM 31 M 125/84 115/86 [ 98/55% ‘ o 14 [ 63
Ak 50 M 122/86 105/ 1 86/60 037 54
pPscC 45 F l 102/72 104/68 96/64 033 f7
GJcC soM [ oago/ss | as/8 108 70 o | 3

MCM 25 F 1 1of7r | 1o4/74 88/50 = s o
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BEFORE HEAT
ANO TEAC

POST MEAT
Z o AND TEAC

a 210

VASSULAR VOLUME IN

CASES (HYPERTENSION AFTER SYMPATHECTOMY}

Fio s =Va cul £ volume sndex (fow-pressure ratio) before and after release of re idual sympathenic
aere wone by ndrect heanng and TEAC (s mg /hg ) Flo 15 measured calorimet cally i the great toe
andpres ¢ s the a sthmetic brachsal mean pre sure (Meadlos tez and Touroff 14 courtesy Grune &
S vion )

l POST HEAY AND YEAC
390l

a8
3

u POSY BENZODIOXANE

LN “

GASES (MYPERTENSION AFTER SYM
PATHECTOMY)
Fo 3—% scal cvolome de (fon
Pres te o) frerrele se of res d

N seof res du 1 sym
:‘ l) dn Rt og and TEAC (5 wg j¥ BYcomp & with index after ben od gt Pohe e s

o i e redc lo umer cally g avror nd p e ure 15 the "
(Mendlowst 2 dTe of o ¢ yGun &St ron)

~
3
8

E£X IN LUBIC MICRONS
8
2388

N
a3 5
285

VASCULAR VOLUME IND!
3 &

G0 108 pec
sehin e brachual me o pre iy
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st o non nevrogeme thanges and include the humoral functional ar
reversible 35 3 e}l as the strucrumal or selnely fixed factors
Therapy with drugs 1 hypertension 1 nearly always directed 1t the
newropente factor 0 This aeurogeme 1350C0NSLICHION 15 deuretsed very
aften by bed rest 5% sodatives 19 and blocking agents actng on the ceaged
nenous system M9 M symparbesie ganghattt 14 Wlorsy mpathenc nesve
tediags ¢ #18 Wigh 1y drazmophthalazine in ome cases we could dem
onstrate a decrease 10 intrinsic resistance a5 well as neurogemc resistance
although the meantns, of this ss waclear '@ ¢ The mee ac fow sodum
diee when 1t decreases bload pressure, chuefly affects the mrrimsic or fon
gentc camg 4 Flaw ¢, ot both, mv decrewse withi che
pressure a5 demonstrated fter inhibuinn of sy mpathetic nerve discharge W
Thoracotumbar sympathectomy for hypettension praduces an interesung
waia of vascular evenrs (table 2g) 9 Immediaely after the symps
thectomy and for several days the sntecruption of sviwpathetic actinipy 1s
ususlly complete Sympathetic nerve discharge, with resuieant vasacon
strcecon then begins (o rerarn gradually * and eventually rewurns to 1
variable extent 1n every patsent g §7) ¢ Thas 15 due 0 pare ro hradgny,
of nerve gaps by regrow th of Fivers bug also 1o the probbly ssumprion of
funcrion by sympathene ganglion cell newts known to exist i the anterior
spanal nerve oots ¢4 4 ¢ Ao e sympathetic nerves in the upper ex
:;(::“l;:‘ :lnod(xtr;c‘:sg:?d?:c\?: body not affected by the xy mpahectoms
B¢ With Tesultant compensiror) vasngon

sncuon 0

to addition as imes Loes on there 18 wsually 3 deerewse tn maximal

w 340}
uut
“ 300,

: 8Y)
!Dﬂ&
240

w 220!

i 200}
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40
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LN
L1l
ap
20 - N

o ] -

T L e “ .
L ’lu'~‘;‘°~~¢ @ ° ° * 3
T & Offrncmy
v mg
o ted w b bhud 0w atoer ret Wl

sdduretae
v sympather per ¥ thet ner ¢ gope
0 ver€ e nsmany ree e Gortelas 0 nde o g Ml ey



138 DIGITAL CIRCULATION

volved 1 Diabetes mellitus, ™t 43¢ 5 Jupus erythematosus® and pet
arteritis nodosat™ 31 ¢ gre conditions 1n which the struceural factor
often present from the beginning and may even initiate the hy perter
ston ! It cannot be overemphasized that n any type of hypertension,
perststent for 1 sufficiencly long pertod, there may be a large structur:
facror attrsbutable to 1natomic vascular changes which produce narrow
ing ** ! Such changes, by thetr very nature, arc reversible very slowls
if at all and may properly be referred to as fixed or at least relaervel
fixed ¥ 39 The resistance changes demonstrated in table 149 are 3

038
036
034
032
030
028
D26
a24
022
020
(L]
ale
014
012
010
oo8
006
004

a0z
2l

!

NORMAL
“Ranoe !

BLOOD FLOW IN cc/cm? Min

CASES (HYPERTENSION)

0303 e — —_——
02!}— —————

(31
024
o022
o0
018
o186
014
012
010
ooy
oos
008
002

—y

NORMAL.
RANGE

P

)

BLOOD FLOW IN cc/em®/8in

CASES{HYPERTENSION AFTER SYMPATHECTOMY)

Fio s9A (top) —Blood flow 1a the great toe after celea ¢ of sympatheaic nerve cone by indisect
heating and TEAC (5 mg JRg)

Fio 5B (bottom) —Blaod flow after release of sympathenic nerve «
TEAC (5 mg /hg ) in the great oz (Both figurcs from Mendlow ez and Touroff !* courcesy Grune &

ons by indiecer hesung and

strateon )
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yascular caliber after sympathetiomy © 4T w hich has been
attribuged by some authors!® 1 to Increased sensitivity 1o Girculaung
epmephrine or norepincphrine (fig 58) The entire question of increased
seostrviy to circulating epunephine < however 15 complicated by the
rerurn of some sympathetic nerve funcrion 1 all pattents subjected to
sympathectomy *** There 15 unyuestionable reactivity of denervated blood
vessels 10 crrcelating eptnephtine but whether these are more reactive
than normalts? has not been clearly established #* »4 The question ts
furcher complicared by the demonstration that the decreased caliber of
blood vessels afcer mhibition of residual sympathetic nerve discharge as
produced by sympathectomy cannot be ey etsed by benzodioxane
aad 1s probably not caused by epmephrine an the arculatton (g s9) **
The fact tha there 15 some correlation berw cen the degree of success of the
sympachectomy and the postsy mpathectomy decrease 1n maximal vascular
caliber suggests shortening of artersolar circular smooth muscle caused by
disuse atrophy as possibly an smporeant facror 1n this process {fig fo) ¢
Despuee these constderations there 1s good evidence that sympathectomy
15 of same value tn selected cases of essential hyperteasion 18 13
15 51 612 6

After unilateral sympathectomy reflex vasodilatation may cause a2
relative decrease 1n flow on the denenvated side because the blood s re
disttibuced to0 other pasts of the systemic circulation’* (borrowing lepd
g effect$) It 15 concervable thae this effect might produce paradoxic
gangrenc*¥ after sympathectomy for occlusive vascular disease 1f there 15
already a severe imparrment of circudation

Followtng cosonary occlusion the digieal blood flow  after inhibizion of
;ympnhcuc nene discharge 15 usually decreased (rable 30) #* This
r:scx!:t:;:c e\src:::: ,ro a proportionate decrease 1n digital blood pressure the
st aming unchanged whether or not the patient had hyper

n prior 1o s coroaary occlusion # The decreased blood flow 1s

hence a direct resule
of the dec eased o

ontractife force of the

out of balance with the resistapee and § or e heart whuch 15

pressure and fow 1 14 va vt hence produces decreased arterral
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ANEMIA AND POLYCYTHEMIA

HANGES 10 intravascular blood viscosity with anemmia and polycy
themia have already been discussed (p 82) 1n part The in vitro
changes 1n viscosity with varying erythrocy te concentratton are
not in accord w1th what happens 1 vivo, or more specifically 1n

the digital circulation 394 35 It has been estimated from tn vitro studies,
for example, that 1n extreme polycythemia blood viscosity may ncrease
from 5 to 11 fold ¢ 7 ¢3¢ Since, from Potseulle s law 1f pressure remains
unchanged, this implies an 80 to g1 per cent decrease m blood flow or
cardrac output, there must be an error mvolved This etror s caused by
the difference 1n the caliber of the tubes through which blood which
1s a two phase colloidal system flows The greatest frictional stress 1s
always nearest the outer margin of the stream If the cells become crowded
together'49 at certain critical tube diameters the proportion of plasma
rim increases In general the larger the tube the smaller the area of nm
1n proportion to the entire cross sectional area This phenomenon (Fah
raeus'® ) causes a decrease 1n ntravascular blood viscosity as compared
with that measured 1n vitro In anemia on the other hand the viscosity
decreases more 1n vitro than 1t does 1n vivo for any girven hematocrit
At a hematocrit of 70 to 8o which 1s about the highest seen during life
the intravascular viscosity of the blood rises to about double the nor
mal 5 9% If everything else rematns unchanged this 1s capable of re
ducing flow to half the normal Anemta on the other hand even 1f ex
treme, decreases the 1ntravascular viscosity to only 8o per cent of normal
and 15 hence capable, on the basts of viscosity changes alone of increasing
flow only to T20 per cent of the normal volume 3¢ This applies only to
streaming flow 1a the small blood vessels In the large vesscls and 1n the

7es
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MISCELLANEQOUS CONDITIONS

exe are many condieions tn which the dijital airculation has
been 1nvesugated 1 only 2 fragmentary way or not at all In
Adduson s discace 2! #7¢ 87 for example aswell as 1n rraumatic
shock 1t 15 difficult to obtarnuntreated cases or 1o delay trratment
suffictently 5o that investtgation may be made Ina few cases of Addison s
disease as well as rraumattc shock which were studied however we found
blood pressure and flow decreased and ressstance unchanged after snhubition
of sympathetic nerve discharge ' Flow 1s also decreased reflexly st ws
m shock and changes 1n viscosity with 1ncreased erythrocy tic concenera
tion may complecate the findings further 4! We have also studied flow and
pressure 1n the digtral circulation 1n a pressure chamber at a simulared
aluwude of 30 000 feer 3 Sympatheuc nerve discharge was inhibited by
heat and oxy gen was admintstered by special mask. No sigmificant changes
1 the digutal circutation were found which could be attributed two the
formation of mitrogen bubbles m the blood The only vascular neoplasm
that 15 common 1n the digtt 15 the glomus mmor *® Thus has been studied
pathologcally for the most part (p 30) rather than phy stologreally It s
20 extremely pasnful lesion curable by exciston 7
In Graves disease sympathetic vasomotor tone was decreased as meas
ured by flow pressure rat1o differences before ang after snhibs
theuc nerve discharge Af’tcr such hibition however pressure flow and
resistance were normal ! 8% Apparenely che effect of hyperthyroidism on
capillany circalation 15 100 small to be reflected measurably 1n the rocal
sympathetic nerve discharge s © poually normal afeet nhsbition of
'8¢ 0 vanous chroutc wntections with or without

nion of sy mpa

s
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Tasrg 31 —Contoiued

Disrtal Digital

Digatal
Name | e Diagno 18 and Hema [ blood fipw| Apitmat | 1005 astular | Ratoof
i therapy Date  tgent | (Gm blood |t | rest | b orma)
ressure
em i ) S D | 2 | oy

A M| 54 M| Pumary poly 3~29-47 | €1 o 20 8s/50 | 19 74 135

10-15~1 | 42 021 golbg | 14 90 1 o0
peatcd phle

cythemia 4147 | 59 o 22 84/51 | 19 67 LT
treated by re 4447 | 56 021 74/50 | 18 6a 1 o9
| peated phle 4-16-g7 | 54 024 82/54 1 17 64 116
I botomy 42347 | 53 o 21 75/48 | 17 63 115
42847 | so | 021 | 52/48] 16 6 | 109
/3047 | 47 o123 76/50 | 15 62 13
s/ 5/ar | 42 | o5 | gofs0| 4 55 | 100
L L sz M| Pumary poly 31447 | 61 © 20 88/72 | 19 91 139
| cythemia 3-17-47 | 62 o1y 94/60 | 19 9t 139
) treated by re 32447 | 51 0z 81/ss | 17 73 1
! peated phle 41847 [ 43 024 Bo/54 | 14 66 | 100
botomy
J L |60 M| Pumary poly 9-17-41 | 63 o 14 88/66 | 20 12 136
cythemta 10~ 641 | 49 o 19 94/64 | 13 101 112

r treatcd by 1o
I
/

botomy
L C {36 M Prmary poly 7~r42 | 73 0 19 | 120/100{ 23 137 1 69
I cythemta 7~ 642 | 66 013 | 10/76 | 10 102 116
treated by re 771042 | 59 014 | 1:8/95 | 19 109 134
| peated phle 7-21-42 | 53 o121 | 100/74 | 17 100 124
botomy ’ 72542 | 47 | o023 | 104/78 | 15 98 12
| 73042 | 45 o7 | 112/84 ] 14 93 11§
1 oo

[ [ 8] a3 | 028 [nobreg| 1 | B |
circulation chrefly ¢ It 1s not known what rakes place 1 the captllaries
although cotrespondence between the experiments of Whittaher and
Winton®° and those on the digieal crculation suggest that when the
vessels of the dog s leg are fully didated the relacionshup between blood
flow and pressure through this largely capillary bed 1s neatly rectilinear
Ir wonld be of interest to know the effect of hy poprotetnemia on viscosity
i vivo Whittaher and Winton®® have made a beginning 1n thys direcrion
and Coulter and Pappenhetmer!'® have suggested that the cffece might
be greater than expected 1n vitro because the plasma agan occuptes the
positton 1 the perfused vessel where the greatest frictional stresses occur
namely the outer rim Definice data on the effect of hypoproteinemia on the
digieal ctrculation however, are not available



REFERENCES emrmsmrr o 2 isss

An awos D T Vascul ¢ Responses m the Extremic cs of Man 1n Healeh a0d Drene Chicago

Lo ers v of Chicago Press 1944
- The e tmenc of thrombo-angutis obl teran  Presented before vhe Ioternational Soaicty of

Angiolegy Atfasuc City 1351

—~ \nFer1s E B Ja Responses of blood vessels m the restung hand and forcarm ta satious
wmalt A Heare] 1y qq1 1840

— Gowsw A1 apSawanrz A L Influence of cyclopropane upon peripheral blood fiw
mman Anc thesiology 2 186 94

— wot mensaw b H Spontancous ofume changes in extecmue ¢8 Am Heare J a1 19t

9

— " ZaeaH anM a ] Plethysmographic studies of peripheral blood flww m man
AmHeat] 1 g4 1939 206 1939 19 13} 1340

—— — \pOsevnesar B S Pleshysmograptic swd ¢ of penpheral blood flow in man
Am Heat) £ )9

Lo HC Licdoreteul r Bt J Derm ot 28 281 1916

Aox A% Ger cal sb ancer or approach with di 1 son of the scalenus anmic s eryus che faceral
apperab v b escconofehe b AdamteM J g omr g8

— AL~ EV Th omboss of arreries of the nght pper extremuy tesulsing from anomalous
fr b Proc StEMec MayoCln 3 63 vg38

V—~— woBows G E [he treacment of Rayna d discase by rescotian of the upper thoracic and
Umb  vmpahene g ngh and wunks § 5 Gyoee K Obt 2 57 1y
— Olmmy P A woBrows ( E Sirgcaf treatment of 230 pa ue types of sclerodeema
by e to of sympa hercg ngh and tunks An Inc Med 4 535 1330
A v R P Uflcncs facte cpioeph me hypereen ton on calelared re stance of canine
femoral  scular bed Am § Phytol a1y a7 949
AUsm M “oSwax F H Blood pr sy e
walh pc o on Clo S 5253 98
Aur A C Th b doey New Yok G ne & Strarton 1952
Aues E V The pe ipheral 2 1enes o K ynaud s discase an
K1 Por Saf e M yo Chin i srtenogriphic scudy of e sub-
— Bat NW wwHwsEA J

stgrefie ¢ o health essential bypereension and

97
Peripheral Vasculse Dr cases Philadelphea Saunders

94

—~ ~oBows G E Ray audsdsase  crirical rev ew of mprl
TSI G E Ry i3l cequistees for d agnosss
— o Rynsdsdw st §cumgmen Amn dor M

o4 5 1384 193
~oCn 6 W MK Vasculs climes 1 Efece of best
a1 of the nervous
noepor ofa s of pinal cord rumar which produced dist thances of m:\:lymm T
MMy Qo o513 o8 ation Proc Seaff

AN w XOW SV Ube de Tat gk st der Gef
wndk akenMenschen Ztchr £ d ge zxpcfi;\t;w::e;‘;{ F;‘ ot on dem genden

w



146 DIGITAL CIRCULATION

fever (t1ble 24) 3% These statements are all based on few observattons and
merely 1ndicte observed trends rather than staustically valid conclusions

In disseminated lupus erythematosus 1n the 1cute phase,® 3 £ o
change 1n resistance or pressure 1n the digital vessels could be demonstrated
unless the disease were assocrated with Raynaud s phenomenon or sclero
dermatous changes % 207 0t In the carly phases of the disease the re
ststance ws normal even 1n the presence of vascular lestons 1 the finger
tips 1t This suggests that the arteriovenous anastomoses remain unaf
fected, the vascular lestons being by 1nference confined o the capillaries
In periarteritts nodosa 1t 1s also difficult to demonstrate abnormality 1n the
digieal circulation unless there are local lestons producing Raynaud s
phenomenon or hypertension due to renal disease 0t The assoctated fever
makes the interpretation of tests difficule

Study of the digital circulation by the various methods which have been
developed has been of value 1n elucidating a number of hitherto obscure
problems of physiologic and clinical interest and gives promuse of further
expanston of our hnowledge 1n manjy related areas There 1s need, for ex
ample for a competent study of the digital circulation 1n congestive heart
fatlure despite reluctance to admimster ganglion bloching drugs to such
patients Many other avenues of tnvestigation remain unexplored n this
field and open to the curtous scientists of the future
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